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EXECUTIVE SUMMARY 

 
Introduction 

This Preliminary Report on the Standards and Guidelines for Sustainable SitesTM 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 SystemTM.   
 
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. 
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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 
o Rating System—May 2011 
o Pilot Projects—2010 through 2012 
o 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.    
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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 SystemTM.  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: 
 

 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. 

 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.”  

 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. 
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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.  
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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. 

 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:  

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

 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: 

o local, state and national parks 
o recreation areas 
o conservation easements and dedicated open spaces  
o 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 



  
       
Chapter One      Preliminary Report on the Standards & Guidelines 
      Sustainable Sites InitiativeTM 

4

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.   

http://www.sustainablesites.org/


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. 
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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. 
 

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. 
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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.1   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.2   Urban trees in the Chicago area 
filter an estimated 6,000 tons† of air pollutants annually, providing $9.2 million in benefits.3    
Similarly, the Street Edge Alternatives (SEA Streets) project in Seattle, designed to replicate 

                                                 
* 3.3 billion liters 
† 5,443 metric tonnes 



natural landscapes, retains 98 percent of stormwater runoff during the wet season (4.7 times 
more than a conventional street).4    
 

 
 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.5   

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.   
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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.   

o 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 
(PAHs), which are potentially carcinogenic products of incomplete combustion of fossil fuels, are 
broken down by soil fungi into nonharmful compounds.7  

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.  

o 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.9   Soil 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 
quantity and quality than all aboveground biomass combined.11   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. 
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‡ Ammonium ions are typically a component of agricultural fertilizers and also produced naturally during the 
decomposition of organic matter. 
§ 304 billion metric tonnes 
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Impacts of Current Land Practices on Soils 
Soils can take thousands of years to form,12  but land practices often degrade soils so that 
they erode or are blown away.13   By the 1970s, almost one-third of the topsoil in the United 
States had already been lost to erosion.12   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,14   which increases runoff 
volume and flooding.15   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.16   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.16   Inadequate soil volume reduces the ability of soils to support 
healthy plant growth.17   Also, disturbed soils can release into the atmosphere significant 
amounts of organic carbon previously sequestered in the soil.8   
 
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.18 
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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,19  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.21  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.24   When impervious surfaces cover more than 10 percent of a watershed, 
the quality of streams and stormwater is degraded.25,26   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.14,27   A residential lawn can be up to 40 
percent impervious.24   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.28   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 problems23  and accounts for 70 percent of water pollution in urban areas.29   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.30   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.31  
 
Inefficient water use, at a time when the demand for water is rising (up 209 percent in the 
United States since 195032 ), 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.33   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.34   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 
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VEGETATION 

Role of vegetation in ecosystem services 
o 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. 

o Regulate and moderate climate.   
 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 tons†† per year,35  which is equivalent to 
the carbon emitted by almost 18 million cars annually.36  

 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.37   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.38  

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.41   Within urban areas, greenspace, riparian 
corridors, and fragments of habitat can connect the city to surrounding wildlife habitat.42  

o Provide medicinal resources.  Plants have contributed many chemical compounds that 
can be used directly or modeled to synthesize drugs and pharmaceuticals.41   Substances 
derived from the Pacific yew tree are used to treat breast and ovarian cancers.43   Scientists 
believe that the majority of plant-derived pharmaceutical resources remain undiscovered or 
unexplored44 —in tropical forests, it is estimated that 375 plant-based pharmaceuticals exist, of 
which only 48 have been discovered.45   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).41  

 

                                                 
†† 22.8 million metric tonnes 
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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.2   
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.46   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.17,47   These plants require more intense maintenance47  
and can die prematurely.  The average life span of sidewalk trees, for instance, is 
approximately 10 years.48   
 
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,49  and approximately 5,000 plant species have escaped into 
natural ecosystems.50   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.50   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.   
 
o 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 tons§§ of construction and demolition 
wood waste are generated each year in the United States, 14 million tons*** of which are 
potentially available for recovery.51   If this wood were reused, it could become a feedstock for 
engineered woods such as particle boards and plywoods and reduce the virgin timber required. 

                                                 
‡‡ 11,000 liters 
§§ 29 million metric tonnes 
*** 13 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. 
 

o 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° 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.54   Similarly, yard and landscape trimmings 
contribute approximately 32 million tons§§§ to the municipal waste stream, representing mo
than 13 percent of total municipal waste in the United States.55   Materials commonly viewed 
as waste can often be reused or recycled to reduce the need for additional resource
simultaneously reducing landfill volumes. 

re 

s while 

                                                

 
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.56   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.57   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.53   The urban heat island effect can be reduced by selecting materials 
with higher reflectivity. 

 
††† 4° C 
‡‡‡ 123 million metric tonnes 
§§§ 29 million metric tonnes 
**** 50° C 
†††† 2° C  



Materials that contain toxins can harm humans and other organisms.  For example, 
polyvinyl chloride (PVC) and treated wood present risks to human health.58,59   Volatile 
organic compounds released from paints, insecticides, cleaning products, and landscape 
equipment also contribute to ground level ozone, which can cause respiratory illnesses.60   
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.61    

HUMAN WELL-BEING 
Role of natural environments in human well-being 

Natural environments play an important role in enhancing human health and well-
being.5   Well-designed and managed natural elements also contribute to community 
economics by increasing real estate values,62,63,64  attracting customers, and benefiting 
business.65,66   
  
o Benefit human health.  Physiological functions, such as stress response and healing 

time, are linked with nature experiences.67,68   Natural sites can also provide space and 
facilities for physical activity, which combats obesity, improves cardiovascular health, and 
increases longevity.69  
 

o Enhance human cognitive functioning.  Views of nature and plants have been 
linked to such benefits as higher mental function, greater worker productivity,70  and 
better school performance.71   Aesthetic experiences provided by nature can inspire and 
calm people.72  
 

o Support social dynamics.  Green spaces provide the outdoor settings where people 
gather, interact, and build relationships.73   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.74    

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.  
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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. 
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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.  
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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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GENERAL GOALS 

SOILS 
1. Maintain and/or improve soil health so that on-site and surrounding ecosystem 

services are sustained or enhanced. 
2. Avoid the use of pollutants, chemicals, or soil amendments that can harm human 

and ecological health. 
3. Create a net zero waste site. 
4. Reduce greenhouse gas emissions. 

 
HYDROLOGY 

1. Value all water on the site. 
2. Maintain or regenerate healthy hydrologic processes. 
3. Promote water quality and healthy aquatic habitats. 

 
VEGETATION 

1. Design and maintain vegetation so that on-site and surrounding ecosystem services 
are sustained or enhanced. 

2. Reduce resource consumption and waste. 
 
MATERIALS 

1. Manage resources and materials efficiently. 
2. Select and use sustainable landscape materials. 
3. Reduce energy use, both embodied and operational.  
4. During all phases, avoid materials, products. and practices that are harmful to 

humans and the environment. 
 
HUMAN WELL-BEING 

1. Design and maintain conditions to promote health and physiological benefits. 
2. Enhance human cognitive function. 
3. Promote positive social dynamics. 
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These sections adhere to the following format: 
GOAL = desired outcome in the long run 

 STRATEGY= broad approach to achieve the goal 
o POTENTIAL TOOLS = specific techniques that can be 

used to achieve the goal.  Multiple tools are presented to 
illustrate the various ways to achieve a goal.  

 POTENTIAL MEASURES OF SUCCESS 
 TOPICS FOR FUTURE STUDY 
 CURRENT LIMITATIONS 
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Soils GOAL 1: 
Maintain and/or improve soil health 
so that on-site and surrounding ecosystem 
services are sustained or enhanced. 

 
ntent 

 health before, during, and after construction.   

mportance 
tively cycle nutrients; minimize runoff and maximize water holding 

ese 
1   

 

I
Foster soil
 
I
Healthy soils effec
capacity; absorb excess nutrients, sediments, and pollutants; provide a healthy rooting 
environment and habitat to a wide range of organisms; and maintain structure and 
aggregation.  Land practices that minimize disturbances to healthy soil can maintain th
valuable functions.  Soil health can also be restored on sites where soil is already degraded.
 

reserving existing topsoil, adding organic material and minimizing compaction allow soils P
to function as a base for large, healthy plants that require fewer pesticides, fertilizers, and 
irrigation for plant growth.2,3   Healthy soils also maintain a permeable soil structure, which 
ensures higher water infiltration rates that in turn reduce erosion, runoff, and flooding 
potential.3   In addition, healthy soils maintain seed banks of native vegetation4  and provide
habitat for diverse animals and microbes living in and above the soil.3   In fact, a single gram 
of soil can contain between 1,000 to 10,000 different species of bacteria and fungi.5   Healthy 
soils also stockpile carbon.  Research indicates that urban soils can potentially sequester large 
amounts of organic carbon, especially in managed vegetated areas that lack annual soil 
disturbances.6   Careful land practices can not only preserve the carbon resources in soil, they 
can further add to soil carbon stockpiles, which could help abate global climate change. 
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STRATEGIES – Maintain and/or improve soil health so that on-
site and surrounding ecosystem services are sustained or enhanced. 
 
 Identify areas of healthy soils and avoid disturbance in these areas.   

Potential Tools: 
o Develop a Soils Protection Plan and Specifications. 
o Confine construction staging, utility lines, and disturbance zones to areas where soil 

was previously disturbed. 
o Work closely with contractor on staging and scheduling plan in order to restrict 

equipment traffic to designated areas.  
o Protect habitat and soil conditions to maintain soil organism biomass activity and 

diversity, especially those organisms known to maintain soil structure.   
 

 Where disturbance is unavoidable, protect soils to minimize damage. 
Potential Tools: 
o Protect soils against compaction and rutting in areas where traffic is unavoidable. 
o Do not work on wet soils with heavy equipment. 
o Preserve the maximum surface area of undisturbed grade. 
o Avoid using earthen planting mounds or other topological forms where the sole 

function is aesthetic, unless soil is already degraded and these forms will assist in 
balancing cut and fill. 

o Minimize impervious surfaces.   
 

 Avoid removing or disturbing vegetation. 
Potential Tools: 
o Train contractors on-site about soil and tree preservation goals. 
o Restrict disturbance on soils beneath tree canopy.   
o Preserve areas with vegetation.  Even if areas must be disturbed later, the existing 

vegetation will help protect soils. 
o Avoid disturbing vegetation and soil on slopes and near surface water. 
o Select plants to fit existing soil and drainage conditions instead of changing soil and 

drainage conditions to fit a desired plant list. 
 

 Improve health of degraded soils through soil restoration, reuse, and 
rehabilitation to achieve conditions similar to regional reference soils. 

Potential Tools: 
o Test soil to evaluate conditions and needs. 
o Add appropriate material, such as compost, to increase organic matter.  Compost 

reduces the need for fertilizers by supplying slow-release nutrients. It also holds more 
rainwater on-site, decreases runoff, and preserves soil moisture and infiltration 
capacity.   

o Reuse topsoil on-site.  If on-site topsoil is not available, obtain topsoil from the least 
harmful, preferably local, source. 

o Till deeply by ripping or other means to reduce subsoil compaction.  
o Mulch tree and plant beds. 
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o Restore organic matter levels in all root zones to levels consistent with similar soil types 

in undisturbed regional soils. 
o Provide enough soil to sustain root development for each square foot of tree canopy at 

the time the tree has reached its normal mature size.  A minimum of two cubic feet per 
square foot of projected tree canopy is suggested.7  

o Reduce dependence on resource-intensive features, such as manicured lawns or annual 
beds, as the dominant site elements. 

o Use appropriate vegetative plantings (phytoremediation) and bioremediation techniques 
to remove or neutralize soil contaminants. 

o Select soil mixes that use recycled mineral subsoil and organic compost over 
manufactured soils of sand and compost.    

 
 

Potential Measures of Success (for discussion purposes only) 
• Organic matter levels, density, hydraulic conductivity (infiltration), and diversity of 

beneficial species of the soil are within XX percent of those of reference soil types in 
the region.  

• Achieve beneficial biota levels that maintain similar nutrient processes to the 
reference soil. 

• At least XX percent of the volume of the existing topsoil is preserved in place and 
XX percent of the existing topsoil is retained on-site. 

• Planting soil is XX percent of existing site mineral soil. 
• Soil was imported from a local source and/or was harvested sustainably. 
• Soil bulk density in planting soil areas is within the acceptable range for that soil type. 
• Zero erosion and sedimentation occurred. 
• The area of compaction and grading should be less than XX percent of total site area 

or limited to within XX feet of building perimeter. 
• Design grading to balance cut and fill within XX percent. 
• At least XX percent of existing vegetation is preserved (with the exception of 

invasive plants; see www.plants.usda.gov/java/noxComposite). 
 

Topics for Future Study 
Additional quantitative information on the following topics is welcomed: 

• Methods for locating and defining reference soils for regions. 
• Standards for comparison to regional reference soils. 
• Types of beneficial species associated with regional reference soils.   
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Soils GOAL 2:   
Avoid the use of pollutants, chemicals, and 
soil amendments that can harm human 
and ecosystem health. 

Intent 
Facilitate healthy landscapes for current and future generations by avoiding the use of 
harmful materials on-site. 
 
Importance 
Avoiding harmful materials results in a safer environment not just for humans but for all life, 
including pollinators, natural predators of plant pests, and other fauna exposed to the 
substance.  The need for chemical fertilizers, pesticides, and amendments is reduced when 
soils and the associated biota are healthy.  Diverse and active soil biota help plants acquire 
nutrients,8  reduce effects of plant pathogens and diseases,9  and stabilize soil aggregates.10   
The use of organic matter, such as compost, can improve soil health by reducing  
compaction and erosion; increasing nutrient content and water retention; improving 
structure; and reducing the need for chemical fertilizers, irrigation, and pesticides.11     

 

STRATEGIES – Avoid the use of pollutants, chemicals, and 
amendments that can harm human health and ecosystem health. 
 
 Maintain healthy soils so that harmful or potentially harmful 

materials are not needed to support plant growth. 
Potential Tools: 
o Compare the biology and chemistry of on-site soils to a regional reference soil to 

determine what components the on-site soils may require in order to maintain 
normal nutrient cycling. 

o Avoid adding materials that decrease cation exchange capacity (CEC), such as sand, 
except where required by special water treatment needs. 

o Use compost to reduce the need for fertilizer and increase water retention and soil 
moisture. 

o See Soils Goal #1.   
 
 Eliminate use of harmful materials. 

Potential Tools: 
o Refer to a list of harmful materials with possible alternatives.  Whenever possible, 

use non-toxic or least-toxic alternatives.  
o Determine the need for fertilizers before applying, with a soil test or plant symptom 

diagnosis, and determine how to evaluate the effectiveness of the fertilizer. Use the 
least harmful material, such as compost and compost teas, to address nutrient 
deficiencies. 
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o Select plant species that promote the use of integrated pest management (IPM) 

methods.  IPM programs are based on information on the life cycles of pests and 
their interactions with the environment.  These methods use pest control methods 
that minimize economic and environmental costs. 

o Develop a soils management plan to outline sustainable courses of action for future 
maintenance needs.   
 

 Use materials in the manner for which they are intended.  While it may 
be necessary to use harmful materials in some cases (perhaps to control very 
aggressive invasive plants), they must be used in a responsible manner and only if 
more healthy alternatives are not possible.    

Potential Tools: 
o Encourage IPM training for all site managers. 
o Require IPM for site maintenance and plant management. 
o Educate designers during the design process on the need for and expected results of 

IPM. 
 

 
Potential Measures of Success (for discussion purposes only) 

• Chemical and biological properties of on-site soils are within XX percent of those of 
reference soil types in the region. 

. 
Topics for Future Study 
Additional quantitative information on the following topics is welcomed: 

• The links between landscape materials and environmental health. 
• Acceptable substitutes for harmful materials.  

 
 

 

Soils GOAL 3:   
Create a net zero waste site.  

 

Intent 
Eliminate soil and mineral/rock waste.  Incorporate compost and mulch to soils to facilitate 
reduction of on-site vegetative waste. 
 
Importance 
Reducing waste can decrease disposal costs and increase the life of landfills.  Recovering  
landscape trimmings for use as compost or mulch also benefits soil health by reducing soil 
erosion, compaction, and the need for fertilizers, pesticides, and irrigation.11   Compost also 
holds more rainwater on-site, decreases runoff, and provides soil moisture and infiltration 
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capacity.11   Other on-site materials, such as rocks and other resources, can be used in 
creative and useful ways during the construction and maintenance of the site. 
 

STRATEGIES – Create a net zero waste site. 
 Reuse materials on-site. 

Potential tools: 
o Balance cut and fill. 
o Import soil only when on-site soils are exhausted.   
o Protect or preserve underlying rock formations. 
o Reuse on-site rocks and other existing materials. 

 
 Incorporate compost and mulch recovered from landscape 

trimmings as a soil amendment.   
Potential Tools: 
o Reuse excess vegetative materials as an amendment to maintain soil health and 

water, mineral, and nutrient holding capacity. 

 
Potential Measures of Success (for discussion purposes only) 

• Cut to fill ratio is balanced. 
• Achieve carbon:nitrogen ratios in compost that will maintain normal nutrient 

processes relative to the reference soil. 
• Achieve beneficial biota levels that will maintain normal nutrient processes relative to 

the reference soil. 
• All existing soil, rock, and underlying materials are kept and reused on-site. 

 
Current Limitations 

• Project leaders often do not record quantities of material they are moving on and off 
the site.  
 
 
 

Soils GOAL 4:   
Reduce greenhouse gas emissions. 
 

 
Intent 
Manage soils to maintain their ability to store nutrients that contribute to greenhouse gas 
emissions.  
 

  28
       
Chapter Four      Preliminary Report on the Standards & Guidelines 
      Sustainable Sites InitiativeTM 



 
 

Importance 
Soils can contribute to the emission of three greenhouse gases: carbon dioxide, methane, and 
nitrous oxide.  Because so much organic carbon is stored in soils—about twice as much as 
that of the atmospheric carbon pool12 —significant amounts of carbon dioxide can be 
emitted when soils are disturbed.  In addition, substantial amounts of methane and nitrous 
oxide, both of which are far more effective at trapping heat than carbon dioxide, are also 
released by soils.13,14   All of these greenhouse gases are produced in natural nutrient cycling, 
but the natural emission rates can be exacerbated by human impacts such as tillage, fertilizer 
application, and increased soil erosion.  Improved soils management techniques can reduce 
greenhouse gas emissions that contribute to global warming.  For example, maintaining 
vegetation and minimizing soil disturbance prevents erosion, which allows soils to hold 
carbon in the long term, preventing its release to the atmosphere. 
 

STRATEGIES – Reduce greenhouse gas emissions. 
 

Carbon Dioxide  
 Minimize soil erosion. 

Potential Tools: 
o Maintain vegetative coverage of soil surface. 
o Minimize soil disturbance.   

 Build soil organic matter. 
Potential Tools: 

o Add compost. 
o Maintain or restore healthy vegetation. 

 Minimize soil grading and transport. 
 

Methane  
 Maintain aerobic conditions. 

Potential Tools: 
o Limit compaction (see Soil Goal #1). 
o Maintain subsurface drainage. 
o Build soil organic matter with compost and healthy vegetation. 

 
Nitrous Oxide  

 Test soils before applying nitrogen fertilizers to verify need. 

 Use nitrogen fertilizers efficiently. 
Potential Tools: 

o Apply nitrogen fertilizer during times of active plant uptake.  Avoid application from 
late fall to early spring. 

o Ensure contact of nitrogen fertilizer with the soil—don’t leave fertilizer at the soil 
surface. 

o Apply nitrogen fertilizer during cool weather to reduce volatilization. 
o Do not apply nitrogen fertilizer to flooded or saturated soil. 
o Do not apply nitrogen fertilizer if rain is expected. 
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Potential Measures of Success (for discussion purposes only) 
• XX percent of the site is vegetated. 
• Grading occurred on less than XX percent of soils. 
• Infiltration rates must be XX percent of those of the reference soil.  
• Soil organic matter content must be XX percent of that in reference soil.    
 

Topics for Future Study 
Additional quantitative information on the following topics is welcomed: 

• Vegetation types and management requirements for sequestering carbon.  
• Methods for developing a landscape carbon calculator (similar to those at 

www.carbonneutral.com). 
• Techniques to prevent emission of greenhouse gas components from the soil. 

 

HYDROLOGY 

For the purposes of this report, the following terms are defined as: 
o Greywater – nonindustrial wastewater generated from domestic processes such as 

washing dishes, laundry, and bathing. 
o Blackwater – nonindustrial wastewater containing significant food residues, high 

concentrations of toxic chemicals from household cleaners, and/or toilet flush water. 
o Runoff – precipitation that flows over the land surface. 

 
 
 
 
Hydrology GOAL 1:   
Value all water on the site. 
 

 
Intent  
Water should not be treated as a waste product to be captured and quickly conveyed offsite. 
Precipitation, potable water, rainwater, and greywater should be harvested, used, reused, and 
distributed to maximize both environmental and human benefits.  
 
Importance 
The need to reframe our approach to water management is driven by two issues.  First, as 
population and demand for water grows, the need to conserve water becomes paramount.  
As a greater percentage of the population has become dependent on municipal water 
systems, 85 percent in 2000,15  people have become less and less aware of the source of their 
water supply and the limitations of that source.  Thirty-six states anticipate local, regional, or 
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statewide water shortages in the next five years.16   Second, precipitation and greywater must 
be managed holistically to minimize the impacts of development on the environment.  As 
land use at a site changes from undeveloped to a more urbanized setting, the site’s 
hydrologic components (the relative proportions of water leaving the site as 
evapotranspiration, infiltration to groundwater or runoff) can also change.  For instance, 80 
percent of the precipitation falling on an urban site can become runoff, whereas a forested 
site can have zero runoff.17   Figure 4-1 illustrates examples of the hydrologic components of 
various land cover types.  
 

 
Figure 4-1:  Example water balance models for forest, pasture, suburban, and city areas (Source:  Stenn 200717 ).  

As land use at a site changes, the relative proportions of the site’s hydrologic components change.   
 
 
Traditionally, runoff is managed by discharging it offsite to stormwater collection systems 
with little or no on-site treatment, which results in excessive discharges via pipes, flooding, 
erosion, water quality degradation, reduced replenishment of water supplies, loss of 
recreational and economic opportunities, illness, aquatic habitat damage, and loss of 
biodiversity.  Capturing, treating, and reusing runoff not only reduces the use of drinking 
water, but also decreases rainwater discharges to combined sewer overflows and stormwater 
collection systems, thereby reducing water pollution.  For example, in Portland, Oregon, 
downspout disconnection is used to prevent roof runoff from entering combined sewer 
systems.  Nearly 49,000 downspouts have been disconnected, removing more than 1.2 
billion gallons* of stormwater per year from the combined sewer system.18   The runoff from 
roofs can easily be captured and used on-site. 
 
Better site design and maintenance, particularly with irrigation systems, can reduce the use of 
potable water. Typically, half of irrigation water can be wasted as a result of evaporation, 
wind, and overwatering.  Weather-based irrigation systems can reduce irrigation water use by 
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20 percent in the United States, which is 24 billion gallons† per year.19   Site planning and 
design should be based on the understanding that water is a valuable natural resource that 
should be used conservatively, cleaned, and reused on-site.   

 

STRATEGIES – Value all water on the site. 
 

• Eliminate potable water use in the landscape.  A large portion of water 
drawn from municipal water systems is used for purposes that do not require high-
quality water, such as lawn and garden irrigation. 

Potential Tools: 
o Select vegetation and site design components that are adapted to the site’s geologic 

and climatic conditions.   
o Group plants with similar water needs together to maximize irrigation efficiency. 
o Utilize water-efficient irrigation systems that use drip or subsurface delivery 

methods, tailor irrigation to weather conditions, and measure soil moisture. 
o Use captured and treated rainwater, greywater, and wastewater for on-site 

nonpotable water needs such as landscape irrigation, cleaning outdoor surfaces, 
water features, and swimming pools. 

o Collect and filter, if necessary, water from building roofs and use cisterns or rain 
barrels to store harvested rainwater.   

o Achieve multiple water uses simultaneously.  For instance, design infiltration basins 
that are attractive and provide habitat. 

o Raise stormwater inlets in planting areas to allow water to soak into the soil. 
o Mulch planting beds to minimize evaporation and maximize water retention.  
o Protect soils to optimize water retention and support healthy plants. Use soil 

improvement techniques to break compaction and increase infiltration rates. 
• Manage water on-site.  Site design should consider opportunities to treat 

rainwater, greywater, and blackwater on-site prior to discharge. 
Potential Tools: 
o Protect soils and vegetation to enhance absorption, retention, and infiltration of 

precipitation, thereby minimizing runoff. 
o Protect natural drainages and the soil and vegetation within and adjacent to them to 

convey and treat runoff.  
o Design grading and plan layout to capture and slow runoff. 
o Treat rainwater runoff from all surfaces, including parking lots, roofs, and 

sidewalks.  Use landscape-based water treatment methods such as dry wells, 
vegetated swales instead of curb and gutter systems, raised inlet rims, vegetated 
filter strips, and infiltration facilities.   

o Consider advanced water treatment processes that can be used on-site including 
phytoremediation systems such as constructed wetlands for greywater treatment or 
contained aquaculture-based systems for blackwater treatment. 

Potential Measures of Success (for discussion purposes only): 
• Eliminate potable water use in the landscape.  
• Evaluate the quality and quantity of water leaving the site.  
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• At least XX percent of precipitation is captured and utilized as a resource rather than 
being immediately conveyed offsite. 

• At least XX percent of greywater is reused on-site. 
 
Topics for Future Study 
Additional quantitative information on the following topics is welcomed: 

• Thresholds beyond which adding water to a landscape causes problems such as poor 
plant survivability or changes in soil characteristics/quality. 

• The long-term measurement and effectiveness of green infrastructure techniques. 
 
Current Limitations 

• There are limitations to reuse of water on-site because of regulatory restrictions 
regarding water reuse or harvesting. 

 
 

 
 

Hydrology GOAL 2:  
Maintain or regenerate healthy hydrologic processes. 

 
Intent  
Site development and management should maintain existing or regenerate healthy hydrologic 
functions including those that are often not well understood, such as interception, 
evapotranspiration and infiltration.   
 
A site should be designed to achieve a target water balance.  Under target water balance 
conditions, the proportions of water inputs to the site (by precipitation, surface flow, and 
piped-in supply) and outputs from the site (from evapotranspiration, runoff, and water that 
infiltrates into soil) have no negative effect—and even create a positive effect—on the 
environment.  A site should identify goals for the postdevelopment water balance based on 
the target conditions‡ and local or regional issues of concern. 
 
Importance 
On sites altered by humans for agriculture, development, or other uses, the balance of the 
hydrologic system is often disrupted.  Hydrologic functions include filtration of water by 
wetlands and riparian vegetation; infiltration of water to groundwater aquifers that supply 
drinking water sources; maintenance of baseflow in streams and rivers; and flood prevention 
through interception, evapotranspiration, and infiltration.  Reducing the infiltration capacity 
of the land with impervious cover or soil compaction results in increased surface runoff.  
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For example, one city block generates five times more runoff than a woodland area of the 
same size.20   Many jurisdictions in the United States only require developments to address 
the expected change in runoff rates from the existing conditions to the proposed conditions.  
However, all of the components of the hydrologic cycle need to be considered during site 
development.  Figure 4-2 provides an example of natural hydrologic processes.  
 

 
Figure 4-2:  On a vegetated site, natural hydrologic processes include interception, evapotranspiration and 
infiltration of precipitation.  Precipitation that is not intercepted and stored by plants or is not infiltrated to 

groundwater becomes surface runoff (Source: Neilson 199521 ).   
 
 
Site development should maintain or regenerate the target water balance and hydrologic 
functions of the site.  Many options are available for on-site infiltration, including rain 
gardens, infiltration trenches, and vegetated swales.  Other measures, such as compost 
mulching, can help reduce soil compaction, enhancing the water retention capacity of soils 
and promoting healthy vegetation growth.  The nation is at a crossroads where replacement 
of water infrastructure, most of which was built following World War II, will become 
increasingly necessary.  We have the opportunity to replace aging infrastructure with systems 
that mimic natural hydrologic ecosystem services that increase the land’s capacity to naturally 
provide storage, infiltration, and cleaning of water. 
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STRATEGIES – Maintain or regenerate healthy hydrologic processes. 
Each component of the hydrologic cycle must be assessed relative to the target conditions.  
The target conditions are the baseline for measuring enhancements designed to meet local, 
regional, or watershed level goals.   
 
 Use vegetation to achieve target water balance conditions through 

interception and evapotranspiration.  Interception is defined as precipitation that is 
retained by above ground components of vegetation before it reaches the soil.  
Evapotranspiration is the loss of water to the atmosphere by evaporation from soil and 
vegetation and by transpiration of vegetation. 

Potential tools: 
o Protect vegetation canopy and forest leaf litter. 
o Install multilayered planting schemes that replicate natural sites with both canopy and 

vegetative ground cover. 
o Use green roofs or green walls on buildings. 
 

 Maintain or enhance infiltration to reach target water balance conditions.  
Water that is not intercepted or used by vegetation can be absorbed into the soil, where 
it is stored for percolation into the water table. 

Potential tools: 
o Install a rain garden or rainwater catchment area that filters rainwater and increases 

groundwater recharge by infiltrating excess water.    
o Assess regional groundwater needs to determine site infiltration goals.  For example, a 

region dependent on groundwater for its potable water may need to infiltrate more 
water to compensate for sites with no infiltration capacity. 

o Assess soils to determine the best areas for infiltration, and improve soil to enhance 
infiltration. 

o Maintain or enhance vegetation, which protects soil structure and ensures water can 
percolate into the soil or into groundwater. 

o Use pervious or semipervious surfaces that allow water to infiltrate soil. 
o Protect soils from compaction during site construction by restricting machinery to 

designated zones. 
o Restore infiltration capacity and reduce compaction of soils by breaking up compaction, 

adding organic matter, and planting vegetation.   
 

 Maintain or achieve target surface runoff levels.  When precipitation 
exceeds infiltration capacity or when the soil is saturated, additional water may leave the 
site as surface runoff.  This section addresses volume and rate of runoff; the water 
quality of runoff is addressed in Goal #3.     

Potential tools: 
o Maintain or restore the site’s existing or historic drainage patterns. 
o Protect the hydrologic connectivity of water bodies.  If streams have been redirected 

into culverts, bring them back to the surface (daylighting), and restore degraded streams 
and stream banks. 

o Protect or enhance seasonal flooding patterns of wetlands.  
o Create or restore wetlands and riparian areas to absorb, filter, and attenuate runoff. 
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Potential Measures of Success (for discussion purposes only) 
• Develop a water balance model to assess the site’s postdevelopment water balance 

relative to target conditions. 
• Address local and regional water issues.  

 
Topics for Future Study 
Additional quantitative information on the following topics is welcomed: 

• The impact of best management practices (BMPs) at the regional scale.   
• The cost-effectiveness of green infrastructure over traditional stormwater 

management.   
• Methods to define target conditions for site hydrology.   
• Effectiveness of tools to achieve evapotranspiration and infiltration components, 

especially in the long term.   
• Methods to measure the connection between infiltration and aquifers. 
• The appropriate temporal scale at which to model the water cycle.   
• The performance and long-term maintenance requirements of BMPs in different 

regions and climates.   
• Methods for determining a benchmark for site functions in a watershed.  They would 

help to determine the regional water recharge needs and potable water needs.   
 

 

Hydrology GOAL 3:  
Promote water quality and healthy aquatic habitats. 

 
Intent  
Maintain or enhance the biological, chemical, and physical components of hydrologic 
systems to improve water quality and the health of aquatic ecosystems.  All water leaving a 
site should be of high enough quality to protect the downstream landscape and all receiving 
water bodies.     
 
Importance 
Land use changes have undermined the chemical, physical and biological health of our 
streams, lakes, wetlands, estuaries, and oceans.  Many freshwater systems are dependent on 
cool, steady groundwater flows that are lost when infiltrating soils are replaced with 
buildings, roads, and compacted soils.22   Reducing infiltration capacity also results in 
significantly increased surface runoff volume.22   In addition, water leaving developed sites 
generally contains more pollutants due to the rapid runoff that washes over impervious 
areas.22   Surface runoff also warms as it passes over impervious surfaces, which can impact 
aquatic species that rely on cooler water temperatures.23    
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The biological, chemical and physical integrity of a water body are intertwined.  When the 
chemical or physical integrity of a water body is compromised, biological communities are 
affected and the ability of the water body to support drinking water uses, fishing, or 
recreation is also impaired.  Combined sewer overflows result in sewage and large volumes 
of stormwater containing pathogens, solids, debris, and toxic pollutants being discharged 
into surface water.24   These discharges have resulted in beach closures, gastrointestinal 
disease risk24  and fish kills.  Twenty fish kills were reported and investigated in North 
Carolina in 2007 and causes included sanitary sewer overflows, pesticide applications to 
ponds, concrete cleaning agents running off into a storm drain, high water temperatures, and 
low dissolved oxygen levels as a result of algal blooms caused by high nutrient 
concentrations.25  
 
Land practices can protect and regenerate healthy riparian areas, physical habitat features, 
and water chemistry as well as the biological, physical and chemical integrity of the receiving 
water bodies.  Sediment control methods such as sediment control ponds, silt fencing, 
limited clearing and grading, limited soil compaction, protection of existing vegetation, and 
use of baffles and skimmers where needed are important to keep sediment out of streams.  
Physical stream restoration practices, daylighting streams (bringing buried streams back to 
the surface), and removing barriers to aquatic species dispersal have resulted in the return of 
fish to historic habitat areas.  Land practices can be improved to the point where a site does 
not damage receiving waters.   

 

STRATEGIES – Promote water quality and healthy aquatic 
habitats. 
 Maintain or enhance physical condition of on-site and off-site 

receiving water bodies. 
Potential tools: 
o Maintain or enhance existing alignment, size, or shape of water body.  Daylight 

piped stream systems and restore stream banks and channels to historic, healthy 
configuration. 

o Maintain or enhance on-site surface flow patterns.  Avoid ditching and 
concentration of surface runoff. 

o Avoid burying, piping, or culverting stream channels by carefully planning water 
crossings and consider alternatives to traditional culverts, even for small crossings.  
Protect existing riparian areas and physical habitat features. 

o Restore impacted wetlands, streams, and habitat features. 
o Prevent excessive surface runoff from the site through enhancement of 

interception, evapotranspiration and infiltration practices (see Goal #2). 
o Use rainwater and vegetation management to prevent soil erosion and excessive 

sediment loading to receiving waters. 
o Avoid large, shallow, unshaded water features that can increase water temperatures 

in receiving waters. 
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 Filter pollutants to maintain or enhance the water quality of on-
site and off-site receiving water bodies. 

Potential tools: 
o Identify potential pollutants and toxic materials and create a spill management 

plan.   
o Reduce effective impervious areas§ by disconnecting roof downspouts and paved 

areas from the storm drain system. 
o Direct runoff from impervious areas to water quality facilities such as rain gardens, 

constructed wetlands, and vegetated soil-based infiltration systems.   
o Avoid conveying rainwater offsite without allowing it to first pass through a 

planted area. 
o Incorporate a multistage water quality system to capture potential pollutants.  
o Consider cleaning blackwater (from toilets and kitchen sinks) on-site with new 

technologies, such as aerated systems that use microbial decomposition. 
o Avoid discharge of untreated greywater (from laundry, showers, and sinks) by 

cleaning it on-site.  Take advantage of opportunities to reuse greywater in 
landscape irrigation systems and to enhance groundwater recharge of greywater 
after water quality goals have been met. 

o Implement a water quality monitoring program to ensure effectiveness of on-site 
water quality treatment features. 

 
 Maintain or enhance the biological communities of on-site and 

off-site receiving water bodies. 
Potential Tools: 
o Maintain or enhance the appropriate level of nutrients, leaf litter, and biota litter a 

site contributes to receiving waters. 
o Identify species that are federally listed as threatened or endangered species, or are 

candidates or proposed for federal listing.  Tailor site water management design to 
protect those species. 
 

Potential Measures of Success (for discussion purposes only) 
• Water leaving the site should not contribute to the degradation of the biological, 

chemical, or physical degradation of any receiving waters.  The pollutant load of 
water leaving the site after development should not exceed that of predevelopment 
conditions.   

 
Topics for Future Study 
Additional quantitative information on the following topics is welcomed: 

• The effectiveness and long-term performance of potential tools.  
• Biota contribution of land uses to streams.  This includes the combination of 

nutrient and biological contributions to receiving waters from leaf litter, 
decomposing biota, nutrients, shade, etc. 
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• Pollutant removal.  Assumptions can be made based on water volume treatment for 
approximately 80–85 percent of pollutants, but it is not well known how the 
remaining pollutants are to be addressed. 

• The links between landscape materials and environmental health.   
• Alternatives to harmful landscape materials. 
• Threshold limits and the levels at which bacteria and toxins create outbreaks of 

waterborne illness. 
 
Current Limitations 

• There is no single list that identifies target pollutants for every site.   
 

 

VEGETATION 

Appropriate vegetation is defined as noninvasive plants suited to the site’s climate and 
geology that do not require excessive care or resources to maintain plant vigor. 
 
 

Vegetation GOAL 1 
Design and maintain vegetation so that 
on-site and surrounding ecosystem services 
are sustained or enhanced. 

 
Intent 
Use plants in ways that optimize the ecosystem services they provide.  Do not use vegetation 
that can harm ecosystems, such as invasive species. 
 
Importance 
Vegetation provides important ecosystem services, such as habitat, air and water filtration, 
and greenhouse gas regulation.  Many land practices ignore or underutilize the benefits 
vegetation can provide, but improved design, installation, and maintenance can enhance 
these natural services.  Placing trees and plants strategically can combat urban heat island 
effects and reduce energy consumption by lowering air temperatures by 5º F** or more.26   
Likewise, vegetation design and selection can help reduce rainwater runoff, slow overland 
flow of excess precipitation, and increase water absorption.  A natural woodland has more 
than a 90 percent greater water absorption capacity than a typical turf-grass lawn of equal 
size,27  reducing runoff and the need for engineered stormwater management.   
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STRATEGIES – Design and maintain vegetation so that 
on-site and surrounding ecosystem services are sustained or 
enhanced. 

 Conserve existing appropriate vegetation.  Identify a reference landscape 
for the region to determine appropriate vegetation for the site. 

Potential Tools: 
o Assess existing vegetation to determine which plants are to be retained favoring 

complete plant associations, distinctive individual clumps or species, and significant 
trees, and incorporate into the site design. 

o Establish minimal zones of disturbance to limit construction damage. 
o Minimize the impacts on vegetation and soil by designating staging areas and routes 

for heavy machinery. 
o Salvage plant material from areas where it will be removed during construction, and 

replant it after construction.  
o Regularly apply thick layers of mulch to minimize soil compaction in areas of high 

traffic. 
o Determine and protect critical root zones of appropriate plants during building and 

site construction.   
o Reduce the use of heavy machinery. 

 
• Repair and/or restore vegetation to maximize the ecosystem 

services provided by plants. 
Potential tools: 
o Locate constructed features to leave as much contiguous vegetated area as possible, so 

that habitat is not fragmented into small sections.  
o Identify habitats that could be sustained on-site and protect or restore vegetation 

composition to support those habitats. 
o Provide connections or corridors between habitats. 
o Increase and protect plant diversity. 
o Limit the use of monocultures across large areas—planting a single or very limited 

number of species—as that creates a high potential for loss from a single pest (such as 
Dutch elm disease) and does not support a diverse range of fauna. 

o Create and implement a long-term habitat management plan. 
o Place trees and other vegetation (shrubs, trellises, etc.) strategically to maximize 

canopy, cooling benefits, and windbreak potential. 
o Maximize the use of appropriate vegetation in both conventional landscapes and built 

environments with components such as green roofs and living walls. 
o Use plants to increase carbon sequestration and storage potential.  
o Use plants to increase pollutant filtration on-site. 
o Use vegetation in rain garden designs to effectively cycle water in moist areas. 
o Minimize soil compaction, which can increase runoff and decrease on-site water 

retention and groundwater recharge. 
o Avoid bare soil. 
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 Select appropriate vegetation for the site.  A hierarchy of plant selection 

strategies should be considered during plant selection, emphasizing plants native to 
the region.  If native plants cannot be used, select regionally adapted non-native 
plants.  All plants must be noninvasive and appropriate for the site.  Plants thrive 
and resource requirements are reduced when plants are sited correctly.  

Potential Tools: 
o Select vegetation that represents local ecosystems and cultivates a sense of place to 

avoid homogeneous landscapes. 
o Consider contract-grown plants for site design if the desired native species are not 

commercially available. 
 

 
 
Potential Measures of Success (for discussion purposes only) 
• The percent cover of native and appropriate species has been maintained or increased. 
• Site disturbance during construction did not exceed XX percent of total site area. 
• At least XX percent of existing appropriate site vegetation remains or was salvaged 

during construction. 
• The site assessment was properly conducted and was used to guide plant selection. 
• Valuable habitat was preserved or enhanced. 
• The ecosystem services provided by the vegetation were cataloged and before-and-after 

comparisons were made.  Potentially use Urban Forest Effects Model (UFORE) and 
Street Tree Resource Analysis Tool for Urban Forest Managers (STRATUM) tools for 
trees; however, a before-and-after comparison could only be made if a baseline inventory 
was also commissioned.  Also, UFORE is costly, rendering it largely impractical. 

• Beneficial ecosystem services vegetation provides off-site were evaluated. For example, 
increased water absorption on-site can reduce erosion downstream. 

 
Current Limitations 
• No national tool is available for identifying or assessing the potential for plants to 

become invasive.  However, local and regional tools are available in some areas. 
 
 

Vegetation GOAL 2:  
Reduce resource consumption and waste. 

 

Intent   
Opportunities to reduce resource consumption and waste should be considered in all project 
phases and in selecting plant material. 
 



 
 

Importance 
Correctly using and managing plants on a site can reduce resource consumption, enhance 
native flora and fauna health and diversity, and decrease the impact on the surrounding area.  
Well-planned and managed sites require fewer replacement materials, further reducing the 
need for resources.  Plants that are sited appropriately for soil conditions and climate should 
require minimal to no irrigation once established.   
 
Composting and other methods to reuse vegetative waste can be used to imitate natural 
nutrient cycling processes and reduce the need for fertilizers, pesticides, and irrigation.  Yard 
and landscape waste account for more than 13 percent of the municipal solid waste stream.28  
Diverting landscape trimmings from landfills could save a substantial amount of space, 
extending landfill life29  while nurturing soils.    
 
 

STRATEGIES – Reduce resource consumption and waste. 
 Design the site to minimize short- and long-term management 

resources and encourage natural ecological processes. 
Potential Tools: 

o Select and locate plants based on a detailed site assessment and design programming 
requirements. 

o Select appropriately sized woody plant species (based on their specific site location) 
to reduce or eliminate pruning. 

o Where turf is desired, select drought-tolerant, low-nutrient lawn species that will 
reduce maintenance requirements. 

o Design the site with fire breaks and other mechanisms in order to use prescription 
burns to maintain parklands and savanna. 

o Use greywater and excess water to speed up biomass decomposition where needed. 
o Maintain or enhance soil health to provide nutrient cycling, water storage, and 

healthy rooting environments for vegetation. 
o Ensure that paving around trees allows for the trunk flare of the tree at maturity and 

for tree removal when a tree dies. 
o Develop short- and long-term sustainable maintenance plans.   

 Ensure that vegetation is produced, installed, and maintained 
through sustainable practices. 

Potential Tools: 
o Select plants with minimal embodied energy and other negative environmental 

impacts caused by shipping.  Locally grown vegetation requires minimal transport 
and minimal greenhouse gas emissions. 

o Select plants adapted to local environmental conditions.  Plants produced locally 
may be best acclimated to climate conditions.  

o Select growers that are actively implementing better business practices, such as 
Voluntary Codes of Conduct in which a business maintains stock free of invasive 
plants. 

o Deal with suppliers who use energy- and water-efficient irrigation systems and treat 
any site runoff. 
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o Incorporate an active IPM program. 
o Monitor diligently during the establishment phase. Detecting plant mortality, weed 

invasions, and soil erosion too late can require exponentially more resources to fix. 
o Develop a long-term sustainable maintenance plan that considers the evolution of 

the site. 
o Minimize the amount of time that plant material is stored on-site before installation. 

If plant material must be stored on-site, use methods that maximize health and 
vigor to prevent stress and disease post-planting.  This would include providing 
adequate water, healing-in of root balls, and possibly nutrient applications. Apply 
the same principles to on-site transplants. 

o Consider planting trees and larger woody shrubs at the smallest size that can 
perform the function and survive the conditions of the site.  Installing larger plants 
can often lead to higher mortality rates and may require more energy and resources 
to maintain. 

 Prevent waste generation during maintenance, especially by recovering 
landscape trimmings for composting.  Compost reduces the need for fertilizers by 
supplying nutrients in a slow-release manner. 

Potential Tools: 
o Establish an on-site composting system (see www.mastercomposters.org/ or 

www.seattle.gov/util/Services/Yard/Composting/index.asp for details).  
o Recover grass clippings, leaves, wood chips, sawdust, and other materials (see 

www.epa.gov/epaoswer/non-hw/green/pubs/home-gs.pdf for more details) to include in on-
site compost. 

o Use mowers that mulch leaf and lawn clippings. 
 

 
Potential Measures of Success (for discussion purposes only) 

• A minimum of XX percent of the site required replacement plantings because of 
poor installation, lack of postplanting care, or incompatible plant selection for the 
site. 

• A minimum of XX percent of landscape trimmings are recovered for compost. 
• Achieve carbon:nitrogen ratios in compost that will maintain normal nutrient 

processes. 
• A minimum of XX percent of installed vegetation is procured from local growers.  

 
Topics for Future Study 
Additional quantitative information on the following topics is welcomed: 

• Methods to measure sustainable plant production. 
• The links between landscape materials and environmental health.   
• Alternatives to harmful landscape materials. 
• Vegetation types that best filter harmful pollutants. 

 
Current Limitations 

• Some urban areas may need to outsource their composting because of lack of space.  
Local materials and composting yards can be required. 
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MATERIALS 

 

Materials GOAL 1:   
Manage resources and materials efficiently.  

 
Intent 
Reducing, reusing, and recycling materials will help limit resource consumption, preserve 
natural resources, and reduce negative impacts to human health and environmental quality.  
Consider this hierarchy of resource and materials management strategies through all phases 
of site assessment, design, construction, operations, maintenance, and removal: (1) reduce 
material consumption, (2) reuse materials, (3) recycle materials, and (4) use nonrecoverable 
materials for energy generation before disposal.   
 
Importance 
Reduced materials consumption, the preferred method of materials management, lessens the 
need for new materials while preventing the generation of waste.  For example, in Eugene, 
Oregon, renovation (rather than demolition and new construction) of a 30-unit apartment 
complex resulted in the reuse and recycling of approximately 112 tons†† of construction and 
demolition debris (73 percent by weight), which resulted in savings of more than $1 million 
for the city.30   In the United States, the municipal solid waste stream (before recycling) 
generated 246 million tons‡‡ of waste in 2005, of which almost 79 million tons§§ were 
recycled or composted, and almost 33 million tons*** were combusted for energy recovery in 
2005.28   A hierarchy of sustainable materials management will prevent waste generation and 
the negative environmental impacts of materials production and energy consumption.  
Figure 4-3 illustrates the spectrum of sustainability for resource and materials management 
strategies. 
 

                                                 
†† 102 metric tonnes 
‡‡ 223 million metric tonnes 
§§ 72 million metric tonnes 
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Figure 4-3.  Sustainability spectrum for resource and materials management strategies. 

 
 

STRATEGIES – Manage resources and materials efficiently. 
 Reduce material consumption.  Reduced consumption of materials 

consumption lessens the need for extraction and production of new material as well as 
waste generation. 

Potential Tools: 
o During design, avoid structural overdesign, misperceptions of increased safety, and 

purely aesthetic demand for more material than is necessary.  Specify only the amount 
of material that is actually needed.  For instance, do not use 6x6 posts if all that is 
structurally required is 4x4s. 

o Ask manufacturers and suppliers to eliminate or reuse packaging materials. 
o Require subcontractors and contractor’s employees to participate in waste reduction. 
o Optimize purchasing to ensure that excess materials are not brought to the site. 
o Design for disassembly and deconstruction (see www.seda2.org/dfd/). 
 

 Reclaim and reuse materials.  It is most sustainable to reuse materials found on-
site; however, if reusable materials cannot be found on-site, explore options for 
salvaging materials from other local projects.  Reusable materials that must be 
transported to the site are less preferable than those available on-site because 
transportation consumes resources and produces pollution. 

Potential Tools: 
o Consider reuse or renovation of existing, previously occupied buildings, structures, and 

site elements. 
o Use deconstruction to dismantle and reuse existing buildings on-site. 
o Reuse on-site rocks and other existing landscape materials and balance cut and fill.  
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 Recycle materials.  Recycling lessens the need for virgin materials and avoids sending 
useful materials to the landfill. For example, landscape trimmings and other organic 
“waste” can be recycled for use as compost and mulch. Because recycling requires more 
energy and resources to create a final product, it is not as sustainable as reduction or reuse 
of materials.  On-site recycling of materials is preferred to off-site recycling. 

Potential Tools: 
o Reprocess materials by breaking them down and using them for a new purpose.  For 

example, concrete can be broken down and used as aggregate in road bases. 
o Recycle landscape “waste” during all phases of development, from construction to 

maintenance.  Landscape trimmings can be easily converted into a valuable resource to be 
used as compost or mulch.   

o Dedicate an area for storage and collection of recyclables and landscape waste and create a 
system for operation. 

 
 Use nonrecoverable materials for energy generation.  Energy recovery 

processes create electricity and heat from materials that would have otherwise been sent to 
a landfill.   

Potential Tools: 
o Develop and implement a construction waste management plan that identifies materials to 

be diverted from disposal and whether the materials will be sorted on-site or commingled.  
o Direct nonrecoverable materials to energy recovery processes where applicable. 

 
Potential Measures of Success (for discussion purposes only) 

• Utilize XX percent of existing on-site structures (walls, paving, buildings, 
foundations, and other landscape materials and structures) and vegetation. 

• Recycle and/or salvage XX percent (by weight or volume) of nonhazardous 
construction, demolition, and land clearing waste or landscape trimmings.  

• Recycle XX percent of trimmings from landscape practices with on-site composting.  
• Balance the soil cut to fill ratio. 
• Keep and reuse all existing soil, rock, and underlying materials on-site. 
• Achieve a minimum recycling rate of XX percent of waste by weight. 
• Divert a minimum of XX percent of construction and demolition (C&D) waste, by 

weight, from the landfill by one or a combination of the following activities: 
- Salvage     
- Reuse    
- Source-separated C&D recycling   
- Commingled C&D recycling 
- Energy recovery 

• Reduce the amount of waste generated per unit area by XX percent of the amount 
typically generated. 

• Of nonrecoverable materials with energy value, XX percent must be used for energy 
recovery purposes. 
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Current Limitations  
• Project leaders often do not record quantities of material they are moving onto and 

off the site.  They often only record the price.  
 
 

Materials GOAL 2:  
Select and use sustainable landscape materials. 

 
Intent 
The long-term environmental and societal benefits of materials should be considered during 
the materials selection process.  To evaluate the sustainability of a particular material, 
consider the following attributes: 
 
 

• embodied energy • labor requirements 
• durability • renewable content 
• recyclability • reusability 
• recycled content • renewability 
• toxicity • emissions 
• local availability • cultural meaning/ implication 
• permeability • social responsibility 
• reflectivity • habitat value 
• upfront cost and life-cycle cost 

(LCC) 
• recycling process 
• maintenance requirements 

• accessibility  
• aesthetics  
 

 
Importance 
There are a variety of sustainable materials available with positive impacts on environmental 
quality and social traditions.  Rapidly renewable materials, such as bamboo, can regenerate 
quickly enough to keep pace with demand.  Bamboo is light, strong, and durable,31 with a 
harvest cycle of three to five years.  Selecting materials that require less energy to produce 
also positively impacts environmental quality by reducing the greenhouse gas emissions 
associated with production.  For instance, concrete can be made with fly ash (a byproduct of 
coal-fired power generation), which reduces the amount of cement required (and the 
greenhouse gas emissions associated with cement production) while reducing the amount of 
fly ash disposed of in landfills.  Materials that are extracted, processed, and manufactured 
locally are also more sustainable.  Use of local material reduces the amount of pollution 
produced from transportation and supports a local economy and the vernacular design 



 
 

associated with that region.  Materials and products with more than one recommended 
characteristic will, in most cases, provide higher cumulative benefits than those with only 
one characteristic.   

STRATEGIES – Select and use sustainable landscape materials. 
 Select materials that require reduced resource input to create or 

maintain. 
Potential Tools: 
o Specify durable materials, which require less frequent maintenance and replacement. 
o Select materials that can serve more than one function. 
o Identify opportunities to incorporate salvaged materials into site design and 

research material suppliers. 
o Specify products or materials that lend themselves to recycling and reuse and detail 

structures for ease of disassembly and recycling (e.g., use bolted, not welded 
connections; avoid mixed material assemblies such as plastic-coated steel). 

o Specify recycled content materials, such as plastic lumber, asphalt that contains 
recycled rubber tires, or concrete made from fly ash. 

o Select efficient irrigation systems such as those certified by the U.S. EPA 
WaterSense program (www.epa.gov/watersense/). 

 
 Use renewable materials.  Rapidly renewable materials are available for use 

within 10 years of harvest.  Wood can require 25 to 30 years to renew to 
harvestable size for lumber.  When considering renewable materials, select those 
that have high durability to minimize maintenance and replacement requirements. 

Potential Tools: 
o Use sustainably harvested forest products. 
o Specify other rapidly renewable materials, such as bamboo, jute, coir, and willow. 

 
• Use materials that are extracted, processed, and manufactured 

locally.  The use of local or regional materials can reduce the energy consumed 
during transport and help support local economies and traditions.    

Potential Tools: 
o Establish a project goal for local materials, and identify materials and suppliers that 

can achieve this goal. 
o Identify on-site resources available for use.  For instance, if trees must be removed 

during site construction, explore options to use the timber on-site for terracing and 
erosion control. 

o Consider transportation when choosing materials and suppliers.  Transportation via 
boat or train is more energy efficient than transportation by truck and far more than 
by air.32   Heavier materials, such as aggregate, concrete, and asphalt, should be 
obtained very close to the site. 

o Design site and related structures with locally available materials in mind.   For 
instance, in Vermont, specify granite, or in Pennsylvania, specify slate. 
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Potential Measures of Success (for discussion purposes only) 
• Specify a minimum of XX percent of products or materials that will last longer than 

the typical alternatives (as specified by American Society for Testing and Materials 
(ASTM) data sheet, American National Standards Institute (ANSI) data sheet, and 
manufacturers’ product warranty) with an appropriate durability for service life. This 
could be measured as XX percent of materials in the project with an expected life 
rated XX percent greater than the standard expected life. 

• Use salvaged, refurbished, or reused materials for XX percent (based on cost) of the 
total value of materials on the project or by a specified minimum quantity.  

• XX percent of landscape irrigation is provided by WaterSense-certified partners. 
• Use landscape products that contain XX percent recycled content, such as compost 

and mulches. 
• In the construction of site elements built from wood, use XX percent of wood-based 

materials and products that are certified in accordance with the Forest Stewardship 
Council’s Principles and Criteria or are engineered and/or reclaimed lumber.  
Engineered lumber should use glues in compliance with South Coast Air Quality 
Management District (SCAQMD) standards. 

• Use rapidly renewable building materials and products for XX percent (based on 
cost) of the total value of all building materials and products used in the project.  

• Use no wood species listed on the IUCN Red List of Threatened Species 
(www.iucnredlist.org). 

• Use materials with recycled content for XX percent (based on cost) of the total value 
of the materials in the project or use a minimum number of materials with recycled 
content. 

• For roadways, parking lots, sidewalks, and curbs (above-ground structured parking 
and underground parking are exempt from this requirement):   
- Any aggregate base and aggregate subbase shall be XX percent by volume 

recycled aggregate materials such as crushed portland cement concrete and 
asphalt concrete.  

- Any asphalt concrete pavement shall be XX percent by volume recycled asphalt 
pavement, or be XX percent by volume rubberized asphalt concrete from crumb 
rubber from scrap tires (crumb rubber modifier), or include a minimum of XX 
percent (of total weight) of preconsumer or postconsumer asphalt roofing 
shingles, crushed glass cullet, blast furnace slag, sludge, etc. 

- Any portland cement concrete structures and products shall contain recycled 
mineral admixtures (such as coal fly ash, ground granulated blast furnace slag, 
rice hull ash, silica fume, or other pozzolanic industrial byproduct) to reduce by 
XX percent the concrete mix’s typical portland cement content, or have a 
minimum of XX percent by volume reclaimed concrete material aggregate. 

 
Topics for Future Study 
Additional quantitative information on the following topics is welcomed: 

• Life-cycle analysis (LCA) tools for landscape materials and products. 
• Methods to measure material durability.   
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Materials GOAL 3:  
Reduce energy use, both embodied 
and operational. 

 

Intent 
Promote sustainable materials and practices that help reduce energy consumption.  When 
energy consumption is necessary, the use of renewable energy sources is encouraged. 
 

Importance 
Fossil fuel combustion releases greenhouse gases into the atmosphere, contributing to global 
climate change.  By selecting materials that require reduced energy for production, transport, 
and operation, greenhouse gas emissions can be decreased.  Two types of energy are 
addressed in this goal: embodied and operational.  The embodied energy of a material is the 
total energy consumed in its production and transport.  Materials with low embodied energy 
require less energy for extraction, manufacture, and transportation.  For example, softwood 
lumber, air-dried and often found locally, has an embodied energy 175 times less than that of 
anodized aluminum.  Similarly, recycled anodized aluminum requires only about 20 percent 
of the energy for production and transport than the new, virgin material.32  Operational 
energy is the energy required during the operational phase of a project, such as for 
maintenance and lighting.   

STRATEGIES – Reduce energy use, both embodied and 
operational. 
 Reduce the urban heat island effect.  The urban heat island effect results in 

higher temperatures in cities and suburbs than in the surrounding areas, which 
contributes to ground level ozone formation, reduced air quality, and higher air 
conditioning loads in the surrounding buildings.  This can be mitigated by improved 
materials selection.   

Potential Tools: 
o Shade constructed surfaces on the site with large trees or other landscape features. 
o Use materials such as “cool roofs” and cool pavement solutions, which have higher 

reflectivity due to the use of lighter-color aggregate. 
o Consider replacing constructed surfaces (i.e., roofs, roads, sidewalks, etc.) with 

vegetated surfaces such as vegetated roofs. 
o Use open grid paving to reduce heat absorption. 
o Use pervious or semipervious pavements that allow water and air to travel through 

them, which keeps the pavement cool when moist.  These pavements can be 
constructed using lattices made of concrete, asphalt, or plastic that is filled with soil, 
gravel, or grass. 
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 Use low embodied energy materials.  Select materials with low energy use in 
extraction, manufacture, and transportation. 

Potential Tools: 
o Identify local materials and suppliers, and establish a project goal for locally sourced 

materials and products. 
o Evaluate the embodied energy (and other environmental impacts) of materials or 

materials assemblies using tools such as the Athena Institute’s EcoCalculator 
(www.athenasmi.ca/tools/ecoCalculator/index.html) or Impact Estimator 
(www.athenasmi.ca/tools/impactEstimator/index.html) or the National Institute of Standards 
and Technology’s Building for Environmental and Economic Sustainability (BEES) 
software (www.bfrl.nist.gov/oae/software/bees/). 

o Use minimally processed materials, which generally have lower embodied energy and 
fewer emissions and wastes. 
 

 Use landscape lighting with low operational energy.  Landscape lighting 
can also be used effectively to minimize light pollution and deter crime. 

Potential Tools: 
o ENERGY STAR®, a product certification system run by the U.S. Environmental 

Protection Agency and the U.S. Department of Energy, certifies outdoor lighting 
fixtures, roofing products, and other appliances as energy efficient.  Select these certified 
materials when possible (see www.energystar.gov for more information).   

o Specify light colored surfaces where light is needed, to reduce the amount of light 
needed to illuminate the desired feature or object. 

o Use energy-efficient means of lighting including light sensors, low voltage lighting, fiber 
optics, and solar lighting where applicable. 

o Use time controls (or dimmers or other controls) to ensure that lights are on only when 
needed.   

o Eliminate or reduce light pollution by specifying quality lighting fixtures that have been 
certified by the International Dark-Sky Association (IDA) Fixture Seal of Approval 
(FSA) program (see www.darksky.org/lighting for more information).  

o Shine lights down and control the light output to locations where it is needed. 
o Limit lighting to appropriate areas or zones.  Consider Crime Prevention Through 

Environmental Design (CPTED) principles in light placement. 
 

 Use landscape equipment with low operational energy.   
Potential Tools: 
o Use non-fossil-fuel-based landscape maintenance tools—use rakes instead of leaf 

blowers or hand saws instead of chain saws where feasible. 
 
 Use materials and products powered with renewable energy sources.  

Renewable energy, such as wind, solar, geothermal, and biomass, minimizes greenhouse 
gas emissions, air pollution, and habitat destruction and pollution from mining.   

Potential Tools: 
o Determine the energy needs of the site and investigate opportunities to engage in a 

green power contract.  
 

 
 
  51
       
Chapter Four      Preliminary Report on the Standards & Guidelines 
      Sustainable Sites InitiativeTM 



 
 

Potential Measures of Success (for discussion purposes only): 
• Use XX percent of building materials and products that are manufactured regionally 

within a radius of XX miles. 
• Require XX percent of raw materials for manufactured products to be harvested 

within a radius of XX miles.  
• Provide any combination of the following strategies for XX percent of the site 

hardscape surfaces (including roads, sidewalks, courtyards, and parking lots):  
- Shade (within five years of occupancy)   
- Paving materials have high reflectivity (e.g., a Solar Reflectance Index [SRI] 

of a certain number) or use an open grid pavement system. 
• Place XX percent of parking spaces under cover (defined as under ground, under 

deck, under roof, or under a building).  Any roof used to shade or cover parking 
should be vegetated or have high reflectivity (e.g., an SRI of at least a certain 
number.) 

• Provide XX percent of the site’s electricity from renewable sources. 
• XX percent of building materials have low embodied energy. 
• XX percent of materials are ENERGY STAR qualified. 

 
Topics for Future Study 
Additional quantitative information on the following topics is welcomed: 

• LCA information for landscape materials.  
• Embodied energy information for landscape materials.  
• Methods to measure materials use and energy consumption in the operation and 

maintenance of sites. 
• Additional third-party certification systems for LCA and embodied energy of 

landscape materials.  
• Methods to measure reduced machinery dependence and use of fuel-efficient or 

alternative fueled machinery. 
• Economic and health costs of extreme heat events and urban heat island effects in  

terms of health care visits, hospitalization, and death. 
 
 
 

Materials GOAL 4:   
During all phases, avoid materials,  
products, and practices that can harm  
humans and the environment. 

 
Intent 
Promote the use of materials and practices that do not impact environmental health. 
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Importance 
Certain conventional construction practices and landscape products can negatively impact 
surface water and groundwater quality, are energy intensive, release pollutants to air, soils, 
and plants, and can ultimately harm human health.  Landscape products such as lumber 
treated with chromated copper arsenate (CCA) and alkaline copper quat (ACQ) can 
contaminate soils,33  affect aquatic habitats34  and pollute groundwater.35   Even though a site 
may cover a relatively small surface area, the potential for sediments and pollutants to  
reach surface waters is great due to the high runoff rates from construction sites—up to 
2,000 times greater than runoff rates from forested lands.36   Landscape products and 
landscape equipment can also create noise pollution and impact air quality.  For instance, 
volatile organic compounds (VOCs), which are released during gasoline combustion and by 
certain paints, insecticides, and cleaning products, contribute to the formation of ground-
level ozone, a pollutant that can aggravate respiratory systems and cause permanent lung 
damage.37,38   Limiting the use of harmful materials will reduce the impact on environmental 
health.  Selection of environmentally responsible materials includes consideration of the 
impacts over the life of the product.39   

STRATEGIES – During all phases, avoid materials, products, 
and practices that can harm human health and the environment. 
 Provide for clean-up or mitigation of all hazardous materials from 

prior site use.   
Potential Tools: 
o Identify, screen, and isolate toxic or hazardous substances during development of 

brownfield and other previously polluted sites to prevent human contact with such 
materials. 

o Do not store or dump harmful substances in soil. 
 

 Consider placement of potentially toxic and harmful materials or 
substances, including harmful or toxic vegetation. 

Potential Tools: 
o Carefully consider the hazard potential of poisonous, thorny, or prickly plants near 

walkways or children’s play areas. 
 

 Avoid materials that produce hazardous pollutants during their life 
cycle. 

Potential Tools: 
o Specify low-VOC materials in construction documents.  Some materials like paints, 

sealants, adhesives, and coatings may emit VOCs into the air during their 
manufacture, application, or disposal. 

o Require workers to use VOC-Safe Masks when applying VOC containing wet 
products and N-95 Dust Masks when generating dust. 
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o Evaluate the health effects of all building materials (for example, use references such as 

www.healthybuilding.net/target_materials.html).   
o Avoid materials and/or material byproducts containing persistent bioaccumulative 

toxins (PBTs) or persistent organic pollutants (POPs) that bioaccumulate, or build up 
toxic concentrations, in the tissue of humans and organisms (see references such as 
www.epa.gov/pbt/pubs/cheminfo.htm for more information). 

o Avoid materials and byproducts that are known carcinogens or reproductive toxins (see 
references such as http://ntp.niehs.nih.gov/index.cfm?objectid=32BA9724-F1F6-975E-
7FCE50709CB4C932 for more information). 
 

 Use third-party certified materials and products.  Similar to third-party 
certification for energy, certification systems exist that approve materials based on 
their human health impacts. 

Potential Tools: 
o Use third-party certified materials such as the Forest Stewardship Council 

(www.fscus.org) and the Cradle to Cradle Certification (www.c2ccertified.com).  
 

 
Potential Measures of Success (for discussion purposes only) 

• All adhesives, sealants, paints, and coatings meet specified VOC limits (g/L less 
water). 

• Composite wood and agrifiber products contain no added urea-formaldehyde resins.   
• Chemical and biological properties of on-site soils are within XX percent of 

reference soil types in the region.  
• Water leaving the site should not contribute to the biological, chemical, or physical 

degradation of any receiving waters.  The pollutant load of water leaving the site after 
development should not exceed that of predevelopment conditions.   

• XX percent of products used on-site have been designed for reuse. 
 
Topics for Future Study 
Additional quantitative information on the following topics is welcomed: 

• The potential for landscape materials to act as carbon sinks. 
• The links between landscape materials and environmental health.   
• Alternatives to harmful landscape materials.   
• Methods to measure the reduction in greenhouse gas emissions of certain materials 

and practices. 
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HUMAN WELL-BEING 

Human Well-being GOAL 1:   
Design and maintain conditions 
to promote health and physiological benefits. 

Intent   
Natural elements on a site create can provide physiological benefits, such as increased 
physical activity and reduced stress response.  Such settings can be created through design or 
conservation of existing elements.   
 
Importance   
A site can be designed to benefit people with opportunities for physical activity, healthy food 
sources, and relaxation.  Physiological functions, the core processes of our bodies, are 
positively affected by experiences with nature.  For example, hospital patients who have a 
view of natural landscapes (as opposed to built structures) recover faster from surgery and 
require less pain medication.40   In addition, heart rate, blood pressure, and other measures 
return to normal levels more quickly when people view natural rather than urban landscapes 
after a stressful experience.41  Site design can also provide opportunities for outdoor physical 
activity and healthy food production.  Daily moderate activity by individuals decreases the 
incidence of such chronic diseases as heart disease, diabetes, and high blood pressure.  
Community gardens in healthy environments provide fresh, local produce, and promote 
greater stewardship of land by site users.  Improved health reduces health care costs.42    

STRATEGIES – Design and maintain conditions to promote 
health and physiological benefits. 
 Provide opportunities for interaction with nature.   

Potential Tools: 
o Consider designing outdoor spaces as small rooms, providing a sense of enclosure 

and enabling users to access diverse settings and experiences within a larger site. 
o Provide a diverse landscape to support a broad range of users and activities.  Consider 

avoiding large expanses of undifferentiated vegetation, including ground cover or 
shrubby material. 

o Provide wayfinding features that show site users recognizable features, landmarks, 
points of interest, gateways, and destinations that aid understanding, comprehension, 
and movement. 

o Use materials that are varied, provide interest, and aid orientation. 
o Use “cues to care,” which are design devices (such as mowed edges or low fences) 

that communicate that a naturalistic landscape welcomes users. 
o Provide public spaces for groups or activity, and private spaces for reflection or 

contemplation. 
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 Provide spaces for physical activity.   

Potential Tools: 
o Concentrate built and paved zones to maximize open space.  
o Utilize focal points as destinations for walking paths.  Ensure that all trails and paths 

are safe, comfortable, of adequate width, and have quality surfacing. 
o Ensure connectivity to any local or regional walking, biking, or recreational trails, and 

provide access to nearby parks, open spaces, or greenways. 
o Enable site users to walk to nearby commercial districts for breaks, errands, meals, and 

other services.   
o Provide covered and secure parking for bicycles. 
o Provide spaces for outdoor exercise and sports or play spaces if appropriate. 
o Enable physical activity opportunities for people of all ages, capacities, and abilities. 

 
 Support on-site food production in healthy environments.   

Potential Tools: 
o Offer gardening plots for site users. 
o Optimize agricultural potential during site design, with attention to factors such as sun 

aspect and soils. 
o Employ permaculture principles to integrate ecology with agricultural production. 

 
 
Potential Measures of Success (for discussion purposes only): 

• XX percent of the site is considered user-oriented outdoor space. 
• Site characteristics, such as noise and light levels, do not exceed physiological 

thresholds beyond which people are uncomfortable, impacted, or hurt. 
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Human Well-being GOAL 2:   
Enhance human cognitive function. 

 
Intent 
Optimize the benefits of natural elements to human learning, mental productivity and 
information processing. 
 
Importance 
Research has shown that interaction with or views of nearby nature can improve cognitive 
functioning.  For instance, desk workers who have a view of nature report greater job 
productivity and satisfaction and fewer absences from work.43   Children and youth may have 
the most to gain from green surroundings.  Play in places with trees and vegetation can 
support children’s development of skills and cognitive abilities44  and lessen the symptoms of 
Attention Deficit and Hyperactivity Disorder (ADHD).45   Likewise, living in a green 
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environment can improve school performance,46  concentration, and self-discipline.47   Site 
design can also incorporate education goals and take advantage of opportunities to inform 
users about biodiversity, ecology, and sustainability. 

 

STRATEGIES – Enhance human cognitive function. 
 Provide opportunities for passive experiences with nature. 

Potential Tools: 
o Optimize natural light and views of nature from work and learning spaces. 
o Maintain all possible large trees on-site, especially those viewable from windows, as 

studies show consistently high values of preference and benefits from large trees. 
o Optimize water views or provide fountains. Create edge experiences when possible, 

and allow people to sit or walk along pools and streams. 
o Place and configure plantings that achieve other ecosystem services (such as rain 

gardens for infiltration and stormwater management) to provide visual amenities. 
o Enhance opportunities to experience vistas and scenic views. 
o Promote contact with nature in transitions among buildings and from buildings to 

roads or parking. 
 

 Educate site users.  
Potential Tools: 
o Create demonstration gardens that allow visitors to observe regional biodiversity, and 

provide interpretive materials. 
o Facilitate wildlife viewing and learning by providing user spaces adjacent to habitat 

features or providing for wildlife needs, such as bird boxes. 
o Provide high-quality and carefully prepared interpretive materials or stations that 

inform about local ecosystems and their functions. 
 

 
Potential Measures of Success (for discussion purposes only): 

• Preserve XX percent of large trees on-site and/or provide views of water. 
• XX percent of building/indoor users have visual access to the outdoors. 
• XX percent of the site can be used for educational purposes. 
• Evaluate metrics of user productivity in work or learning (such as ability to 

concentrate, reduced absenteeism, etc.). 
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Human Well-being GOAL 3:     
Promote positive social dynamics. 

 
Intent 
Facilitate social interaction through site design. 
 
Importance 
The presence of natural elements has several implications for personal and community 
security.  Shared green spaces, particularly those with trees, provide settings for people to 
interact and strengthen social ties.  Residential areas with green surroundings are associated 
with greater social cohesion in neighborhoods, and neighbors with stronger social ties are 
more likely to monitor local activity, intervene if problem behaviors occur,48  and defend 
their neighborhoods against crime.49   Residents of buildings with greater tree and grass cover 
report fewer incidences of vandalism, graffiti, and litter than counterparts in more barren 
buildings.50   Likewise, a study comparing police reports of crime and extent of tree and grass 
cover found that the greener a building’s surroundings, the fewer total crimes were 
reported.51    
 
As mentioned, research indicates that children may obtain the greatest benefit from green 
space.  Depending on site goals, outdoor space can be designed to address children’s needs. 
 

STRATEGIES – Promote positive social dynamics. 
 Provide spaces for social interaction.   

Potential Tools: 
o Provide comfortable outdoor spaces that welcome users by including amenities such as 

seating spaces, water fountains, interspersed shade and sun, and light food service. 
o Create “community greens” that can serve as outdoor meeting rooms, break or study 

spaces, and spaces for organizational events and celebrations. 
o Ensure that user spaces are safe and secure using Crime Prevention Through 

Environmental Design (CPTED) principles (see www.cpted-watch.com for more 
information). 

o Create small theme gardens (such as color, texture, butterflies, etc.) that pique users’ 
curiosity and encourage social engagement. 

o Provide a management plan so that all designated use spaces remain safe, comfortable, 
and welcoming. 

o Plan management activities so that site users are able to participate. 
o Offer small gardening plots for site users, as appropriate. 
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 Design spaces that address children’s needs.   

Potential Tools: 
o Provide pedestrian-only precincts so children and youth can move and play without 

concern for traffic. 
o Reduce speed and volume of traffic on adjacent streets as children often make use of 

paved areas as play space, or provide for a controlled mix of pedestrians and vehicles. 
o Design sidewalks to serve as public space, with attention to width and form. 
o Provide access to adjacent parks, school yards, or unused public space. 
o Provide “territorial” common spaces that serve several residential units, which give 

children a sense of place and belonging. 
o Provide interesting landscape places (designed and naturalistic) that enable exploratory 

play.  
o Provide paths and trails that enable outdoor play movement throughout a site. 
o Provide a variety of play spaces including fields or courts, hard surfaces, play structures, 

and “wild” undeveloped zones. 
o Recognize spaces and needs for children of diverse ages (toddlers to teens). 
o Provide visual and physical access for adults to unobtrusively observe and monitor play. 
 

 Consider local cultures/communities and their special needs. 
Potential Tools: 
o Identify local groups of potential users and provide amenities that address the needs or 

support the culture of local people. 
 

 
Potential Measures of Success (for discussion purposes only) 

• Use a post-occupancy evaluation to assess the degree of social cohesion of groups or 
communities using the site.    

• Assess the degree to which various age groups are addressed in the design in terms 
of associated site structures and safety allowances. 

 
 
Topics for Future Study 
Additional quantitative information on the following topics is welcomed: 

• The practical application of psychosocial findings to physical design. (Preliminary 
ideas on this topic exist.52 ) 

• The relative need for nature elements around sites and structures that constitute 
different zoning and land uses. For instance, how much nature contact is optimum 
for a residential setting versus needs for an institutional land use such as a school or 
hospital, or a commercial land use? 

• The relative needs for nature contact by people of different ages and cultural groups. 
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Future Improvements to Goals, Strategies and 
Tools of the Sustainable Sites Initiative 
As we formulate goals, strategies, and potential tools for sites, our next step is to develop 
more precise measures of success that reflect regional and site-specific characteristics.  
Secondly, as we progress toward a better understanding of true site sustainability and 
develop improved practices, we may restructure this section to more effectively address 
goals that span several disciplines and achieve multiple objectives.  This chapter will be 
expanded to fill gaps, address areas of interest expressed through the review process, and 
become more detailed and technical in content while clarifying any remaining uncertainties.   
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CHAPTER FIVE 
Next Steps for the Sustainable Sites InitiativeTM 

 
Next Reports 
This Preliminary Report of Standards and Guidelines of the Sustainable Sites Initiative is the 
first of three reports to be developed over the next 18 months.  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 next two products of the Sustainable Sites Initiative are the Rating System and the 
Reference Guide.  Each product will build on the previous work, and interim drafts will be 
released throughout the development process to allow members of review committees and 
the public ample time to provide feedback.  
  

 

PRODUCTS AND TIMELINE* 
1. Standards and Guidelines (September 2006–May 2009) 

A compilation of current research, technology, and practices to provide technical 
guidance and performance benchmarks and solicit feedback.   

2. Rating System (May 2009–2011) 
Sustainable landscape performance benchmarks with weighed credits and a 
recognition system. 

3. Reference Guide (May 2011–2012) 
A user guide containing information from pilot projects that will explain credit 
requirements and provide resources to aid in creative problem-solving.  

* dates are subject to change due to funding 

 
Starting in 2010, pilot projects will test the Standards and Guidelines and the Rating System.  
The knowledge gained from these pilot projects will be incorporated in the Reference Guide 
and will clarify and improve the performance goals. All three products will supplement 
existing green building standards and rating systems and have the potential to serve as stand-
alone guidelines for creating Sustainable Sites. 
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Participation and Support 

The Sustainable Sites Initiative is a cooperative effort of professionals from diverse 
backgrounds who are interested in improving quality of life and the environment through 
sustainable land development and management practices.  The initiative relies on 
collaboration and feedback from a variety of experts.  Broad participation is critical to the 
successful development of regional performance-based guidelines and standards.  
 
Efforts are continually being made to recruit additional stakeholders to the review process 
and to ensure maximum input into the products.  If you are interested in serving on the 
review committee, please visit www.sustainablesites.org to register as a participant.  Review 
committee members will be notified of upcoming reports or other opportunities to 
participate.  During open comment periods, report feedback will be gathered electronically.    
 
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.   
 

 
If you or your organization is interested in exploring these opportunities, 

please contact info@sustainablesites.org. 
 

 

Conclusion  

Sustainability is a complex issue that covers an array of environmental, social, and economic 
topics, and subsequently, many issues emerge in attempting to answer the question: What is 
a sustainable site?  With the release of this preliminary report, it is clear that we have much 
work left to do in order to achieve our goals.  The development of a national standard that 
addresses regional differences and multiple project types requires a dynamic, inclusive 
process and input from a multidisciplinary group of experts and citizens. The commitment 
and generosity of the organizations and professionals who have given their time to the 
initiative is overwhelming and stands as evidence of the urgency of moving toward site 
sustainability.  We look forward to the feedback and participation of others to help 
Sustainable Sites progress and improve.   
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APPENDIX 
 
 
The first section of the appendix contains a Pre-design Site Assessment checklist, intended for use 
before initiation of the design phase.  A Detailed Site Assessment checklist follows, which should be 
used during design to provide more in-depth site information. 
 
 

Draft Pre-design Site Assessment Checklist 
 
Intent 
Before initiation of the design phase, a site should be assessed to determine existing 
conditions and identify on-site resources.  The knowledge collected during a pre-design site 
assessment is critical for guiding the design process.  Specifically, the pre-design site 
assessment is intended to evaluate opportunities to utilize sustainable strategies and 
protect or regenerate ecosystem services on-site. 
 
The section that follows provides an example of a checklist for site components to consider 
prior to design.  Because every site is unique, not every item on the checklist may be 
required.    The pre-design site assessment is meant to be conducted quickly by locating and 
documenting existing site information and conducting simple field tests with the help of a 
qualified professional if necessary. 
   
Submittals 
Illustrate and compile the requirements below on a recent aerial photo or detailed site map.     
In addition to the map, provide a brief report discussing each of the requirements.   
 
 

Pre-design Site Assessment Outline: 
 
A.  Site Context 
 1)  Site context overview 
 2)  Existing ordinances/jurisdictions or regulatory obligations 
 3)  Existing brownfields or other environmental health hazards 
 4)  Topographic map  
 
B.  Structural Components 
 1) Existing buildings, structures (both above and below ground) or pathways 
 2) Existing utilities (both above and below ground) 
 
C.  Biophysical Components 
 1)  Macro-climate 
 2)  Micro-climate 
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 3)  Soils 
 4)  Hydrology 
 5)  Eco-region(s) 
 6)  Dominant or unique vegetation 
 7)  Critical areas or features 
 8)  Unique features 
 
D.  Ecosystem Services and Potential for Sustainable Strategies 
 1)  Existing ecosystem services on-site 
 2)  Opportunities to use sustainable strategies on-site  

 
 
A.  Site Context 

1) Site context overview. 
o Property boundaries.  Include bearings and distances using a known 

coordinate system and identified control point(s) on a scaled map. 
o Current land use.  Include both physical and social elements of human 

activity on the land. 
o Historic land use.  Include archaeological or historical resources on-site.  

Use archival research as well as site observations, paying particular attention 
to soil conditions.  Contact local and state bureaus (including the State 
Historical Preservation Office) and the Advisory Council on Historic 
Preservation (www.achp.gov) for historic information and assistance. Contact 
an archaeological consultant if necessary. 

o Existing or potential land use of directly adjacent properties.  Include 
other characteristics of adjacent property that may be relevant to site use, 
such as opportunities to shared amenities such as parking lots. 

o Habitat context.  Consider the site within the context of the surrounding 
habitat type or ecoregion.  Identify migratory routes, wildlife corridors and 
undisturbed habitats near the site to determine the importance of the site to 
traveling wildlife species.  

o Pre-determined or proposed site uses if known.  Document any future 
site uses that have previously been determined but do not currently exist. 

o Cultural context.  Consider the culture of the broader human community, 
beyond the site’s geographic boundaries, in which the site currently exists or 
could potentially exist.  Document any indicators of the site’s significance to 
local residents (such as community gardens, commemorative or memorial 
artifacts, significant natural features, or evidence that the site provides 
informal social spaces or connecting corridors within the community).  

o Recreation connections.  Identify any on-site features that offer recreation 
potential.  Indicate distance and proximity to local parks, greenways, open 
spaces, and trails.  

o Local transportation plan.  Document the relationship of the site to all 
local transportation plans, including mass transit, bicycle, and pedestrian 
facilities. 
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o Views and vistas.  Document the location and orientation of any views or 
vistas, including those that look onto another property that could be 
enhanced or screened. 

 
2) Existing ordinances/jurisdictions or regulatory obligations.  Identify 

any restrictions (including zoning restrictions, conservation easements, critical habitat 
for threatened or endangered species, and wetland status) placed on the site and any 
site permits required by local, state, and/or federal governments. 

 
3) Existing brownfields or other environmental health hazards.  See 

www.epa.gov/brownfields/index.html and the state environmental agency for more 
information on potential contamination.  Soil and water testing may also reveal site 
contamination issues. 

 
4) Topographic map.  Illustrate contour intervals at a level of detail appropriate 

for the site.  Map the site and the entire watershed, if possible. Resources for 
obtaining profile and topographical information without contracting a survey include 
the following: 

o Existing mapping resources from local municipalities  
o Land plat already on file with municipality for zoning 
o United States Geological Survey (USGS) for official topographic maps (look 

at links under “Maps, Product & Publications Section” at www.usgs.gov) and on-
line viewing of contour maps (see http://nationalmap.gov/gio/viewonline.html) 

o Layers in local geographic information system (GIS) 
 

B.  Structural Components 
 

1) Existing buildings, structures (both above and below ground) or 
pathways. 

o Location and spatial dimensions.  Consider all limitations to aboveground 
and belowground space that could influence landscape design, such as 
building setbacks, emergency access lanes that must be kept clear, signs that 
must be readable from the road, heat vents, and underground parking 
structures. 

o Materials.  Note the composition, quality, and condition of structural and 
landscape materials.  

o Potentially polluting materials both above and below ground 
 

2) Existing utilities (both above and below ground). 
o Type, location, size, and depth of all utilities.  Consider all limitations to 

aboveground and belowground space that could influence landscape design, 
such as overhead wires, water wells, and wastewater treatment systems. 

o Storm-drain infrastructure, including types of systems and locations and 
dimensions of existing catchment basins, storm-drain pipes, and other 
existing stormwater management features. 

http://www.epa.gov/brownfields/index.html
http://www.usgs.go/
http://nationalmap.gov/gio/viewonline.html
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o Stormwater and greywater discharge system.  Identify location of 
discharge for site stormwater and greywater and to what extent stormwater 
and greywater is (or potentially can be) treated on-site.  

o Water source.  Identify the current water source and any additional potential 
sources.   

 

C.  Biophysical Components 
 
1)   Macro-Climate 

o Heat zone (see www.ahs.org/publications/heat_zone_map.htm) 
o Cold hardiness zone (see www.usna.usda.gov/Hardzone/ushzmap.html) 
o Annual and pronounced seasonal precipitation patterns for the project 

area. Rainfall data can be obtained from the National Oceanic and 
Atmospheric Administration (NOAA) closest rain gauge station. The 
NOAA’s National Weather Service Advanced Hydrologic Prediction Service 
web-site may also be useful (http://water.weather.gov). 

o Elevation.  Note extremes in site elevation using topographic references 
listed above in the Topographic Map section. 

o Other seasonal phenomena that could affect design decisions and plant 
selections, such as snow loading issues and snow removal considerations. 

 
2)  Micro-Climate 

o Potential sources of re-reflected heat load and affected areas.  
Determine if any portion of the site has heat pockets due to reflected and 
reradiated heat loads from pavement, automobiles, buildings or other 
surfaces.  These pockets are often south-facing and may be noticeably 
warmer than nearby spots. 

o Frost pockets.  Determine the location and extent of frost pockets, which 
are often found in low areas at the bottom of a slope or bowl, where cool, 
heavy air collects. 

o Sunlight levels and pattern.  Identify areas which receive full sun (direct 
sunlight for more than six hours per day), partial sun (direct sunlight for less 
than six hours per day or filtered light all day), or shade (little to no direct 
sunlight or less than six hours of filtered light). 

o Aspect.  Note areas where slope aspect can produce significantly warmer or 
significantly cooler micro-climates. 

o Prevailing wind direction relative to season and general air flow patterns.  
Note any existing or neighboring structures that may heavily influence 
portions of the site’s air circulation.   

o Other factors affecting micro-climates, such as proximity to large body of 
water or rain shadows formed by the overhang of a building. 

 
3)  Soils   

o Soil type(s) and mapping.  Native soils (and often even highly disturbed 
soils) contain layers that serve different functions (e.g., supporting root 
growth, storing water, providing nutrients, supporting structures, etc.).  Soil 

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


  
       
Appendix      Preliminary Report on the Standards & Guidelines 
      Sustainable Sites InitiativeTM 

70

mapping can identify the layers present and describe their characteristics, 
which will help determine the potential impacts of grading.  Resources 
include the National Resource Conservations Service’s (NRCS) “Soil Data 
Mart” site (http://soildatamart.nrcs.usda.gov), the United State Department of 
Agriculture’s (USDA) “Web Soil Survey” site 
(http://websoilsurvey.nrcs.usda.gov/app), and the USGS (see links under “Maps, 
Product & Publications Section” at www.usgs.gov).  For unmapped areas, hand 
dig test pits and examine soils. 

o Soil layer disturbance, regrading or imported soil.  Dig a pit two feet 
deep to examine soil horizons.  The top layer should contain rich, dark 
organic material, and upper horizons should be darker in color than lower 
layers.  Record any other indications of soil layer disturbance (such as mature 
trees that do not show a trunk flare or have retaining walls near their bases).  
Also note evidence of recent construction, previous routes taken by heavy 
equipment, and areas of material storage during construction.  

o Contamination.  Look for evidence of soil contamination such as dumping 
areas and construction debris.  

o Texture.  Soil texture, along with soil structure and organic matter content, 
largely determine the physical (and some chemical) properties of a soil.  In 
the field, test the soil texture using the soil texture-by-feel technique (see 
www.bigsiouxwaterfestival.org/teachers/28/soil.pdf for more information).  If the 
exact soil texture is needed, collect multiple samples to be analyzed by a soils 
lab. 

o Compaction levels and structure. Compacted soils drain poorly, have 
limited infiltration capacity, and restrict healthy plant growth (sometimes to 
the point that roots cannot even penetrate the soil).  When a soil is 
compacted, the soil structure is destroyed.  Identify heavily used areas (such 
as pathways created by pedestrians, areas used for parking, etc.) that may be 
compacted.  In urbanized areas, much of the site may be compacted in 
addition to the visibly trafficked locations.  Conduct simple compaction tests 
(e.g., “shovel tests”) throughout the site. 

o Excessive salt usage/salt injury.  Salt can accumulate in the soil, increase 
soil compaction and damage plants.  Look for white powder that has 
precipitated out on the soil surface or growth of salt- and compaction-
tolerant weeds, particularly near walks or parking areas. 

o Erosion.  Note the extent and severity of soil erosion, as well as the presence 
and size of eroded gullies, rills, or soil slumps. 

 
4)  Hydrology 

Extensive hydrology resources are available on the USGS Water Resources website 
(see water.usgs.gov/partnerships.html and http://waterdata.usgs.gov/nwis for more 
information). 

o All existing water resources.  Describe all water resources such as lakes, 
streams, wetlands, and estuaries, including direction of flow, seasonality and 
general water quality.  

o Lakes/ponds:  locate shorelines and seasonal variations in 
water levels. 

http://www.bigsiouxwaterfestival.org/teachers/28/soil.pdf
http://waterdata.usgs.gov/nwis
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o Streams:  determine hydrologic regime, associated stream 
networks (including important upstream and downstream 
locations), aesthetic condition of stream and riparian areas, signs 
of erosion, important habitat features, and channel structure.  
o Wetlands:  identify and delineate potential wetland areas with 
assistance from the local U.S. Army Corps of Engineers office or 
a qualified expert at making wetland delineations (see 
www.usace.army.mil/cw/cecwo/reg/rw-bro.htm for more information). 
o Estuaries:  delineate the limits of on-site and downstream 
estuaries using high and low tide elevations. 

o Additional regulated or protected hydrologic areas or water resources 
within the site, such as floodplains, recharge zones, and endangered aquatic 
species habitats.  Contact the local, state, and federal environmental agencies 
(including the local U.S. Army Corps of Engineers office) for more 
information. 

o 100-year floodplains.  Consult state environmental agencies, local studies or 
FEMA’s Flood Hazard Mapping site 
(www.fema.gov/plan/prevent/fhm/index.shtm) 

o General water quality of surface waters.  Visually assess the water quality 
(look for surface sheen, muddiness, unusual colors or odors, excessive algal 
or bacterial growth) and identify possible pollution sources (both point and 
nonpoint sources). 

o Evidence of physical modifications to surface waters, such as fill, 
excavation, channel straightening, dams, dykes, levees, etc. 

o Direction of overland water flow, particularly within stream riparian areas. 
o Specific local or regional water quality concerns. 
o Total Maximum Daily Loads (TMDL), as defined by the EPA and 

determined by states, for streams that may receive water from the site, as well 
as any target pollutants in the local watershed (see www.epa.gov/owow/tmdl). 

o Impaired water bodies (as defined by Section 303d of the Clean Water Act) 
on or near the site.  State environmental agencies and the EPA’s National 
Assessment Database (www.epa.gov/waters/305b/index.html) may provide 
specific water body information. 

o Outstanding hydrologic features, such as groundwater aquifers or drinking 
water sources.  

o Location of the site within the local watershed and sub-watershed (see 
http://cfpub.epa.gov/surf/locate/index.cfm and http://water.usgs.gov/wsc/index.html 
for more information on your watershed and sub-watersheds) 

o Existing regional, state or local watershed plans for the site’s watershed. 
o Location of stormwater outfall points (i.e., aggregate discharge locations).  

Storm drain systems collect stormwater from a wide area and bring it to a 
single point where it discharges into an existing water body.  These locations 
are vulnerable to erosion and pollution because they are the first place where 
stormwater intersects habitats, often at high velocities and volumes.   

 
 

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
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5)  Ecoregion(s) in which the site is located.  
o Existing habitat type(s).  Identify the major habitat (including urban 

habitat) and biophysical characteristics of the region in which the site is 
located.  If site and/or proximal area is so highly disturbed that the habitat 
type is not recognizable, research historic habitat and extrapolate within the 
context of nearest existing habitat. 

o Common wildlife.  Identify species commonly found in the existing habitat 
types(s), and also identify nuisance species (such as deer) that may require 
management strategies. 

o Protected species.  Identify state and/or federally listed threatened or 
endangered species, as well as species that are candidates or proposed for 
listing and any additional regulated or protected plant or animal habitats. 

 
6)  Dominant or unique woody and herbaceous vegetation.  Map the 
condition, species, location and extent of vegetation.  Describe details, including the 
following: 

o Native and nonnative species.  Consult regional information (such as state 
and local native plant societies and guides) and/or a local, experienced 
ecologist for identification of natives and nonnatives. 

o Invasive species.  Consult local sources as well as national sources (see 
http://tncweeds.ucdavis.edu/wims.html, http://tncweeds.ucdavis.edu/handbook.html, 
and www.invasivespecies.gov/toolkit/main.shtml) to identify invasive species on-
site.   

o Noxious weed species. 
o Natural range.  Map the location and extent of any intact native plant 

communities and major plant associations, including stands of grasses, 
shrubs, and trees.  Describe major trees individually or, if trees are part of a 
forest stand, describe the location and extent of the stand.  Note the typical 
growth form of the dominant species and the plants  

o General health.  Look for mechanical injury to plant parts and presence of 
insects or disease. 

o Growth habit.  Note the typical growth form of the dominant species and 
the plants naturally associated with the species.  For trees, also estimate the 
critical root zones. 

 
7)  Critical areas or features.  Identify environmentally sensitive features or areas 

not included in the checklist for the purpose of preservation or protection.  Consult 
site maps and conduct a site visit to identify these areas.  Also consult lists of state or 
local “designated environmental areas” and/or Natural Features Inventory if 
applicable. 

 
8)  Unique features.  Identify cultural, historical, geological, or otherwise significant 

features that may serve as focal points in design. 
 
 
 

http://tncweeds.ucdavis.edu/wims.html
http://tncweeds.ucdavis.edu/handbook.html
http://www.invasivespecies.gov/toolkit/main.shtml
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D.  Ecosystem Services and Potential for Sustainable Strategies 
 

1) Existing ecosystem services occurring on-site.  See Chapter Three of the 
Practice Guidelines and Metrics, or review documents such as the Ecosystems and 
Human Well-Being synthesis by Millennium Ecosystem Assessment 
(www.millenniumassessment.org/documents/document.356.aspx.pdf) for more information on 
ecosystem services. 

 
2) Opportunities to use sustainable strategies.  Explore options on-site to 

reduce resource consumption and waste and increase ecosystem and human health.   
 
SOILS: 
o Identify areas of healthy soils and prevent disturbance in these areas. 
o Identify areas of disturbed soils for potential restoration. 
o Identify areas of compacted soil and locate proposed structures and pathways 

or other disturbances in these areas. 
o Assess existing rocks, sediment and soils and determine their potential for 

reuse on-site. 
 
HYDROLOGY: 
o Identify opportunities to capture, treat, and reuse rainwater and greywater. 
o Determine areas of existing vegetation that aid in rainfall interception, 

evapotranspiration, infiltration, and filtering of pollutants and explore the 
possibility of maintaining or enhancing these areas. 

o Investigate streams, hydrologic connections, and surface flow patterns on-
site for potential protection or restoration opportunities.  

o Look for opportunities to protect or increase levels soil organic carbon on-
site. 

 
VEGETATION: 
o Locate significant vegetation patches, including large desirable trees, 

complete plant associations, and distinctive individual clumps or species that 
can be incorporated into site design.   

o Identify blocks of habitat and corridors or connections between habitat 
patches that can be maintained or enhanced. 

o Investigate the potential to increase or maintain on-site carbon sequestration 
rates with existing vegetation. 

o Look for opportunities to establish an on-site composting system. 
 
MATERIALS: 
o Inventory existing landscape materials and other site elements and explore 

ways to reuse them on-site. 
o Look for opportunities to establish an on-site recycling system and 

composting system. 
o Identify on-site vegetation that provides shade and combats the urban heat 

island effect and consider options to utilize these plants in site design. 
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o Consider the potential of previously developed or disturbed areas instead of 
creating new disturbances. 

o Explore opportunities to generate alternative energy on-site (wind, solar, 
etc.). 

o Identify appropriate areas for on-site composting, recycling or staging to 
move recovered materials off-site for reuse. 

 
HUMAN WELL-BEING: 
o Identify views, especially of large trees and water, which can be maximized 

for site users. 
o Look for ways to create walkable or bikable connections to existing parks, 

trails, greenways, or commercial districts. 
o Identify existing site elements with known significance to the local 

community and explore opportunities to incorporate them into site design. 
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Detailed Site Assessment Checklist  
 
Intent 
After completing a pre-design site assessment and beginning design work, a more thorough 
understanding of the site is necessary to answer questions that arise during the design 
development.  Whereas the pre-design site assessment acts as an inventory of on-site 
resources, and opportunities, the purpose of a detailed site assessment is to quantify the 
extent, quality, and condition of these resources.  The detailed site assessment is a more 
intensive study of the site and is used to direct design development. 
 
The detailed site assessment may require additional research, lab tests and site visits by a 
multidisciplinary project team of experts. 
 
 
Submittals 
Building on the information collected during the pre-design site assessment, illustrate and 
compile the more data-intensive requirements below on a recent aerial photo or detailed site 
map.  In addition to the map, provide a brief report discussing each of the requirements. 
 
 
 
 

 
Detailed Site Assessment Outline: 
 

A. Site Context 
1) Detailed topographic map 
2) Additional site pollutants 

 
B. Structural Components 

1)  Quantity of materials 
 

C. Biophysical Components 
1) Soils 
2) Hydrology 
3) Vegetation 
4) Habitat 
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A.  Site Context 
 

1)  Detailed topographic map.  Illustrate more detailed contour intervals than 
those included in the pre-design site assessment, if needed.   

 
2)  Additional site pollutants, such as atmospheric deposition or surface water 

runoff from other sites, that were not recorded in the pre-design site assessment. 
 
B.  Structural Components 

 
1)  Quantity of materials.  Estimate the quantity of building or landscape materials 

available for reuse. 
   
C.  Biophysical Components 
 

1) Soils  
o Chemical and biological properties.  The following properties can be 

analyzed by soil lab testing:  pH, macro and micro nutrients, soluble salts, soil 
organic matter content, micro-organisms, soil seed bank, and available water 
holding capacity.  For soil pH and soluble salt samples, pay particular 
attention to soils near sidewalks, parking areas, and buildings or foundations. 

o Drainage characteristics.  Soil borings can provide information on soil 
structure, anticipated infiltration and permeability rates, and the depth of the 
water table.  Look for indicators of poor drainage such as the following: 

1. Mottled soil.  Dig a soil pit at least 12" to 15" deep and remove 
several clods for examination. Clods that have grey mottling and/or 
have a foul odor indicate poor drainage. 

2. Poorly drained low-lying topography. 
3. Indicator plants.  Certain species (variable by region) indicate moist, 

dry or compacted soils. 
4. Percolation test.  See www.percolationtest.com for more information on 

conducting a percolation test.  Classify the soil into one of the three 
drainage classes: poorly drained, moderately drained, or excessively 
drained. 

o Texture.  In the field, soil texture can be tested using the soil texture-by-feel 
technique. If the exact soil texture is needed, collect multiple samples to be 
analyzed by a soils lab. 

o Contamination.  Based on observations from the prior pre-design site 
assessment, conduct any necessary chemical testing for soil contamination. 

o Compaction levels and structure.  Soil compaction can be measured by 
bulk density tests (see http://soils.usda.gov/sqi/assessment/test_kit.html for more 
information) or soil strength tests (using a penetrometer to measure the 
ability of the soil to resist penetration by an applied force).  These tests can 
be conducted with field tests or by sending soil samples to a lab for testing. 

http://soils.usda.gov/sqi/assessment/test_kit.html
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o Aggregate stability.  Aggregate stability testing is a measure of the soil’s 
stability when exposed to rapid wetting.  These tests can aid in determining 
the level of past soil disturbance, the integrity of soil aggregates, and erosion 
resistance and can be conducted in the field (see 
http://soils.usda.gov/sqi/assessment/test_kit.html for more information) or by 
sending soil samples to a lab for testing.   

o Estimated rooting volume.  To estimate the available rooting volume of a 
planting site, measure the length and width of available soil, and multiply area 
by the estimated depth of usable soil.  Consider belowground structures and 
subsurface geology when determining depth of usable soil.  When calculating 
soil volume, soil depth should not be considered to be greater than three feet 
(depth may be greater with structural soil).  Plant roots must be able to 
penetrate the soil.  (For more information on calculating soil volume, see:  P. 
Lindsey and N. Bassuk, Specifying Soil Volumes to Meet the Water Needs of 
Mature Urban Street Trees and Trees in Containers. Journal of Arboriculture. 
17(6): 141–149.) 

 
2) Hydrology 

o Watershed analysis and inventory.  Land use affects runoff rates and 
infiltration capacity of a site.  Map the land use and treatment class (see 
http://www.info.usda.gov/CED/ftp/CED/neh630-ch08.pdf for more 
information) of the site, and identify upstream and downstream land uses 
and any run-on problems from adjacent lands.  Evaluate any changes in 
runoff discharges between pre- and postdevelopment. 

o Expanded assessment of all existing water resources such as lakes, 
streams, wetlands and estuaries.  

o Lakes/ponds:  locate, flag and survey shorelines (at the high 
water level), transitional zones where seasonal water fluctuations 
occur, and shallow wetland benches along the shoreline. 

o Streams:  locate, flag, and survey all streams, channels and ditches 
within the site boundaries by locating the top and bottom of 
bank on both sides.  Include bankfull width and/or stream cross 
sections, channel slope and/or surveyed stream profiles, substrate 
composition, and stream flow data (using USGS gauge data, if 
available). 

o Wetlands:  note condition, vegetation composition, and wildlife 
species. 

o Estuaries:  note vegetation composition and wildlife species. 
o Opportunities for infiltration and groundwater recharge.  The 

applicability of various infiltration-based green infrastructure measures will 
be influenced by a combination of soil characteristics and land use type.  
Also, determine if groundwater is used directly as a drinking water source by 
municipalities or individuals; if so, evaluate hydro-geologic characteristics and 
identify areas vulnerable to contamination or overuse. 

o Opportunities for water quality improvement.  Identify polluted areas as 
possible locations for water quality enhancement features. 

http://soils.usda.gov/sqi/assessment/test_kit.html
http://www.hort.cornell.edu/uhi/research/articles/JArb17(6).pdf
http://www.hort.cornell.edu/uhi/research/articles/JArb17(6).pdf
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o Water inputs and water requirements (i.e., water budget).   Identify 
seasonal amounts and distribution of rainfall on-site.  Rainfall data for the 
entire United States is available from the National Oceanic and Atmospheric 
Administration’s National Weather Service (see www.nws.noaa.gov and 
www.weather.gov/oh/hdsc/currentpf.htm#N for more information).   Determine 
the volume of water necessary for postconstruction buildings and site uses, 
and evaluate opportunities for rainwater harvesting and reuse.  Prepare a 
water budget to estimate the availability and storage requirements for the 
specific needs of the project.   

o Storm frequency and duration to be managed on-site (i.e., design 
storm) based on the project goals and water budget.  Local or regional 
jurisdictions may specify design storm requirements, but going above and 
beyond those requirements may yield more environmental and/or hydrologic 
benefits. 

o Water table depth across the site.  Water table maps can be found at state 
and local natural resource agencies.  Soil borings may also provide more 
detailed information. 

 
3) Vegetation  

o Tree inventory and assessment for woody vegetation.  Depending on the 
scale of the site, every tree may be inventoried or sample areas may be used 
to estimate totals. Tree inventories and assessments can be extremely detailed 
but must include at least the following information:  diameter at breast height 
(DBH), crown size, height, and condition assessment (to determine if there is 
a need for a hazard assessment.)  See databases such as 
www.ufore.org/about/index.html for more information.  Tree hazard assessments 
should only be completed by an International Society of Arboriculture (ISA) 
certified arborist.  

o Herbaceous species inventory.  Depending on the scale of the site, every 
herbaceous species may be inventoried or sample areas may be used to 
estimate species composition.  See http://plants.usda.gov/index.html for species 
information. 

o Plant community assessment (where appropriate given site scale).  
Community assessments incorporate species composition and relative 
densities of those populations.  The help of a local, experienced ecologist 
may be the most useful tool for vegetation community identification and 
assessment.  Some regions may also have tools available to assess plant 
communities (such as the Floristic Quality Assessment in the Midwestern 
U.S.).  A detailed vegetative community assessment should include the 
following: 

1. Identification of the vegetation community type(s) 
2. A species list of the dominant, characteristic, and rare or 

endangered plant species identified during a site visit, with 
estimated population compositions and spatial qualities (even 
distribution, clumped, limited to one side of the site or other, etc.) 
for the dominant species 

http://www.nws.noaa.gov/
http://www.weather.gov/oh/hdsc/currentpf.htm#N
http://www.ufore.org/about/index.html
http://plants.usda.gov/index.html
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3. Unobserved species that are typically found in this type of 
community 

4. Measure of community health, integrity, and any known existing 
threats 

5. Indication of the vegetation community rarity and value 
6. Community sensitivity to impact 
7. Mechanisms (soil, topography, geology, hydrology, fire, harvesting, 

grazing, insect-plant relationships, etc.) that drive the community 
development 

8. Successional stage of the community 
9. Associated plant communities 

o Local insect and disease problems.  Consult regional pest information 
provided by county cooperative extension offices, local growers, and local 
arborists to identify existing or potential problems. 

 
4) Habitat  

o Quality.  Use habitat evaluation procedures and data collected during site 
assessments to determine habitat quality.  For example, determine the quality 
of riparian habitat using data on vegetation type and species composition, 
widths of vegetation perpendicular to stream, as well as invasive and exotic 
species. 

o Important features significant for a certain habitat type. 
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GLOSSARY of TERMS, ACRONYMS 
and ABBREVIATIONS 
 
 

Glossary of Terms  
Aerobic 
Occurring only in the presence of molecular oxygen (said of chemical or biochemical processes such as aerobic 
decomposition). 

Aggregation 
The process whereby primary soil particles (sand, silt, clay) are bound together, usually by natural forces and 
substances derived from root exudates and microbial activity. 

Alkaline 
A solution that has a pH value greater than 7.0. 

Appropriate vegetation 
Noninvasive plants suited to the site’s climate and geology that do not require excessive care or resources to 
maintain plant vigor. 

Best management practice (BMP) 
A practice or combination of practices that are determined to be an effective, efficient, and practicable 
(including technological, economic and institutional considerations) means of controlling point and nonpoint 
pollutants at levels compatible with the environment. 

Biodegradable 
Capable of decomposing under natural conditions. 

Biodiversity 
The variety of life and all the processes that keep life functioning, including the variety of different species 
(animals including humans, plants, microbes, and other organisms), the genes they contain, and the structural 
diversity in an ecosystem. 

Bioremediation  
A process that uses biological agents, such as bacteria, fungi, or green plants, to remove or neutralize 
contaminants, as in polluted soil or water. Bacteria and fungi generally work by breaking down contaminants 
such as petroleum into less harmful substances. Plants can be used to aerate polluted soil and stimulate 
microbial action. They can also absorb contaminants such as salts and metals into their tissues, which are then 
harvested and disposed of.  The use of green plants to decontaminate polluted soil or water is called 
phytoremediation.  

Biomass 
Any organic matter that is available on a renewable or recurring basis (excluding old-growth timber), including 
dedicated energy crops, and trees, agricultural food and feed crop residues, aquatic plants, wood and wood 
residues, animal wastes, and other waste materials 
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Biota 
The animal and plant life. 

Blackwater 
Non-industrial wastewater containing significant food residues, high concentrations of toxic chemicals from 
household cleaners, and/or toilet flush water. 

Brownfield 
The expansion, redevelopment, or reuse of property which may be complicated by the presence or potential 
presence of a hazardous substance, pollutant, or contaminant. 
 
Carbon:Nitrogen (C:N) ratio 
The ratio of the mass of organic carbon to the mass of organic nitrogen in soil, organic material, plants or 
microbial cells. 

Carbon sequestration 
The uptake and storage of carbon. Trees and plants, for example, absorb carbon dioxide, release the oxygen 
and store the carbon.  

Carbon sink 
The carbon reservoirs and conditions that take in and store more carbon (i.e. carbon sequestration) than they 
release.  

Carcinogen 
Any substance that can cause or aggravate cancer. 

Cation exchange capacity (CEC) 
In soil science, the capacity of a soil for ion exchange of positively charged ions between the soil and the soil 
solution. A positively-charged ion, which has fewer electrons than protons, is known as a cation due to its 
attraction to cathodes. CEC is used as a measure of fertility, nutrient retention capacity, pH buffering capacity, 
and the capacity to protect groundwater from cation contamination. 

Co-mingled 
The mixing of various materials, such as plastic bottles with glass and metal containers. Commingled recyclable 
materials require sorting after collection before they can be recycled. 

Combined sewer overflow (CSO) 
The discharge of a mixture of stormwater and domestic sewage when the flow capacity of a sewer system (that 
accepts both domestic sewage and stormwater) is exceeded during rainstorms. 

Combined sewer system 
A sewer system that carries both sewage and stormwater runoff. Normally, its entire flow goes to a waste 
treatment plant, but during a heavy storm, the volume of water may be so great as to cause overflows of 
untreated mixtures of stormwater and sewage into receiving waters.  

Compost 
Organic residues, or a mixture of organic residues and soil, that have been mixed, piled and moistened, with or 
without addition of fertilizer and lime, and generally allowed to undergo thermophilic decomposition until the 
original organic materials have been substantially altered or decomposed.  

Compost tea 
A liquid solution or suspension made by steeping compost in water. It can be used both as a fertilizer and can 
prevent spread of plant diseases. 
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Constructed wetland 
An engineered system that has been designed and constructed to utilize the natural processes involving wetland 
hydrology, vegetation, soils and their associated microbial assemblages to assist in treating wastewater. It is 
designed to take advantage of many of the same processes that occur in natural wetlands, but do so within a 
more controlled environment. 

Critical root zone (CRZ) 
The area of undisturbed natural soil around a tree defined by a concentric circle. CRZ is a code-based standard 
for site design and/or construction practices, used in site plan review by planning departments of municipal 
and county governments. Also called tree protection zone (TPZ). 

Cut and fill 
The process of removing earth material from some locations and adding it to others using mechanized grading 
techniques; the process of computing total volumes of material moved. 

Deconstruction 
The disassembly of buildings or structures for the purpose of recovering materials. 

Design for disassembly 
A design that facilitates future change and the eventual dismantlement (in part or whole) for recovery of 
systems, components and materials.  This design process includes developing the assemblies, components, 
materials, construction techniques and information and management systems to accomplish this goal.   

Downspout 
The discharge point of rain water collected on roofs and gutters. 

Dry well 
A small excavated trench or pit filled with stone to control and infiltrate runoff. 

Ecosystem 
A group of organisms that interact with each other and their environment to exchange energy through a 
dynamic set of relationships which work together to form a complex whole. 

Ecosystem services 
The goods and services provided without charge by healthy ecosystems (e.g. the pollination of crops by bees, 
bats, or birds; the flood protection provided by wetlands; or filtration of water by soils). 

Embodied energy 
The energy consumed by all of the processes associated with the production of a building, landscape, or site, 
from the acquisition of natural resources to product delivery. This includes the mining and manufacturing of 
materials and equipment, the transport of the materials and the administrative functions. Embodied energy is a 
significant component of the lifecycle impact of a home, building, landscape, or site. 

Energy recovery 
A process that creates electricity and heat (e.g. combustion) from waste or materials that would have otherwise 
been disposed in a landfill. 

Engineered lumber 
A strong, stable wood product that is created with adhesives, heat, and pressure from the fiber of young, 
abundant, fast-growing trees. Engineered lumber is manufactured by combining wood fibers with plastic resins 
to produce high-quality structural products such as I-joists, laminated veneer lumber (LVL), parallel strand 
lumber (PSL), and glue-laminated beams. 
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Environmental health 
The branch of public health that is concerned with all aspects of the natural and built environment that may 
affect human health. 

Erosion  
The wearing away of the land surface by rain or irrigation water, wind, ice or other natural or anthropogenic 
agents that abrade, detach and remove geologic parent material or soil from one point on the earth's surface 
and deposit it elsewhere, including such processes as gravitational creep and so-called tillage erosion 

Evapotranspiration (ET) 
The loss of water to the atmosphere by evaporation from soil and vegetation and by transpiration of vegetation 

Fire break 
A natural or constructed barrier used to stop or check fires, or to provide a control line from which to work.  

Grading 
The modification of the ground surface by cuts and/or fills.  Fine or finish grading is light or thin grading to 
finish a prepared earth surface. 

Greywater (also spelled graywater) 
The non-industrial wastewater generated from domestic processes such as washing dishes, laundry, and bathing 

Green infrastructure 
A strategically planned and managed network of wilderness, parks, greenways, conservation easements, and 
working lands with conservation value that supports native species, maintains natural ecological processes, 
sustains air and water resources, and contributes to the health and quality of life for communities. More 
specifically, the use of soil, trees, vegetation, wetlands, and open space (either preserved or created) in urban 
areas to capture rain while enhancing wastewater and stormwater treatment. The term also includes such non-
living complementary solutions as porous pavement or rain barrels. Green infrastructure can be used in lieu of 
or in conjunction with traditional hard infrastructure (“gray infrastructure”) approaches such as pipes, retention 
basins, and treatment facilities.  

Greenhouse gases (GHG) 
The gases such as carbon dioxide, methane and CFCs that are relatively transparent to the higher-energy 
sunlight, but trap lower-energy infrared radiation. 

Groundwater 
The supply of fresh water found beneath the earth's surface, usually in aquifers, which supply wells and springs.  

Habitat 
The place where a population (e.g. human, animal, plant, microorganism) lives and its surroundings, both living 
and nonliving. 

Human well-being 
The well-being or quality of life of a population, typically measured by social and economic factors. 

Hydrologic function 
A function relating to maintaining the water regime in a watershed, such as flood flow attenuation, decreasing 
erosion, or groundwater and aquifer recharge. 

Hydrology 
The movement, distribution, and quality of water addressing both the hydrologic cycle and water resources. 
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Impervious surface 
A surface that does not allow penetration by roots or water. 

Infiltration 
The downward entry of water into the immediate surface of a soil or other material, as contrasted with 
percolation, which is movement of water through soil layers. 

Infiltration trench 
An excavation backfilled with coarse aggregate stone that gradually infiltrates runoff into the surrounding soil. 

Integrated pest management (IPM) 
An effective and environmentally sensitive approach to pest management that relies on a combination of 
common-sense practices. IPM programs are based on information on the life cycles of pests and their 
interactions with the environment.   

Interception   
The precipitation that does not reach the soil but is instead retained by above ground components of 
vegetation, such as leaves and bark.  

Invasive species 
An alien species whose introduction does or is likely to cause economic or environmental harm or harm to 
human health.  

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 practices. For simplicity purposes in this report, it is 
shortened to “land practices”. 

Landscape 
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, for instance human 
activity or the built environment. 

Landscape waste 
All accumulations of grass or shrubbery cuttings, leaves, tree limbs and other materials accumulated as the 
result of the care of vegetation (e.g. lawns, shrubbery, vines and trees). 

Life-cycle assessment (LCA) 
An evaluation of the environmental effects of a product or activity holistically, by analyzing the entire life cycle 
of a particular material, process, product, technology, service or activity. 

Life-cycle cost (LCC) 
A technique of economic evaluation that sums over a given study period the cost of initial investment (less 
resale value), replacements, operations (including energy use), and maintenance and repair of an investment 
decision (expressed in present and annual value terms). 

Light pollution 
The waste light from building and landscape designs that produces glare, is directed upward to the sky or is 
directed off the site. 

Mineral soil 
Any soil consisting primarily of mineral (sand, silt, and clay) material, rather than organic matter.   
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Monoculture 
The use of land for growing only one type of plant, or the plant culture that results from such use.  

Native species 
A plant that lives or grows naturally in a particular region without direct or indirect human intervention.   

Net zero waste 
The process of eliminating all discharges to land, water, or air that may be a threat to environmental or human 
health. 

Non-native 
A plant that was directly or indirectly introduced to a given region by humans, which were not present in the 
region beforehand and which would not have spread into the area without human interference.  

Noxious 
A term for species or groups of species that have been legally designated as pests, for example by a county, 
state or federal (national) agency.  

Nutrient cycling 
The transformation of chemical elements from inorganic form in the environment to organic form in living 
organisms, and then back to inorganic form. It included the exchange of elements between and among the 
biotic and abiotic components of an ecosystem. 

Open grid pavement 
A pavement type that is pervious to water. 

Operational energy 
The energy used in a building, landscape or site during its operational phase (e.g. heating, cooling, ventilation, 
hot water, lighting and other electrical appliances). 

Organic 
Referring to or derived from living organism (e.g. bark mulch or compost). 

Permeability 
A measure of the ability of a material (such as rock or soil) to transmit fluids or air through it. 

Persistent bioaccumulative toxin (PBT) 
A highly toxic,  long-lasting substances that can build up in the food chain to levels that are harmful to human 
and ecosystem health. They are associated with a range of adverse human health effects, including effects on 
the nervous system, reproductive and developmental problems, cancer and genetic impacts.  

Persistent organic pollutant (POP) 
A set of chemicals that are toxic, persist in the environment for long periods of time and biomagnify as they 
move up through the food chain. POPs have been linked to adverse effects on human health and animals, such 
as cancer, damage to the nervous system, reproductive disorders, and disruption of the immune system. 
Because they circulate globally via the atmosphere, oceans and other pathways, POPs released in one part of 
the world can travel to regions far from their source of origin. 

Permaculture 
An approach to designing human settlements, in particular, the development of perennial agricultural systems 
that mimic the structure and interrelationship found in natural ecologies. 

Pervious surface 
A surface which can be penetrated by water and air. 
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Photosynthesis 
The manufacture by plants of carbohydrates from carbon dioxide and water. The reaction is driven by energy 
from sunlight, catalyzed by chlorophyll and releases oxygen as a byproduct. 

Phytoremediation  
The use of plants and trees to remove or neutralize contaminants, as in polluted soil or water.  

Polycyclic aromatic hydrocarbon (PAH) 
A group of more than 100 different chemicals that are formed during the incomplete burning of coal, oil and 
gas, garbage, or other organic substances like tobacco or charbroiled meat.  

Postconsumer material 
A material or finished product that has served its intended use and has been discarded for disposal or recovery, 
having completed its life as a consumer item.   

Potable water 
Water that has no impurities present in amounts sufficient to cause disease or harmful physiologic effects and 
conforming in its bacteriologic and chemical quality to the requirements of the U.S. Environmental Protection 
Agency’s Safe Drinking Water Act or meeting the regulations of other agencies having jurisdiction. 

Precipitation 
All liquid or solid phase aqueous particles that originate in the atmosphere and fall to the earth's surface.  

Preconsumer material 
A material generated in manufacturing and processes such as manufacturing scrap and trimmings and cuttings 
(includes print overruns, overissue publications, and obsolete inventories).  

Rain garden 
A shallow depression of grasses and plants (native and adaptive) that collect, infiltrate, and evapotranspirate 
stormwater runoff from landscapes, downspouts, driveways, and roads. 

Rapidly renewable materials 
A material considered to be an agricultural product, whether fiber or animal, that takes 10 or fewer years to 
grow or raise and to harvest in an ongoing and sustainable fashion. 

Reclaimed material 
A material that would have otherwise been disposed of as waste or used for energy recovery, but has instead 
been collected and reused as a material input, in lieu of new primary material. 

Recyclability 
A product or material that can be collected, separated or otherwise recovered from the solid waste stream for 
reuse, or in the manufacture or assembly of another package or product, through an established recycling 
program. 

Recycle 
The process by which materials otherwise destined for disposal are collected, reprocessed or remanufactured, 
and are reused. 

Recycled content 
A material that has been recovered from the solid waste stream, either during the manufacturing process 
(preconsumer), or after consumer use (postconsumer)  
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Recycling process 
The intensity (energy required, pollution produced, greenhouse gas emissions, human-health impacts, etc.) of 
the process required to recycle a material. 

Reflectivity  
The ability of a material to turn away or deflect a fraction of the radiant heat generated by the sun. Also, known 
as solar reflectivity. 

Renewability 
The ability for resources, such as wood or water, to be replenished after being harvested for products. This 
ability depends both on its natural rate of replenishment and the rate at which the resource is withdrawn for 
human use. 

Renewable content 
The amount of a material that is made up of renewable resources 

Renewable energy 
Any source of energy that can be used without depleting its reserves. These sources include sunlight or solar 
energy and other sources such as, wind, wave, biomass, and hydro energy. 

Reprocess  
A process of changing the physical structure and properties of a waste material that would otherwise have been 
sent to landfill, in order to add financial value to the processed material.  

Reproductive toxin 
A substance or agent that can cause adverse effects on the reproductive system. The toxic effects may include 
alterations to the reproductive (sexual) organs and/or the endocrine system (which includes the thyroid and 
adrenal glands). 

Reusability 
A material’s ability to be reused or salvaged in whole form without undergoing a reprocessing or 
remanufacturing process. Refers to how many times a product may be reused.  

Reuse 
The use of a product more than once in its same form for the same purpose (e.g. a soft drink bottle is reused 
when it is returned to the bottling company for refilling). 

Riparian 
Pertaining to the banks of rivers and streams, and sometimes also wetlands, lakes, or tidewater. 

Runoff 
Water from rain, snow melt, or irrigation water that flows over the land surface.  

Salvage 
The controlled removal of construction or demolition debris (or other waste) from a permitted building or 
demolition site (or landscape) for the purpose of recycling, reuse or storage for later recycling or reuse. 

Sanitary sewer overflow (SSO) 
An occasional unintentional discharge of raw sewage from a municipal sanitary sewer. 

Sediment 
Transported and deposited particles or aggregates derived from rocks, soil, or biological material. 
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Sedimentation 
The process of sediment deposition. 

Seed bank 
A reservoir of viable seeds or vegetative propagules that are present in the soil and are able to recompose 
natural vegetation 

Semi-pervious surface 
Surface which can partially be penetrated by water and air 

Site 
A contiguous area of land, including a lot or lots or a portion thereof, upon which a project is developed or 
proposed for development; an area of property which is experiencing land development and management. 

Social responsibility  
An ethical theory that an entity whether it is a government, corporation, organization, or individual has a 
responsibility to society (e.g. worker safety, livable wages, worker health, etc.) 

Soil amendment 
Any material such as lime, gypsum, sawdust, compost, animal manures, crop residue, or synthetic soil 
conditioners that is worked into the soil or applied on the surface to enhance plant growth. Amendments may 
contain important fertilizer elements but the term commonly refers to added materials other than those used 
primarily as fertilizers. 

Soil bulk density 
The relative density of a soil measured by dividing the dry weight of a soil by its volume. 

Soil compaction 
The level of compression of a soil. Compaction can impede root growth, or can be used to stabilize soils to 
support buildings or roads. 

Soil degradation 
A process that describes human-induced phenomena which lower the current and/or future capacity of the soil 
to support human life 

Soil food web 
All the interactions of producers and consumers, included along with the exchange of nutrients into and out of 
the soil. These interactions connect the various members of an ecosystem, and describe how energy passes 
from one organism to another. 

Soil horizon 
A layer of soil or soil material approximately parallel to the land surface and differing from adjacent genetically 
related layers in physical, chemical, and biological properties or characteristics such as color, structure, texture, 
consistency, kinds and number of organisms present, degree of acidity or alkalinity, etc. 

Soil moisture 
The ability of soil to hold moisture. 

Soil organic carbon (SOC) 
The total organic carbon of a soil exclusive of carbon from undecayed plants and animal residues. 

Soil organic matter (SOM) 
The organic fraction of the soil exclusive of undecayed plant and animal residues. 
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Soil profile 
A vertical section of the soil through all its layers and extending into the C horizon. 

Soil structure 
The way soil particles are organized into aggregates and held together. This structuring of the soil gives it the 
ability to drain and hold air and water in the proportions needed for plant and animal life. 

Solar energy 
Energy derived from the radiant energy of the sun, which can be converted into other forms of energy, such as 
heat or electricity. 

Solar Reflectance Index (SRI) 
A value that incorporates both solar reflectance and emittance in a single value to represent a material's 
temperature in the sun. SRI quantifies how hot a surface will become relative to standard black and standard 
white surfaces. It is calculated using equations based on previously measured values of solar reflectance and 
emittance as laid out in the American Society for Testing and Materials Standard E 1980. It is expressed as a 
fraction (0.0 to 1.0) or percentage (0% to 100%). 

Source-separated 
The process of segregating various wastes at the point of generation (e.g., separation of paper, metal, and glass 
from other wastes to make recycling simpler and more efficient). 

Storm drain system 
A system of pipes, channels, or other conveyance that collect and carry runoff to receiving waters or treatment 
systems. 

Stormwater runoff 
The water from precipitation events that is discharged to receiving waters via a discrete conveyance such as a 
pipe, culvert or channel.   

Surface runoff 
The precipitation, snow melt, or irrigation water in excess of what can infiltrate the soil surface and be stored in 
small surface depressions; a major transporter of nonpoint-source pollutants in rivers, streams and lakes. 

Sustainability 
For the purpose of the Sustainable Site Initiative, 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. 

Topsoil 
The layer of soil moved in cultivation. Presumably fertile soil material used to topdress roadbanks, gardens, and 
lawns. 

Toxicity 
The quality, state, or degree of the harmful effect from alteration of an environmental factor.  The toxicity of a 
material is its contribution to diminished human and environmental health.   

Urban heat island effect 
A measurable increase in ambient urban air temperatures resulting primarily from the replacement of 
vegetation with buildings, roads, and other heat-absorbing infrastructure. The heat island effect can result in 
significant temperature differences between rural and urban areas. 
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Vegetated filter strip 
A band of closely growing vegetation, usually grass, planted between pollution sources and downstream 
receiving water bodies that are designed to filter, slow flow velocities, and infiltrate runoff. 

Vegetated swale 
An open drainage channel lined with vegetation designed to detain or infiltrate stormwater runoff. 

Vernacular 
The physical, historical, and cultural context that is typical of an area or region and of a particular time. 

Volatile organic compound (VOC) 
Molecules containing carbon and varying proportions of other elements such as hydrogen, oxygen, fluorine, 
and chlorine. They are the "precursors" that react in sunlight and heat to form ground-level ozone. 

Wastewater 
The spent or used water from a home, community, farm, or industry that contains dissolved or suspended 
matter.  

Water balance 
An accounting of the inflow to, outflow from, and storage in a hydrologic unit. 

Water cycle / hydrologic cycle 
A cycle that includes precipitation of water from the atmosphere as rain or snow, flow of water over or 
through the earth, and evaporation or transpiration of water to the atmosphere.  

Watershed 
A unit of land from which surface, subsurface, and groundwater runoff flow to a common outlet. The 
morphology of a watershed is the result of geologic history, climate, and the time over which these factors have 
acted. 

Wetland 
An area that is inundated or saturated by surface or groundwater at a frequency and duration sufficient to 
support, and that under normal circumstances does support, a prevalence of vegetation typically adapted for 
life in saturated soil conditions. Wetlands generally include swamps, marshes, bogs, and similar areas. 

Windbreak 
One or more rows of trees or shrubs planted in such a manner as to provide shelter from the wind and to 
protect soil from erosion. If designed properly, windbreaks around a home can reduce the cost of heating and 
cooling and save energy. Windbreaks are also planted to help keep snow from drifting onto roadways and even 
yards. Other benefits include providing habitat for wildlife and in some regions the trees are harvested for 
wood products. 
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List of Acronyms 
 
ACQ  Alkaline copper quat 
ADHD Attention Deficit and Hyperactivity Disorder 
ANSI  American National Standards Institute 
ASLA  American Society of Landscape Architects 
ASTM  American Society for Testing and Materials 
AWHC Available water-holding capacity 
 
BEES  Building for Environmental and Economic Sustainability 
BMP  Best management practice 
BTU  British Thermal Unit, measure of energy 
 
C&D  Construction and demolition 
CCA  Chromated copper arsenate, wood preservative 
CEC  Cation exchange capacity 
CPG  Comprehensive Procurement Guidelines, EPA 
CPTED  Crime Prevention Through Environmental Design 
CRZ  Critical root zone 
CSO  Combined sewer overflow 
 
DBH  Diameter at breast height 
DOE  United States Department of Energy  
DNR  Department of Natural Resources, state-level organization 
 
EPA  United States Environmental Protection Agency, see also US EPA 
EPP  Environmentally Preferable Purchasing, EPA 
 
FEMA  Federal Emergency Management Agency 
FSC  Forest Stewardship Council 
 
GHG  Greenhouse gas 
GIS  Geographic information system 
 
IDA  International Dark-Sky Association 
IPM  Integrated pest management 
ISA  International Society of Arboriculture 
IUCN  The International Union for the Conservation of Nature and Natural   
  Resources, also known as The World Conservation Union 
LCA  Life-cycle assessment 
LCC  Life-cycle cost 
LCI  Life-cycle inventory 
LEED  Leadership in Energy and Environmental Design  
LID  Low-impact development 
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MSW  Municipal solid waste 
 
NOAA  National Oceanic and Atmospheric Admistration 
NRCS  National Resource Conservations Service 
 
PAH  Polycycling aromatic hydrocarbon 
PBT  Persistent bioaccumulative compound 
POP  Persistent organic pollutant 
PVC  Polyvinyl chloride 
 
SCAQMD South Coast Air Quality Management District 
SEA  Streets Edge Alternatives, a project in Seattle 
SITESS System Integrated Tool for Environmentally Sustainable Sites 
SOC  Soil organic carbon 
SOM  Soil organic matter 
SRI  Solar Reflectivity Index, also referred to as albedo 
SSO  Sanitary sewer overflow 
STRATUM Street Tree Management Tool for Urban forest Managers 
 
TMDL Total Maximum Daily Loads 
 
UFORE Urban Forest Effects Model 
US EPA United States Environmental Protection Agency, see also EPA 
USDA  United States Department of Agriculture 
USGBC United States Green Building Council 
USGS  United States Geological Survey 
 
VOC  Volatile organic compound 
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