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ABSTRACT

The dangers of water is often overlooked until it is too late. Floods are the most reoccurring threat to the built environment compared to earthquakes, tornados, and wildfires. Due to the impervious nature of today’s landscape, floods are detrimental when it occurs. Additionally, outdated infrastructural practice like combined sewer system (CSS) is still relied upon in cities across the nation. During heavy precipitation events, CSS can and will discharge stormwater and sewage, causing aquatic and human environmental damage. With the onset of climate change and prediction of higher amount of precipitation, there needs to be an immediate action taken to drastically reduce the impact stormwater can have on the built environment. 

Current trend in landscape architecture in managing stormwater is through the use of ‘Green Streets’. Green streets is a modified roadway that utilizes green infrastructure retrofits within the Right-of-way. The modification allows the public Right-of-way to treat stormwater and alleviate the pressure many municipalities face to reduce and eliminate future CSO events. Compared to costly investment for separate sewer system, green streets is an affordable solution to the long term problem. However, green streets is subject to both physical and institutional limitations, which has contributed to its slow development. 

The objective of this thesis is to investigate and evaluate selected cities across North America based on its green streets efforts. Each city is given a rating score based on the criteria set forth by the metric developed for the thesis. The metric is not meant to pit one city against another- it is to identify and inform which criteria each city does well and can improve upon. This thesis is ultimately meant to be used as an informative guide on what it takes to implement green streets if no such program exists. 
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[bookmark: _Toc443681861][bookmark: _Toc420995890][bookmark: _Toc422997477][bookmark: _Toc444216225]Introduction

This thesis is a culmination of ideas and concepts gathered from studying landscape architecture and fostering interest in stormwater management. What happens to water after it rains? How does rain affect the way cities function? What are the outcomes of ill preparation for heavy precipitation events? This question has served as the foundation and inspiration behind it all.

In the developed world, water is easily accessible with a turn of a faucet. The cost of water is extremely affordable for users. This ease of accessibility has clouded the importance of water. Water from precipitation events is commonly referred to as stormwater. Traditional stormwater management practices prioritize transportation of large volume of water over addressing its quality. In the urban landscape dominated by impervious surfaces, water is far more likely to be contaminated by pollution. 

This thesis evaluates one of the recent trends in landscape architecture and stormwater management called green streets. The evaluation reveals some of the municipalities using green streets as a way to mitigate stormwater within the public domain. It provides a rating based off of the metric created for the thesis. Ultimately, the evaluations and ratings from this thesis is to provide recommendations and insights to municipalities without such program. This is done so that the conversation can be started and a green streets program can be established. 
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Impervious surfaces in the landscape take form in building footprints, parking lots, and roadways (Mikkelsen, et al. 1994), and it plays a large role in stormwater runoff problems and risks (Gaffield, et al. 2003). It disrupts the natural hydrological cycle, as water is unable to infiltrate down to the subsurface layer. Directly connected impervious area (DCIA) is composed of impervious areas that has a direct connection to a waterbody through paved surfaces and pipes (Placeholder6). Roadways, sidewalks, and downspouts found in today’s urban landscape fall under DCIA.

As the amount of impervious surface increases in the urban landscape, hydrological cycle becomes disrupted and disconnected. How it affects the hydrological cycle depends on the level of imperviousness. As imperviousness of an area increases, infiltration decrease and runoff increases. For example, an area with natural ground cover will have infiltrated higher amount than that of a developed area with greater impervious surface coverage. There would still be some amount of runoff generated in area with natural ground cover, but it will be minimal and not as high as that of a developed area. 

Another process of the hydrological cycle impacted by imperviousness is evapotranspiration. Evapotranspiration is defined as the sum of evaporation and transpiration (Placeholder7), both of which are important part of continuing the cycle. Evaporation in the case of evapotranspiration occurs from groundwater table, and transpiration occurs from the water from the plant leaves. The plant root takes up water from groundwater table and water is released into the atmosphere by transpiration. Imperviousness affects evapotranspiration due to the fact that water needs to be present for both evaporation and transpiration to occur. The less impervious it is, more evapotranspiration will take place. 

[bookmark: _Toc443681866][bookmark: _Toc444216227]Roadways

Within the public domain, roadways are the common source of impervious surface found. It is also considered as the largest contributor of DCIA. In addition to the amount of imperviousness, roadways contribute to the pollutant level found in runoffs. Roadways are subject to wear and tear from everyday use. Speed limit and volume of traffic determine how often roadway should undergo maintenance. Dripping of motor oils, road debris, and miscellaneous automobile related materials found on roadways contribute to stormwater runoff laden with pollutants. 

Most common roadway related contaminants are heavy metals such as copper, zinc, and lead; hydrocarbons; and salt (Gaffield, et al. 2003). Heavy metals are solid particles that are extremely difficult to treat because they do not dissolve in water (Roncken, Sven and Paulissen Spring 2011). High concentration of these metals, specifically copper, zinc, and lead to serious health risks, as in overall discomfort (Järup 2003) and internal organ failures (Young and Blevins 1981). Seasonal roadway maintenance regime like de-icing the roads also contribute to pollution. As snow melts, it carries the salt particles used during de-icing maintenance. This introduces high concentration of salt into the system. Salt corrosive to metals, increasing the rate of deterioration of materials. It also disrupts the natural pH of the water from high concentration (Brinkmann 1985). 

There have been many studies conducted to see how heavy metals affect the environment. Aquatic animals like fish are great biological sensors of pollution in waterways. The muscles and skin of aquatic animals have direct contact with the pollution. Through fish, scientists can detect certain pollution that are harder to detect with water quality reports (Young and Blevins 1981). Testing the concentration of pollutants from a sample group in different waterways serve as an effective way to assess the pollution and risks (Burger and Campbell 2004). The effects of excess concentration of pollutants in aquatic animals have been thoroughly researched to assess the long term effects of introducing hazardous materials into the watershed. Some of the noted effects are: emaciation, decreased coordination, loss of appetite, and mortality (Burger and Campbell 2004). Additional effects are disruption in hormones, liver failure, and increase in testosterone (Young and Blevins 1981). The effects are not immediately shown, but they have been shown as persistent and chronic. Any animal that consume aquatic animal with high level of pollutants are subject to sickness, deteriorating health, and fatality (Placeholder3).









[bookmark: _GoBack]
[bookmark: _Toc443681862][bookmark: _Toc444216228]Dangers of Water

Water’s role in today’s environment is determined by the perviousness of the landscape. As beneficial water is to sustaining life, it can also pose a serious threat. Water, in the form of stormwater, should be approached with caution and understanding that it is directly linked to flooding and combined sewer overflow (CSO) events. 

Water contains both cohesion and adhesion properties. Cohesive property is the reason behind why water molecules end up in larger body of water. Adhesive property explains the “stickiness” of water (United States Geological Survey 2015). Cohesive and adhesive nature of water molecules allow for water to pick up contaminants and transport it to the nearest larger body of water. These two properties create a snowball effect when it comes to pollution. Runoff from impervious surfaces impact the environment across multiple scales. Pollution risks increase as the volume of water increase (Tsihrintzis and Hamid 1997). Therefore, the more pollutant laden water travels, more polluted it will become.

[bookmark: _Toc443681863][bookmark: _Toc444216229]Flash Floods

Floods are common consequences of heavy precipitation events and inadequate infrastructural design (New Hampshire Department of Environmental Services 2008). Infrastructural damage and failure not only causes millions of dollars in reconstruction, but it can also be headache inducing to those affected. Even a small amount of flood can cause significant amount of damage (Placeholder5). If not taken seriously, floods can claim lives of those unprepared. 

Floods are the number one natural disaster in the United States, responsible for more fatalities and cost in damage compared to earthquakes, tornadoes, and lightening (Placeholder2). Flash flooding, which lasts anywhere from few minutes to couple of hours, takes the lead in damages caused and fatalities claimed. Majority of fatality resulted involves vehicles. It only takes about eighteen inches of water to submerge a vehicle. It takes roughly about two feet of water to move a vehicle downstream (Placeholder8). 
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[bookmark: _Toc443681868]
Decades of urbanization has led to degradation of local waterways and negatively impact the aquatic environment. Many of older cities in the U.S. have been built upon an outdated infrastructural practice of combined sewer system (CSS) that transports sewage and stormwater to the treatment facilities in the same pipe. It was such a common practice that any major U.S. city at some point relied upon CSS as the primary sewage pipe network. It is a remnant of infrastructural practice that became standardized prior to water quality’s forefront in sustainability issue (Placeholder9). 

[bookmark: _Toc443681864][bookmark: _Toc444216231]Combined Sewer Overflows (CSOs)

Traditional stormwater management practices focuses on the volume of stormwater and transporting it off site as quickly as possible (Tyer Winter 1993). This type of practice requires extensive pipe network system and does not address water quality, as it is more about transporting than treating (U.S. Environmental Protection Agency n.d.). 

Combined sewer system threatens water quality in the case of overflow events. During wet weather conditions, increase in runoff volume can cause a backup in the pipe network, causing the excess runoff to spill over the system bypass and discharge without any type of treatment performed. When a flood event occurs, the likelihood of CSO event happening as well increases. Untreated sewage entering the waterways is incredibly hazardous for the environment and public health. 

The most common illness linked to raw sewage in the waterways is known as E.coli. E.coli causes intestinal infection that is responsible for a great amount of abdominal pain and stress. Symptoms can show from one to five days after initial infection, and can last from few days to a week. People can be infected with E.coli from drinking or swimming in polluted water. Although in most cases, the symptoms resolve on its own without special medical care, in rare and severe cases, it can cause kidney failure and death if not treated (Placeholder12). 

The cheapest way to address CSO issue, or any other stormwater issues in general, is to not let it happen in the first place. Prevention is less costly than clean-up. But, it is not always as easy as it sounds. To reverse the outdated infrastructure means municipalities need to invest in considerable amount of money up front. The estimated cost for CSO correction is $48 billion as of January 2012 (Placeholder4). To separate combined sewer system is extensive and difficult, and the infrastructure for this system is costly and unaffordable for municipalities without major state or federal funding (Wang, Eckelman and Zimmerman 1997).  Many of the municipalities with CSS are aware of their situations and consistent CSO events. However, due to high cost, many of these municipalities, especially smaller and rural, still function with combined sewer system that threatens their water sources (Tibbetts 2005). 
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Currently, many municipalities have adopted updated stormwater management policies that requires runoff volume reduction and treatment on site. The solution these municipalities follow with is through the use of Best Management Practices (BMP) methods (U.S. Environmental Protection Agency 2015). Use of BMPs is a great way to reduce the runoff volume if investing in costly separate sewer system in deemed unfeasible for the time being. 

BMPs can be physical and methodical. Green infrastructure, often used for water related management and mitigation, is categorized as structural BMPs. Structural BMPs are also known as stormwater control measures (SCMs) (U.S. Environmental Protection Agency 2015). SCMs are modified to combat the negative effects of stormwater runoff and pollution. It aims to protect and restore the natural hydrological cycle by filtering, storing, and infiltrating water directly to groundwater. It focuses on capturing as much water as it can over extended period of time, rather than focusing on few large precipitation events. (Tennessee Department of Environment and Conservation and University of Tennessee Knoxville 2014). 
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Transforming a typical street into a ‘Green Street’ has recently been popularized in the U.S. (Benfield 2015) Using green streets as a means to publically manage stormwater is a great alternative to separate sewer system if it is deemed as an unachievable goal. Green streets is comprised of SCMs for its functions and streetscape enhancement elements for aesthetics. SCMs is appealing for use to counter high runoff volume and contaminant concentration from impervious surfaces. The nature of green streets to mitigate stormwater while enhancing streetscape has been the primary reasoning behind its use. 

Green streets mainly focus on infiltration, storage, and evapotranspiration of stormwater runoff (Lukes, Kloss and Center 2008). There is great opportunity to expand upon the importance of retrofitting existing streets beyond these 3 primary stormwater functions. Current green street programs across the country have room to develop and improve upon. Continual exploration of methods and experimentation will advance green streets from a recent trend used by small group of municipalities to a design standard and legislative policy adopted nationwide. 

[bookmark: _Toc444216234]Functions

Stormwater features specifically targeted for green streets application is as followed: Bioretention; Curb bump out; Curb cut; Drainage grate; Filter strip; Permeable paving; Swale; and Urban bioretention. These features have their primary functions, but they also provide additional services that makes its use even more appealing. These features work to fulfill these functions: Aesthetics; Biodiversity; Conveyance; Detention; Evapotranspiration; Filtration; Infiltration; and Safety. 

SCMs help to reduce the overall flow volume directed to the sewer system by intercepting the flow before it reaches the storm drain. 

Streetscape features for green streets are as followed: Bike lane; Crosswalk/ Furnishing; Landscape buffer and/or median; Landscaping; Lighting; Paving; Public space; Sidewalk; and Signage. These features provide the following functions: Aesthetics; Conveyance; and Safety. Streetscape features focus more on the aesthetics of green streets. 

Streetscape enhancement can promote better public health. Some of the functions of streetscape enhancement component puts pedestrian safety and placemaking as a top priority. People are shaped by the landscape which they surround themselves with, and they associate and identify emotions with characteristics of a place based on personal geography (Cummins, et al. 2007). If an individual’s past spatial experience was positive, then the likely chance to seek similar experience increases. If the experience was negative, it is far more likely to be rejected, even under different circumstances. Application of vegetation and reducing the speed limit through the use of different paving material and narrowing the street width provide a sense of security. Pride in place of residence and sense of community reinforces the positive emotions people experience. 

Use of specialized vegetation designated for phytoremediation is common. The vegetation needs to withstand standing water for extended periods of time, act as a contaminant removal agent, and as an aesthetics pleaser (Lukes, Kloss and Center 2008).

[bookmark: _Toc444216235]Street Typology

There is a hierarchy that define each roadway profile. At the top of the roadway hierarchy is freeways. Freeways consists of interstates and highway roads. They are high speed, high volume, and large cover of impervious surface. Arterial roadways feed into freeways. They are high speed, urban setting with moderate to high volume. They can also span multiple lanes. Collector roadways feed into arterial roads. They are low to moderate speed and can normally be found in all types of development densities. Like arterial roadways, collector roadways can also span across multiple lanes. Unlike arterial roadways, collector roadways offer access to residential driveways. Local roadways are low speed, low volume roads. They feed into collector roads and can be found in residential developments (Federal Highway Administration 2012).

Green streets are better suited for low to medium speed roadways. For this reason, they are typically found in residential or urban commercial corridors.  In terms of roadway hierarchy, this would translate to local, collector roadways. The typology of local and collector roadways are as followed: alleys, roads, avenues, and boulevards (Placeholder11). There are special characteristics of each street types that affect green street applications differently. 

Alleys do not have adequate space within the Right-of-way (ROW) for any other SCM measures, except for permeable paving. There is a lack of landscaping involved in alleyways. Roads, avenues, and boulevards feature larger ROW than alleys, so there are opportunities for landscaping and various SCM measures. The application of green streets is dependent on several features. Features like: curbs, median, sidewalks, street parking, building frontage, and side slopes determine what type of SCMs can be incorporated. 
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[bookmark: _Toc443681872][bookmark: _Toc444216237]Objective

The objective of the Green Streets Rating System (GSRS) is intended to inspire the thoughts and ideas for better stormwater management strategies for municipalities without a green street program and wishing to start the conversation. The selected cities are chosen based upon their green street efforts and presence. It is, however, not intended to pit cities against one another. 

[bookmark: _Toc443681875][bookmark: _Toc444216238]Selected Cities

Cities across the North American region were chosen to conduct GSRS: Austin, Texas; Lansing, Michigan; Los Angeles, California; Nashville, Tennessee; New York City, New York; Philadelphia, Pennsylvania; Portland, Oregon; Sacramento, California; Seattle, Washington; Toronto, Ontario, Canada; Vancouver, British Columbia, Canada; and Wilmington, North Carolina (Figure 1. GSRS Location Map). These cities vary in their demographic, climate, hardiness, political structure, budgetary structure, sustainability issues, water related issues, geographical context, and local landscape. Cities featured in the GSRS were selected based upon simple presence of green streets. In the case for Austin and Toronto, no such thing exists but its impending implementation and ongoing development has qualified these two cities for GSRS. It should also be noted that these twelve cities are not the only cities with green streets. They were chosen to diversify the geographical location of GSRS to demonstrate that green streets are not restricted to a specific region. 
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[bookmark: _Toc444199042][bookmark: _Ref444212445]Figure 1. GSRS Location Map
(Source: Author)
[bookmark: _Toc443681874][bookmark: _Toc444216239]Methodology

The research was done through rigorous web search. Official city websites, official reports and publications from the cities, regional and county informative websites, various news outlet articles, environmental and sustainability blogs, etc., helped to inform the findings. The use of internet was selected due to ease of accessibility of information at any given time frame. This was deemed as an acceptable way to conduct the research because any and all information required and provided should have already been available for public access, as it focuses on each city’s public stormwater management. Any individual should be able to access what is happening within the public domain, as it is public knowledge and should not be hidden.

The methodology used in this thesis is inspired by several rating systems. Rating systems for Consumer Reports, Natural Resources Defense Council’s Emerald City Scale, LEED Certification, and Walk Score were used to provide basic framework for the metric. These rating systems were researched and dissected to build the metric presented in this thesis. For instance, the idea of creating a matrix was inspired from Consumer Report’s way of presenting a product and side-by-side comparison to similar products under the same conditions and checklists. The framework for the breakdown of checklist items for the ratings card was taken from LEED Certification’s project checklist for credits. The matrix and ratings card used for GSRS were carefully constructed so that even individuals without basic knowledge of green streets and stormwater management can follow through and understand what it takes to get green street program developed and sustained at a city level. The thought and research behind the methodology is to provide clear and concise explanation behind every decision regarding the rating.

A matrix was built to identify areas that were deemed as imperative for municipalities to attain a robust green streets program (Figure 2. GSRS Matrix). Initially, the matrix was developed from five principles of creating an official municipal program. The five principles are: Pilot projects; Political support; Representation from related departments; Documentation of projects; and Public awareness and support (Placeholder10). The five principles were further broken down into individual checklist items within each principle. 
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[bookmark: _Toc444199043][bookmark: _Ref444212434]Figure 2. GSRS Matrix
(Source: Author)

Some checklist items were considered as a pre-requisite to qualify for points. The pre-requisites are not something out of the ordinary; it is something that any municipalities is already equipped with, such as adequate infrastructural base for possible green streets implementation and stormwater and/or planning department. Pre-requisites do not have any point value, and if not met, there will be no point given to the entire section. Each section is important for growth of green streets program on its own. However, some sections weigh more than others- they are considered as the primary driver for continual success in green street program development. Without the primary driver, other sections lack the momentum to continue the program in the long run (Figure 3. GSRS Ratings Card Breakdown). 
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[bookmark: _Toc444199044][bookmark: _Ref444212422]Figure 3. GSRS Ratings Card Breakdown
 (Source: Author)


The matrix provides inputs used for the ratings card, where the points are given and explained, based on the information revealed during the research process. The point value and the reasoning listed in the ratings card further demonstrates the thought process and what was sought after to assign the points for each checklist items. The maximum amount of points given per rating is out of thirty. The rating itself is shown in the form of raindrops. Each raindrop counts for six points. The points were converted to raindrops for graphic purposes and to simplify the end result.

[bookmark: _Toc443681876][bookmark: _Toc444216240]Ratings

The ratings from GSRS are reflection of each municipality’s current green streets program. It is subject to change as each program develops over time. During the research process, it has been revealed that many municipalities are continuing the development of green streets. This is reflective of their status as of January 2016 (Figure 4. GSRS Rating).  For individual ratings card breakdown, see Appendix A-L.
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[bookmark: _Toc444199045][bookmark: _Ref444212408]Figure 4. GSRS Rating
 (Source: Author)

[bookmark: _Toc444216241]Austin, Texas
Austin- Appendix A

[bookmark: _Toc444216242]Lansing, Michigan
Lansing- Appendix B

[bookmark: _Toc444216243]Los Angeles, California
Los Angeles (LA)- Appendix C

[bookmark: _Toc444216244]Nashville, Tennessee
Nashville- Appendix D

[bookmark: _Toc444216245]New York City, New York
New York City (NYC)- Appendix E

[bookmark: _Toc444216246]Philadelphia, Pennsylvania
Philadelphia- Appendix F

[bookmark: _Toc444216247]Portland, Oregon
Portland- Appendix G

[bookmark: _Toc444216248]Sacramento, California
Sacramento- Appendix H

[bookmark: _Toc444216249]Seattle, Washington
Seattle- Appendix I

[bookmark: _Toc444216250]Toronto, Ontario, Canada
Toronto- Appendix J

[bookmark: _Toc444216251]Vancouver, British Columbia, Canada
Vancouver- Appendix K

[bookmark: _Toc444216252]Wilmington, North Carolina
Wilmington- Appendix L
[bookmark: _Toc443681877][bookmark: _Toc444216253]Findings

By using the matrix and the ratings card, GSRS is able to identify what aspect of five principles were easily attained or not. All of the GSRS cities already had some kind of policy in place to support either implementing or developing a green streets program. Under the guise of Complete Streets Ordinance or Policy, applying green streets would be deemed as easy. All cities had a designated department dedicated to stormwater related issues and projects, and/or a planning department that deals with streetscape and long term neighborhood planning and design, where green streets would fall under. Almost all of GSRS cities had some kind of legislative push for green streets or sustainable stormwater management. Some cases, they were not explicitly stated as such. It fell under the umbrella of sustainability and green movement, but targeting stormwater issue was not mentioned. (Figure 5. Easily Attained Items).
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[bookmark: _Ref444195455][bookmark: _Toc444199046]Figure 5. Easily Attained Items 
(Source: Author)

	What items were difficult for GSRS cities to attain dealt with the official program status, development of green streets program, community demand, and documentation. Only few municipalities had recognized official green streets program, and advertised as so. Without an official program, the dedication and development can taper off in the long run. The continuation of green streets efforts are shown to be lacking in cities without an official program. There are exceptions to this belief, but the matrix shows a clear relationship between the two. Many GSRS cities did not have official documentation reports available. The documentation of green streets projects and development is important for maintaining historical evidence to be used in the future. Information gained from previous efforts can help to lessen the cost for subsequent projects. Lastly, the demand item was difficult to differentiate. On one hand, residents demanded some kind of stormwater management to be done to eliminate flood events. However, the lack of knowledge of green streets led the demand to not reflect on the matrix. 
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[bookmark: _Toc444199047]Figure 6. Difficulty Items 
(Source: Author)


[bookmark: _Toc443681878][bookmark: _Toc444216254]Knoxville
[bookmark: _Toc443681879][bookmark: _Toc444216255]Why Knoxville

Situated in the foothills of the Appalachian Mountains, Knoxville, Tennessee’s landscape is an outdoorsman’s dream. Natural resources are abundant. There is no shortage of water thanks to its geographical location along the Tennessee River, which forms at the confluence of the Holston River and the French Broad River just east of the city. For a city that is located along a large body of water, how does green streets affect the local waterways? Will the benefits be apparent or clouded under the vast amount of water quality issues large watersheds are often faced with?

The Tennessee River is the largest tributary to the Ohio River. The Ohio River is ranked the most contaminated waterways in the U.S. The Tennessee River ranked 14th on the list (Kerth and Vinyard 2012). Both Holston and French Broad Rivers are highly polluted. Holston River was named third most endangered river of 2015 (American Rivers 2015). French Broad River historically has been subject to wet coal ash pollution (Delaney 2013). Most notable contaminants in the Tennessee River watershed are: sediments, heavy metals, and Pathogens like E.coli (Tennessee Department of Environment and Conservation 2014). 

[bookmark: _Toc443681880][bookmark: _Toc444216256]CSRS Comparison
[bookmark: _Toc443681881]
Compared to the cities in CSRS, Knoxville is on the lower end of density spectrum. Knoxville is a metropolitan city consisting of roughly 184,000 people within its city proper limits, making it the largest city in the Eastern Tennessee region. Knoxville proper is around 99 square miles of land, with 1,816 people per square mile (U.S. Census Bureau 2015). There is roughly 5.4 square miles of water (Knoxville Demographics 2014). According to 2010 photo analysis, Knoxville’s impervious surface is roughly 33%, with steady 5.5% overall increase in the 13-year study (Simpson 2014). There is about 1,389 miles of streets in Knoxville proper, of which 210 miles are classified as state or federal (Frye 2015). 

It receives one of the heaviest annual precipitation, in comparison to GSRS cities. Knoxville’s average annual precipitation is 48 inches, experiencing highest precipitation in July and lowest in October. Compared to the national average, Knoxville receives 9 inches more annually. People often perceive the Pacific Northwestern region to receive much higher in terms of precipitation. In reality, Knoxville and the Southeastern region of U.S. receive more in the course of a year (WeatherDB 2015). 

[bookmark: _Toc444216257]Green Streets Rating

Using the same metric applied to GSRS, Knoxville rates at the very end of the spectrum. The explanation for a low rating is that there is no such thing as a green street present anywhere in the city. It is a new concept, especially as a public stormwater management method. 

Even as a city without a green streets program, there are several areas that Knoxville successfully meets. 

[bookmark: _Toc443681883][bookmark: _Toc444216258]Recommendation

Based on the research and the metric, for Knoxville to establish a green streets program is contingent upon the following planning moves. 



















[bookmark: _Toc443681888][bookmark: _Toc444216259]Green Streets Knoxville
[bookmark: _Toc443681890][bookmark: _Toc444216260]Site Selective Implementation
	
The success of green streets is contingent upon its context. Conditions special to specific sites determine what kind of methods are required and should be considered. Conditions like the soil wet/dryness, shade versus sunny site, heavy or low vehicular traffic, and residential or commercial setting are all important pieces of information that help during planning and designing stages of green streets. 

[bookmark: _Toc443681891][bookmark: _Toc444216261]Retrofits

Several sites around Knoxville were selected as a green street demonstration test sites. These sites were chosen to show how various site conditions affect the design and implementation.






















[bookmark: _Toc443681892][bookmark: _Toc444216262]Discussion

Climate change brings forth higher expected amount of precipitation that has the potential to threaten the built environment if not approached with caution. Furthermore, the effects of urbanization have become more detrimental as preparation and planning for climate change is slow to develop. The conversation about the impacts of urbanizations has been flowing in the field of landscape architecture for some time. Only in the recent years that this conversations has been in the forefront. Interests in stormwater and the negative impact the built environment has placed on public health has pushed this concern towards the realm of landscape architecture.  Introduction of stormwater management method like green streets is fairly recent phenomena. This method performs interdisciplinary duty of landscape architecture and civil engineering. It addresses the aesthetics of public space and performance of scientific technology dually. The method still has much room to still improve upon. This thesis hopes to contribute to the ongoing conversation as a supportive document to those interested in the issue of public stormwater management in landscape architecture. 
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COMMENTS:

CONCEPT OF GREEN STREETS IS STILL NEW

PLENTY OF DEPARTMENTAL INTEREST AND SUPPORT PRESENT

DEMONSTRATION AND RELATED PROJECTS ALREADY IN PROGRESS OR COMPLETED
HOWEVER:

AUSTIN, TX

NEED TO IMPLEMENT PILOT PROJECT TO CREATE MOMENTUM
LACKING STRONG LEGISLATIVE PUSH
LACKING COMMUNITY DEMAND AND KNOWLEDGEMENT

PILOT PROJECT:
NONE IMPLEMENTED AS OF JANUARY 2016

LEGISLATIVE SUPPORT | 2
EXISTING POLICY REQ Complete Streets Policy adopted in 2014. Green Streets interest in 2015.
LEGISLATIVE PUSH 2 Water is one of Mayor Adler’'s campaign agenda issue. District 5 council member’s main issue is flooding.
DEPARTMENTAL SUPPORT 4
DESIGNATED DEPARTMENT REQ Green Infrastructure Working Group and stormwater management present in Watershed Protection
Department.
OFFICIAL PROGRAM (0] No official green street program present.
DEVELOPMENT 4 Green Streets Guidelines to be developed and included per Complete Streets Policy.
COMMUNITY SUPPORT | 2
IMMINENT NEED REQ City experiences SSO events and receives considerable amount of annual precipitation.
DEMAND 2 Flood control related demands by residents.
EDUCATION (0] Education regarding watershed protection available but not regarding green streets.
DOCUMENTATION 2
INFRASTRUCTURE REQ Green infrastructure retrofits for existing roadways present.
DOCUMENTATION o] N/A
PROGRESSIVENESS 2 Common use of rain gardens with native plantings.
IMPLEMENTATION | O
PILOT PROJECT REQ Pilot project opportunities in discussion.
SUBSEQUENT PROJECTS o] N/A
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COMMENTS:

APPLYING LESSONS LEARNED IN PILOT PROJECT TO BENEFIT FUTURE PROJECT
INVESTING IN INFRASTRUCTURE TO PROTECT WATER QUALITY

DEDICATION TO ELIMINATING FUTURE CSO EVENTS

HOWEVER:

LANSING, Mi

NEED TO PICK UP HALTED GREEN STREETS DEVELOPMENT

NEED TO GAIN LEGISLATIVE SUPPORT TO CONTINUE EFFORTS

LACK OF PUBLIC DOCUMENTATION OF GREEN STREETS FROM THE CITY
LACK OF PUBLIC OUTREACH/EDUCATION/DEMAND FOR GREEN STREETS
PILOT PROJECT:

MICHIGAN AVENUE

LEGISLATIVE SUPPORT | 2
EXISTING POLICY REQ Complete Streets Ordinance adopted in 2009. 30 year CSO
LEGISLATIVE PUSH 2 Pilot project almost halted due to opposition from city council.
DEPARTMENTAL SUPPORT 2
DESIGNATED DEPARTMENT REQ Stormwater program present in Public Service department.
OFFICIAL PROGRAM (0] No official green street program present.
DEVELOPMENT 2 Applied lessons learned from pilot project onto subsequent project, but development has remained
tagRant:
COMMUNITY SUPPORT | 2
IMMINENT NEED REQ City experiences CSO events and receives considerable amount of annual precipitation.
DEMAND 2 Flood control related demands by residents.
EDUCATION (0] Public participation & education program per Phase Il NPDES permit available but not regarding green
DOCUMENTATION 4
INFRASTRUCTURE REQ Currently undergoing combined sewer separation, to be completed by 2020.
DOCUMENTATION 2 Green streets mentioned, but details are documented in Great Lakes Green Streets Guidebook.
PROGRESSIVENESS 2 Common use of rain garden and native planting.
IMPLEMENTATION | 4
PILOT PROJECT REQ Michigan Avenue green street implemented.
SUBSEQUENT PROJECTS 4 Washington Avenue green street constructed.
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COMMENTS:

CONCEPT OF GREEN STREETS IS CONTINUING TO DEVELOP
DEDICATED GROUP PRESENT TO PUSH GREEN STREETS PROGRAM
EFFORTS TO CONSERVE WATER

HOWEVER:

LACK OF PUBLIC DOCUMENTATION OF GREEN STREETS FROM THE CITY
LACK OF PUBLIC DEMAND FOR GREEN STREETS

LOS ANGELES, CA  Zeifie

LEGISLATIVE SUPPORT | 4
EXISTING POLICY REQ City’'s Complete Streets Manual & policy adopted in 2014.
LEGISLATIVE PUSH 4 Push from the city council. Mayor’s priorities include sustainability.
DEPARTMENTAL SUPPORT 8
DESIGNATED DEPARTMENT REQ Stormwater program present in Watershed Protection program.
OFFICIAL PROGRAM 4 The Green Streets Committee comprised of city department representatives.
DEVELOPMENT 4 Green Streets Committee meets monthly. Several green streets have been implemented.
COMMUNITY SUPPORT | 4
IMMINENT NEED REQ City suffers from water scarcity issues.
DEMAND 2 Water capture & security related demand.
EDUCATION 2 Q&A session available on EnvironmentLA website.
DOCUMENTATION 6
INFRASTRUCTURE REQ Completely separate sanitary sewer system.
DOCUMENTATION 2 Green streets efforts are listed but not in great detail in LID guidebook by the city.
PROGRESSIVENESS 4 Combination use of rain gardens, permeable pavement, diversion methods, and native plantings.
IMPLEMENTATION | 4
PILOT PROJECT REQ Oros Street implemented in 2007.
SUBSEQUENT PROJECTS 4 Several green streets projects and retrofits have been implemented throughout the city.
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NASHVILLE, TN

COMMENTS:
USE OF SEVERAL GREEN INFRASTRUCTURE ELEMENTS

STREETSCAPE ORIENTED PROJECTS IN PROGRESS THROUGHOUT THE CITY

HOWEVER:

NEED TO PICK UP HALTED GREEN STREETS DEVELOPMENT

NEED TO GAIN LEGISLATIVE SUPPORT TO CONTINUE EFFORTS

LACK OF PUBLIC DOCUMENTATION OF GREEN STREETS FROM THE CITY
LACK OF PUBLIC OUTREACH/EDUCATION/DEMAND FOR GREEN STREETS

PILOT PROJECT:
DEADERICK STREET

LEGISLATIVE SUPPORT 2
EXISTING POLICY REQ Complete Streets Policy adopted in 2010.
LEGISLATIVE PUSH 2 Former mayor Karl Dean priorities included promoted public health and sustainable growth. Current
mayor Megan Berry's priorities lie within public education system and affordable housing.
DEPARTMENTAL SUPPORT 0
DESIGNATED DEPARTMENT REQ Stormwater & LID program present in Water Services department. Streetscape projects handled by
Public Works department.
OFFICIAL PROGRAM (0] No official green street program present.
DEVELOPMENT (0] No sign of green streets program development post pilot project
COMMUNITY SUPPORT 2
IMMINENT NEED REQ City experiences CSO events and receives heavy annual precipitation.
DEMAND 2 Pedestrian friendly streetscape demands.
EDUCATION (0] LID and green infrastructure manual available for public, but no sign of promoting green street present.
DOCUMENTATION 4
INFRASTRUCTURE REQ Various streetscape projects currently being planned and implemented to accomodate increase in
population and traffic.
DOCUMENTATION (0] No public documentation available from city website. News found in various news outlet sources.
PROGRESSIVENESS 4 Combination use of rain gardens, permeable pavement, alternative energy, and native plantings.
IMPLEMENTATION 0]
PILOT PROJECT REQ Deaderick Street implemented in 2009.
SUBSEQUENT PROJECTS (0] No subsequent green street implemented as of January 2016
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NEW YORK CITY, NY

COMMENTS:

CONTINUOUS DEDICATION TO GREEN STREETS

THOUSANDS OF GREEN STREETS PRESENT

COMITTED TO BEAUTIFICATION & CSO REDUCTION/ELIMATION
HOWEVER:

LACK OF PUBLIC DOCUMENTATION OF GREEN STREETS FROM THE CITY

PILOT PROJECT:

UNKNOWN
LEGISLATIVE SUPPORT 4
EXISTING POLICY REQ PlaNYC 2030 adopted in 2007 to implement 80 green streets annually.
LEGISLATIVE PUSH 4 Former mayor Michael Bloomberg pushed PlaNYC. Current mayor pushed OneNYC to build upon prior
long term plan for sustainabilit:
DEPARTMENTAL SUPPORT 8
DESIGNATED DEPARTMENT REQ NYC Department of Environmental Protection handles stormwater related issues and green infrastructure.
OFFICIAL PROGRAM 4 Greenstreets program present as part of the NYC Green Infrastructure Plan.
DEVELOPMENT 4 Currently in process of implementing retrofits to CSO priority areas.
COMMUNITY SUPPORT 4
IMMINENT NEED REQ City experiences CSO events and receives high amount of annual precipitation.
DEMAND 2 Water quality & streetscape beautification related demands.
EDUCATION 2 Public document of green streets and the city’s program available on website.
DOCUMENTATION 6
INFRASTRUCTURE REQ The city has been implementing green streets as far back as 1996, and states over 2,300 green streets
present.
DOCUMENTATION 2 Green streets efforts are mentioned but few are highlighted in Stormwater Management Portfolio.
PROGRESSIVENESS 4 Common use of rain gardens with native plantings. Continuous monitoring in partnership with Drexel
University to assess performance.
IMPLEMENTATION 4
PILOT PROJECT REQ | Unknown
SUBSEQUENT PROJECTS 4 Several green streets projects and retrofits have been implemented throughout the city.
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PHILADELPHIA, PA

COMMENTS:

CONTINUOUS DEDICATION TO GREEN STREETS

PLENTY OF GREEN STREETS PRESENT

COMITTED TO BEAUTIFICATION & CSO REDUCTION/ELIMATION
INCLUSION OF GREEN STREETS INTO DESIGN MANUAL

HOWEVER:

LACK OF PUBLIC DOCUMENTATION OF GREEN STREETS FROM THE CITY

PILOT PROJECT:

UNKNOWN
LEGISLATIVE SUPPORT | 4
EXISTING POLICY REQ Complete Streets policy adopted in 2009. Adopted Green City, Clean Waters CSO long term control plan.
LEGISLATIVE PUSH 4 Former mayor Michael Nutter’s priority was for the city to be the greenest and implemented Greenworks
program
DEPARTMENTAL SUPPORT | 8
DESIGNATED DEPARTMENT REQ Philadelphia Water Department handles stormwater related issues and green infrastructure.
OFFICIAL PROGRAM 4 Green streets program present.
DEVELOPMENT 4 Green Streets Design Manual released in 2014.
COMMUNITY SUPPORT 4
IMMINENT NEED REQ City experiences CSO events and receives heavy annual precipitation.
DEMAND 2 Flood control related demands by residents.
EDUCATION 2 Green infrastructure site tour or self guided tour with map available upon request.
DOCUMENTATION 6
INFRASTRUCTURE REQ Green infrastructure retrofits for existing roadways present.
DOCUMENTATION 2 Green streets efforts are mentioned but few are highlighted in the program website
PROGRESSIVENESS 4 Combination use of planters, permeable pavement, and continuous monitoring to assess performance.
IMPLEMENTATION | 4
PILOT PROJECT REQ | Unknown.
SUBSEQUENT PROJECTS 4 Several green streets projects and retrofits have been implemented throughout the city.
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COMMENTS:

CONTINUOUS DEDICATION TO GREEN STREETS

PLENTY OF GREEN STREETS PRESENT

COMITTED TO BEAUTIFICATION & CSO REDUCTION/ELIMATION
COMMUNITY ENGAGEMENT WITH GREEN STREETS PRESENT

PORTLAND, OR

HOWEVER:

PILOT PROJECT:
SW 12th AVENUE

LEGISLATIVE SUPPORT 4
EXISTING POLICY REQ Green streets policy adopted in 2007.
LEGISLATIVE PUSH 4 Clty countil approved green streets to promote public use of green infrastructure.
DEPARTMENTAL SUPPORT 8
DESIGNATED DEPARTMENT REQ Stormwater management program present in the department of Environmental Services.
OFFICIAL PROGRAM 4 Green streets program present.
DEVELOPMENT 4 Continuously implementing green streets. Green streets reports and publications available.
COMMUNITY SUPPORT 4
IMMINENT NEED REQ City experiences CSO events and receives heavy annual precipitation.
DEMAND 2 Flood control related demands by residents.
EDUCATION 2 Green streets general information and the city’s program available on website, tours available upon
request.
DOCUMENTATION 8
INFRASTRUCTURE REQ Green infrastructure retrofits for existing roadways present.
DOCUMENTATION 4 Green street projects are listed and in detail on city’s program website.
PROGRESSIVENESS 4 Combination use of planters, permeable pavement, and continuous monitoring to assess performance.
IMPLEMENTATION | 4
PILOT PROJECT REQ SW 12th Avenue implemented in 2005.
SUBSEQUENT PROJECTS 4 Several green streets projects and retrofits have been implemented throughout the city.
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SACRAMENTO, CA B2

COMMENTS:

EFFORTS TO CONSERVE WATER

DEDICATION TO ELIMINATING FUTURE CSO EVENTS

HOWEVER:

NEED TO PICK UP HALTED GREEN STREETS DEVELOPMENT

NEED TO GAIN LEGISLATIVE SUPPORT TO CONTINUE EFFORTS

LACK OF PUBLIC DOCUMENTATION OF GREEN STREETS FROM THE CITY
LACK OF PUBLIC OUTREACH/EDUCATION/DEMAND FOR GREEN STREETS

LEGISLATIVE SUPPORT | 2
EXISTING POLICY REQ Complete streets policy adopted in 2009.
LEGISLATIVE PUSH 2 Current mayor Kevin Johnson's action plan includes promoting sustainability.
DEPARTMENTAL SUPPORT | 2
DESIGNATED DEPARTMENT REQ Stormwater program present in Utilities department. Streetscape projects handled by Public Works
department.
OFFICIAL PROGRAM (0] No official green street program present.
DEVELOPMENT 2 Planning recommends use of green street for two way residential streets in urban core.
COMMUNITY SUPPORT | 2
IMMINENT NEED REQ City experiences CSO events and suffers from water scarcity issues.
DEMAND 2 Water capture & security related demand.
EDUCATION (0] Education regarding watershed protection available but not regarding green streets.
DOCUMENTATION 2
INFRASTRUCTURE REQ Various streetscape projects currently being planned and implemented.
DOCUMENTATION (0] No public documentation available from city website. News found in various news outlet sources.
PROGRESSIVENESS 2 Common use of rain gardens with native plantings.
IMPLEMENTATION | O
PILOT PROJECT REQ Dixieanne Avenue implemented in 2009.
SUBSEQUENT PROJECTS (0] No subsequent green street implemented as of January 2016





image15.png
COMMENTS:

CONTINUOUS DEDICATION TO GREEN STREETS

PLENTY OF GREEN STREETS PRESENT

COMITTED TO BEAUTIFICATION & CSO REDUCTION/ELIMATION
INCLUSION OF GREEN STREETS INTO DESIGN MANUAL

SEATTLE, WA

HOWEVER:
LACK OF PUBLIC DOCUMENTATION OF GREEN STREETS FROM THE CITY
LACK OF OFFICIAL PROGRAM PRESENT DESPITE GREEN STREETS PRESENCE

PILOT PROJECT:

UNKNOWN
LEGISLATIVE SUPPORT | 4
EXISTING POLICY REQ Complete streets policy adopted in 2007.
LEGISLATIVE PUSH 4 Mayor and city council created a goal for the city’s departments to manage city’s stormwater runoff
using green infrastructure.

DEPARTMENTAL SUPPORT 4

DESIGNATED DEPARTMENT REQ Green Stormwater Infrastructure initiative present in Office of Sustainability and Environment.

Department of Transportation handles streetscape related projects.
OFFICIAL PROGRAM (0] No official green street program present.
DEVELOPMENT 4 Green streets design guideline included in DOT’'s R.O.W. Improvement Manual.
COMMUNITY SUPPORT 4
IMMINENT NEED REQ City experiences CSO events and receives heavy annual precipitation.
DEMAND 2 Flood control related demands by residents.
EDUCATION 2 LID and green infrastructure benefits and green streets details available on website.
DOCUMENTATION 4
INFRASTRUCTURE REQ Green infrastructure retrofits for existing roadways present.
DOCUMENTATION 2 Some green street like project details available on website.
PROGRESSIVENESS 2 Common use of rain gardens and native plantings.
IMPLEMENTATION | 4
PILOT PROJECT REQ | Unknown
SUBSEQUENT PROJECTS 4 Several green streets projects and retrofits have been implemented throughout the city.
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COMMENTS:

CONCEPT OF GREEN STREETS IS STILL NEW

PLENTY OF DEPARTMENTAL INTEREST AND SUPPORT PRESENT
HOWEVER:

NEED TO IMPLEMENT PILOT PROJECT TO CREATE MOMENTUM

TORONTO, CAN

LACKING COMMUNITY DEMAND AND KNOWLEDGEMENT

PILOT PROJECT:
NONE IMPLEMENTED AS OF JANUARY 2016

LEGISLATIVE SUPPORT | 4
EXISTING POLICY REQ Complete streets guidelines developed in 2014.
LEGISLATIVE PUSH 4 Clty council is currently pushing for green street implementation.
DEPARTMENTAL SUPPORT | 2
DESIGNATED DEPARTMENT REQ Stormwater management program present in Water Division. Streetscape projects handled by City
Planning Division.
OFFICIAL PROGRAM (0] No official green street program present.
DEVELOPMENT 2 Currently developing Green Streets Techinical Guidelines per conjunction with complete streets guideline.
COMMUNITY SUPPORT 4
IMMINENT NEED REQ City experiences CSO events and receives considerable amount of annual precipitation.
DEMAND 2 Flood control related demands by residents.
EDUCATION 2 Green streets information available on website.
DOCUMENTATION 2
INFRASTRUCTURE REQ Various streetscape projects currently being planned and implemented.
DOCUMENTATION o] N/A
PROGRESSIVENESS 2 Various large scale stream rehabilitation and flood control measures present.
IMPLEMENTATION | O
PILOT PROJECT REQ Pilot project opportunities in discussion.
SUBSEQUENT PROJECTS o] N/A
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VANCOUVER, CAN

COMMENTS:
USE OF SEVERAL GREEN INFRASTRUCTURE ELEMENTS

STREETSCAPE ORIENTED PROJECTS IN PROGRESS THROUGHOUT THE CITY

HOWEVER:
NEED TO PICK UP HALTED GREEN STREETS DEVELOPMENT
NEED TO GAIN LEGISLATIVE SUPPORT TO CONTINUE EFFORTS

LACK OF PUBLIC DOCUMENTATION OF GREEN STREETS FROM THE CITY
LACK OF PUBLIC OUTREACH/EDUCATION/DEMAND FOR GREEN STREETS

PILOT PROJECT:

UNKNOWN
LEGISLATIVE SUPPORT 2
EXISTING POLICY REQ Greenest City Action Plan adopted to become 100% renewable city by 2050.
LEGISLATIVE PUSH 2 Mayor Gregor Robertson’s priorities include addressing climate change and sustainability.
DEPARTMENTAL SUPPORT 0
DESIGNATED DEPARTMENT REQ Stormwater management program present in Home, Property, and Development Division.
OFFICIAL PROGRAM ¢} Green streets program does exists but unrelated to stormwater. Similar program called Sustainable
Streets Initiative.
DEVELOPMENT ¢} No sign of sustinable streets development post pilot project.
COMMUNITY SUPPORT 4
IMMINENT NEED REQ City experiences SSO events and receives heavy annual precipitation.
DEMAND 2 Flood control and streetscape related demands by residents.
EDUCATION 2 Sustainable streets mentioned on website.
DOCUMENTATION 2
INFRASTRUCTURE REQ Various streetscape projects currently being planned and implemented. Currently in process of
separating combined sewer system.
DOCUMENTATION (0] No public documentation available from city website. News found in various news outlet sources.
PROGRESSIVENESS 2 Common use of swales and rain gardens.
IMPLEMENTATION 0]
PILOT PROJECT REQ | Unknown
SUBSEQUENT PROJECTS (0] No subsequent sustainable street implemented as of January 2016
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COMMENTS:

FOCUS ON LARGE SCALE DRAINAGE ISSUES

STREETSCAPE ORIENTED PROJECTS IN PROGRESS THROUGHOUT THE CITY
HOWEVER:

NEED TO PICK UP HALTED GREEN STREETS DEVELOPMENT

NEED TO GAIN LEGISLATIVE SUPPORT TO CONTINUE EFFORTS
LACK OF PUBLIC DOCUMENTATION OF GREEN STREETS FROM THE CITY
LACK OF PUBLIC OUTREACH/EDUCATION/DEMAND FOR GREEN STREETS

WILMINGTON, NC 297 sroseer

LEGISLATIVE SUPPORT 2

EXISTING POLICY REQ NCDOT’s Complete Streets Policy.

LEGISLATIVE PUSH 2 City council recently approved to improve city’s stormwater related issues.

DEPARTMENTAL SUPPORT | O

DESIGNATED DEPARTMENT REQ Stormwater program present in Public Services Department
OFFICIAL PROGRAM (0] No official green street program present.

DEVELOPMENT (0] No sign of green streets program development post pilot project

COMMUNITY SUPPORT 2

IMMINENT NEED REQ City receives heavy annual precipitation.
DEMAND 2 Flood control related demands by residents.

EDUCATION (0] Education regarding dangers of stormwater pollution available but not regarding green streets.

DOCUMENTATION 4

INFRASTRUCTURE REQ Continuous resolutions to stormwater and drainage related issues performed by the city.
DOCUMENTATION 2 Some documentation available on website but not up to date.

PROGRESSIVENESS 2 Various large scale stream rehabilitation and flood control measures present.

IMPLEMENTATION 0

PILOT PROJECT REQ Front Street implemented in 2010.

SUBSEQUENT PROJECTS (0] No subsequent green street implemented as of January 2016




