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Overview 

Introduction 

The discipline of urban planning has traditionally focused its study and practice on the city as a place created by people and shaped by their technologies and values. Built urban spaces have been—and continue to be—carved out of rural wilderness or surrounding agricultural lands as cities and urban regions are created or expanded.  Until recently, natural systems and features have been seen as existing characteristics or aesthetic features and have been poorly integrated with city building.

The conservation movement that emerged in the early 20th century to moderate the unrestricted human encroachment on rapidly disappearing wilderness areas embodied not only the Jeffersonian idea of the rural, but also more subtly the subject-object relationship between humans and nature. When it was planned into the cities of this era, nature took the form of isolated parklands in which urban factory workers could conveniently encounter idealized nature. Ebeneezer Howard’s Garden City and Le Corbusier’s modernism demonstrated urban space surrounded by rural nature; Olmsted’s Central Park in New York City and Burnham’s Grant Park in Chicago are examples of nature encapsulated by urban development. Such traditionally planned urban green spaces use nature as a design feature within an essentially urban place, in much the same way as a distinctive landmark tower or an entrance arch might be included in a city’s design.    

Since the publication of Rachel Carson’s Silent Spring in 1962, society has increasingly strived to mitigate the detrimental effects that technology and urban development can have on nature. The publication of Ian McHarg’s Design with Nature a year later signaled a shift in thinking by planners about the interface between urban development and natural areas. In the second half of the 20th century, emerging research and the problems facing urban development that ignored its environment have led to environmentally-based planning with a greater appreciation of nature and an increased respect for natural systems.  Today, communities face increasing environmental threats (such as pollution, climate change, loss of critical habitat and depletion of non-renewable natural resources) as well as important social and economic consequences of decades of development that ignored nature.  As a result, planners now recognize that urban development must be integrated—and not merely inserted—into the natural world if both are to survive.   

As planners consider the expansion and rebuilding of cities for the 21st century, the relationship between urban and natural features and activities must be reconsidered and reconstructed so natural systems are an integral and valued part of the city – the ‘green infrastructure’ that is the foundation of the urban area and a vital part of daily life for the city’s residents. 

What is ‘Green Infrastructure’? 

Green Infrastructure is represented by natural systems, human technologies, and the merger of natural systems and human technologies and is structured into three general applications:  

1. Natural systems (e.g. protected lands, open areas and greenspace, parks, natural corridors and estuaries), acting alone, to provide ecosystem services performing as infrastructure; 

2. Human technologies, such as permeable pavements, cisterns and other rain harvesting apparatus, and SilvaCells® that increase capacity and heighten performance; and 

3. A merger of natural systems and human technologies (e.g., green roofs, green ‘cloaking’, green walls, bioswales, trail systems and low-impact development design techniques) that elevate the performance of conventional infrastructure and offer economic efficiencies.  

This flexible, three-tiered structure accommodates the use of green infrastructure to influence and support urban, suburban and rural human communities.

Just as ‘grey infrastructure’ systems – transportation, power, sewerage, storm drainage, and other mechanized systems – facilitate the social and economic functions of our built environments, green infrastructure systems provide an “array of products, technologies and practices that use natural systems (or engineered systems that mimic natural processes) to enhance overall environmental quality and provide utility services.”
  Green infrastructure shapes the relationship of human communities to their environment, and defines the manner in which human settlements are integrated into the greater ecological context.  As such, the health of green infrastructure systems reflects the value, or lack of value, that humans place on the environment in which they live. In a rapidly urbanizing world, the quality of our green infrastructure will significantly impact the ultimate sustainability of our environment and urban areas.
Benefits of Green Infrastructure
Green infrastructure provides a variety of inter-related environmental, economic and social benefits.  Different groups and individuals perceive these benefits and their values differently, while many are unaware of the advantages realized daily from the green infrastructure systems operating in their communities.

The portfolio of services and benefits provided by green infrastructure to urban, suburban and rural residents includes stormwater management, water and air quality management, improvements to public health and safety, climate action, control of ambient environments and suppressed urban heat island effects. In addition, green infrastructure provides ecological assets including habitat for indigenous species, migration pathways for migrating species and recharge zones for depleted aquifers. These systems provide a myriad of recreational opportunities through a network of connected features such as greenspace and protected environmental lands, functional parks, water bodies, working lands and trails. In today’s urban areas, green infrastructure combines built and natural systems to resolve challenges such as constrained spaces, hardscape and non-point source pollution, and to exploit the compounded performance and cost
 reductions presented by integrated systems.  Properly engineered and integrated, this combination of nature and nurture serves to enhance and sustain the human environment while preserving the natural ecosystems where people live.

Table 1 lists major benefits of green infrastructure and provides some examples of how various groups might value the same benefit differently. 

	 

Table 1: Green Infrastructure Benefits as Valued by Different Groups
Key: ↑ = Increase; ↓ = Decrease 

	Types of Benefits that have Environmental, Economic and Social Returns
	Individuals
	 Developers
	Business Owners
	 Government

	Stormwater Management
	↑ Health and
Well-being
	↓ Capital costs of stormwater infrastructure
	↓ Use of potable water for irrigation
	↓ Cost to maintain infrastructure;
↓ Flood potential

	Surface and Ground Water Quality
	↑ Health and well-being;

↓ Taxes/fees for potable water         
	↓ Capital costs of well or water filtration infrastructure
	↓ Taxes/fees for potable water
	↓ Cost to treat potable water

	Air Quality
	↑ Health and well-being
 
	↓ Capital costs of air filtration systems
	↓ Costs to filter and purify air
	↓ Regulation to achieve air quality standards

	Biodiversity Protection
	↑ Opportunity to view / interact with plant and wildlife habitat
	↓ Costs to comply with future regulations to protect biodiversity
	↑ Potential future products
	↓ Cost to protect Threatened & Endangered species

	Climate Protection
	↓ Air conditioning costs
	↑ Consistency in knowing future product delivery is climate specific
	↑ Opportunity for new markets and products
	↓ Cost to reduce urban heat island effect

	Preservation of Prime Farmland
	↑ Access to fresh food
	↓ Capital costs by utilizing existing infill infrastructure
	↑ Local products from the land; 
↓ Transport costs
	↓ Cost to maintain infrastructure; 

↑ Local food production

	Transportation
	↑ Access to greenway bicycle and pedestrian trails
	↑ Marketable value
	↑ Recruitment of staff
	↓ Cost to maintain road network;

↓ Congestion costs

	Return on Investment (ROI)
	↑ Land and property values
	↑ Land values;
↓ Uncertainty about future land value;

↓ Opposition to development
	↑ Levels of investment
	↑ Stimulates economic activity;     

↑ Public/Private partnerships

	Public Health
	↓ Healthcare costs;

↑ Health and wellbeing
	↓ Healthcare costs;

↓ Worker absenteeism
	↓ Healthcare costs;

↑ Productivity
	↓ Healthcare costs;   

↑ Retention of staff

	Aesthetic Character
	↑ Land and property values
	↑ Marketable value
	↑ Customers
	↑ Marketability to future residents and businesses

	Open Space and Recreation
	↑ Health and wellbeing; 

↓ Travel time to access low cost recreation
	↑ Marketable value
	↑ Profit from tourism; 

↑ Labor productivity
	↑ Tax revenue from tourism;

↑ Diversity of economy

	Community Character / Sense of Place
	↑ Sense of community
	↑ Marketable value
	↑ Revenue from tourism;

↑ Jobs and retention of employees
	↑ Community involvement / public participation


 

Green infrastructure systems offer an important and effective way to address the nation’s serious fiscal and operational demands of its ‘grey’ infrastructure.  A more thorough understanding of the fiscal and operational potential of green infrastructure is not only necessary but timely – as documented by the American Society of Civil Engineers’ 2009 finding that a majority of the country’s ‘grey’ infrastructure ranks a ‘D’ in condition, and the report’s estimate that the nation will need to invest at least $2.2 trillion over the next five years to avoid spiraling decline, failure and accidents.
The perception that green infrastructure costs more than traditional grey infrastructure is usually the result of analysis that considers only the initial capital costs of a project. Any cost/benefit analysis of green infrastructure is woefully deficient absent an objective evaluation of the project’s triple-bottom-line, cost avoidance opportunity and life-cycle costs. This level of analysis shows that green infrastructure is profitable.  The city/county projects and programs listed below are among the examples that demonstrate green infrastructure profitability. 
· Philadelphia.  Philadelphia’s $1.6 billion “Green Cities Clean Waters Plan”, which will convert more than 4,000 acres of impervious municipal area to greenspace and implement a widespread ‘green streets’ program, is currently the largest green stormwater infrastructure program in the country.  A triple-bottom-line analysis of the Plan published last year projects a present plan value of $2.6 billion dollars, represented by reduced mortality rates, improved mobility, higher air and water quality, avoided infrastructure costs, reduction in construction-related disruptions, energy savings, green job benefits and reduction of the municipal carbon footprint.  By contrast, conventional systems were projected to provide less than $150 million in benefits, partially because the application of conventional systems is compartmentalized and targeted to a specific purpose or benefit.
· Toronto.  A comparative study of conventional and green roofs in Toronto showed that green roofs reduced summertime roof membrane temperatures by more than 35°F, and that summertime heat flow through the roof was reduced by 70 to 90%. By greening 8% of its roofs, Toronto could realize capital savings of more than $200 million and $300 million in operational costs (more than $100 million of which is attributed to stormwater infrastructure).
· Baltimore/Washington.  The loss of urban trees in the Baltimore/Washington area between 1973 and 1997 accounts for approximately half the increased costs in stormwater infrastructure over that period ($1.8 billion). 
· Jacksonville.  As of 2002, Jacksonville, Florida’s urban trees provided 928 million cubic feet in stormwater containment services, valued at $1.86 billion.  Anticipated loss of canopy to urbanization by 2020 is identified as a key factor in the need for a projected additional $82 million in stormwater infrastructure. 
· Miami-Dade County.  A CityGreen Study of Miami-Dade County, Florida’s urban forest concluded that replacing its palms with canopy trees (oaks) would reduce its stormwater by 8%.
· Atlanta.  The City of Atlanta has saved more than $883 million in stormwater retention facilities because of its urban canopy.
· Brockton.  In Massachusetts, the Brockton Brightfields is the largest solar energy installation in New England.  Developed on a former brownfield site, this 425-kilowatt (KW) photovoltaic solar energy system cost $3.037 million to build and expected to generate 535 Megawatt hours of electricity, reduce 589,570 lbs. of carbon dioxide emissions per year, and will secure $130,000 in revenues annually for the City of Brighton.  It is expected to pay for itself in 15 to 20 years.
· State of Connecticut.  The state’s Nitrogen Credit Exchange Program has been recognized by EPA for its role in improving the water quality of Long Island Sound.  Water quality trading is an innovative approach to achieving water quality goals efficiently and economically.  The program allows waster water treatment facilities facing higher pollutant control costs to meet their regulatory obligations by purchasing credits from those facilities that discharge below their allocated limits and thus have credits to sell.  In 2008, Stamford, Connecticut received $939,510 in credits, an annual payment, the highest in the state, due to its advanced wastewater treatment plant.
Challenges to Planners 
In spite of the considerable benefits to human communities and nature attributable to well designed and constructed green infrastructure, challenges remain for its inclusion in urban development. Four major challenges are described below.
1. Rethinking ‘highest and best use’.

Perhaps the most significant challenge to the use of green infrastructure is the traditional land use and development practice that emphasizes the development of urban real estate to its ‘highest and best use’, measured in terms of short-term market value and, therefore, rapid economic return on investment. Allocation or reclamation of open space to green infrastructure may not generate the short-term bottom-line payback that is often expected from urban development projects.  This focus on short-term economics ignores the long-term benefits of green infrastructure to the surrounding community as well as to the individual landowner or developer.  When life-cycle costs of maintenance and operation are considered along with initial capital costs, green infrastructure may be the most economically beneficial over the life of a project.  So planners and decision-makers must change their assumptions about ‘highest and best use’ and must recognize that retaining valuable natural resources may in fact be the ‘highest and best use’ for some properties in urban areas.  
2. Informing people about the benefits of green infrastructure.
The second most significant challenge is the general lack of understanding about the real value and role of green infrastructure in the creation of thriving, sustainable communities. Many planners, and the residents and decision-makers of the communities they serve, are not aware of the benefits that result from using green infrastructure systems rather than investing in grey infrastructure. Therefore, they do not understand what they are losing when a natural environment is replaced with concrete and steel, and they do not know what they could gain – in lower costs, better health or higher quality of life – by investing in green infrastructure systems.    
3. Updating public policies, standards and criteria so green infrastructure investment is on an equal footing with grey infrastructure.
The general lack of understanding about green infrastructure’s benefits has kept these systems from enjoying the same level of policy support as grey infrastructure solutions to urban problems.  At all levels of government, and in the private sector, there are extensive sets of standards and designs that specify how to use HVAC (heating, ventilation and air conditioning) systems to maintain a desirable temperature inside a building.  There are not yet such policies and standards for the use of trees to shade the building, and for the building’s siting and windows to take advantage of prevailing breezes.  These practices might offer a far better solution to the problem, but since there are not established standards for them it is less likely they will be chosen.  While there is a growing body of examples of individual green infrastructure projects, there is not yet a set of widely accepted standards for green infrastructure systems.  Establishing such standards would create consistency, predictability and flexibility for specific circumstances, thus providing guidance on green infrastructure practices that is comparable to guidance on grey infrastructure.  These standards will give planners the tools to guide and successfully influence decision-makers, as well as the tools available to overcome entrenched traditional land use and development practices that assume grey infrastructure design solutions. 
Since the benefits of green infrastructure are significant to a wide variety of stakeholders, the planning community should work to overcome these challenges and to ensure that these green infrastructure concepts and designs are readily available as part of the ‘toolkit’ for planners. 
4. Using life-cycle costs as the basis for investment & development decisions. 
Green infrastructure is often the most cost-effective solution to an urban service or development concern over the entire life of a project – considering initial construction costs and annual operation and maintenance costs.  But frequently these life-cycle costs are not the basis for the choice among infrastructure systems.  Two examples illustrate this challenge:

· A project with lower capital costs but higher long-term operational costs may seem to be the best choice from the perspective of an elected official with a short term of office and the need to run for re-election.  
· A project where one entity (e.g. a developer) must pay the initial costs while another group (like future homeowners) will pay the annual electric bills also leads to choices that are less costly in the short-term but more costly in the long-term.
As America focuses on rebuilding its infrastructure, it must invest in facilities and systems that are sustainable over the long-term.  Green infrastructure systems often meet this criterion but are not selected because decision-makers – both public and private – are focused on initial capital costs rather than life-cycle costs.  Partnerships between the public and private sectors should help to balance the burdens and benefits on all parties and create the incentives that make a life-cycle investment decision more feasible.  
Local Green Infrastructure for Global Impact 

Although frequently implemented at the local or regional level, green infrastructure initiatives have real global impact. Our growing understanding of the ecological complexity of our urban spaces provides convincing evidence that decisions made locally are manifested globally. The ‘butterfly effect’ metaphor captures the far-reaching ecological and climatic consequences of our municipal and regional planning choices.
  
As designers of urban spaces and managers of these spaces’ relationship to the natural environment, planners have a special responsibility to employ green infrastructure to erase the artificial boundaries we, ourselves, have constructed between urban and rural. We must rebuild the city as a participant in Earth’s larger ecosystems. We must ensure that the nation’s infrastructure needs of the future are met by sustainable, green infrastructure systems.
Green Infrastructure in Current Planning Practice
For some communities, the idea that natural systems can provide an urban area with services typically provided by concrete and pipes seems very new and untested.  But the experience of places making these investments shows that green infrastructure can be an integral and positive component of an urban region.  In fact, green infrastructure can be applied at all the geographic scales at which planning is practiced.  The section below explains how green infrastructure systems relate to these planning scales, from a region to a building site.  It illustrates the ways green infrastructure is integrated into typical planning programs and processes that most agencies use at these scales.  The section further demonstrates that green infrastructure is indeed an important next step in the investments needed to rebuild America’s cities and urban areas.
Using Planning Scale to Direct Policy and Implementation 

Green infrastructure can be incorporated into the planning and development process so resources are protected from destruction or pollution while making these resources an integral and functional part of urban development.  This approach enhances community life, increases land values and reduces public maintenance costs.  Since green infrastructure practices and policies are still fairly new in the planning arena, there is not a settled framework for their application. This Sub-Task Force has chosen to organize its discussion of green infrastructure according to the geographic scale at which it will be most effective. Since green infrastructure resources tend to overlap jurisdictional boundaries, scale is an extremely important consideration for effective management and to ensure inclusive participation and equitable distribution of the resources. 
The largest planning scales - at a global resource level down to a major regional watershed - are typically implemented through multi-lateral agreements between nations, agencies, organizations or regions. The county and municipal levels are perhaps the most utilized for green infrastructure planning, because these are the levels at which land use policies are often set and implemented. Very localized levels, such as projects, buildings and sites afford opportunities for demonstrating green infrastructure practices and building community support. Table 2 presents a listing of planning scales, the type of resource targeted for sustainable planning and examples of planning actions at each scale. The role of green infrastructure is considered at each scale of planning focus. 
National Level Planning for Green Infrastructure 

United States 

The U.S. federal government establishes policies that govern the management of national parks, forests and rangelands and has enacted legislation to protect these critical natural resources.  The umbrella legislation for protecting resources at the federal level is the National Environmental Policy Act (NEPA), a legal mechanism to identify key resources for protection and to help mitigate damage created through federal actions.  The federal government also enacts budgets for planning and implementation of these policies and programs, such as stormwater planning for municipalities.  
	Table 2: Examples of Green Infrastructure Application by Geographic Scale and Topic Area

	Resource
	Water
	Air
	Soils
	Open Space
	Biodiversity
	

	Scale
	
	
	
	
	
	Planning Activity

	Multinational 
	Great Lakes
Coral reefs
Wetland systems
Floodplains 
	Carbon 
	Ecosystems 
	World Heritage Sites
Rainforests 
	International fisheries Endangered species
Ecosystems 
	International agreements such as Ramsar, CITES
, Climate exchanges 

	National 
	Wetlands
Waterways
Floodplains
Lakes 
	Air quality
Carbon 
	Soil conservation
Farmland 
	Parks
Ranges 
	Wildlife refuges
Endangered species 
	NEPA, Clean Air & Water Acts, Endangered Species Act, Federal programs & grants 

	State 
	Watersheds
Floodplains
Lakes
Stormwater 
	Air quality
State forests 
	Soil conservation
Farmland 
	Parks
Forests 
	Endangered species 
	State programs & grants, ordinances, emissions control acts, hunting permits, fees 

	Regional 
	Watersheds
Wetlands 
	Air quality
Carbon 
	Farmland 
	Parks
Forests
Greenbelts 
	Migratory corridors
Refuges 
	Strategic plans, implementation programs, MOA's 

	County/Rural 
	Watersheds

Aquifers
	County forests 
	Soil conservation
Farmland 
	Parks
Forests
Greenbelts 
	Preserves 
	Comprehensive plans, zoning codes, ordinances, taxes 

	Municipal / Suburban 
	Surface waters
Stormwater 
	Air quality
Urban forests 
	Soil conservation
Community gardens
	Urban forests
Parks
Greenways 
	Sanctuaries
Botanical gardens 
	Plans, codes, ordinances, fees 

	City 
	Stormwater
Surface waters
Streams 
	Air quality
Carbon
Tree canopy 
	Soil conservation
Community gardens

Urban farms
	Urban forests
Parks
Greenways 
	Sanctuaries
Botanical gardens 
	Plans, zoning codes, ordinances, fees, taxes, incentives 

	Neighborhood / 
Sub-Area 
	  
	Street trees 
	Soil conservation

Community gardens
	Parks
Streetscapes 
	Tree canopy 
	Small area plans, LEED-ND


	Project / Development 
	Stormwater
Surface waters 
	Site trees 
	Site soils
	Site landscape 
	Landscape plants 
	Zoning, setbacks, fees, incentives, LEED 

	Site 
	Stormwater
Surface waters 
	Site trees 
	Site soils
	Site landscape 
	Landscape plants 
	LID, Stormwater BMPs (bioswales, etc.), Sustainable Sites
 tools 

	Building 
	Rainwater
Green roofs
Cisterns 
	Green walls 
Green roofs
	
	Courtyard
Green gardens & roofs 
	Street trees 
	Rainwater capture (cisterns, green roofs), LEED 


Three U.S. laws – the Clean Air Act, Clean Water Act and Endangered Species Act – were all passed in the 1970s and provide the regulatory backing for green infrastructure policies at all governmental levels. U.S. policies for planning and implementing green infrastructure tend to lag behind international practices and policies, with less attention paid to climate mitigation, carbon sequestration, ecosystem protection, scientific land use planning and biodiversity conservation than in other developed nations. These policies have significant economic upsides as well. The U.S. stands to reap major benefits from the recognition of new resource values, improved public health and disinvestment in costly grey infrastructure.   

The American Planning Association (APA) can urge a broader, scientifically-based ecological perspective that will recognize the values of sustainability and the desirability of green infrastructure nationwide.  New regulations based on scientific ecosystem management are necessary to achieve the environmental benefits of incorporating green infrastructure into regional, state and local land use practice. As initial steps, the federal government can support: (1) state infrastructure plans that are synchronized with regional land use planning, regulations and incentives; and (2) sustainable, local environmentally-based solutions to mitigate the growing demand for increased infrastructure capacity.   
Other Nations 

European nations have taken leadership on the climate change initiative, bringing both a strong sense of urgency as well as informed science to the green infrastructure planning arena. ICLEI - Local Governments for Sustainability - is an international advocacy group that functions as a clearinghouse for climate mitigation and adaptation, often involving planning for green infrastructure. Five European countries have created the European Capital of Biodiversity Award which promotes the extension and accessibility of urban green areas. Germany has a history of successfully managing stormwater in urban settings and Germany's green roof program has led the way for technology development and adoption worldwide.
In Europe, there are also a number of continental, regional, national and municipal green infrastructure plans, pursuing various objectives from species and ecosystem integrity to urban land use planning and securing human health in urban environments.  Some of these national plans include:

The Nutra 2000 Network, spreading across all of Europe, represents the largest network of conservation areas in the world.  It was planned to save threatened species and ensure genetic diversity. Other national and regional green infrastructure systems that have similar purposes include Estonia’s Green Network and the Carpathian EcoRegion Initiative. Germany’s Biotope Network uses a Biotope Area Factor System backed by German federal and local law, which requires the protection and restoration of community ecosystems in their natural diversity and protection of specific biotopes from development.

France’s “Trame Verte et Bleue” (Green and Blue Network) was developed to understand and engage ecological networks in spatial development and planning policies. Greenspace Scotland operates as a think-tank, research and piloting program, and most recently explored the link between vibrant, interconnected greenspace and human health in urban areas.
  

State Level Planning for Green Infrastructure 

Similar to the federal government, state governments prepare plans for parks and public lands and enact legislation authorizing watershed management and planning and zoning at the local level.  While there are some examples of planning for green infrastructure, additional policies and legislation are needed to empower local government to implement new and creative sustainable planning initiatives, particularly in recognizing the value of green infrastructure.   

At present, several states have adopted an ecosystem-based approach for managing state conservation lands, state gamelands and as a framework for their natural resource departments. Michigan, Minnesota, Florida, California, Missouri and Pennsylvania are among states that use the science of ecosystem management as a basis for state land management. This effort is administered and facilitated mostly by state land managers, often in partnership with land trust organizations, providing a model for effective natural infrastructure management.   

The practice of incorporating green infrastructure into ecosystem planning, particularly in urban areas, is relatively new to most states. Green infrastructure planning has been greatly facilitated by development of state Geographic Information Systems (GIS) databases and networks, often through partnerships with major state universities such as Penn State and Florida State. Maryland's GreenPrint program is targeted at identifying significant areas and connecting corridors, thus suggesting priority locations for urban green infrastructure development. Natural Connections is a partnership involving Wisconsin, Indiana and Illinois to share GIS data, mapping and policy coordination for green infrastructure planning. These examples illustrate the enormous contribution to green infrastructure that states can provide – comprehensive GIS databases networked through open source servers that can be accessed by other state agencies, universities, municipalities, counties, non-profit environmental groups and community organizations.   

Regional and County Level Planning for Green Infrastructure 

Watershed management, agricultural preservation, forests, parks and greenways are appropriately the subject of regional and county government planning.  These efforts are particularly important when there are watersheds that overlap multiple political jurisdictions and unique landscapes or prime farmland in danger of loss from urban growth. Regional and county agencies are in a strong position to identify environmental corridors along surface waterways and areas to protect for groundwater recharge.   

Incorporation of green infrastructure tends to occur during updates of a county comprehensive plan and related environmental ordinances. County plans provide the opportunity to update information on land use and the conservation opportunities remaining in a region. County plans bridge the divide between state policies and local land use and zoning, and are often able to address corridor, watershed, agricultural and habitat protection with more refined and detailed plan development.   

A web-based source for regional and county plans, as well as technical data, resources and case studies is the Green Infrastructure Wiki, a living encyclopedia of green infrastructure data. Plans and policies are listed separately by state and county as well as resource category. The Green Infrastructure Wiki website can be found on the Internet at http://www.greeninfrastructurewiki.com. Other helpful website links are listed in the appendix of this report.   

Municipal, Urban and Suburban Planning for Green Infrastructure 

United States 

The local level of government that controls comprehensive planning and regulation of land uses through zoning, subdivision and other ordinances offers a significant opportunity for implementing green infrastructure.  This power is authorized for different levels of local government by state statutes, with authority wielded at the city, town, township, boroughs or village level depending on the state.  Local governments establish policies and comprehensive plans for parks, forests and open space, greenways and environmental corridors and for roadways and streetscape treatments.  They can also adopt standards and provide incentives for green infrastructure, tree preservation, permeable surfaces, low impact development (LID), open space, urban gardens, the application of best management practices (BMPs) and other green infrastructure applications. 
Some examples of state statutes establishing green infrastructure implementation through local government regulations are the Maryland's Forest Conservation Act and Stormwater Management Act of 2007.  The Maryland Forest Conservation Act provides guidelines for the amount of forest land retained or planted after the completion of development projects.  The Maryland Stormwater Act requires that environmental site design (ESD) be implemented to the maximum extent practicable, through the use of nonstructural best management practices (BMPs) and other improved site design techniques.
Codifying green infrastructure presents a challenging opportunity for any local jurisdiction, given regional variations in land use, local development practices, community values and the varying levels of environmental protection in place. The best evolving sets of guidelines for green infrastructure are included in the principles of the U.S. Green Building Council’s Leadership in Energy and Environmental Design (LEED®) rating system, the Sustainable Sites Initiative developed by the American Society of Landscape Architects and the ICLEI STAR Community Index. The LEED® rating system, in particular, has been adopted directly into local ordinances by several municipal governments, an unanticipated byproduct of the success of the voluntary green building movement. The LEED® system however, is not (yet) specifically adapted to local and regional ecosystem variation, a cautionary note in terms of its applicability to green infrastructure ordinances. The STAR Community Index is one of the initiatives led by ICLEI-USA to benefit its member communities.  

Several U.S. municipalities are providing innovative planning leadership for green infrastructure policy and practice. New York City’s Plan2030 is among the most comprehensive; Portland’s (Oregon) Grey to Green Initiative is well designed and targeted; Philadelphia is aggressively linking stormwater recycling and management with community benefits. Many California cities and metropolitan regions are incorporating green infrastructure in their comprehensive plans and regional ‘blueprint’ plans.  These examples and many others are listed in the appendix of case studies.   
Effective use of green infrastructure techniques also requires a decision-making process that balances and integrates investment choices.  The Sustainable Action Model (SAM) created in Olympia WA, is a good example of such a sustainable decision-making process. This process was created to implement a City Council goal, adopted in 2005, of "putting sustainability to action." A group of Department Directors, the Sustainability Super Team (SST), determined that a successful decision model is one that:
· Will help identify balanced solutions. 

· Will help decision-makers see the trade-offs and opportunities, not just the pros and cons. 

· Will be simple and user friendly. 

· Will tell a story, be visual, and easy for the average person to understand and see the connections between seemingly unrelated things. 

· Can be replicated in any City Department. 

With the help of students from Evergreen State College, the decision-making strategy was created that is reflected in the Sustainable Action Map (SAM) below. 
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Decision-making tools such as this SAM provide the opportunity for planners in public agencies to more clearly identify and evaluate the choices between traditional grey and green infrastructure approaches and to communicate these options to colleagues and elected officials. 
Other Nations 

Internationally, some of the best examples of green infrastructure plans have been generated at the local or municipal level.  European cities, notably Barcelona, Spain; Berlin and Bonn, Germany; Copenhagen, Denmark; Helsinki,Finland; London, England; and Malmö, Sweden, offer excellent examples of this approach. Green infrastructure is now being implemented to retool under-performing urban areas (e.g. Hamburg Harbor Revitalization and Greening), or to launch entirely new masterplanning for high-performance urban cities, such as Spain’s Logrono-Montecorvo, a recently-launched urban center designed to be waste and carbon neutral and fundamentally based on green infrastructure principles. The Malmo Green Space Factor (MGSF) System in Malmö, Sweden, requires that all buildings and developments to achieve a threshold of ‘green points’, represented by thirty-five separate measures for the incorporation of green infrastructure into the building/development design.  Those measures include canopy tree colonies, green roofs, green walls, low-impact development features, bioswales and eco-corridors.
Curitiba, Brazil is a remarkable case study of a poor city that drew on local entrepreneurial resources to implement innovative green infrastructure systems and effective development policies. Bogotá, Colombia and Kampala, Uganda are examples of cities in developing nations that have repurposed urban green space for watershed protection and urban agriculture.  
Neighborhood, Project, Site and Building Green Infrastructure 
Project development and implementation is the innovative ‘living edge’ of green infrastructure planning. The lessons derived from demonstration projects can be instructive for planners.  Some green infrastructure techniques (e.g. corridor management) are highly scalable, whereas other techniques (e.g.constructed wetlands) may not be effective in smaller-scale applications. The technical literature for green infrastructure is quickly becoming more accessible for the planning setting. A newer rating system, LEED® Neighborhood Development (LEED-ND), links green building with smart growth practices such as compact development and walkable streets as well as green infrastructure concepts such as wastewater recycling and food production.
The case study literature of site applications has grown exponentially in the past five years. Planners will need to keep in mind that not all techniques work well in all localities because of climate, ecosystem and cultural differences from one community to another. The Center for Watershed Protection, based in Maryland, has an excellent list of resources for communities, including site technologies and a sampling of model ordinances.  Many case studies from diverse communities were identified by Sub-Task Force participants and are summarized in the last section of this report. 
Emerging Opportunities for Green Infrastructure 

Trends and Gems

Trends and Gems reviews conventional application of green infrastructure, summarizes trends, and introduces programs, projects, policies and initiatives that are finding broader, more creative, and more productive application of green infrastructure.  Trends are distinguished as green infrastructure models that bond and act as a catalyst with smart growth, building design, climate plans, local  agriculture, public health objectives and sustainability.  
Green infrastructure has served historical roles in watershed management, biodiversity, and open space conservation, the latter traditionally designed as a greenbelt at the exurban boundary. As green infrastructure evolved to include technologies, management strategies and urban application of ecosystem services, it was employed to enhance air and water quality, manage stormwater, harvest rainfall, promote public health and safety, increase the value and desirability of public and private property, and to mitigate urban heat islands and other adverse impacts of development.  
Beyond this diverse portfolio of uses, planners, developers, environmentalists and governments now recognize the utility of green infrastructure as a response to climate change, mounting urbanization, constrained resources and the limitations of conventional infrastructure.  As a result, communities now incorporate green infrastructure in Climate Action
 and State Implementation Plans
, in economic development models, energy use and to increase the performance and longevity of built infrastructure. In addition, the federal government has incentivized application of green infrastructure concepts and technologies to attainment of Clean Water Act goals,
 and is developing a web-based green infrastructure resource center at EPA to assist communities in meeting permit requirements and evaluating green infrastructure project benefits.
 
In addition to these ‘trends’, this section describes a selected set of ‘gems’ in current green infrastructure practice.  What distinguishes a ‘Gem‘ is a program, policy, project or initiative that:
· Finds interdependencies among, and intersects with, other disciplines, constructs and models;
· Complements, cross-functions with and reduces the cost of conventional built systems or models;
· Offers additional economic gains through cost avoidance and indirect benefits;
· Promotes the success of one or more priorities, such as public health, safety, the value and desirability of the community and its substainability potential/quotient.
Trends for green infrastructure are presented in Table 3.  Each trend is summarized in the far left column of the table.  The remaining columns summarize the ‘gems’ that exist today and are models for the future inclusion of green infrastructure in our communities.
Following the chart, results of green infrastructure implementation are reported, along with the results of incentives provided for green infrastructure use.  While much more research is needed to quantify the value of green infrastructure, this information documents the potential for green infrastructure to return benefits for a wide range of urban concerns.  As America invests in new infrastructure, this approach will meet functional needs while also creating amenity value, building healthier communities and strengthening a community’s relationship to its natural surroundings.

	Table 3: Trends and Gems for Use of Green Infrastructure

	Trends

	Gems

	
	Programs/Policy
	Legislation
	Planning/Design
	Institutional/Intellectual

	Water Quality.
Use natural drainage and vegetation to improve the quality of stormwater flowing through the urban area.
	“Clean Waters, Green
City,” City of Philadelphia
Program for Long-Term
Plan for Combined
Sewer Overflows
Control

State of Connecticut Nitrogen Credit Exchange Program
	State of Illinois Green
Infrastructure for
Clean Water Act 2009
Substitute Ordinance
No. BL2008-345;
Nashville and Davidson
County
State of Maryland Storm Water Act of 2007
State of Maryland Bay WIP Regional Exchanges
	Managing Wet Weather 
with Green Infrastructure
Municipal Handbook
Water Quality
Scorecard (Aug 2009), 
EPA-833-B-09-004
Milwaukee Metropolitan
Sewerage District’s 
“Greenseams” Program

	A Clear Blue Future: How Greening California Cities Can Address
Water Resources and Climate
Challenges in the 21st Century 
(Aug. 2009) NRDC Technical
Report
Implementing Watershed-Based
Green Infrastructure for Storm-
water Management: Case Study
in Blacksburg,Virginia (2009)

	Air Quality. Trees and other vegetation function to remove pollutants from the air.
	Fort Collins, Colorado
Action Plan to Reduce
Greenhouse Gases,
Sec. 8
	
	HARC, City of Houston
 (Urban Tree projects as
 credits for State 
Implementation Plans)
Hillsborough County, Florida Environmental Lands Acquisition and Protection Program (provides carbon credit discounts for avoided deforestation)
	Chicago Climate Exchange (CCX) North America’s only voluntary, legally binding greenhouse gas (GHG) reduction and trading system for emission sources and offset projects in North America and Brazil.  First voluntary program in the U.S. 


	Urban Stormwater
Management.  Natural green drainageways and associated systems create an effective and lower maintenance system for addressing stormwater flows. 
	Green Infrastructure
Trends in Municipal
Wastewater Manage-
ment, 32nd Governors’
Conference on the
Environment (Oct. 2008)
	HR 4202, Green
Infrastructure for Clean
Water Act of 2009,
Introduced
State of Maryland Storm Water Act of 2007
	Sustainable Cities U.K.,
Using Green Infrastructure
To Alleviate Flood Risk

North Central Texas Council of Governments, integrated Storm Water Management Program (iSWM).

	

	Urban Heat Island 
Mitigation.  Adding green infrastructure (in terms of trees, green roofs and similar systems) helps to reduce the higher temperatures normally created in densely developed areas.
	Chicago Green Roof
Grants Program
Oregon Green Alley Program
	
	
	

	Enhanced Built
Infrastructure.  Green concepts can be integrated into constructed systems, improving their function and creating amenities for residents.

	EcoLogical, U.S. Dept.
of Transportation
A Conceptual Guide to
Effective Green Streets
Design Solutions, EPA
Green Reserve
	Low Impact Develop-
ment / Green Infra-
structure, Sustainable
Community Develop-
ment Code (2010)
	Transforming Gray Space
Into Green Space – 
Green Streets and 
Parking Lots, ASLA
	Green Roads Rating System v.1.0,
University of Washington (2010)


	Public Health & Safety.
Natural areas and systems achieve health and safety objectives as well as meet infrastructure functional demands.
	Improving Health in
Cities Using Green
Infrastructure, FORUM
Journal (Dec. 2009),
Newcastle University
Maryland’s Main Street Clean, Safe & Green Program
	
	Safe Streets, Livable
Streets, Dumbaugh
(2005), Journal of the
American Planning 
Association
	Promoting Ecosystem and Human
Health in Urban Areas Using
Green Infrastructure – A 
Literature Review, Tzoulas, et al.


	Economic Drivers.  Choosing green infrastructure instead of grey adds economic value to a community.
	Economic Stimulus:
The Case for Green
Infrastructure, Energy
Security, and Green
Jobs, Deutsche Bank
Nov. 2008

Alexandria VA Eco-City Alexandria
	
	See Oakland County, 
Michigan’s Report on the
Economic Value of its
Green Infrastructure

Implementing Green
Infrastructure:Developing
A Winning Strategy to
Fund Philadelphia’s
Ambitious Vision

	The Economic Value of Green
Infrastructure, Hazel Blears, MP,
Communities Secretary (UK)
National Green Values Calculator,
Center for Neighborhood
Technology
Creating Jobs and Stimulating the
Economy Through Investment in
Green Infrastructure (2008),
American Rivers and Alliance for
Water Efficiency

	Social Development. Community engagement in green systems offers community-building advantages.
	Kansas City’s “10,000
Rain Gardens” Program
	
	 Portland, Oregon “Grey to
Green” Initiative

	Economics and Public Value of 
Urban Trees, Urban Agriculture
Magazine 13: 31-33 (2004), Dr. 
Kathleen Wolf

	Climate Action Planning.  Green infrastructure offers advantages in terms of climate change and greenhouse gas reductions.
	Fort Collins Local
Action Plan to Reduce
Greenhouse Gases
Charlottesville
Comprehensive Plan,
Chapter 8 (Climate
Action Planning)
Florida’s Energy and
Climate Action Plan 
(Oct. 18, 2009)
	Bill 27: Green 
Communities Amend-
ments, British Columbia
(2008)
FL Executive Orders 07- 126/127/128  (2007):
1) Leadership by Example: Immediate Actions to Reduce GHG Emissions from Florida State Government
2) Immediate Actions to 
Reduce GHG Emissions within Florida
3) Florida Governor’s Action Team on Energy and Climate Change.
FL HB 697-local government 
requirements for GHG/
Energy Conservation (2008)
	Adapting to Climate Change –
Green Infrastructure, 
Australian Institute of Landscape
Architects
Ada
	Exploring the Role of Green
Infrastructure in the Mitigation of 
Climate Change in the Urban
Realm, Mel, Roe & Davies (2009),
Earth and Environmental Science
Journal
Greenhouse Gas Reduction and Energy Conservation:
Development Impacts Under HB 697 by Paul D’Arelli, Ujjval Vyas, Pierce Jones and Dennis Gilkey 
[Version 1.0, (Nov. 6, 2009)
University of Florida Program for Resource Efficient Communities: Land Development and Greenhouse Gas Mitigation Series]


	Multi-Application.  Green infrastructure, by its nature, meets multiple objectives and achieves interdisciplinary goals.
	Green D.C. Agenda
Greenworks Philadelphia
Minnesota Metro
Greenprint
PlaNYC
	H.R. 5867 introduced; H.R. 2454 introduced; S. 1733 introduced
City of Redmond, Ord.
No. 2447 Green Building 
and Green Infrastruc-
ture Incentive Program
(2009)
HCR 31 (2008) State of
Delaware Green
Infrastructure
HB 1379 (2001) State
of Maryland to establish
Maryland’s GreenPrint
Program
SB399 (2000) Created
Georgia’s Greenspace
Commission and 
Greenspace Trust Fund
	Blue Cities Guide:
Environmentally
Sensitive Urban
Development, Boston
Foundation / The Cabot
Family Charitable Trust
Special District Plan,
City of Whittier, California
Open Space Seattle 2100
North Texas 2050, Vision North Texas Partnership
	Center for Resource Efficient
 Communities
Maryland’s Green Infrastructure
Assessment: Development of
A Comprehensive Approach to
Land Management, Weber et al.


  

Results of Green Infrastructure Applications

Stormwater Management

An Illinois study found stormwater infrastructure savings of $340/acre when conservation solutions were employed upstream instead of conventional systems (Johnston et al. pg. 42). The benefits multiplied when savings in property values from reduced flooding were factored in. Additional research quantifying both direct and external values could be performed for other climate zones or land use types, such as arid or especially rainy climates, rapidly suburbanizing areas or urban retrofits. 
Faced with compliance with EPA mandates to reduce combined sewer flows, the Philadelphia Water Department has developed estimates for upstream low-impact stormwater design and contrasted the benefits with a typical combined sewer overflow (CSO) large storage tunnel. The savings from planting trees, retrofitting green roofs and bio-retention areas throughout the area are substantial when the spectrum of benefits is considered. Green infrastructure could provide up to $2.8 billion in avoided disruption, water and air quality, heat stress reduction, green jobs and increased property values versus $122 million in benefits from conventional infrastructure. Research from other municipalities faced with the expense of CSO reduction could tip the balance in favor of implementing green infrastructure for municipal water planning.
Air Quality
Urbanized regions can use EPA air quality data as well as public health statistics to model and quantify urban forest benefits. American Forests uses its CITYGreen technology to accurately map community urban forests and project dollar values for benefits, including urban heat island reduction and decreased asthma rates (www.americanforests.org). An American Forest audit performed for San Antonio in 2009 estimated that the 435,000 acre metro forest provides $30 million in air quality benefits as well as $624 million in stormwater benefits. Public health studies currently being undertaken in obesity research will ultimately provide significant data for cost/benefit analysis of community greening, greenway implementation and open space improvements. 
Urban Forests
Studies demonstrate that strategically planned urban forests, on average, return roughly 21/2 times their total capital and maintenance costs and a host of other benefits, including:

· reduced residential energy costs by as much as a third;
· reduced runoff by an average of 7-9%, and as high as 12-17%
;
· sequestered carbon and other GHG, with the capacity to intercept particulate pollution at an estimated rate of 9-13%, buffer dust from under-canopy areas by 27-42%, reduce nitrogen oxides by as much as 45% and reduce ozone rates up to 55%
;
· reduced UV exposure, now acknowledged as a potentially significant risk factor in adult development of skin cancers and eye diseases;
· increased walkable communities and reduced obesity rates among adults;
· reduced accidents by as much as 40% by promoting prudent driving and better road design;
· increased values by 5-9% among treescaped urban residential, commercial and professional properties and professional centers featuring treescapes have less vacancies, turnovers and employee absenteeism and generally command rents higher by 7%, and treescaped commercial/retail districts generate roughly 12% more revenue than their treeless counterparts;
· increased cost savings.  For example, a 2007 study by Casey Trees and LimnoTech for the Washington D.C. Water and Sewer Authority (WASA) determined that the agency could save $1.4 to $5.1 million per year, scaled to a Green Build-Out Model of urban tree canopy, green roofs and larger tree boxes in the downtown core.
Use of Incentives and Market Mechanisms
Recognizing the functional potency and economy of green infrastructure systems, tools and practices, some cities have developed incentive options to encourage their adoption.  Philadelphia is considering legislation that will allow its stormwater agency to bill customers by the ratio of impervious surface to the total area of the property envelope.  In addition, the city may offer tax credits for green infrastructure retrofits, such as installation of a green roof.  Modeling its program along the low-impact development (LID)-employment model set by Northeast Ohio’s $2 billion, 20-year CSO project, Philadelphia’s program will include conversion of municipal courts and lots to pervious pavement, green roofs, and fast-tracking projects that employ LID design elements.   
Portland has fostered widespread acceptance and use of green infrastructure through incentives that include its Grey to Green Program (rebates of up to $5.00 per square foot to add an ecoroof), Treebates to encourage tree planting on private property, bonus floor area to developments that include a green roof, a Downspout Disconnect Program, and an EPA grant-funded program for sustainable, low-impact stormwater management projects.
Chicago Climate Exchange (CCX) operates North America’s only cap-and-trade system for all six greenhouse gases, with global affiliates and projects worldwide. CCX Members are leaders in greenhouse gas (GHG) management and represent all sectors of the global economy, as well as public sector innovators. Reductions achieved through CCX are the only reductions made in North America through a legally binding compliance regime, providing independent, third party verification by the Financial Industry Regulatory Authority (FINRA, formerly NASD).   CCX emitting Members make a voluntary but legally binding commitment to meet annual GHG emission reduction targets. Those who reduce below the targets have surplus allowances to sell or bank; those who emit above the targets comply by purchasing CCX Carbon Financial Instrument® (CFI®) contracts.
Elsewhere, there is a call to put natural capital in green infrastructure, e.g. urban forests, on equal footing with other municipal capital assets
  In anticipation of a carbon market expanded to include localized agriculture and urban forests, the Carbon Reserve has developed models and tools for aggregation and verification of these projects in a national cap-and-trade market.  Movements to allow urban and open space forests as credits in State Implementation Plans (mandated to comply with federal standards under the Clean Air Act) began in Houston and have been supported in concept by the U.S. Environmental Protection Agency.  This becomes even more relevant as increased criteria under the Act will render even more communities non-attainment areas for ozone.
Solutions and Recommendations 

The Green Infrastructure Sub-Task Force of American Planning Association’s (APA) Rebuilding America Task Force believes that green infrastructure must play a central role in efforts to provide the U.S. with the infrastructure to support 21st century urban communities.  APA should take the lead in the education, outreach, research and training efforts that will incorporate green infrastructure at all scales of planning.
The Sub-Task Force recommends eight specific actions to invest in green infrastructure to rebuild America’s urban areas.  Each recommendation is stated and explained briefly below. The first three recommendations address the role of the planning profession in green infrastructure investment.  The fourth recommendation is directed both at planners and at the APA.  The fifth and sixth recommendations address activities the APA should undertake.  The last two recommendations offer policy direction on green infrastructure investment for decision-makers at the local, state and federal level.
1.   Planners need to understand and advance the application of green infrastructure approaches to development and redevelopment of the nation’s urban areas. 

Planning is an integrative discipline.  It takes the broad approach, considering all relevant factors, geographical areas and systems.  It considers both the short- and long-term view in evaluating alternatives.  Until now, the literature and resources on green infrastructure have focused narrowly on individual green systems. The planning profession should lead efforts to integrate green infrastructure system design with the profession’s best urban design and development practices.  In this way, the relationship between green infrastructure and comprehensive planning and development can be strengthened and more sustainable infrastructure investments can be made.
The design and implementation of green infrastructure requires that we not only plan environmentally, but more essentially, ecologically. The effects of green infrastructure are not only local or regional, but also national and global. Impact analyses must be extended to address the benefits of local green infrastructure investments at all these scales. Green infrastructure should be incorporated extensively in city, county and regional comprehensive plans.  Planners should work cooperatively with surrounding governmental and other organizations to design and implement coordinated green infrastructure programs that are deeply integrated with regional ecologies and are also essential and valued parts of the urban fabric.  To do this, planners must know more about the potential for urban uses of green infrastructure and must be able to apply this expertise to their own decision-making responsibilities and the policy recommendations they make to others.
2. Planners must take the leadership role in facilitating collaboration across disciplines.

Urban development should also be an integrated process.  Traditionally however, design and construction professionals work relatively independently and focus primarily on their own areas of expertise.  This lack of collaboration between the various disciplines typically results in under- or over-designed systems.  Recently, there has been some movement towards thinking and working more collaboratively across disciplines.  The Sub-Task Force believes that planners are uniquely qualified advocates in terms of advancing the interdisciplinary and multi-scale benefits of green infrastructure.  Planners are uniquely qualified because green infrastructure projects can be implemented at varying scales (e.g. site, local, regional or greater scale) and may involve diverse jurisdictions (cities, counties, regions, states, special districts and others), and planners are already working at each of these scales and with all of these jurisdictions.  Also, planners are the only discipline whose training balances place-based problem-solving with the competing priorities of a long-range, comprehensive perspective.  Lastly, planners have special expertise in consensus building and facilitating community engagement, skills necessary when dealing with multi-jurisdictional projects that impact many diverse interests and have long-term cumulative impacts. 
3.   Planners should play a central role in communication and education to the broader community about green infrastructure. 

The values, beliefs, knowledge and experience of community residents, property owners, elected and appointed officials will shape their interest in, and support for, the use of green infrastructure.  Without community support, such new approaches are much less likely to be adopted, or will be adopted much more slowly.  Education is badly needed in order to broaden the coalition for green infrastructure.  Planners are the professionals in the best position to educate and build support for these initiatives. 
4.     APA and the U.S. planning community should participate in global discussions and work with global organizations to support investment in green infrastructure.

Green infrastructure, its use and impacts have effects from the molecular level to the global level.  APA should work in tandem with the United Nations and other global organizations to both learn from each others’ findings and to provide educational resources that can be used worldwide.  This collaboration will assist the United Nations as they balance environmental protection, economic growth and social impact globally.  It will also take advantage of the APA’s global leadership role on planning issues.  
5.   APA must take the lead on education within the community of planners. 

There is a need for widespread education of planners about the concepts, techniques and benefits of green infrastructure.  The planning profession does not have an integrated educational program that provides planners with the expertise to connect green infrastructure and sustainability planning to planning tools such as comprehensive plans and implementation ordinances.  The architecture and landscape architecture professions have principles, techniques and standards documented in the Green Sites Initiative and the LEED certification program, but these do not address all the issues that are relevant to the planning profession.  

  

Therefore, the Sub-Task Force recommends that APA develop an educational program on the topic of green infrastructure, its benefits and how it fits within the planning and development process. APA is the most appropriate organization to lead the effort creating this program because of its expertise and tradition of high quality, planning–focused educational programs and publications. Specific elements of the educational program should be directed toward planners, developers and builders. 

The policies and information for the educational program should focus on: 

1. APA guidelines and examples of the integration of green infrastructure considerations into each step of the comprehensive planning and site design process at all scales, including data gathering, goals and objectives, alternatives development and evaluation and implementation programs. 

2. APA prototype standards and model zoning, subdivision and stormwater management ordinances. 

3. APA guidance on successful projects and effective incentives to implement sustainable design and green infrastructure. 

6.  APA should take the lead in developing advocacy/education materials targeted specifically at local elected and appointed officials.

It is not enough to just educate planners to understand and advocate for green infrastructure.  Local elected and appointed officials play a critical and central role in the planning and development process.  They are the decision-makers when adopting comprehensive plans and land use ordinances. They allocate funding for infrastructure improvements and other projects.  Their control of the budget directly influences the size and scope of the local planning and development programs.  They make the final determination on land use changes and, in some jurisdictions, have authority over development approvals.  They have an immense influence in setting the community’s agenda.
But these officials also respond to a different set of influences than planners.  Therefore, the Sub-Task Force recommends that APA give special attention to developing educational materials targeted specifically at local elected and appointed officials and advocacy tools that will enable planners to engage these officials at their level.
7.   Decisions about infrastructure investments need to consider life-cycle costs of the project, including environmental costs. 
A fiscally responsible approach to public investment in infrastructure must consider all costs of a project, not just initial construction costs.  In many communities, green infrastructure is perceived to be more expensive because the analysis and decision-making has focused just on initial capital costs.  When a complete analysis is done, green infrastructure’s benefits have been proven to nearly always outweigh its costs.  Responsible consideration of infrastructure investment must consider the full range of impacts and benefits that drive long-term planning decisions.
A complete cost assessment must compare project alternatives in terms of their triple-bottom-line, cost avoidance opportunity, and life-cycle cost evaluation.  Planners should use this approach for the cost analysis in their own projects and should advocate this policy position for infrastructure investment.
8.   Research is needed to document the costs and benefits of green infrastructure compared to traditional infrastructure approaches. 

One reason green infrastructure is perceived as less cost-effective by local governments is the lack of quantitative data concerning its costs and benefits, compared with the costs and benefits of conventional infrastructure. This is an often-cited barrier for new technologies and one that the green building community has also faced as it attempted to mainstream sustainable construction approaches.

There are many examples of green infrastructure but often they are fairly recent or not very well studied.  Research is needed to make this information available. Planners and APA, should encourage and contribute to interdisciplinary research efforts that document the costs, benefits, design and results of green infrastructure systems.  Planners and APA should also communicate these results through their education and community outreach programs. 
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1. Philadelphia Water Department, www.phillywatersheds.org. Philadelphia’s vision plan for green infrastructure focuses on reducing inputs to the combined sewer system through urban greening, green roofs, stream restoration and a stormwater fees program. 
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“Managing Wet Weather with Green Infrastructure Municipal Handbook,” EPA-833-B-08-007 and “Water Quality Scorecard” (Aug 2009), EPA-833-B-09-004 are both available from the EPA website http://www.epa.gov/npdes/greeninfrastructure. Click on the Municipal Handbook link on the sidebar for PDF downloads, including funding options.

ICLEI International Case Study Series lists 100 international case studies featuring urban land use planning and green infrastructure, among other sustainable topics. http://www.iclei.org/index.php?id=1139 
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http://www.mde.state.md.us/Programs/WaterPrograms/TMDL/cb_tmdl/index.asp  Maryland's Chesapeake Bay Phase I Watershed Implementation Plan (WIP) is being developed to restore and protect a healthy Bay for future generations.  The six Chesapeake Bay watershed states and the District of Columbia are to submit draft Phase One WIP reports by September 1, 2010 in support of the development of the draft and final Chesapeake Bay Total Maximum Daily Load (Bay TMDL).
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The Economic Value of Green Infrastructure Report

Planning and Design for Sites, Areas & Buildings

"The Practice of Low Impact Development" published by HUD, 2005 is available as a PDF download by going to www.huduser.org, then to research tab, then publications, list by title

"Low Impact Development Design Strategies: An Integrated Design Approach" Prince George’s County, Maryland, Department of Environmental Resources, June 1999, available as a PDF download on www.epa.gov/lid/ 

Sustainable Sites Initiative: “Guidelines and Performance Benchmarks 2009” is available as a PDF download on www.sustainablesites.org, go to the current work tab on top of the home page then under current work go to report where there are instructions for downloading the file.  

Sustainability: http://www.sustainablecities.org.uk/water/surface-water/using-gi/  Leads to a variety of references on sustainability relating to flooding, health, climate change

Green Roadways: http://www.greenroads.us Leads to references on sustainability ratings for new or reconstructed roads

Green Alleys: http://brandavenue.typepad.com/brand_avenue/files/greenalleyhandbook.pdf Establishment of new alley designs that help conserve our resources and improve our environment

Main Streets:  http://www.neighborhoodrevitalization.org/Programs/MainStreet/MainStreet.aspx Enhancing the perception of a neighborhood through the principles of Smart Growth and sustainability

Green Buildings:  www.usgbc.org. The U.S. Green Building Council was established in 2008 to administer project certifications and professional credentials and certificates within the framework of the U.S. Green Building Council’s Leadership in Energy and Environmental Design (LEED®) Green Building Rating Systems™

Stormwater Management and Green Infrastructure: http://greenvalues.cnt.org/ The Center for Neighborhood Technology maintains this page and provides links to other sustainability topics 

Green Infrastructure Digest: http://hpigreen.com  Blog published by Hawkins Partners, Inc. with links to projects, policies addressing stormwater management. 
Green Roofs:  UCF Recommissioning, Green Roofing Technology and Building Science Training Final Report, FSEC-CR-1718-07 (May 18 2007); Florida Solar Energy Center.  Prepared for Michael Ohlsen, Florida Energy Office, Florida Department of Environmental Protection.

Green Infrastructure in Town Center Design: The Simsbury CT Town Center consensus Illustrative Plan for the Town Center combines sustainability and New Urbanist principles. The entire charrette final presentation is found at www.simsburycenter.blogsopt.com www.simsbury-ct.gov/charrette .  Participants note that they are “happy to praise this great project as it has healed some very deep land use “wounds” re local development issues”.
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� U.S. Environmental Protection Agency (EPA) at http://cfpub.epa.gov/npdes/greeninfrastructure/information.cfm#glossary


� “Cost” includes capital, operational and replacement/upgrade costs.


� The ‘butterfly effect’ refers to the idea that a seemingly small change in one system, such as a butterfly flapping its wings, could begin a series of reactions that result in a significantly different outcome or future.  The concept originated in Ray Bradbury’s 1952 short story “A Sound of Thunder” and was reflected in the scientist Edward Lorenz’ research on weather.


� Few international agreements with regulatory power exist - two examples are Ramsar (wetlands) and CITES (trade in endangered species).


� LEED-ND (LEED for Neighborhood Development) is one of a suite of green building standards developed by the US Green Building Council under the Leadership for Energy and Environmental Design initiative.  


� The Sustainable Sites Initiative is the LEED equivalent for projects that do not involve a building. SSI was developed by the American Society of Landscape Architects, National Wildflower Center and the National Resources Defense Council - as of early 2010 it was in the pilot stage. 


� “Health Impact Assessment of Greenspace”, �HYPERLINK "http://www.greenspacescotland.org.uk/upload/File/Greenspace%20HIA.pdf"�http://www.greenspacescotland.org.uk/upload/File/Greenspace%20HIA.pdf�


��HYPERLINK "http://olympiawa.gov/community/sustainability/~/media/Files/PublicWorks/Sustainability/SAM2.ashx"�http://olympiawa.gov/community/sustainability/~/media/Files/PublicWorks/Sustainability/SAM2.ashx�  








� In a White Paper for the Presidential Climate Action Partnership, the authors recommend adoption of green infrastructure as a federal policy proposal, defining the term as “community forestry, low-impact development, preservation of green space, innovative water/sewer systems, landfill gas recovery, solid waste recycling, urban wildlife corridors, and other local activities that reduce GHG emissions. U.S. Climate Action – From the Ground Up, Federal Policies to Promote Local Government Climate Protection, Ward, Wyman, Brown & Seth (Summer 2008).


� The U.S. EPA has authorized inclusion of urban greenspace and tree canopy projects as qualifying measures in State Implementation Plans that diagram state strategies for meeting ozone attainment levels under the federal Clean Air Act.


� Green Infrastructure Statement of Intent, which authorizes EPA awards or recognition grants.


� Ibid.


� �HYPERLINK "http://www.phillywatersheds.org/ltcpul"�http://www.phillywatersheds.org/ltcpul� 


� �HYPERLINK "http://www.sustainablecities.org.uk/water/surface-water/using-gi/"�http://www.sustainablecities.org.uk/water/surface-water/using-gi/� 


� �HYPERLINK "http://www.greenroads.us"�http://www.greenroads.us� 


� White Paper available at �HYPERLINK "http://dbadvisors.com/climatechange"�http://dbadvisors.com/climatechange� 


� �HYPERLINK "http://www.oakgov.com/peds/assets/docs/es_docs/gi_econ_impact_sum.pdf"�http://www.oakgov.com/peds/assets/docs/es_docs/gi_econ_impact_sum.pdf� 


� �HYPERLINK "http://economyleague.org/files/Implementing_Green_Infrastructure-Final-Report-October_2009.pdf"�http://economyleague.org/files/Implementing_Green_Infrastructure-Final-Report-October_2009.pdf� 


� Unmanaged urbanization and the proliferation of impermeable surfaces has made stormwater runoff the nation’s top water pollutant, U.S. Public Health Reports, May-June 2002, Volume 117.


� A 2007 study by the California Air Resources Board and the American Lung Association, concluded that attainment of particulate matter and ozone pollution standards throughout the State would prevent 8,800 premature deaths, and avoid 7,600 hospital visits, 210,000 cases of asthma and other lower respiratory symptoms, 17,000 of acute bronchitis, 4.7 school absences, and 1.4 million missed work days.  A 2010 study estimates that air pollution costs across the nation total roughly $50 billion each year.


� “Planning and Financing Future Urban Forests – a Capital Asset Hybrid Proposal, Kenneth A. Knight, AICP, and the U.S. Forest Service Pacific Southwest Research Station Center for Urban Forest Research, June 17, 2008.
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