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I. ABSTRACT 

This study of the physical composition of greenway trail networks focuses on how a trail 

system interacts with a city, and how the city's population interacts with the trail system. 

Previous studies have suggested that a trail system's use and length have a symbiotic 

relationship, while other studies propose that a trail is used in accordance with its 

location within the city. 

Most current transportation and ecological studies focus on linkage, and present 

connectivity as the best condition of a linear system. Sixteen case studies are presented 

and critiqued according to criteria developed in the paper. Statistical analysis is 

employed to analyze the numeric data, and recommendations are distilled from the 

statistical analysis and literature review. It is proposed that the physical nature of a 

greenway system does not effect the city's commuter cycling levels, and a city's cycling 

culture is the most influential factor in commuter cycling levels. 
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II. INTRODUCTION 

Greenways are becoming more and more popular due to the multitude of uses for which 

they allow. Greenways trace their roots in America back to Frederick Law Olmsted, who 

proposed greenways, or parkways, in a multitude of projects he designed, most notably 

Boston's Emerald Necklace. Greenways have become more accepted, and find 

themselves conventions of the modem age, allowing for both transportation and 

recreation, two highly held priorities in modem America. 

Early in the 21^' Century greenways are beginning to become prominent features of urban 

environments. Both multi-use paths and natural greenway easements exist or are 

typically proposed along most of North America's urban riparian environments. 

Greenway planners, under omnipresent budget concerns, are encouraged to maximize 

benefits of existing trails and spend the new trail development money as efficiently as 

possible. What are those efficient trail development patterns? How does the form of a 

greenway trail network effect its popularity? 

Goals and Objectives 

Recently studies have been performed that look at trail use at a micro level, or studying 

only one trail in-depth. (Nelson, et. al. 2002). Other studies (Goldsmith 1992, Nelson and 

Allen 1997) examine ridership patterns across the metropolitan areas, and this study is 

modeled loosely on those previous studies. This paper, though, goes further by 
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examining the actual physical composition, or footprint, of sixteen different trails 

systems. Patterns are sought and reconunendations are made according to both the 

original research results and the review of the literature. 

Study Locations 

Sixteen case study locations in North America were selected according to their existing 

greenway systems as well as the availability of greenway infomiation, such as maps. 

Fifteen of these locations are in the U.S., and one is in Canada. Following the analysis, 

recommendations were made, then these recommendations were applied to Tucson, 

Arizona, the city in which the study was written. 

Hypothesis 

The hypothesis was that a trail's success would be determined by its physical makeup. If 

a system has a higher percentage of trails in a naturalistic setting, it will have a greater 

percentage of use in comparison to those trails that are sited in a more urban 

environment. Also expected to increase use is a low number of gaps in the system, a high 

number of connections within the system, and a balanced composition of trail lengths. 

After performing the analysis, it was determined that physical composition has little to do 

with use. Use, it seems, is determined by less tangible factors like cycling culture. 
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III. LITERATURE REVIEW 

"A connected system of parks and parkways is manifestly far more complete and 

useful than a series of isolated parks" 

-Olmsted brothers, 1903 (as cited in Little 1990,77) 

The most significant literature dealing with greenways as networks has been produced in 

the last IS years. Studies have been produced that examine who uses the greenway trails, 

why people use them, and why people don't use them. This literature review will look at 

these recent papers, and will also strive to define the different terms that are conmionly 

used. In an effort to establish a common vocabulary, the First task is to define some of 

the many terms used in this area. 

Definitions 

Most people intuitively know what a greenway is, but when attempting to define it, 

people often find themselves reliant upon technical terms. For example. Little opens his 

"Greenways for America" with a full page definition of Greenway. Here is that 

definition as it is printed: 

Greenway: n. 1. A linear open space established along either a natural corridor, 

such as a riverfront, stream valley, or ridgeline, or overland along a railroad right-

of-way converted to recreational use, a canal, a scenic road, or other route. 2. 

Any natural or landscaped course for pedestrian or bicycle passage. 3. An open-
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space connector linking parks, nature reserves, cultural features, or historic sites 

with each other and with populated areas. 4. Local, certain strip or linear parks 

designated as a parkway or greenbelt. [American neologism: green + way; origin 

obscure]. (Little 1990,02) 

The Rails to Trails Conservancy offers this broad definition: 

Greenways are corridors of protected open space managed for conservation and 

recreation purposes. Greenways often follow natural land or water features, and 

link nature reserves, parks, cultural features and historic sites with each other and 

with populated areas. Greenways can be publicly or privately owned, and some 

are the result of public/private partnerships. Trails are paths used for walking, 

bicycling, horseback riding or other forms of recreation or transportation. Some 

greenways include trails, while others do not. Some appeal to people, while others 

attract wildlife. From the hills of inland America to the beaches and barrier 

islands of the coast, greenways provide a vast network linking America's special 

places (<:www.railtrails.org>). 

Greg Lindsey, in his Willingness to Pay for Urban Greenway Projects defines a 

greenway as, "a linear open space or corridor that connects parks, improves recreational 

opportunities, or aids in the protection of wildlife, natural areas, and scenic places" 

(1999, 298). 

http://www.railtrails.org
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In as much as these terms are long and confusing, they judiciously cover the greenway 

territory: linear, natural features, pedestrian and bicycle use, open space for natural 

reserve. Julius Fabos further codifies three types of greenway: Ecologically significant 

corridors and natural systems, recreational greenways, and those that have heritage & 

cultural values. These three typologies are not independent of one another but"... are 

increasingly overlapping in comprehensive greenways systems or networks" (Fabos 

1995,5). 

Greenbelt, a term used more often in Britain than in North America, denotes different 

meanings in the different regions. In Britain it alludes to Ebenezer Howard's concept of 

Garden Cities. These garden cities would be separated from one another by swaths of 

undeveloped, "green" land. This concept soon gained the term greenbelt. In the U.S. this 

term tends to have less of a civic orientation. It carries a looser meaning, indicating wide 

swaths of undeveloped or agrarian land. (Little 1990,16). Greenbelt is also a term used 

in subdivision development in the U.S. In this context it address the commonly held land 

buffer between residential lots. 

Ervin Zube notes that, before even the term or idea of "greenbelt", the term greenline 

was in use. In fact, 'The establishment in 1892 of the Adirondack Park in New York 

State has been cited as a primary benchmark in the genesis of the greenline concept and 

therefore, as suggested in this paper and elsewhere, it is also a benchmark in the genesis 

of the greenway concept." (Zube 1995, 18) It has been suggested that the earlier 
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greenline terms was derived from the blue line that was drawn on a map of New York 

State to delineate the 6 million acres included in Adirondack Park (ibid.). It is not a hard 

leap from a blue line on a map to the term "greenline", especially when the ecological 

repercussions of that blue line became evident. The term resurfaced in the 1970's and 

1980's to indicate linear areas of land that would be under a management system that 

would preserve their physical makeup. In 1983 the Department of the Interior published 

Greenline Parks, Land Conservation Trends for the Eighties and Beyond (Corbett 1983). 

The book opens with definitions for both "Greenline Park" and "Greenlining". Thus, we 

see these terms still have currency in the early 1980's. The gains made by the Rails to 

Trails movement began to shift interest from Greenline Parks to Greenways in the mid 

1980's. Says Zube: "The difference between greenline parks and greenways is primarily 

one of morphology and not of resource values, ownership patterns, or management 

strategies" (Zube 1995, 21). 

Bikeway, as used in Case Study 1, (Goldsmith 1992) is a separated path (not necessarily 

dedicated) and/ or a bike lane. Bikeway is also a term often used in Vancouver, British 

Columbia, a community that is cultivating a third type of greenway trail. In this and 

other communities, Bikeway means an urban bike path that may have minimum 

landscape improvements. Often a Bikeway will use a left over corridor right of way, 

such as that below a raised light rail system. (City of Vancouver 1999). Bikeway is 

similar to Bike Path, though often a Bike Path is a general, non-specific term that may be 

applied to any path appropriate for bicycle use, such as a multi-use path, greenway, on-
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street bike lane, or any of a variety of urban bicycle trails. Similar in name is the Bike 

Lane. Bike Lanes are always on-stieet systems. Bike Lanes are lanes on the street 

system that are reserved for bicycle use. Bike Lanes differ from Bike Paths in that Bike 

Lanes are often painted on the streets, and are often found on arterial streets, not just 

residential streets. Bike Route is occasionally seen, and is defined in Jackson and 

Ruehr's survey work as "roadways marked with a green and white sign that reads 'Bike 

Route' where cars and bicycles share the same space" (Jackson and Ruehr 1998,10). 

Multi-Use Path, also conmionly phrased as "Shared Use Path", is a catchall phrase that 

has begun to emerge in the 1990's. It is meant to purvey the all-inclusive nature of these 

linear park systems. This term exists to provide for all types of nonmotorized users; 

pedestrians, rollers, and equestrian users. This term is much like Multi-Use Trail, and 

both terms can commonly be found. Multi-Use Roadway is a rare term, but one that 

typically indicates a residential scale street that may be used by any different number of 

users and types of users. 

Rail Trail is a very specific term, espoused primarily by the Rails to Trails Conservancy. 

A Rail Trail is a paved or unpaved trail that employs an abandoned railroad right of way. 

Rail Trails are typically long trails that may or may not interact directly with an urban 

condition. Commonly, Rail Trails are on the park-wide to state-wide scale, and are used 

for recreation. 
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Rails With Trails are trails that exist right along side of an active railroad line. 

Although these trails, paved or unpaved, parallel an in-use right of way, they employ 

some of the unused, marginal land of that right of way. Rails With Trails tend to make 

railroad officials nervous, but have not been proven to be any more dangerous that a 

typical rail-trail. (Rails With Trails report, 1999, citing two previous reports: ITE -

Institute of Technical Engineering report in 1999, and a prior RTC report in 1996). 

Finally, most regional planning boards will either adopt some of the above terminology 

for their greenway system, or create their own terminology. For example, Pima County, 

Arizona has 3 classifications of greenway: River Parle, River Path, and River Trail. 

Each indicates a different level of development, from paved trails fully outfitted with 

restrooms and supporting parking of the River Park, to the simple, un-improved River 

Trail. The River Trail will employ the flood plain zone of a river, with a natural, unpaved 

trail. All of these may be found along one river, depending on the location within the 

city. 

Since different terms one might find when researching this subject have been discussed, 

the terminology of this paper needs to be established. In this document the word 

"greenway" will be employed due to its inclusiveness, utility, and poetic quality. When 

used, the term indicates an off-street, landscape-improved multi-use trail. Some 

examples of this are the Burke Oilman Trail, in Seattle, WA, the Indy Parks System 
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greenway system in Indianapolis, Indiana, and the Rillito and Santa Cruz River Trails, in 

Tucson, Arizona. 

Literature 

As with most growing movements, greenways are beginning to diversify and become 

more select according to their geographic location and relative importance in their 

community. Trail systems are used differently in different places. This specialization is 

natural and normal, and has happened in every other mode of transportation in the past 

(Fabos 1995,4). A brief examination of how that change is affecting greenways follows. 

Though the literature commonly overlaps categories, often weaving the categories into 

one another, the following categories structure this literature review: 

Political - Literature that deals with the political nature of Greenways. Greenway 

trails often cross political boundaries, and this section deals with this politically inclined 

literature in a range of scales. Those scales are the National scale, the Regional scale, 

and the Lx>cal scale, or actual trails in-practice. 

Civic - This section of the Literature Review focuses on how Greenway trails 

meet with a city on a civic arena, how those trails might aid or deter from the quality of 

life in a city or metropolitan region, and how the region reacts to the trail. This section 

looks at physical conditions of a trail's relationship with the city, such as Barriers and 

Linkages. 
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Ecological - Though not crucial to the paper's analysis, the Ecological theme is 

examined in this literature review as a means to compare the civic and political qualities 

of a greenway trail with Ecological benefits and natural patterns that are presented in 

other literature in this related aspect. This section examines the beneHts of a linear 

structure of paridand for wildlife, such as habitat and preservation of natural water ways. 

Also discussed are the Primary and Secondary Benefits to overall ecological health as a 

result of the use of Greenway trails, and non-motorized transportation in general. 

Recent Surveys of Trail Use and User Characteristics - Finally the Literature 

Review concludes with a perusal of some of the recent surveys conducted in the field of 

Greenway trail evaluation. These surveys tend toward an evaluation of one trail or one 

system, not an evaluation of a national or regional system, although one paper is 

presented that surveys a national audience. 

Political 

Greenways are becoming more and more politicized as they become more popular. 

Politicians may buy favor with more and more miles of greenway, as this type of park is 

valued by most politician's constituency. This is seen on a range of scales. 

National 

In 1987, a commission was appointed to study the activity level of Americans. The 

resulting document is The President's Commission on Americans Outdoors. This 
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document addresses greenways, citing their importance in making exercise more 

accessible, but also providing Americans with access to nature, and the authors of the 

report are vocal in their support of this document's main goal, to provide access to 

opportunities for activity and the enjoyment of nature. In the small section devoted to 

greenways, the authors suggest the goal to establish a national network of interconnected 

greenways. This network would link metro scale self-contained trail systems into the 

national skeleton being provided by the Rails to Trails movement. 

Twelve years after this report was issued, then Secretary of Transportation Rodney E. 

Slater, in his speech "Remarks Prepared for Delivery at the 2"'' International Trails & 

Greenways Conference, June 26,1999, Pittsburgh, Pennsylvania." indicated his belief 

that greenways and trails play a major role in America's transportation system. This 

statement seems to anticipate more linkage of the current greenway system, since, as of 

1999, the major use for greenways was for recreation. 

Regional 

Politically, several factors can be counted on when striving to implement a regional scale 

greenway system. Says Donna L. Erickson: "[C]itizens' commitment is not enough. 

Physical implementation is a hybrid of grass roots and 'higher' support. Elected officials 

must join in to deliver the physical reality of a greenway system" (Erickson 1997, iv). 

Grass roots support, while politically viable, can only take a project so far. When the 

project grows out of the scope of grassroots viability, Erickson notes, "Regardless of the 
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institutional structure or the size of the greenway vision, lack of coordination among 

agencies and organizations seems to be the biggest impediment to effective and timely 

implementation" (Erickson 1997, v)... A regional greenway network needs, by 

def in i t ion ,  a  rea l  commi tment  to  reg iona l  p l ann ing  . . ( ib id ) .  

Greg Lindsey wrote a paper examining the equity of access to the greenway trail network 

that exists in Indianapolis. His paper. Access, Equity, and Urban Greenways: An 

Exploratory Investigation (2001) mentions the fact that greenway trails often follow 

natural features, which are predetermined. Trails tend not to veer off these natural, 

geographic features. More eloquently, "the population that has access to the trails system 

was not chosen nor established as a matter of policy. Rather, it is a historical outcome, 

the legacy of the natural landscape of the city and historic development plans and 

processes that date back more than a century" (Lindsey 2001,343). 

Through a combination of a national goal of connectivity, trans-municipality 

govemmental support, grass roots efforts, and natural features greenway trails are being 

further developed. A good example of these factors at work is the Pima County River 

Parks Master Plan (1996). This report notes that the Pima County (Tucson) system has 

been in active construction for about ten years. (Fifteen years, as of the writing of this 

thesis). The Master Flan states: 'The overall goal of the Pima County River Parks 

Masterplan is to establish a continuous river trails system along approx. 100 linear miles 

of river corridors that exist in the Santa.Cruz River, Rillito Creek, Tanque Verde Creek, 
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Pantano Wash &. Canada Del Oro Wash" (Pima County DOT &. FCD, 11). This 

masterplan, like many, does call for a connected network. This masterplan even foresees 

potential conflict resolution in crucial linkage areas, such as the area between the Rillito 

and Santa Cruz river systems. Though these masterplans call for linkage, and even 

design methods to overcome barriers, priorities seem to shift when the masterplan enters 

the implementation stage. This system is continually adding miles, but it still consists of 

three separate trails that don't connect. 

Local, or In-Practice 

As these systems are further developed, it's crucial to modify the trails to the immediate, 

local situation. Greg Lindsey and Gerrit Knapp's interesting study Willingness to Pay for 

Urban Greenway Projects notes, "Although the identification of potential greenways 

might appropriately be done at the metropolitan level, implementation clearly ought to 

proceed at the local level" (Lindsey and Knapp 1999,311). 

Greater connectivity and more trails will lead to more access to the trails. Greg Lindsey 

and others have taken a look at the access of citizens to the greenways that exist in 

Indianapolis, Indiana, a noted greenway network. His study concludes that the poor and 

minorities have a disproportionate amount of access to greenway trails, then to the 

greenway network, then, by extension, greater access to greenway parks in general. He 

states that, as previously mentioned, the demographics traversed by the greenway trail 

were not explicitly considered when developing the greenway system (Lindsey, Maraj, 
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and Kuan 2001,336). The outcome, it seems, is that while the disadvantaged population 

may not need trails to jog around on, they are less likely to own a vehicle, and therefore 

likely more in need of transportation alternatives. 

Peter Lagerway's Evaluation of the Burke Gilman Trail, written for the Seattle 

Engineering Department, addresses a trail's immediate, local financial repercussions. The 

report found that property one block away from the Burke Gilman Trail, in Seattle, WA 

is easier to sell than property not associated with a trail. The report found that a house 

one block from the trail enjoyed a 6% property value increase. Property immediately 

adjacent experienced no change, either positive or negative. The report also found little, 

if any, effect on crime and vandalism. "Police officers interviewed stated that there is not 

a greater incidence of burglaries and vandalism of homes along the trail... they attribute 

that fact to the absence of motor vehicles" (Seattle Engineering Department 1987, 2). 

Greenway trails, especially on the local level, can sometimes be victims of their own 

success, and become too crowded. This situation is exacerbated by the number of 

recreational users who use the trails to travel back and forth on a section of trail. 

Commutership suffers due to this congestion, a common sentiment held by avid cyclists. 

This sentiment is expressed in the following comment by Brian Kent, a landscape 

architect and cyclist: "Serious cyclists who want to get to their destination fast typically 

shun multi-use pathways because they are circuitous, crowded with walkers and slower 

cyclists, have annoying stop signs and crossings, and are poorly constructed and 
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maintained compared to roadways... This reality is a serious impediment to bicycles as a 

viable urban transportation mode in most American cities." (Kent 2001, personal 

communication). This frustration is important to note since it is a circumstance that 

arises from the isolation of greenways, and a linked system could be hypothesized to 

carry a heavy load of users more evenly. 

Civic 

In a civic context, greenways, especially urban greenway systems, serve a valuable and 

irreplaceable function. Citizens are given opportunities to enjoy linear passage through a 

park like environment. This condition offers the user many fold benefits, from health 

benefits of physical exercise, to emotional benefits of greater independence and self-

reliance. Also important are the transportation function a greenway network serves. The 

literature that deals specifically with barriers and linkages of the systems, and 

consequently to the citizens who use them is now examined. 

Barriers 

Michael Replogle and Harriet Parcells, in their 1992 report: National Bicycling and 

Walking Study, Case Study No. 9 indicate that "A very effective strategy for promoting 

walking and cycling is the provision of shortcuts for pedestrians and cyclists to overcome 

network barriers. Such shortcuts are needed to connect low-speed, low-volume suburban 

residential streets into an effective network, which may dramatically reduce the actual 

walking or cycling distance from homes to bus stops, stations, schools, and stores at low 
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cost. The addition of diagonal shortcuts for pedestrians and cyclists in the vicinity and 

direction of the stations has been found by the Dutch to be a very effective strategy for 

expanding the area from which pedestrian and bicycle access trips are made, as these 

shorten both trip distance and trip time for nonmotorized access (77-78). 

Distance is often seen as a barrier that prevents many would be commuters from being 

actual commuters. Distance from origin to destination, and also distance from one's 

residence to a desirable path. In their paper Bicycle Journey to Work, Shafizadeh and 

Niemeier note a phenomenon related to the "bikeshed" existed in relationship to an urban 

greenway. This relationship is that, of bicyclists, those who lived farther than 1.3 miles 

from a greenway trail would prefer to use the street network to access their destination, 

instead of journeying out of their way to attain the greenway trail. Those within that 

bikeshed, though, commonly use the trail to access their destination. In fact, the paper 

points out that, 'These results could suggest that some respondents would rather bicycle 

longer distances on a bicycle path, rather than bicycling shorter distances on the street 

with some vehicular traffic. Furthermore, some respondents would rather not make the 

trip at all when faced with bicycling on the street with some vehicular traffic (1997, 89). 

In the fall of 2001, Dan Burden visited Tucson, Arizona for a Walkable Communities 

Conference. Burden is a vocal proponent of citizens' rights and remaking America's 

towns and cities to improve the condition experienced by its citizens. During his 

presentation he suggested that we redefine bike trails, creating a new definition: "bike 
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route system, a new term to emphasize system aspects of bike routes; stresses continuity 

and combining of various bikeway types..." Burden did not only address the physical 

barriers of creating a greenway network, he also addressed the political and social 

barriers. Although America is l" in the world in wealth, we are 34'*' in the world in 

quality of life. In the last ten years towns that have lost population have increased their 

automobile traffic load by 25%. For example, if you live in Atlanta, Georgia, you can 

expect to spend thirty hours a week in your car. However, to counter this disintegration 

of our current transportation system. Burden notes that "When we design for cars, it 

doesn't function well for cities, but when we design for a multi-modal system, cars work 

better". Burden also notes the benefits of self-powered transportation: 'Today in the 

USA, 1 in 5 kids walk to school. These kids have 20% higher test scores." Clearly, as 

Burden makes the point, greenways can function as part of a greater system that offers a 

conmiunity's citizens greater independence, higher property values, and an increased 

quality of life. 

Linkage 

Several papers have been written that address specific advantages of linking greenways. 

For example. Goldsmith's Case Study No. I, Reasons Why Bicycling and Walking Are 

and Are Not Being Used More Extensively as Travel Modes (1992) makes a direct 

correlation between the ratio of bikeways to roadways and the accompanying levels of 

bicycle commuting. Specifically stated, that relationship is "cities with higher levels of 

bicycle commuting have, on average, 70% more bikeways per roadway mile and six 



27 

times more bike lanes per arterial mile." (59). In addition to the proportion of bikeway to 

roadway, trail linkage is also important. Says Goldsmith, "Many wonderful bicycle 

facilities exist around the country, but rare is the city with a network of bicycle facilities 

as fully linked as is the typical network of streets available to motorists across the 

country. In most cities bicycle facilities are either concentrated in a few areas or spread 

across the region with no formal links between them. Fragmented bikeway systems 

constitute a serious impediment to utilitarian bicycling." (11). 

In addressing a "systems approach" for greenways, Mayer's publication Bicycle 

Planning and Design (1978) says, 'To maximize opportunities for bicycling in urban 

areas, barriers to continuous travel need to be removed or circumvented. The 

construction of underpasses and overpasses is particularly desirable to accommodate 

movement across obstacles for bicycle travel such as rivers, freeway, and principal 

railroad lines. Though the cost is high, these linkages will increase utilitarian and 

recreational trips" (15). Mayer was an early advocate of addressing these networks with 

a systems approach. 

In the Seattle Area, the paper Puget Sound Trends notes two interesting measures. While 

the Burke Gilman and the Sammamish River Trail now connect to form a 27 mile urban 

trail, they did not always link. This paper notes that usership increased 65% from 1990 to 

1995, while regional population grew only 10%. 'The flnal joining of the trails coincides 

with a steep increase in use during that same time" (Puget Sound Regional Council 
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Information Center 2000,1). This indicates the greater usability of a connected trail over 

two isolated trails. This trend could be extended to many other conmiunities, and a 

modest increase of use should be expected anytime a "missing link" in a trail system is 

connected. 

Also noted in this paper is the increase in use of the Burke Gilman Trail by utilitarian 

users. The paper notes that in 1985, 94% of trips were for recreation purposes, but in 

2000, only 62% of trips taken were for recreation. "This shows that utilitarian use of the 

trail has grown by more than six times since 1985."(2). While this trip purpose is shifting, 

the average distance traveled is decreasing. While recreation was the primary use, the 

average trip distance was 18 miles, but due to more utilitarian use, the average trip 

distance is now 11 miles (ibid). 

Note the term "utilitarian bicycling", an important distinction. As previously discussed, a 

conflict between recreational users and commuters exists, and is growing, due to styles of 

use. Marginalized in this conflict are the utilitarian users, those who use these 

transportation systems to visit friends, shop, or accomplish utilitarian tasks. These users 

likely employ greenway trails for reasons that could be found in the motivations of both 

of the other two groups: scenic quality, safety, convenience, health, economy. These 

utilitarian users are somewhat marginalized, but present a group that should be attended 

to, for they represent the future user of a successful greenway network. Just as a 

successful street system will accommodate different users with different motivations, so 
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too shall a successful greenway network accommodate a similar cross section of user, 

motivation, and task. Says Goldsmith: "Though bicycle usage for utilitarian trips is far 

less prevalent than recreational riding, data drawn from the... Portland Survey suggests 

that the bicycle is nonetheless perceived as much more than just a recreational vehicle, 

hinting at a much broader potential." (40). Further, these utilitarian users enjoy using 

greenway trails for their safety and scenic quality, and "If any infrastructural amenity 

should affect the level of utilitarian cycling, the quality and extent of bikeways should be 

it." (40). 

This comment is provocative, in light of an interesting relationship that manifested from 

his research measuring twenty cities in the US. His research found that the presence of 

greenways does not "inspire bicycle conmiuting" (45). In fact. Goldsmith even 

speculates that these trails actually pose a disincentive to bicycle commutership (45). 

This relationship may be due to the non-specific directional nature of greenways, and the 

natural features they follow. This relationship may also speak to the "success" of these 

trails as reflected by the heavy recreational use, a defmite disincentive to use these trails 

as a commuter. Linkage of existing trails could be speculated to provide a bleed off 

effect. Recreational users would not be crammed into a small distance, and could join the 

trail at more numerous, accessible points, which would have the effect of spreading out 

the recreational users, thinning their numbers. 
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Connectivity has only recently begun to be discussed, though, due to the broader scale of 

greenway planning presented by examining a metropolitan scale network. 

For example, in Flink and Seams' Greenways: a Guide to Planning, Design, and 

Development (1993), and later Flink, et. al.'s Trails for the Twenty-First Century (2001), 

the idea of connectivity is only implicitly discussed. Both books list specific 

recommended widths and design speciflcations, but do not list specific recommended 

connectivity standards. Flink relies on the implicit idea, though, when he conmients, "the 

greenway concept is flexible enough to adapt to many combinations of local needs, 

values, and conditions"(1993, xvi). Good design of a trail is a well documented, well 

standardized endeavor. The American Association of State Highway Transportation 

Officials (AASHTO) has established trail standards such as tread widths and vegetation 

clearance designed for many different types of trails and user loads. Many more books 

exist that detail the same information as presented above. Good trail design, however, 

now needs to step back a few scales and discuss or examine a system's interconnectivity. 

Christina Carr, in a 2000 master's thesis in planning, speculated that ecological linkage 

and civic linkage are equally important, and that they might share a planning paradigm. 

She states: "I present connectivity as an essential component of landscape structure for 

both wildlife and human populations, and an inherent attribute of corridors in the 

landscape. I present greenways as a mechanism that can increase landscape connectivity 

by achieving both wildlife and human mobility objectives" (Carr 2000,4). She further 

states: "Since the ability to move freely & efficiently within and between urban 

environments is high among the perceived needs of human society, a mechanism that 
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provides effectively for both ecological and human mobility objectives is urgently 

needed" (Carr 2000,25). 

Ecological 

Political and civic benefits are not the only areas that benefit from interconnectivity of 

greenway networks. Ecological benefits are commonly reliant upon linking habitat and 

preserving a natural corridor's integrity throughout. As Carr has noted above, the 

paradigm for connectivity might well be equal for both civic and ecological benefits. 

Primary Benefits 

Both plant and wildlife habitats are improved with greater connectivity of an 

environment. In Land Mosaics, (1995) Richard T.T. Forman discusses the Patch-

Corridor-Matrix model. This ecological model examines environmental patterns at the 

landscape or watershed scale. This scale of ecology, landscape ecology, is relatively 

new, and Forman has been instrumental in helping define terms such as patch and 

corridor in the ecological context. Forman emphasizes the connections among corridors 

and habitat quality and species and genetic diversity. Forman feels that "greenways 

(sometimes called 'greenlining' when networks are formed) are doubtless of considerable 

importance for species movement, due to the relatively inhospitable and heterogeneous 

matrix nearby" (1995, 199). (Note: here, matrix means the surrounding environment). 

Forman's attitudes become more engaging when overlaid with Carr's presumption that 

ecological and civic movements share a planning paradigm. "Several types of movement 
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along corridors should be recognized. Home range movements, animal dispersal, 

migration, and wandering (nomadic movement) may take place in corridors. Individual 

animals move continuously or discontinuously along a corridor. .. Whole communities 

or faunas may move along a corridor, as in seasonal migration or in response to climatic 

change" (Forman 1995,200). 

Jonathan Labaree, in his How Greenways Work (1992), lends more weight to the 

ecological argument for greenways. He notes that "greenways can increase the effective 

size of a series of protected areas" (15). He also addresses the seemingly separate 

interests of ecology and human use by including "guidelines for maintaining riparian 

functions in a green way". 

Dramstad, Olson, and Forman's Landscape Ecology Principles (1996) is a small 

reference describing, in ecological terms, the value of a corridor, the patch-corridor 

matrix, and the consequences of edge habitat. Daniel Smith and Paul Cawood's Ecology 

of Greenways (1993) present a chapter on Wildlife Corridors written by Reed Noss. 

Noss, in presenting his guidelines for wildlife corridor design, does suggest such 

connectivity standards as "link habitat patches that were connected in the presettlement 

landscape with greenways of similar habitat" and "emphasize connection of habitats 

(such as old growth forests)" (Smith and Cawood 1993,62-63). This book also 

poetically notes that if wildlife movements were like water movements, "every landscape 

would be dissected by protected movement zones". (Smith and Cawood 1993, 210). 
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Ecologically, corridor linkage is proven to be beneficial as it increases species movement 

and genetic diversity. It seems counter-intuitive, though, to combine the seemingly 

separate uses involved in recreation and conservation. Greenways are limited areas that 

offer only limited space for all users, and while compromise and a combination of uses 

may be inconvenient at times, this seems to be the most effective use of space. Smith is 

undaunted by the challenge provided by separate uses, and continues forward by 

reconmiending ways to manage both recreation and ecological needs. 

Secondary Benefits 

Displacement of automobiles and their pollution, as well as greater increase of air-

scrubbing vegetation are two of the secondary environmental benefits afforded by 

greenways. Connecting trails to make a network would only increase the level of these 

benefits. 

Roxanne Warren addresses the state of vehicular effect on the environment in her The 

Urban Oasis: Guideways and Greenways in the Human Environment (1998). 

"Improvements in gas mileage and engine emissions are being continually outpaced by 

the number of miles driven, and by increases in the total inventory of cars."(13). But 

vehicle miles traveled may not be the best measure of ecological damage. Perhaps 

vehicle trips taken is a more important measurement. Michael Repiogle and Harriet 

Parcells cite an Environmental Defense Fund study, which announces: "Because cold 

starts generate such a significant share of the pollution for most trips, auto use reduction 
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strategies should eventually [be] given greater emphasis to reducing the number of 

vehicle trips taken, rather than simply reducing total miles traveled." (Replogle and 

Parcells 1992,85). 

This statement, that vehicle trips taken are more damaging than vehicle miles traveled, is 

even more provocative when you take the current trip data into account. As cited by 

Carr,"... data from the 1990 Nat'l Personal Transportation Survey, which reported that 

27% of ail travel trips are less than 1 mile in length, and another 13% are within 2 miles, 

yet almost 90% of all trips are made by automobile" (Carr 2000,18) 

Clearly, ecological benefits are extended, just as civic benefits are, with an increase in the 

connectivity of a greenway network. The ecological benefits are immediate, such as 

greater habitat and wildlife mobility, and also secondary, such as a decrease in 

automobile pollution with an increase of bicycling. Many of the trips made by vehicle 

can easily be accomplished through the use of a greenway trail. Trips such as taking a 

child to school, walking to lunch, or visiting the post office need not be taken by 

automobile. Says The American HiUng Society: "Studies indicate that 50 percent of all 

car excursions are less than three miles, a distance that could easily be covered by 

foot or bicycle. By using neighborhood trails for transportation, commuters could save up 

to 22 cents per automobile mile. Human-powered transportation could also save 17.9 

billion motor vehicle miles, 7 billion gallons of gas and 9.5 million tons of exhaust 

emissions annually. (AHS 2). 
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Recent Surveys of Trail Use and User Characteristics 

The lack of information and surveys is always woed, but a variety of surveys that 

measure a variety of different findings have been found. Among those surveys are: 

Paul Gobster's Perception and Use of a Metropolitan Greenway System for Recreation. 

In this piece Gobster notes the findings by a recent greenways plan for metropolitan 

Chicago, after examining the existing system. They found that "a lack of connections 

and continuity within the existing system" (Gobster 1995,402) and reconunended 

"expanding the present system, with priorities placed on linking local, regional, and 

possibly national trails to build a network of long distance corridors" (ibid.). Gobster 

took samples from twelve trails in Chicago, and surveyed trail patrons. Linkage scored 

high on the perceived needs of the users, but Gobster tempers that high need with the 

observation that people use trails differently for different functions, and more trails 

providing more linkage might not need to be the sole priority of trail managers. Gobster 

also found that local trail systems may be more useful than long trails. In brief, "although 

it is important to work towards a goal of establishing an interconnected network of long 

distance trails, it is also important to develop a hierarchy of trails that meet people's 

needs and preferences at the local, as well as regional and state levels (Gobster 1995, 

412). 

In 1998, Michael E. Jackson and Erik O. Ruehr wrote Let The People be Heard: San 

Diego County Bicycle Use and Attitude Survey. This survey measured attitudes of 3800 

San Diego County residents. "The top two reasons for dissatisfaction included 'bikeways 



36 

are dirty/ littered' and 'not enough bikeways'" (Jackson and Ruehr 1998,9). Also, "The 

bikeway most preferred by cyclist respondents was a separate paved path that excludes 

cars (65 percent). Preference for a separate paved path that excludes cars was highest 

among those who cycled least often (75 percent among those cycling less than once per 

week or once per week). By comparison, only 60 percent of frequent cyclists (those 

cycling from one to seven times weekly on average) preferred a separate paved path that 

excludes cars. Fifteen percent of those surveyed indicated that they bicycled for 

transportation purposes. (10). 'The low rate of bicycling for transportation purposes 

(15%) indicates that further attention is needed to determine the obstacles that discourage 

existing bicyclists from bicycle-conunuting and how to overcome these obstacles if the 

proportion of work trips made by bicycle is to increase" (Jackson and Ruehr 1998, 11). 

William E. Moritz's Survey of North American Bicycle Commuters: Design and 

Aggregate Results (1997) measured 2374 responses from all regions of the US and 

Canada. Says Moritz: "Streets with bicycle lanes or marked bicycle routes appear to 

have less than half the risk of local streets, and bicycle paths, often maligned, were also 

substantially safer than even local streets" (Moritz 1997,100). Moritz also notes 

Goldsnuth's findings and says that "Some cities have substantially higher rates of bicycle 

commuting (ranging from 2 to 10 percent or more). Examples include Seattle (2.3%), 

Palo Alto (2.6%), Davis (25%), Boulder (9.3%), Eugene (8%), and Madison (11%). 

Although all of these cities have major universities that clearly contribute to more 

cycling, it is not just students who turn to the bicycle to meet their commuting needs." 
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(Moritz 1997,91). [Note: the numbers used in this study are different, sometimes 

signiHcantly, than the numbers presented in Moritz's paper]. Most of the communities 

mentioned above as having large bicycle commuting rates have more complete bike way 

or greenway networks. 

Lindsey cites Gobster's flndings, and says that "trail location relative to home is 

important and that local trails should form the foundation of metropolitan greenway trail 

systems." (Lindsey 1999,156). Further, "trails with a majority of users from a five miles 

or less from the trail are local trails" (ibid). However, the more miles of trail developed, 

especially linking already developed trails, the more likely that a portion of the trail 

system will be within five miles of any given house, and therefore a local trail. 

Furuseth, O.J. and R.E. Altman's Who's On the Greenway? Socioeconomic, 

Demographic, and Locational Characteristics of Greenway Users (1991) notes that 

"Perhaps the most important finding for greenway planners is the distance decay function 

that exists between patron location and frequency of greenway usage. This suggests that 

greenways do not serve the entire community but neighborhoods. Thus, the planning and 

development of new greenways should be pursued with this in mind"(Furuseth and 

Altman 1991, 336). 

Arthur Nelson and David Allen's If You Build Them, Conmiuters Will Use Them 

(1997) makes the seemingly obvious conclusion that an increase in bike trails will 
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produce an increase in conunuters using them. They also note that bicycles and 

automobiles are incompatible when they have to share the same space (Nelson and Allen 

1997,79), and "There is a general perception that society would benefit from expanded 

provision and use of bicycle facilities to offset externalities associated with automobile 

dependency" (ibid). Further, regarding connectivity: "The University of North Carolina 

Highway Safety Research Center compared differences in the level of use of bicycle 

facilities based on several factors. It found that continuity of a bicycle network from 

production to attraction is most important. The study did not look at differences in user 

patterns in which more than one factor was considered, however" (Nelson and Allen 

1997, 80). The quantitative assessment component of this survey found a coefficient that 

suggests that each mile of bikeway per 100,000 residents is associated with a .075 percent 

increase in commuters using bicycles." (Nelson and Allen 1997, 81). "This analysis 

confirms the hunches of public policy decision makers that at least some, but perhaps not 

an inconsequential number, commuters will be responsive to the bicycling option if only 

it were made available. Perhaps, as a research team at the University of North Carolina 

concludes, there is a latent demand for bicycle facilities that can only be tapped by 

providing bicycle facilities. (Nelson and Allen 1997, 82). 

Finally, the United States Department of Transportation has compiled much of the 

available data on greenway trails or multi-use trails use and published it in A 

Compendium of Available Bicycle and Pedestrian Trip Generation Data in the United 



39 

States. This compendium was published in 1994 by the Federal Highway 

Administration, and is available by contacting the FHA. 

Literature Review Summary 

As demonstrated, Greenway literature deals with many different scales, fields of study, 

and interest groups. Some of this body of literature discusses the history and theory of 

the Greenway trail movement, and many others demonstrate ideas through the use of case 

studies. Similar to this paper, a few of the works discussed deal directly with the physical 

nature of a greenway system or systems, and this paper uses those previous works as a 

platform on to which to add. 

Greenways have value to a large constituent group: recreational users, commuters, health 

advocates, short-cutters, politicians, even the often un-represented wildlife have all found 

advocates for this system of linear park. As they do physically, Greenway transcend 

many milieu of interests and cross many borders of literature, some of which has been 

presented here. 
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IV. METHODS 

The data has come from analysis of sixteen greenway systems throughout North 

America. Actually measured and studied where the greenway maps produced and 

dispersed by city or metropolitan planning organizations. These maps are often updated, 

especially in the situations of large metropolitan regions or quickly growing systems. 

Case study locations were selected based upon the availability of a current greenway 

map. Also considered when selecting case study locations were the case study location, 

current richness of greenway system, and whether or not the system is a "noted" system, 

as in the case of Boulder, CO. or Portland, OR. If a system had a well-developed system, 

but little notoriety, it was subject for selection as well, as in the case of Fort Collins, Co. 

Descriptive Analysis 

A descriptive analysis was selected as the best means to accomplish this study. Surveys 

do exist, such as the aforementioned Survey of North American Bicycle Commuters 

(Moritz, 1997), or Let The People Be Heard: San Diego County Bicycle Use and Attitude 

Survey (Jackson and Ruehr, 1998). Surveys are valuable, but do not allow the composer 

the opportunity to measure a large number of greenway systems against one another. 

Surveys are time consuming, and require the administrator to remain involved in one or 

only a few systems. This study was designed to evaluate more than only a few systems, 

therefore surveys did not manifest as a beneficial data gathering method. 



41 

The Map Study Process 

Once a case study location was selected, the greenway map for that location was 

digitized. The map was then imported into a computer-drafting program, where it was 

scaled according to the scale Hgure printed on the map. When a scale figure was 

unavailable, scale was taken from a i-mile orthogonal (right angled or rectangular) 

section line. All greenways and bikeways, as well as on-street bike network paths, were 

traced digitally. Also recorded were the environment's natural features, such as lakes, 

rivers, coastline, and mountains. The greenway intersections were denoted, as well as the 

system's gaps. Shortcuts, or lengths of trail that shortcut the street system, were traced in 

and measured for length. All additional measuring and recording were performed in the 

computer drafting and spreadsheet programs. The Results and Discussion chapter 

presents a detailed summary of each criterion studied, and how the determination was 

accomplished 

Analysis Criteria 

An important component of the research was the development of criteria to evaluate each 

individual system. The criteria was developed in tandem with the evaluation of case 

studies. Several criteria did not exist upon the first case study evaluation, but were 

developed through that first round. Once the criteria was developed and firmly 

established, another round of case study evaluation was in order to test the new, refined 

criteria. Some of the criteria is obvious, such as the total length of trail system. Other 
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criteria was developed after observing trends in these trail systems. This criteria, and it's 

accompanying explanation, is listed below. 

The Urban Matrix 

Population data: From the 1999 census estimates for the metro area population. 

Tucson's population was obtained through the City of Tucson's web page. 

Area of "Bikeshed": This figure was measured independently of other data. It 

represents the area, in square miles, of the metro area served by the measured 

trails. (See Fig. 4.1). 

Figure 4.1. Sample Area of "Bikeshed", Davis, CA., 

indicated by a thick boundary line. 



43 

Population density: The population divided by the area of bikeshed. The figure 

represents persons per square niile. 

Trail to Population ratio (assume l:n): Measure of how many metropolitan area 

residents per trail mile. This figure is presented as a ratio, such as 1:6928 

(Raleigh's figure). This figure is similar to Nelson and Allen's "BMP" figure 

(Nelson and Allen 1997, 80), which measures "the number of bicycle pathways 

per 100,0(X) residents in 1992". 

Number of Trails: In simple cases, such as a stand-alone trail, the trail counts as 

one. The minimum length of a trail to qualify as a count of one is 0.1 mi., or 528 

feet, roughly one city block. In riverside situations, if the river is developed on 

both sides, each discrete trail is counted individually. Davis, CA presented an 

anomaly to this standard, since that trail system is composed of a prolific series of 

short trails. In this situation, longer, more significant trails counted as one, but 

due to the overwhelming number of small trail connectors (often of a length such 

as .0302 mi.), trail "districts" were composed. These "districts" are groups of 

short trails that serve the same context, such as a neighborhood or campus. 

Total Length: This figure is presented in miles. This length includes "soft 

surface" paths that are part of the system, (providing that these paths may 

potentially serve a commuter or utilitarian user). Small circuitous trails 
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surrounding an outlying lake or mountain biking trails away from the city, so 

noted on the maps (Boulder, Portland) were not added into this figure. 

The Natural Matrix 

Setting the Trail Traverses: "Near" in this application means within 0.1 mi. A 

trail may pass through one environment, such as parkland, on both sides, but this 

is unusual. Often a greenway will pass between environments, such as the margin 

of land between a river and the urban environment, as seen in Portland, Oregon 

and in Tucson, Arizona, among many cities. Also likely is the passing of a trail 

through the park/urban margin. In situations when the trail passes through both 

park and river or coastal environments, as is seen at times in Seattle or 

Vancouver, the trail is rated with only one value. That value will be attributed to 

the dominant environment presented to the trail, as well as the trail system 

context. If a trail traverses three miles of dense urban environment, then passes 

half a mile of golf course, the parkland environment would be considered the 

dominant environment for that stretch of trail. One intention of this study was to 

determine whether or not a trail's immediate environment encouraged use. For 

example, if a very woodsy, natural trail was more used due to it's rich aesthetic 

quality. However, it was determined that all urban greenways present their user 

with a narrow margin of nature (but nature nonetheless). This is implicit in the 

term "greenway", and the analysis of greenways, not the entire bike system. If 

the trail passes through a dense urban environment, with little buffer, it was rated 
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as "urban". If the trail passes through a non-designated (but wide) park, as in 

Washington, DC, the trail is still counted as "urban". Only when the surrounding 

area is designated "park" on the map and by a community is the trail considered 

to pass through parkland. Rural area, as is seen in the Pere Marquette Rail Trail, 

is analogous to parkland. This figure is presented in a percentage, and the 

percentages add up to 100%. 

Intra-Connectivity Within a Greenway System 

Greenway Intersections: A greenway intersection is the junction of two or more 

distinct trails. A greenway trail must be at least 0.25 mile in length to be 

considered independent, and to cause the junction to be considered an 

intersection. All trails shorter than 0.25 miles (1320 ft. or 330 meters) will be 

considered feeder trails, meant to feed users to the larger, higher order trail. The 

junction between these two trails will not be counted in this measure. Also, if the 

trail's context varies significantly in conjunction with a significant change of trail 

direction, this transition is counted as an intersection. In effect, this might have 

been a gap that has since been closed, [see fig. 4.2] 
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Figure 4.2 - Sample of Greenway Intersections, 
Washington, D.C. * Note the trail too short to be counted. 

This number is a figure of connectivity, though not the only factor to evaluate. A 

trail system like Indianapolis may cover a great deal of distance and types of 

environments, but may not have many connections. A finer grained network 

offers a higher number of connections. Also, if a trail network forms a Y 

connection, the major trail was considered continuous, and the tributary trail was 

considered a joiner. This junction has one connection, and two trails. 

Gaps: Areas of the network that, if filled in, would provide a greater degree of 

connectivity or complete an apparent circuit. No gap greater than five miles was 

counted. Gaps may even be interruptions in the network, such as barrier walls, or 
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rivers. Only the shortest gaps that will complete the network, or provide 

connection between districts were counted. (See fig. 4.3). Gaps may be caused 

by myriad reasons, from funding priorities, landownership, and liability issues, 

and physical barriers. Closing a gap may not be just as simple as prioritizing a 

connection. 
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Figure 4.3 - Sample of trail Gaps, Raleigh, NC. 

Distance of Gaps: This is the length of "missing trail" at gaps. This factor is 

solely a straight line evaluation, but the number presented represents a total of the 

city's gap distance. The distance between two legs was counted. This measure is 

taken from either the end of each leg, or the nearest point between two parallel 

trails. Gaps greater than five miles were discounted. In a situation when the trail 

empties on to an on-street connection, no gap is counted since connectivity has 
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been accounted for, unless the trail street connections is not direct or explicit. 

The inspiration for this criteria was provided by the Burke-Gilman/Sanimanush 

River Trail connection, as well as the findings by Gobster in the Chicago system, 

both highlighted in the Literature Review. 

Length Divisions: Lindsey and others have speculated that a network based on 

local trails, as opposed to a network based on major, arterial trails, will be more 

used and more successful. However, longer trails will present themselves more 

useful for a city's transportation efforts. Many figures and examples exist that 

indicate that many of the trips made in this country are less than 2 miles long, a 

reasonable biking distance. The trails were broken into four categories: 0-2 mi. 

long, 2-5 mi. long, 5-10 mi. long, and trails greater than 10 mi.. These divisions 

are based on the aforementioned assumption that trails of a local nature are more 

useful and well used for utilitarian cycling than trails of a regional or national 

nature. Trails that are short when developed may link with other short trails to for 

extensive, complete networks. However, a single fifteen mile trail will not avail 

itself to as many users as five three-mile trails. 

Shortcuts: Replogle and Parcells (1992) note that the trail networks that 

emphasize shortcutting the street system will be more efficient and perceived as 

more useful and efficient. Shortcuts could be inter-block situations, or might 

follow along a natural feature corridor. This measure is based on the principle 
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that a straight line is the shortest distance between two points, and that more 

shortcuts in a system might translate to greater efficiency. (See Fig. 4.4) 

raia fiirhway 
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Figure 4.4 - Sample of Trail Shortcuts, Boulder, CO. 

Trail represented by thick, dark lines. 

Inter-Connectivity 

Distance to Urban Core: The relationship of the trail system to the urban core, or 

the densest area of development available was measured. In some cases this 

figure is 0, indicating that a portion of the trail network enters the urban core, 

allowing one to use the system to enter the urban core on a bicycle. The measure 
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of the "farthest" from the urban core looks at the entire greenway system. Even if 

the farthest trail does not connect to another trail, it is measured as the farthest 

point. Some cities lack an easily identifiable CBD (Central Business District), 

and in these cases the distance to the town hall or court house was measured. 

Connections to On-Street Bike Network: Most city bike maps show several types 

of trail. These might include a soft surface, mountain bike trail; a greenway, or 

paved multi-use trail; an on-street bike lane; and an on-street bike route. 

Typically, as the level of automobile traffic increases on a road, the levels of bike 

traffic will decrease. This measure looks at how the off-street greenway interacts 

with the other bike layer, that of the on-street bike lane. The greater number of 

these connections will indicate greater accessibility and efficiency in intra-city 

movement. A city's mode split figure, or the percent of commuters who chose to 

bicycle to work, probably doesn't give a good estimation of how many 

commuters use the greenway network, but the greater number of connections to 

on-street bike network, the easier their acquisition of the greenway from the on-

street bike lane. In a situation when the "other" bike network is not shown, major 

streets except interstates are counted, as was the case for Raleigh, NC. 

Use 

Many trail system administrators don't know how many people are using the 

trails, or how they are being used. Trail managers might study or survey different 
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factors or types of use, but typically a comprehensive use figure is unavailable. In 

this category, a common denominator of use was strived for in order to gauge the 

"success" of a trail system. Initially, annual use numbers were collected, but 

these were often not verifiable or reliable. The same is true for daily use counts. 

In the absence of trail specific use numbers, the city's cycling mode-split figure 

is used. This figure represents the breakdown of commuters and their selected 

method of conmiute. In this case, the mode-split that gives the cycling amount 

was employed. The mode split figure was calculated using figures from the US 

Census 2000. The mode split is corroborated against those presented by 

Goldsmith, in his Case Study I (1993). The mode split figures presented in this 

paper were consistently lower than the numbers presented by Goldsmith. An 

issue worth mentioning is the direct correlation this paper makes between a city's 

mode split and the trails success or use. Some trail networks are very successful 

as recreational systems, a very important function. However, use numbers, or any 

other system of gauging success was not evident at the time of this writing. The 

leap between mode split and trail success is fundamental in this research. 

Date of map used: Most maps were acquired online or through the city's 

transportation department. In some cases a bike map was purchased, as was the 

case for Washington, DC. All maps are relatively current, dating from 2000 to 

more recent. 
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Organization presenting map: Whether a city, a private group, or a publishing 

house. 

Statistical Analysis 

The SAS statistical analysis program was employed in order to reinforce the descriptive 

analysis and observations. Comparison of quantitative values were done using 

Spearman's rank correlation. Statistical significance was assigned as P< 0.05 throughout. 

Thirty correlations were calculated, using both the city's cycling mode split figure as well 

as the city's resulting rank in the case study roster. Either figure was measured against 

factors such number of gaps, number of connections, and proximity of trail. 
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V. RESULTS AND DISCUSSION 

Evaluation of Case Studies Using Analysis Criteria 

Sixteen locations of existing greenway network were selected to study. All Case Studies 

are in North America, and all locations have a current greenway system in place. Most, if 

not all, of these locations continue development on their greenway networks, so very 

current information is occasionally unavailable. In all cases current maps were 

employed, and the map's creator is listed in the table. 

A brief table listing the city's "results" is given, followed by a discussion of the 

individuality of that case study. 

Albuquerque, New Mexico 

Number of Trails; 32 Distance to Urban Core: 
Total Trail Length; 77.77 nearest: .95 mi. 
% mode split; 1.1« farthest: 11.22 mi. 

Use Rank (1-16) 10 Settings Traversed; 
Greenway Connections; 14 % along river or coast: 47J 

Connections to On-Street system; 31 % along park land; 4.7 
Gaps in Network; 17 % in urban context; 47.9 

Total Length of Gaps (mi.); 23.96 
% of system that is a 
shortcut: 3.67 

Trail to Population ratio (i;n) 8729 Date of Reference Map: October 2001 

Population Density within the 
"Bikeshed" (n per sq. mi.) 4487 

Creator of Reference Map: City of Albuquerque: 
Metropolitan Albuquerque 

Bicycle Map. 
Table 4.1 - Albuquerque Case Study Evaluation 
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The Metropolitan Albuquerque Bike Map cites the creation of this bike network in 1973, 

spearheaded by cyclists "going to UNM and Sandia Labs" (History, Alb. Bike Map, 

2001, back cover). Since then the network has grown to over 77 miles, employing the 

major Rio Grande river banks and numerous dry washes and diversion channels. This 

network is grid like, owing to its reliance on the existing gridded street system, as well as 

the orthogonal nature of the aforementioned diversion channels. This network supports 

trails around the perimeter of the city as well as trails within the urban center. 

This trail, though nearly 30 years old, is not often noted in greenway literature. Possibly 

this is because, though it has many miles and appears to serve much of the metropolitan 

area, it's level of use is still quite low. Albuquerque is a large city, and bicycle commute 

distances between residential areas and campuses or urban employment centers are quite 

long. 

Albuquerque divides it's trails into the following categories: recreation trails, bike lanes, 

and bike routes. The recreation trails are separated from the street system, and are closed 

to automotive traffic. The bike lanes are on-street painted lanes, and the bike routes are 

street systems indicated with signs, and bikes share the road with cars. 

Interestingly, and not unexpectedly, Albuquerque has a situation quite similar to 

Tucson's. Both cities have a wide, desert rivers around which to base their greenway 
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networks. Also similar are the presence of dry, tributary washes and a dry, mild to hot 

climate. 

This trail system, as mentioned, is quite orthogonal. These trails most likely present the 

user with an efficient network, but they may lack some mystery or sense of nearness to 

nature. However, that environment seems not to discourage recreational use of the 

system. Says Henry Lawrence, a former trails planner for Albuquerque: "When I worked 

for Albuquerque Parks and Recreation (June 4, 2(XX) to Jan 17, 2(X)1) as Associate Trails 

Planner we did a survey of trail users on two consecutive weekends and... My 

recollection, since we were doing it on the weekend, was that 90% of the users were 

recreational." (Lawrence 2002, email correspondence). 

This system's use calculations used the census information from the 2000 Census for 

Albuquerque City proper. Though the commuter population of the metropolitan region is 

probably much greater, the commuter percentages were unavailable at the time of this 

writing, so the city's numbers were extrapolated to encompass the entire metropolitan 

region. According to the census, the commuter population is 214,207, and the bicycle 

journey to work number is: 2491 , for a 1.16% cycling mode split. 
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Austin, Texas 

Number of Trails: 21 Distance to Urban Core: 

Total Trail Length: 35.63 nearest: .25 mL 
% mode split: 0J8 farthest: 5J8 mL 
Use Rank (1-16) 12 Settings Traversed: 
Greenway Connections: 11 % along river or coast: 68.0 
Connections to On-Street 
system: 13 % along park land: 8.0 
Gaps in Network: 8 % in urban context: 24.0 

Total Length of Gaps (mi.): 533 
% of system that is a 
shortcut: 0.0 

Trail to Population ratio (l:n) 35079 Date of Reference Map: 2000 

Population Density within the 
"Bikeshed" (n per sq. mi.) 5857 

Creator of Reference Map: City of Austin Department of 
Public Works and 

Transportation 
Table 4.2 - Austin Case Study Evaluation 

The City of Austin, Texas, has an interesting and diverse trail system. This system relies 

heavily upon streets to form the basis of it's network. This system is linear with many 

small tributaries, and it also has many outlying loops that are unrelated to the 

transportation network. 

Austin is not often noted in greenway literature, but was selected as a case study due to 

the diversity of trails this system offers. In that regard, this system is quite rich. 

Diversity does not always translate to greater use, and in the case of Austin, diversity 

may hinder the trails system's availability of use. Austin notes four types of trails on it's 

bike trails map: streets with a high, medium, and low ease of use, as well as Trail/Path. 

This Trail/Path category is described as 'Trails may have rough surfaces. Many are 

recommended for off-road bikes only". While this soft-surface environment may excite 
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the mountain biker, the jogger, or the hiker, and may be less damaging to the adjacent 

riparian environment than a paved, developed trail, it likely hinders that trail's efflciency 

and amount of commuter or utilitarian use. Also, many of these soft surface paths circle 

outlying ponds and do not relate, beyond recreational use, to the city. 

The trails that do relate to the City of Austin are based on Lake Austin and Town Lake 

(so labeled on the bike map), the most significant natural features of the area. The trail 

system also has trails on smaller tributary streams. This is a well established yet growing 

network, centered on a watercourse in a city that has a warm climate. 

This system appears enjoyable to use, offering occasional opportunities to use mountain 

bikes, and many opportunities to be near water, as most of the trail system follows a 

curvilinear watercourse. 

The 2000 Census data for Austin lists the commuter population as 365,212, and the 

bicycle conunuter number is: 1,383. Thus, the mode split for Austin is 0.38%. 

Other information does exist for Austin, though. According to Linda DuPriest, Austin's 

Pedestrian and Bicycle Coordinator, the mode split is .8%, which she qualifies as, 

"abysmal because we've only been working on our network a few years. I 

wouldn't rely on data, though. With car travel having so completely dominated the 

transportation milieu in America for the past century, any current bicycle or pedestrian 

user data will not reflect latent demand, which most transportation planners believe is 
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huge... We see that all our trails are so packed with users that we have conflicts. Austin 

is a very active city, and we could never have enough places for people to walk, jog, 

bicycle, walk dogs, push baby strollers, etc." (DuPriest 2001, personal communication). 

Boulder, Colorado 

Number of Trails: 39 Distance to Urban Core: 
Total Trail Length: 36.22 nearest: 0 mL 
% mode split: 2.79 farthest: 3.91 mL 

Use Rank (1-16) 2 Settings Traversed: 
Greenway Connections: 24 % along river or coast: 58.9 
Connections to On-Street 
system: 18 % along park land: 4.91 
Gaps in Network: 9 % in urban context: 36.2 

Total Length of Gaps (mi.): 3J1 
% of system that is a 
shortcut: 22.6 

Trail to Population ratio (l:n) 7540 Date of Reference Map: 2001 
Population Density within the 
"Bikeshed" (n per sq. mi.) 9835 

Creator of Reference Map: 
Boulder Greenways 

Table 4.3 - Boulder Case Study Evai ̂ uation 

Boulder, Colorado, has one of the best and most used greenway systems in North 

America. Typical of well connected and well used networks, this is a smaller community 

with a major university associated with the greenway network. This system employs 

natural features such as Boulder Creek and Skunk Creek, and provides greenways that 

penetrate the urban area. The overall form of this greenway network is circuitous with 

some dangling trails, and many internal loops. It is a rich system, with a variety of 

environments traversed by the trails. 
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This system is often noted in gieenway literature. It is known for its aesthetic quality (as 

is all of Boulder), as well as for it's sensitive treatment of Boulder Creek and tributaries 

(the trails often don't follow immediately on the shoulders of the river, but vary in 

proximity to the rivers). This trail system appears both fun and functional, and although 

Boulder experiences inclement weather, this trail system is part of a larger cycling 

network that has one of the highest levels of use of any in North America. 

The Boulder Greenways map presents these different types of trails: paved, multi-use 

trails, unpaved trails, and trail links using streets (City of Boulder Greenways Map Key 

2001). As in Austin, these unpaved trails are counted as greenways and are added into 

the greater calculations as viable options for the recreation/utilitarian user. 

Boulder is one of the rare communities that counts the greenway users and keeps records 

of this information. When solicited for these numbers, a city representative responded 

quickly with counts from the last three years on four key locations within the larger 

system. These numbers are, in part, counts of trail users at specific locations. These 

records are continually kept current. 

The census data for Boulder/ Longmont Co. list the commuter population as; 164,216, 

and cyclists number 4,579. The resulting mode-split is 2.8%. When weighed against the 

other case studies, this mode split is high, which indicates a large number of commuters 

choosing to use cycling network to get to work. 
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However, as noted in my literature review, Stuart Goldsmith listed some use numbers in 

his work Case Study 1. In this paper. Goldsmith lists the mode split for Boulder, 

Colorado, as 7.34%. This is not the number used for this paper's analysis, but it does 

begin to describe the high level of cycling in Boulder as a result, one might assume, of 

their well identified and high profile greenway system. 

The Boulder Greenway network web page is currently listed online (see references). 

Davis, California 

Number of Trails: 

34 (14 
trails, 20 
districts) Distance to Urban Core: 

Total Trail Length: 58.48 nearest: 0.21 mL 
% mode split: 63 farthest: 3.84 mi. 
Use Rank (1-16) 1 Settings Traversed: 

Greenway Connections: 64 % along river or coast: 10.1 
Connections to On-Street 
system: 67 % along park land: 17J4 
Gaps in Network: 14 % in urban context: 72.52 

Total Length of Gaps (mi.): 4.1 
% of system that is a 
shortcut: 15J8 

Trail to Population ratio (l:n) 1774 Date of Reference Map: February 2001 
Population Density within the 
"Bikeshed" (n per sq. mi.) 3609 

Creator of Reference Map: 
City of Davis 

Table 4.4 - Davis Case Study Evaluation 

Davis is the most well known bicycling city in the nation. Davis boasts the most bikes per 

capita of any US city, and estimates that up to 20% of all trips are by bicycle. Davis 

became this way through conscious effort. Davis is a smaller community, with like 

minded residents. In addition to being a smaller community, Davis has the added 



61 

advantage of a strong cycling culture, also a proven asset in greenway planning. 

Davis's bike network is very complex, with urban, neighborhood, and rural trails and 

many grade-separated crossings. 

Davis does not just have off-street greenways and on-street bike lanes, but has been able 

to develop a different type of bicycle trail. Though Davis still calls it a greenway, or bike 

path, it is the sort of fine-grained, micro scale application that seems to result in a high 

percentage of cyclists relative to automobile drivers. For example, Davis employs the 

bike path between neighborhoods. While the front of the house faces the neighborhood 

street, the back of the house conmionly faces a bike path. One might begin to wonder 

which is the front of the house. Thus, Davis employs a small margin of land for bike 

paths that would have otherwise been dedicated to private ownership as a slice of a back 

yard. Though these trails may not be overwhelmingly natural, or based on river systems, 

they do seem quite effective. As is often repeated, most notably by Paul Gobster in his 

Perception and Use of a Metropolitan Greenway System for Recreation (1995), the most 

effective trail networks are based on local trail development, creating trails that will feed 

into larger, arterial trails. This is the case in Davis. 

Davis does have a university, the University of California at Davis. Also, Davis recently 

voted to end school bus service for public schools (k-12), preferring instead to devote 

more funds and energy to the cycling networks that safely transport their children to and 

from school. 
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In addition to neighborhood based trails, Davis has also taken advantage of the available 

public land and natural features. One of the longest greenway trails in Davis is developed 

next to Putah Creek, a curvilinear stream traversing the southeastern portion of Davis and 

the southern portion of the campus of UC Davis. 

Davis is in Yolo County, in the greater Sacramento Metropolitan Area. Bicycle Journey 

to Work data from the 2000 US Census is unavailable for Yolo county, and also for 

Davis, Califomia. Often noted is their figure that 20% of all trips made in Davis are 

made by bike. Occasionally this number is listed as high as 25%, depending on the 

source (SacBAC, online). If we extrapolate the 20% of all trails to be 10% of all 

commuter trips, we would make a conservative estimate, yet this percentage (10%), still 

renders this the most used cycling network in the nation. The method used to derive the 

6.1% mode split figure is drawn from data from the 1990 US Census. The process is 

described in depth in the case study entry for Yakima, Washington. 

Says the Transportation and Parking Services of UC Davis, "Davis has earned its title as 

"Bicycle Capital of the U.S.' because of its high volume of bicycle use, its renowned 

system of bikeways and cyclist friendly facilities, and supportive City and University 

programs." <www.taps.ucdavis.edu>. 

http://www.taps.ucdavis.edu
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Des Moines, Iowa 

Number of Trails; 40 Distance to Urban Core; 
Total Trail Length: 85 nearest; OmL 
% mode split- 0.14% farthest; 15.12 mL 
Use Rank (1-16) 16 Settings Traversed; 
Greenway Connections; 26 % along river or coast: 30J8 
Connections to On-Street 
system: 19 % along park land: 6.5 
Gaps in Network: 16 % in urban context: 62.91 

Total Length of Gaps (mi.); 15.57 
% of system that is a 
shortcut; 27.45 

Trail to Population ratio (1 :n) 5197 Date of Reference Map; November 2000 
Population Density within the 
"Bikeshed" (n per sq. mi.) 1597 

Creator of Reference Map; Dunbar Jones for the Iowa 
Department of Transportation. 

Table 4.5 - Des Moines Case Study Evaluation 

Des Moines does not have many bicycle commuters, which may be a function of the 

greenway locations relative to the urban core, or it could also be a result of the industry 

types of Des Moines. Des Moines is an insurance and financial hub of the Midwest, and 

perhaps those who work in these fields are less likely to commute on a bicycle. 

Although Iowa is noted for having a large amount of rail trails in the state, Des Moines is 

not a particularly noted trail system. The trails in the area seem to facilitate recreation 

use more than utilitarian use. The Des Moines Greenway System is one of the few trails 

systems in the study that is comprised of three different types of greenways: riverside 

trails, urban trails, and rail trails. 
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Des Moines does offer an extensive riverside green way leading into downtown from the 

north. This trail is roughly 19 miles long, and follows the Des Moines river south from 

the Sailorville reservoir. 

The Des Moines Bike Map lists both existing and proposed trails. The proposed trail 

system is ambitious, clearly expressing a positive attitude towards connectivity. 

However, the existing trail system lacks connectivity. It has a great number of miles, but 

the trails often don't relate to one another or connect with one another, and are often in 

discrete districts altogether. 

According to the 2000 US Census, the number of commuters in Des Moines is 236,953. 

Of those, only 343 ride a bicycle to work. Thus, the bicycle commuter population is a 

low 0.14%. 

It should be noted that Des Moines commonly appears in the top echelon of the different 

criteria measured. For example, they have a high T:P Ratio, high mileage total, high 

level of shortcut percentage, high number of connections, and a positive relationship to 

the urban core. In fact, on paper the Des Moines system is very good, even outstanding 

given is geographical location (and associated handicaps, expressed by Indianapolis's 

network and the multitude of cities in the region that entirely lack greenway systems). 

Perhaps Des Moines will continue to develop its good trail system first, then foster a 

cycling culture afterwards. This chronology is the antithesis of "cycling friendly" 
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communities such as Davis and Portland. As will be expounded on later, the presence of 

a cycling "culture" is the most influential cornerstone of a high cycling rate. Perhaps Des 

Moines is a pioneer, for no precedent is known of the success of this chronology. One 

might speculate that only a few years, a few mild winters, and a petroleum crunch are the 

only factors between Des Moines and a strong cycling culture. When, and if, this occurs, 

Des Moines' well-built system will be full of cyclists making the journey to work or 

running errands. 

Eugene, Oregon 

Number of Trails: 46 Distance to Urban Core: 

Total Trail Length: 373 nearest: OmL 
% mode split: 2.65 farthest: 4.84 mi. 
Use Rank (1-16) 3 Settings Traversed; 
Greenway Connections: 25 % along river or coast: 54 

Connections to On-Street 
system: 70 % along park land: 7.65 
Gaps in Network: 5 % in urban context: 38J5 

Total Length of Gaps (mi.): 2.8 
% of system that is a 
shortcut: 22.45 

Trail to Population ratio (I:n) 8658 Date of Reference Map: April 2001 
Population Density within the 

"Bikeshed" (n per sq. mi.) 5876 
Creator of Reference Map: 

Eusene/Sprinefield Bike Map 
Table 4.6 - Eugene Case Study Evaluation 

Bicycling and greenway development have long been a priority in Eugene, Oregon. 

Eugene is one of the five case studies in the Pacific Northwest. Even though this region 

is known to experience high levels of precipitation, the region does support a vibrant and 

healthy cycling community. Says the City of Eugene: "For nearly 30 years, bicycling has 

been important in our community. With the help of energetic bicycling advocates and a 
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supportive City Council, bicycling has become part of Eugene's great lifestyle. Bicycling 

is fun and convenient due to a well-coordinated system of bikeways in Eugene. The 

system includes 28 miles of off-street paths, 78 miles of on-street bicycle lanes, and 5 

bicycle/pedestrian bridges spanning the Willamette River. Eugene's bikeways connect to 

Springfield's bicycle system and to bikeways in metropolitan Lane County." (City of 

Eugene website). 

Most of Eugene's greenway trail development is focused on the Willamette River as it 

passes through town. Both sides of the river are developed with greenways, and the 

southern end of the system sees a large park area threaded throughout with greenways. 

Other greenway trails in Eugene include a few isolated trails and a few strongly 

orthogonal trails. The strong north and south running Juhl Street Beltline Highway has an 

adjacent trail, which meets with a strong east and west running trail associated with 

Roosevelt Boulevard. 

The trail types listed on the Eugene/ Springfield bike map are: paths and wide sidewalks, 

popular bicycling streets, and mountain biking trails. 

Diane Bishop, cycling coordinator for the City of Eugene, notes the Eugene mode split 

for bicycle commutership in 1990 was 6%. She also says that, in the same census, the 

metropolitan Eugene/Springfield mode split was 4.5%. The 2000 US Census lists the 

number of bicycle commuters in the Eugene Metropolitan area as 152,148, and the 
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number of those who cycle to work is listed as 4039. These numbers render Eugene's 

metropolitan area mode split as 2.65%, signiflcantly lower than the aforementioned 6%, 

but significantly higher than many other case studies in this study. (Bishop 2001, 

personal communication). 

Fort Collins, Colorado 

Number of Trails: 24 Distance to Urban Core: 
Total Trail Length: 23.74 nearest: .23 mL 
% mode split: 1.51 farthest: 5.48 mi. 
Use Rank (1-16) 7 Settings Traversed: 
Greenway Connections: 4 % along river or coast: 51.64 

Connections to On-Street 
system: 31 % along park land: 28.64 
Gaps in Network: 10 % in urban context; 18.87 

Total Length of Gaps (mi.): 7.04 
% of system that is a 
shortcut: 21.6 

Trail to Population ratio (l:n) 10593 Date of Reference Map: 
N/A (posted on web page 

updated 2002) 
Population Density within the 
"Bikeshed" (n per sq. mi.) 6213 

Creator of Reference Map: 
City of Fort Collins 

Table 4.7- Fort Collins Case Study Evaluation 

Fort Collins, a city with a population of 251,494, lies about forty miles north of Boulder 

and about forty miles south of Cheyenne, Wyoming. The city marks the northern end of 

a relatively densely urbanized area of the eastern side of the Rocky Mountains, the so 

called "Front Range" that continues south through the Denver metropolitan area. Fort 

Collins is separate from Boulder, and is relatively well defined by mountains to the west, 

and Interstate 25 to the east. Fort Collins is home to Colorado State University, found in 

central Fort Collins. 
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The Fort Collins greenway system has three major trails that provide for cyclists and 

other users. These trails follow rivers and streams, and snow is cleared from these trails 

as a common practice. These trails follow the Spring Creek, La Poudre River, and 

traverse the Cathy Fromme Prairie Natural Area. Expansion of these trails is planned, 

and seems ongoing. Currently the opportunity to cycle long distances along these trails is 

available, and will clearly increase as the trails are expanded. 

This system is not noted particularly often in the greenway literature, but appears to be 

well developed and well used. Perhaps the community of Fort Collins doesn't mind 

keeping their well developed trail system a secret, preferring to allow much of the 

attention in this area fall on Boulder's and Denver's greenway development efforts. 

This trail system lists these types of trails: soft surface path; multi-use path, off -street; 

streets with bike lanes; and designated bike route. The soft surface paths are 

concentrated around the outlying Dixon Reservoir and it's surrounding Pine Ridge 

Natural Area. 

Little specific use information is available, though numerous city officials were 

contacted. The Spring Creek Trail, on the city's bike trails website, is described as "very 

popular". 
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The layout of these trails would suggest that it would be well used, and indeed very 

popular. The trails are long and without interruption, and the city is comprised of other 

components found in a city with a high rate of cycling such as the presence of a major 

university, a high trail to population ratio, a relatively high concentration of development, 

and a population under 300,000. 

Indianapolis, Indiana 

Number of Trails: 11 Distance to Urban Core: 
Total Trail Length: 43.1^ nearest: 0.75 mL 
% mode split: 0.17 farthest: 15.61 mL 
Use Rank (1-16) 15 Settings Traversed: 
Greenway Connections: 3 % along river or coast: 60.15 

Connections to On-Street 
system: 39 % along park land: 9J6 
Gaps in Network: 5 % in urban context: 30.49 

Total Length of Gaps (mi.): 11.47 
% of system that is a 
shortcut: 12J8 

Trail to Population ratio (l:n) 35629 Date of Reference Map: 2000 
Population Density within the 

"Bikeshed" (n per sq. mi.) 3500 
Creator of Reference Map: 

Hoosier Rails to Trails 
Table 4.8- Indianapolis Case Study Evaluation 

Indianapolis is a city of more than 1.5 million people, sprawling over 439 square miles 

(as compared to Fort Collins, with 225,000 people over 40 square miles), and is the 

location of Butler University. 'The Indianapolis Greenways Plan describes the 

community's vision for a regional network of linear open space that connects 

neighborhoods and promotes recreation, fitness, conservation and alternative forms of 

transportation. This network, known as the Indianapolis Greenways System, will benefit 

not only Marion County, but will also help connect the entire central region of Indiana." 
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This is the Hrst paragraph of the Indy Greenway Plan, establishing an ambitious and 

thoughtful approach to greenway development in the sprawling Indianapolis metropolitan 

area (Indy Parks 2000). 

The Indianapolis greenway system is well known and equally well studied. This system 

is so often studied due to its proximity to one of the field's premier scholars, Greg 

Lindsey, of Indiana University Purdue University Indianapolis. Lindsey often explores 

issues such as equity of accessibility and willingness to pay for greenway systems by 

soliciting this system's users for surveys and user counts. The Epply Institute is also 

concerning itself with smarter greenway development, and likewise uses this system for 

study. 

The Indy Greenway System has several different trail types: riverside greenways, rail-

trails, and urban, riverwalk type environments. All of this study and ambition should 

lead to a well connected, highly used greenway system. However, this trail system 

occasionally misses that mark. Lindsey's 1998 paper Use of Urban Greenways: Insights 

from Indianapolis (1998) finds that trail use in Indianapolis (and implicitly other 

greenway networks) is not guided by clearly defined patterns causing use. This paper 

and others he has been involved in (Willingness To Pay For Greenway Trails, 1999) have 

brought the Indianapolis system into the national scope. 
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Pere Marquette Rail Trail - Isabella and Midland Counties, Central Michigan 

Number of Trails: 1 Distance to Urban Core: 

Total Trail Length; 28.88 nearest: 0.71 mL 
% mode split: 0.23 farthest: 12JiiiL 
Use Rank (1-16) 14 Settings Traversed: 
Greenway Connections: 0 % along river or coast: 13.85 

Connections to On-Street 
system: 6 % along park land: 74.03 
Gaps in Network: 0 % in urban context: 12.02 

Total Length of Gaps (mi.): 0 
%of system that  is  a  
shortcut: 11.1 

Trail to Population ratio (l:n) 1731 Date of Reference Map: 1998 
Population Density within the 

"Bikeshed" (n per sq. mi.) 1659 
Creator of Reference Map: Friends of Pere Marquette 

Trail (online) 
Table 4.9 - Pere Marquette Trail Case Study Evaluation 

The Pere Marquette Rail Trail is one of just two rail trail only trails in the case study 

roster. It is comprised on only one trail, which passes through the urban portions of 

Midland City, "less than a mile from the Michigan operations headquarters of the Dow 

Chemical Company, the trail passes through densely wooded riparian areas adjoining the 

Tittabasassee River before terminating in the largely agricultural environment 

surrounding Coleman... [T]he trail also connects with a number of park and recreation 

facilities, historical and natural sites as well as numerous service/retail and light industrial 

businesses, and surrounding rural environments." (Nelson, Charles, et. al. 1997, 1) This 

trail was developed from 1992 to 1995, and "serves a variety of non-motorized activities 

such as walking/running, bicycling, and in-line skating"(ibid). 

This trail is a new trail, and is not often noted in the majority of greenway literature. 

However, two in-depth studies of this trail and it's users have been recently published by 
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Michigan State University. The availability of this use information, in addition to the 

variety of environments the trail traverses are the major reasons for it's inclusion in this 

study, although this trail is only one trail, it can be argued that these trails do constitute a 

"network", in that they interact with an existing road system. 

As previously stated, the US headquarters of the Dow Coming Corporation are in 

Midland, Michigan. This trail enters Midland from the northwest, where it passes 

through outlying suburban areas and rural agricultural areas. One might presume this 

trail is available for use as a commuter route if one desired to live in the country 

northwest of Midland. 

This trail is 22 miles long, and is continually expanding. It is part of a larger network of 

recreation based rail trails in Michigan. 

Hnellas County, Florida 

Number of Trails: 1 Distance to Urban Core: 
Total Trail Length: 34 nearest: 0 mi. 
% mode split: 1.7-1 farthest: 34 mi. 

Use Rank (1-16) 6 Settings Traversed: 

Grcenway Connections: 0 % along river or coast: 27.56 

Connections to On-Street 
system: 29 % along park land: 7.06 
Gaps in Network: 0 % in urban context; 6538 

Total Length of Gaps (mi.): 0 
% of system that is a 
shortcut: 13.24 

Trail to Population ratio (l:n) 25620 Date of Reference Map: Current as of 2002 
Population Density within the 
"Bikeshed" (n per sq. mi.) 2705 

Creator of Reference Map: 
Pinellas County Plannins Dept 

Table 4.10 - Pinellas County Case Study Evaluation 
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This is a 34-mile, highly urbanized, paved multi-use trail. The first five mile segment 

was completed in 1990, and is a railroad right of way conversion to trail, or a rail-trail. 

This trail is the second of two rail-trails presented in this study. It passes through the 

largely urbanized Pinellas County, Florida, on Florida's west coast. The Pinellas Trail 

passes through many urban cores: Tarpon Springs, Palm Harbor, Dunedin, Clearwater 

(with lots of traffic and congestion), and ending in urbanized St. Petersburg. Between 

these urban cores, the trails passes through residential and industrial areas. A 1.5 mile 

stretch near the southern terminus is listed on the Friends of the Pinellas County website 

as the longest uninterrupted stretch of the trail. 

This trail serves a great number of recreational users, but it is uncertain how many of the 

trail's total users are utilitarian users. This is the only trail in the area, and although it 

seems congested and inconvenient for fast paced, uninterrupted cycling, it does seem to 

serve it's commuting public well. This trail is said to carry 90,000 riders a month, which 

results in 1,080,000 users annually (Pinellas County Planning Department web page). 

However, the Rails to Trails organization estimates annual use at 1,200,000. Since the 

trail passes through several downtowns with boutiques and restaurants, it is likely that 

this trail facilitates tourism in this warm, coastal area. 

Although this trail does not allow equestrian use, the Pinellas County Planning 

Department describes the experience like this: "outdoor enthusiasts can enjoy deep glades 

of ancient live oaks trailing Spanish moss, quiet waterways and tidal streams with all 
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varieties of land and water birds... The Trail is a priceless haven in a busy, highly 

urbanized environment, where Trail-goers safely breeze along. The construction of eight 

overpasses allow Trail-goers to travel above traffic at busy intersections" (ibid). 

The 2000 US Census lists the commuter population of this county as 417,944, while 

those who commute to work on their bikes are numbered at 7279. The resulting mode 

split, a relatively high one, is 1.74%. 

Portland, Oregon 

Number of Trails: 19 Distance to Urban Core; 
Total Trail Length; 112.6 nearest; 0 ml. 
% mode split: 2.25 farthest: 16.71 mi. 
Use Rank (1-16) Settings Traversed; 

Greenway Connections: 5 % along river or coast: 68.0 

Connections to On-Street 
system: 35 % along park land: 8.9 
Gaps in Network; 8 % in urban context: 23.1 

Total Length of Gaps (mi.): 18.16 
% of system that is a 
shortcut: 0 

Trail to Population ratio (l:n) 18186 Date of Reference Map: Current as of 2002 

Population Density within the 
"Bikeshed" (n per sq. mi.) 2060 

Creator of Reference Map: Metro Regional Services: 
Metro Open Space, Paries, and 
Trails Regional Target Areas. 

Table 4.11 - Portland Case Study Eva 'uation 

The Metropolitan Greenspaces Masterplan, a greenway masterplan serving this major 

Pacific Northwest city, is an ambitious and so far successful greenway masterplan. The 

odds would seem to be against Portland, a metropolitan community of about 1,800,000 

residents, since most successful and bike friendly communities are small cities. 

However, this plan, based on the Olmsted brother's 1903 40-Mile Loop plan but now 
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spanning over a planned 140 niiles, serves Portland well, making it Bicycling Magazine's 

#1 bike friendly big city for 1995. The Olmsted Brothers, in their 1903 report, 

commented that, "A connected system of parks and parkways is manifestly far more 

complete and useful than a series of isolated parks" (Little 1990,77). 

The system is based, in part, on the passage of the Willamette Jliver through Portland. 

However, the trail does also take advantage of several different road rights of way to 

augment the network, providing for three strong north to south corridors. In addition to 

the Willamette, the greenway system takes advantage of the Columbia EUver and other 

tributary rivers in the area, sttinging greenways along Johnson and Fanno Creeks, and the 

Clackamas River. The trails pass through urban and suburban Portland, even crossing 

into Vancouver, Washington, the neighboring city to the north. These trails also allow 

for the opportunity to ride from downtown Portland into rural Oregon. 

The once polluted and forgotten Willamette River Corridor was declared a greenway by 

the Oregon State Legislature in 1967. This greenway system is highly recognized and 

discussed in greenway literature, likely because the greenway passes through the 

downtown riverfront park, and is highly visible to Portland residents and visitors alike. 

This downtown riverpark was featured on the cover of Landscape Architecture Magazine, 

September 2001. The downtown riverfront park occupies space originally earmarked for 

the development of an Interstate highway. 
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In actuality, the 140 mile loop is not yet closed, but the entire system is comprised of 

many smaller loops, with spurs and connections. This trail system appears to be a good 

model for other large cities, employing high profile areas to boost civic pride in the 

greenway, and providing long spans of greenway that stretch out from the urban core into 

the less densely developed areas of the city. 

Although this system appears sound and positive, does it truly inspire greater levels of 

use, especially regarding utilitarian use or commuter use? In a study released by The 

City of Vancouver, Portland's level of cycling was listed as 2%, equal to that of Seattle 

and Vancouver. (City of Vancouver 1999,26). However, the US Census 2000 lists 

Portland's commuter population as 265,496, and the number of those who chose to cycle 

to work is given as 5978, creating a mode split of 2.25%. The commuter population 

seems small for a metropolitan area of over 1.8 million residents, and that is because only 

census information for the City of Portland was employed, not population information for 

the entire metropolitan area. Since the metro area data is unavailable, we can extrapolate 

the city data to the metro region, given the level of greenway network coverage 

throughout the metropolitan region. 

2.25% is the third highest percentage of trail use in the case study roster, behind only 

Boulder at 2.79%, and Eugene at 2.65% 
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Raleigh, North Carolina: Capitol Area Greenway Network 

Number of Trails: 19 Distance to Urban Core: 
Total Trail Length; 112.6 nearest: OmL 
% mode split: 2JS farthest: 16.71 mL 
Use Rank (1-16) 4 Settings Traversed: 

Greenway Connections: 5 % along river or coast: 68.0 

Connections to On-Street 
system: 35 % along park land: 8.9 
Gaps in Network: 8 % in urban context: 23.1 

Total Length of Gaps (mi.): 18.16 
% of system that is a 
shortcut: 0 

Trail to Population ratio (l:n) 18186 Date of Reference Map: Current as of 2002 

Population Density within the 
"Bikeshed" (n per sq. mi.) 3367 

Creator of Reference Map: Metro Regional Services: 
Metro Open Space, Paries, and 
Trails Regional Target Areas. 

Table 4.12 - Raleigh Case Study Evaluation 

The Capitol Area Greenway network is one of the most famous greenway networks in the 

country. William Floumoy is credited with the innovation of a regional scale greenway 

network when he wrote his masters thesis on the subject in 1970. In his Landscape 

Architecture masters thesis, Floumey proposed the whole city to be linked with 

greenways. Now, though, over 30 years after Floumey's visionary plan, the network's 

trails system is still comprised of isolated, disconnected fragments. 

Many books and journals in greenway literature will tell the storied tale of Floumey 

versus Convention, and how he stayed on with the Raleigh Planning Department to make 

a career of seeing his good work complete. Many books also ballyhoo this system as a 

great accomplishment, nearly a finished work, but it is neither. Though the trail system 

remains fragmentary and geared toward the recreational user, a comprehensive natural 

easement system does exist, which does provide important ecological functions. 
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The City of Raleigh, North Carolina is one of the three cities in the Research Triangle 

area of the highly populated Raleigh, Durham, Chapel Hill area of North Carolina. 

Raleigh itself has a street system based entirely upon alignment with natural features. 

Most cities in the US and Canada are based on a grid. The Land Survey of 1785, issued 

by Thomas Jefferson, sent surveyors west to parcel up the land into an orthogonal grid. 

Apparently Raleigh was well established by then, because it's entire street system is 

serpentine. This formation applies also to the greenway system. When a curvilinear 

greenway may seem a great foil to the grid layout of a western city, a curvilinear 

greenway system is less outstanding and obvious in Raleigh. Although the paved, multi-

use trail portions of the greenway are isolated, it bears mentioning that most of the rivers 

and stream corridors in Raleigh are noted as "greenways" in the ecological easement 

sense. 

The greenway system has an important connection near downtown Raleigh, and it does 

interface with the downtown. On the metropolitan scale, however, the trails are sporadic 

and isolated. The trails that exist would indubitably prove enjoyable to ride, offering 

naturalistic, meandering journeys through some beautiful country. 

The US Census 2000 lists the commuting population of Raleigh, North Carolina as 

154,631, and the number of those who ride a bike to work are 527. The resulting mode 

split is 0.34%, which is not far off the mark from Goldsmith's 1992 number of 0.45%. 
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This indicates that not many people ride bicycles to work, and perhaps the greenway 

system isn't serving that need very well. 

Seattle, Washington 

Number of Trails: 25 Distance to Urban Core: 

Total Trail Length: 80.16 nearest- 0.55 mL 
% mode split: 1.23 farthest: 14.1 mi. 
Use Rank (1-16) Settings Traversed: 
Greenway Connections: 8 % along river or coast: 25.8 

Connections to On-Street 
system: 29 % along park land: 17.4 
Gaps in Network: 8 % in urban context: 56.8 

Total Length of Gaps (mi.): 5.9 
% of system that is a 
shortcut: 15.45 

Trail to Population ratio (l:n) 29128 Date of Reference Map: November 2000 
Population E)ensity within the 

"Bikeshed" (n per sq. mi.) 7166 
Creator of Reference Map: King County Bicycling 

Guidemap, 2*' Ed. 
Table 4.13 - Seattle Case Study Evaluation 

Seattle is home to one of the greenway movement's most famous urban trails, the Burke 

Oilman Trail, a rail trail that traverses suburban Seattle and the University of 

Washington. This trail, once isolated, now connects to another trail, the Sammamish 

River Trail. Together, these trails form the spine of a larger network of paved and soft 

surface paths that thread through urban Seattle and it's surrounding boroughs. 

This network also grounds one end of the larger Mountains to Sound Greenway, a large 

scale greenway project that emphasizes the ecological diversity in the different 

environments traversed in the "approximately 100 miles" (Dramstad, Olsen, and Forman 

1996, 58) from the mountains to the Pacific Ocean. Though this overlay is extant, it 

provides little of the framework of this path network. 
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This trail system is forced to deal with the largely amorphous forms of Seattle's 

peninsulas and inland lakes. On the whole, this trail system strives to circumnavigate 

Lake Washington, in the process providing over 50 miles of urban pathways upon which 

one may ride from Redmond, on the east side of Lake Washington, to the campus of the 

University of Washington, on the western side of Lake Washington. In between, the 

rider will encounter a variety of environments, from residential, industrial, and 

occasionally conmiercial. Since the focus of the development of the trails has been upon 

achieving a specific goal of circling the lake, little other trail building has occurred. 

Where Portland's trail system appears like a tic-tac-toe grid, Seattle appears more like a 

doughnut. Some gaps exist in this network, but Seattle has a history of filling in the gaps. 

From 1990 to 1995 the northern terminuses of the Burke Oilman Trail and the 

Sammamish River Trail were joined across a three mile bike trail gap. During this time 

frame, the metropolitan population increased ten percent, but the number of people using 

the Burke Oilman Trail increased by 65%. (Puget Sound Trends). This information 

encourages the belief that the rest of the gaps in this network are soon to be filled in. 
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Vancouver, British Columbia 

Number of Trails: 8 Distance to Urban Core: 

Total Trail Length: 77.42 nearest: OmL 
% mode split: 2.0 farthest: 13 mL 
Use Rank (1-16) 5 Settings Traversed: 
Greenway Connections: 4 % along river or coast: 52.9 

Connections to On-Street 
system: 51 % along park land: 5J 
Gaps in Network: 7 % in urban context: 41.8 

Total Length of Gaps (mi.): 13.53 
%of system that is a 
shortcut: 14.29 

Trail to Population ratio (l:n) 23659 Date of Reference Map: Current as of 2002 
Population Density within the 

"Bikeshed" (n per sq. mi.) 8641 
Creator of Reference Map: City of Vancouver 

Transportation Engineering 
Table 4.14 - Vancouver Case Study, Evaluation 

Vancouver is a well populated, dense city. It is known for it's cleanliness and livability, 

and has more high-rise apartments in its downtown than the customary densities seen in 

cities of comparable size in the United States. Although Vancouver's population is less 

than two million, the density of people and apartments make it feel like a larger city. 

Vancouver is in a position to promote cycling as transportation, and the population seems 

willing to listen. Vancouver has responded by providing three primary types of cycling 

routes: greenways, bikeways, and bike lanes. The second of these, bikeways, is an 

innovative use of space that is somewhere between recreational greenway and back alley. 

Bikeways are placed in a city's marginal space, but allow a cyclist to traverse the city 

with less interruptions and less interaction with automobiles than if they were to use the 

street system. Bikeways are placed below raised mass transit trains, along power 

easements, and in other unused, forgotten space. This bikeway effort combines with a 

cycle-wise conscience, and provides the framework for Vancouver's cycling network. 
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In addition to Vancouver's urban bikeways, Vancouver is also home to a long, scenic 

greenway that circles Stanley Park. This greenway is the quintessential urban greenway. 

One side is bound by Vancouver's sea wall and the Pacific ocean beyond, and the other 

side is bound by Stanley Park, a large urban park over 100 years old. Though this trail 

provided the rider with a rich aesthetic and natural experience, the trail is circuitous and 

inefficient. 

Between Vancouver's urban bikeways and meandering greenways, a tourist or resident 

will likely find the type of trail to suit their needs. Indeed, it seems that the population of 

Vancouver does find these trails' scenic quality and high connectivity suitable, for 

Vancouver has a high commuter rate. 2% of commuting Vancouverites chose to bike to 

work. This rate is in league with rates from Boulder, Eugene, and Portland. 

Vancouver has, in the last ten years, increased information and committee building in 

regards to greenway development. They prioritize connectivity and ease of use. Their 

lofty goals are nicely sunmied up in this quote from the City of Vancouver's Greenways 

web page, "When the network is complete, a City Greenway or Public Way will be no 

more than a 25-minute walk or a 10-minute bicycle ride from every residence in 

Vancouver" (City of Vancouver 1999, 1). 
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Washington, DC. 

Number of Trails: 104 Distance to Urban Core: 

Total Trail Length: 173.94 nearest: OmL 
% mode split: 1.42 farthest: 12.65 mL 
Use Rank (1-16) 8 Settings Traversed: 
Greenway Connections: 45 % along river or coast: 27J 

Connections to On-Street 
system: 87 % along park land: 40.5 
Gaps in Network: 18 % in urban context: 32J 

Total Length of Gaps (mi.): 16.28 
% of system that is a 
shortcut: 9.4 

Trail to Population ratio (l:n) 7381 Date of Reference Map: 1998 

Population Density within the 
"Bikeshed" (n per sq. mi.) 3868 

Creator of Reference Map: Alexandria Drafting Company. 
"Washington DC Regional Bike 

Map, 5** Ed." 
Table 4.15 - Washington Case Study Evaluation 

Washington, DC. is known for it's provision of parkland and public space. This attitude 

also proves true for it's greenway network. Rock Creek Park Trail and the Mt. Vernon 

Trail are two of the more well known trails in this system. This system is not comprised 

of only two long trails, though. With almost two hundred miles of trails, this system has 

the most number of trails and the most trail mileage of any of the sixteen case studies. 

The metropolitan area measured is comprised of Washington, DC. proper, and 

surrounding areas of Maryland and Virginia. 

This system is notable also for the amount of buffer given the trail. While most 

greenways have the slightest width of "green" in their right of way, the trails in DC range 

from the slight sliver of green to the wide, spacious swath of green, as seen in Rock 

Creek Park Trail. 
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The road system in this area is curious. Washington, DC. is delimited by a very strict, 

orthogonal edge on three sides, and the fourth side is bounded by the Potomac River. 

The streets within this boundary are exclusively developed in a grid pattern, with radial 

axes cut through the grid. Just outside of this political boundary, all the streets are 

organically arranged, having very little grid-like organization. Since many of the trails in 

this area are developed along rivers, the amount of shortcuts would be much greater if the 

street system were entirely arranged in a grid. As it is, the amount of shortcutting in this 

system is slight, owing much to the fact that, outside of DC, the roads and the trails 

follow the same topography and natural features. 

The trail system in this area is quite visible and well known. It is built in a densely urban 

area, and this system is known as a jumping off point to trails that reach forty and fifty 

miles away. 

Another reason this system has such a great number of trails is that this is the National 

Capitol, and many streets in the downtown area that would otherwise be given only 

"parkway" status attempt to give as much accessibility to the nation's citizens by 

providing for cycling and greenway recreation, as well. Many of these greenways lie 

near downtown, and the National Mall is even bounded by greenways. 

Overall, this is a well developed and well used system. It can serve as a model for other 

communities in their efforts at developing greenway networks. 
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Washington, DC. has a mode split of 1.42%. However, Washington, DC has a very 

effective and efficient rail transit system. Most conunuters prefer this system, which may 

contribute to the proportionately low cycling commutership for a community with such a 

rich system. 

Yakima, Washington 

Number of Trails: 1 Distance to Urban Core: 

Total Trail Length; 9 nearest: 2.0 mi. 
% mode split: 0^6 farthest: 5.9 mi. 
Use Rank (1-16) 11 Settings Traversed: 
Greenway Connections: 0 % along river or coast: 100 
Connections to On-Street 
system: 5 % along park land: 0 
Gaps in Network: 1 % in urban context: 0 

Total Length of Gaps (mi.): 0J2 
% of system that is a 
shortcut: 0 

Trail to Population ratio (l:n) 24731 Date of Reference Map: current 
Population Density within the 

"Bikeshed" (n per sq. mi.) 2734 
Creator of Reference Map: Yakima River Greenway 

Foundation 
Table 4.16 - Yakima Case Study Evaluation 

The Yakima River Greenway is known primarily for it's recreational benefits and for the 

grassroots efforts made by Yakima citizens. The citizens and officials, after dead ending 

in the public, political realm, formed the Yakima River Regional Greenway Foundation. 

This foundation was created to enact a greenway masterplan prepared in the mid 1970's 

by the Seattle based firm Jones and Jones. As part of their fundraising efforts the Yakima 

River Regional Greenway Foundation invented and host the "Gap to Gap Relay", a 

grueling 40 mile relay race that Charles Little calls, "as joyous a civic enterprise as any in 

the state of Washington" (Little 1990,149). 
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The Yakima River Greenway is a nine mile long, riverside greenway. The Yakima Jliver 

does not pass through the heart of Yakima, and therefore this trail does not avail itself for 

use as a commuter route if the conmiuter needs to travel to the downtown area. Also, 

Yakima has had to fight tooth and nail to secure what greenway miles already exist, and 

have not been able to expand their greenway network into town or around town, making a 

fuller, richer network. The greenway seems popular, and is highly noted and highly 

regarded, but it's real function is a recreational destination away from the heart of 

Yakima. One can travel north and south on the greenway, nine miles each way, from 

Selah Gap to Union Gap and back again along a beautiful urban river that runs briskly, 

and still not get anywhere. 

A Yakima city planner, in a telephone interview with the author, suggested the bicycle 

mode split for Yakima was under 1%. This was an estimate based on her personal 

observation. The commuter percentage used in this study was arrived at by employing an 

estimation method developed and used in this case study, as well as in Davis, Califomia, 

and Fort Collins, Colorado. The method uses the 1990 census numbers recorded for 

Journey to Work information. The 1990 Census does not list explicitly the "bicycle to 

work" numbers, giving only a category of "other means" of transportation to work. This 

"other means" category was divided by three to arrive at a rate similar, and in league 

with, the other mode split numbers explicitly named "bicycle to work" in the 2000 

Census. This method was cross checked against the other Case Studies, and proved 

accurate. 
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Summary of Case Study Results 

After performing the analysis described in the Methods chapter, data was deduced that 

began to answer some of the questions that guided the exploration. The data presented 

itself in two distinct patterns, and required both descriptive and statistical analysis. Since 

the data is numeric, the statistical analysis was enlightening, and the descriptive 

evaluation is also supportive for recognizing greenway similarities and differences. 

Descriptive Results 

A variety of factors contribute to a city's cycling. Size and intimacy of the city likely 

play a role. Also demonstrated as important (Goldsmith, Moritz), is the presence of a 

large university, as was dramatically demonstrated in the top three cycling cities in the 

case study list: Davis, CA., Boulder, CO., and Eugene, OR. Climate and topography also 

likely effect ridership, though this relationship has not been proven definitively (Nelson 

and Allen 1997, 80, citing Goldsmith). 

Other factors were speculated to influence ridership and use of greenway trails, and these 

other factors were the focus of the research. These factors were: relationship of trail to 

natural features, Greenway intersections, connections to on-street bicycling network, 

presence of shortcuts, the different length divisions that constitute an entire network, the 

distances of the network to the urban core, the presence of gaps in the network, and the 

trail to population ratio. 
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Relationship to Natural Features 

The general positive attitude towards nature, as demonstrated by urban parks and urban 

gardens, lead to the hypothesis that a greenway's proximity to natural features such as 

rivers and paridand will have a positive effect on ridership. It bears noting that a 

greenway trail is assumed to have some relationship with nature, a relationship that is 

reflected in the very name "greenway". Different degrees of this relationship do exist, 

though. A greenway that follows a rivercourse might offer the rider a short reprieve from 

urban chaos. If so, do more people ride bicycles in cities that have a greenway network 

strongly related to common natural features? 

In absence of available data for statistical analysis, no defmite relationship was evident. 

Four of the top five cities had more than 50% of their trail system in direct proximity to a 

river or coastline. However, utilitarian and conrmiuter users typically have efficiency in 

mind, and a trail that follows a natural feature likely exhibits a circuitous and meandering 

habit, such that, as the proportion of trail near a natural feature increases, efficiency of 

route decreases. However, a direct relationship between location and recreational use can 

be established, an example of which is Yakima Washington's "Gap to Gap" relay, a race 

profiled in Little's "Greenways for America" (1990). 

This attitude was continued in the examination of a trail system's relationship to natural 

features, this time measuring the relationship to parkland. In this case parkland is defined 

as golf courses, urban parks, rural areas. Examination of these factors yields no 
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discemable patterns. Some conmiunities base their trail system solely on river courses 

and floodplain real-estate. Other conmiunities base their system on the more urbanized 

areas. 

Truly telling was the result of statistical analysis of this factor. Not one of these three 

conditions: river/coastal, parkland, or urban, rendered a statistically significant pattern. 

This is interesting and noteworthy. In beginning this study it was hypothesized that the 

trails' locations would dictate its level of use. This assumption has not borne out under 

scrutiny, and it has become more apparent that each system is distinct from one another, 

and universal conditions cannot be applied. 

Efficiency of Travel on a Green way System 

A few different factors can be viewed to positively effect efficiency on a greenway 

network, such as greenway connections, shortcuts, presence or absence of gaps. These 

factors contribute to the ease in which a greenway network can be used for a purpose not 

explicitly related to recreation. Many shortcuts and connections, and few gaps might lead 

to greater use of the system for commuting. 

Connections 

When a distinct greenway trail intersects another distinct trail (each of at least 0.25 mi. 

length), a connection is made and can be measured. These connections are like the nodes 

in a net. The more nodes a net has, the fuller the net. 
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The top ranking city in the list, Davis, does indeed have the most number of connections 

(64). The next highest number (45) is provided by Washington DC, the 8"* ranked city in 

my list. The next three highest number of connections, (28,25,24) are provided by Des 

Moines, Eugene, and Boulder, respectively. The three highest ranking cities in this 

category show up in the top five number of connections. Interestingly, Des Moines, the 

city that ranked last in cycling commuting percentage, shows up on the top five in this 

category. For more on the relationship, see "Des Moines" Case Study entry. 

Since some of the trail networks in the study have only one trail, they have no 

connections. Indeed, three case study examples are so. The next trail with the least 

amount of connections is Indianapolis, with 3. Even though Indianapolis has over 43 

miles of trails, they also have the highest trail to population ratio in the study (35,629 

people per trail mile). In fact, the five highest cities in this category all have T:P ratios 

(Trail to Population ratio - see "criteria") under 10,000. A relationship seems to manifest 

between trail development, connections, and existing trails. Indianapolis's system is a 

net stretched too thin, it is not useful. It's use ranking will corroborate this suggestion, 

since it is ranked 15"' of the 16 cites studied, barely edging another Midwestern location, 

Des Moines, by 0.03% mode split share. 

Shortcuts. 

Richard W. Mayer speculates in his work Bicycle Planning and Design (1978,15), that a 

decrease in the presence of barriers will increase cycling use. Barriers are a major 
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deterrent to cycling efficiency, and Mayer says that, "to maximize opportunities for 

bicycling in urban areas, barriers to continuous travel need to be removed or 

circumvented." (Ibid.). Also, Replogle & Parcells' Case Study No. 9 (1992) comments 

that, "a very effective strategy for promoting walking and cycling is the provision of 

shortcuts for pedestrians and cyclists to overcome network barriers" (77). Due to the 

nature of greenways and their intimate relationship with a city's infrastructure of natural 

features, greenways trails can either provide inefficient, indirect routes, or they may cut 

across a city's grid or other established street system and provide a more direct route of 

travel. Most greenway systems provide some fraction of their entire system towards 

shortcuts, and this work seeks to study if the greater this proportion of shortcuts to trail 

system, the more use it will receive. 

The highest percentage of shortcuts is 27.45%, in Des Moines, the least used system in 

the case study roster. Des Moines relies heavily upon a long river trail spine with some 

auxiliary rail trail contributions. The City of Des Moines is developed in the traditional 

grid system, commonly found in most communities west of the Mississippi River in 

North America. The Des Moines river runs diagonally through town, meaning that 

virtually any length of the river trail will be a shortcut, compared with the street system's 

orthogonal organization. 

The three other communities with a shortcut percentage greater than 20% are Boulder, 

Eugene, and Fort Collins. (22.6%, 22.45%, 21.6%, respectively). Austin, Portland, and 
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Yakima all have a shortcut percentage of 0. These communities rank 12,4, and 11, 

respectively. 

No clear trend manifests itself, but if we eliminate the highest and lowest use conmiunity, 

by rank (Davis and Des Moines), the remaining communities shortcut percentages, in 

rank order, are 22.6,22.45,0,14.29,13.24,21.6,9.4, 15.45,3.67,0,0, 8.53,11.1, and 

12.28. A tenuous trend may be found in the previous numbers, as it does seem that more 

used trails have more shortcuts. 

The statistical analysis does not provide a statistically significant result. The r value (.38) 

is nearly a signiflcant value, and is much higher than many of the other statistical 

correlations tested. However, due to a small sample size, and the nebulous quality of this 

factor, this relationship cannot be statistically supported. 

Gaps 

Gaps result from insurmountable natural or political barriers, different jurisdictions in 

which the trail system lies, poor network vision, or lack of funding for acquisition of 

easements. A system typically begins life with one trail, which has no gaps. As more 

trails are added, gaps quickly result if care is not taken to prevent them. The presence of 

gaps in a greenway network is a reality. Only an entirely enclosed system will have no 

gaps, but this type of system does not exist, and appears unlikely. Similar to the previous 
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discussion on shortcuts, it seems that removal of barriers is a high priority in the 

establishment of a greater cycling population. 

This category is a double edged sword. A higher number of gaps signals a poorly 

connected network, but a network may have few gaps, and with the development of only 

one or a few trails will see a dramatic increase in gap number. In some respects, this 

category favors less trail development. Indeed, the shortest trail in my list, Yakima, has 0 

gaps. In Tucson, a 5 mile gap is what prevents two existing trails, 6 and 5 miles in 

length, from being one 16 mile trail able to reach downtown from the suburbs built in the 

foothills districts. 

The statistical analysis proved to be non-significant. The r value (.04) demonstrates the 

vast variety of conditions that exist among all the greenway systems in the study. 

Interestingly, a very strong auxiliary correlation was proved in the statistical analysis, that 

is the relationship between the number of a systems trails and the number of that system's 

gaps. This trail number to gap number was statistically significant with an r value (.76) 

demonstrating a strong positive relationship. Also statistically significant, with a greater 

value of reliability, is the relationship between gap length and total trail length. This 

relationship yielded an r value of .82. 

These last two correlations show, with little doubt, that as trail number and trail length 

increase, so too does the amount and length of gaps. Gaps are inevitable, and studying 
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them is an exercise in studying the trails that do not exist, rather than the trails that do 

exist. Trail users will use only the trails that exist, and to tie a use figure to the presence 

of gaps seems to rely too greatly on intangible estimation of latent demand. 

The previous analysis leads to this recommendation; keep the number of gaps at or 

below half the number of trails. (G < TN). This ratio can make trail administrators 

consider linking new trails to the existing system and not building isolated trails. 

Trail Length Divisions 

A greenway trail network is constituted of a few or many different trails, each of their 

own length and character. The relationship between the proximity of a trail to it's natural 

features has been discussed, and now the study will focus on the relationship between the 

length divisions of a trail system. If the system has a preponderance of short trails, is it 

less useful than a system with all long trails? 

After dividing the systems into four categories, 0-2 mi., 2-5 mi., 5-10 mi., and <10 mi., a 

vague relationship was deduced between the makeup of the length of the trails system 

and the potential usability of that system, though the relationship has yet to be 

definitively proven. Though it may seem obvious, a definite relationship manifests 

between this category and the size of the city. Smaller cities will have a greater portion 

of their systems comprised by shorter trails. Also, disconnected trails will tend toward 

the short side, as trails that become connected grow in length. 
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This paper's conclusion is to develop trails that are less than five niiles in length. Two 

five mile trails that connect to the rest of the system are more valuable than one long ten-

mile trail that is isolated. 75% of the trail system should be developed with trails less 

than five miles long. 25% of the trails system can be developed with trails longer than 

five miles long. The guideline applies to the initial application of trails, since, as 

mentioned, trails will grow in length as they are developed. 

Relationship to the City's Matrix 

Distance to Urban Core 

Is the trail system available for different types of use? If the system's trails are housed 

only in the outlying portion of the city, it is likely only to be used for recreation by the 

people who live near the trail. If the trail penetrates the urban core, it is then more likely 

that this trail will play a role m the city's conmiuting by bicycle. 

If the 16 case study sites are divided in half after ranking them from high to low by use 

rank, an interesting trend occurs. The cities with higher cycling rates have greenway 

trails that almost universally reach the urban core. Two of the top eight do not reach 

downtown, as is seen in Davis (0.21 from urban core), and Fort Collins (0.23 mi. from 

urban core). It is highly likely in both of these communities that the downtown street 

system encourages cycling, and a greenway trail connection to downtown is not 

necessary to make the downtown available to cyclists. Also, both of these cities have a 
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major university in town, and it could be argued that access to the university is more 

important than access to the downtown. 

The other half of the group have a different approach to reaching the urban core. While 

one of these eight systems does reach the urban core (Des Moines), the other seven do 

not. The average distance from the urban core is 0.69 mi. It might be argued here, too, 

that the downtowns of these cities foster a cycling friendly environment, and greenway 

trails are less necessary closer to downtown, but with cities in this group like Indianapolis 

and Austin (cities with little cycling culture), this supposition seems unlikely. 

A secondary relationship is worth discussing, that is the relationship between the distance 

to urban core, the farthest reach of a trail system, and the size of the city. The farthest 

reach of a city's greenway system to the urban core is a measure of the potential, barring 

any accounting of gaps or barriers, of that trail to be used to reach downtown from out of 

town. Values in this category range from 3.8 mi. (Davis) to 34 mi. (Pinellas Co.). The 

previously discussed top eight cities have an average value of 11.8 mi. from the 

downtown core. The bottom eight have a value of 10.89 mi. By itself this value doesn't 

indicate a dramatic relationship. The secondary relationship in this category is that 

between the city's size and the farthest reaches of the city. The relationship is derived 

through a moderately complicated series of calculations. This value is arrived at by 

calculating ratio between the city's longest reach and the city's area. (Farthest reach is 

X% of Sq. Mi. Area). The smaller cities (Boulder, Davis, Eugene, Fort Collins) have a 
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dramatically greater percentage in this calculation. Boulder has a 14% correlation. Davis 

has 23%. Eugene has a correlation of 8.8%, and Fort Collins 13.7%. The larger cities 

have dramatically smaller values, with Portland (the city with the largest area, 896 sq. 

mi.) having the smallest value, 1.9%. A larger city is at a disadvantage in this category, 

and this series of calculations begins to explain why smaller cities typically enjoy a 

higher cycling percentage. In a small city, even a short trail makes a dramatic impact on 

potential cycling routes and choices, but a big city has to develop many trails to give the 

population the equivalent level of access. 

Connections to the Existing On-Street Cycling System. 

The street systems that exist in every conmiunity do not exclude bicyclists. Many 

bicyclists firmly believe that the on-street system is the best method to develop and 

encourage bicycling use in cities. A greenway system can provide another layer of 

opportunity and selection over the existing on-street system, and the two layers can be 

expected to work together and support one another. An example of this support is the 

amount of access or connections made between the two different systems. A greenway 

trail that parallels a busy street but does not connect to it does not fulfill its function 

entirely in terms of moving people. One could speculate that the greater number of these 

connections, the greater that use will be. 
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Fig. 4.5: On-Street Connections afld Use Rank Correlation 

The above is the relationship that nd^nifested. Charted are the amount of connections 

against the Use Rank, and no clear relationship manifested. The fmding that would have 

supported the theory is a straight lii»e from top left to bottom right. 

No significant statistical correlation was shown for this relationship. Statistics cannot 

support this concept, therefore only speculation can be made, that greater on-street 

connections could signal greater trail "se. As a cyclist becomes accustomed to their 

cycling environs, they may find opportunities to leave the current route system and 

engage a new system. 
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Trail to Population Ratio 

The Trail to Population Ratio (T:P t^atio) is the population of a metropolitan area 

measured against the trails that cov^r the area. Washington DC is a good example. The 
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polygon that forms the boundary of DC is only 20% of the area presented by 

metropolitan scale bicycle maps. The entire region offers more opportunity for longer 

trails and greater coverage in outlying areas. 

The Trail to Population Ratio will indicate how much prominence is given to a trail 

system by the community. The lower the ratio, the fewer number of people per trail mile. 

The National Recreation and Park Association long ago wrote reconunendations stating 

that a desirable ratio S trail miles per iOOOO residents for this category, however, they 

have gotten away from that reconmiendation in later editions, preferring not to present a 

universal figure for the development of individual systems. (Mertes and Hall 1995,51). 

Other scholars working in this category are Nelson and Allen, who present this figure as 

BMP (number of bicycle pathway miles per 100000 residents in 1992). Nelson and Allen 

do present the BMP figure as a contributor to greater cycling, even going as far as 

assigning a coefficient of use to the BMP. They conclude that "The coefficient suggests 

that each mile of bikeway per 100,000 residents is associated with a .075 percent increase 

in commuters using bicycles"(Nelson and Allen 1997, 80). 

It does seem to hold out that the smaller the ratio, the greater the use, perhaps because a 

system that has fewer people per square mile will have greater ease and accessibility to a 

community, or may be less crowded by recreational users, or maybe perhaps the trail is 

lesser known to a community with a higher T:P ratio. As will be discussed later, this 

study suggests a T;P ratio of 1:10000. A ratio is universally applicable, and requires the 
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mileage of trail to increase as fast as population. However, systems exist, such as 

Portland, Seattle, and Vancouver that have a high T;P ratio but are still renown for their 

greenway systems and cycling population. This recommendation is based on the data, 

presented above, and the literature review. 

Geography 

Eight of the top ten of the case studies are in the West: California, Colorado, Oregon, 

British Columbia, New Mexico. The three that ranked last are from the Midwest: Iowa, 

Indiana, and Michigan. In addressing culture, (following) many of the examples of cities 

with strong cycling culture are in the West: Portland, Seattle, Vancouver, Davis. Some 

cities on the Eastern quarter of the continent also foster strong cycling cultures, like 

Washington DC. The western portion of North America typically has a "milder" climate, 

relating not to precipitation as much as to frigid winter conditions. The Midwest and East 

coast are known for pleasant summers and autumns, but weather conditions in these 

locations can be unpredictable in the spring and winter, a environmental factor that may 

lead to a decreased cycling culture. 

Other factors confounding this measure might be the well established and well used 

transit systems common on the East Coast, the nature of the road systems, or even the 

accepted business attire, which seems to vary on a gradient of casualty from East to West. 
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Culture 

A city's cycling culture cannot be overstated. A cycling culture can overcome adverse 

weather, incomplete networks, and a host of other issues that would set back a 

community with no cycling culture. Portland and Des Moines make great examples of 

this dichotomy. On paper, the Des Moines system appears rich and well established. Des 

Moines' trails comprise the third longest system of the case study roster, next to Portland 

and Washington DC. Des Moines also has a low T:P ratio, at 1:5197, it nearly doubles 

the paper's recommendation of 1:10000. The Des Moines bases 30% of its network on a 

river, and although the trail overall lacks a cohesive organization, this system does lead 

the entire case study roster in short-cut percentage. Although well outfitted on paper, this 

conmiunity has a mode split of just .14%, and seems to lack a cycling culture. 

On the contrary, Portland, Oregon, enjoys a high percentage of bicycle commuters and a 

strong reputation for cycling friendliness. Portland had the 4"* highest use rank, even 

though it has the largest metropolitan area. Portland was also listed by Bicycling 

Magazine as the Number One Bicycling Friendly City in the large city category in 1995. 

On paper, Portland looks like it doesn't provide much for the city's cyclists. Although 

112.6 mi. of trail are provided (2"** highest), the T:P ratio is a high 1:18186. Nearly 70% 

of Portland's system is near a river. Also, Portland's greenway intersections (5) are 

fewer than it's gaps (8). Portland, though, has been able to establish a cycling culture and 

fosters a large amount of cycling conunuters for it's large size. As noted in the Case 

Study portion of this document, Portland had an original greenway system designed by 
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the Olmsted brothers in 1906, even then proposing a 40 mile loop. Currently, Portland is 

setting it's sights on a complete 340 mile loop around town, with many different trails 

penetrating the urban area. 

Two other examples of this phenomenon are Davis and Austin. Davis has pushed hard 

for cycling friendliness for over 30 years. Davis is home to the university UC Davis, part 

of the State of California's state school system. Many homes are cited on the greenway 

network, and these homes, as noted by Dan Burden (Walkable Communities 2001), have 

a five-year waiting list for the opportunity to make an offer on a house. Contrasting this 

example is Austin, Texas. As noted by Linda DuPriest, a bicycle and pedestrian 

coordinator for the City of Austin, " We have no data other than our bike commute mode 

split (.8%), which is abysmal because we've only been working on our network a few 

years." She also notes, though, that "We see that all our trails are so packed with users 

that we have conflicts. Austin is a very active city, and we could never have enough 

places for people to walk, jog, bicycle, walk dogs, push baby strollers, etc." (DuPriest 

2001, personal communication). This dichotomous conmient seems to demonstrate the 

difference between commuter use and recreational use. A city with a cycling culture can 

produce more cycling commuters, but even newly developed trails will be soon intensely 

used for recreational pursuits. 
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Recommendations Based on Results 

Several correlations have been shown to be significant in the evaluation of a greenway 

trail network, and many others have been shown to be statistically non-significant. Trail 

to Population ratio is a simple, significant correlation. Also significant is the number of 

greenway connections. Other significant observations are the percentage of shortcuts 

provided by the trail system. 

Therefore, some reconunended guidelines are : 

• T:P ratio under 10000 

• Gaps not to exceed connections 

• Trail system reaching downtown 

• 25% of trail system comprised by shortcut trails 

• Trail proximity shall emphasize unused urban spaces, such as interstate right-of-

ways and marginal public lands. Trail use is not determined by aesthetic richness. 

• 75% of trail system initially developed with trails less than 5 mi., 25% of system 

can be developed with trails initially longer than 5 mi. 

These guidelines are based on both the case study analysis and outstanding, notable 

pieces of literature encountered while performing the literature review. 

Truly interesting was the revelation that physical makeup, or the composition of a 

greenway trail network, made little difference in its use. A system has to be in place to 



104 

be measuied, and beyond mere existence, duration of presence seems to bear some 

indication of how it will be used. The longer a trail has existed, the more likely the 

community will be able to foster cycle commuting. A cycling culture, as enormous 

intangible was deduced to be the main factor in how much a trail system is used. 

Cycling culture should be encouraged, since it seems to be the main progenitor of cycling 

use. Methods to encourage that culture are demonstrated by Davis's early efforts, and 

also exhibited in Eugene and Portland. Since this study focused on the physical makeup 

of a trail system, little attention was given to methods of fostering cycling culture. 

Greenway trails are a popular form of public space, and continue to be developed. Trails 

will follow natural features, and their usefulness is often only happenstance due to the 

location of the natural systems they follow. These systems, though, are beginning to 

expand from their previous riverside domain. They are beginning to be developed in 

neighborhoods and other urban, unused spaces. Greenway trail developers now are faced 

with the proposition of designing and developing trails that can fulfill a multitude of uses 

for as many different users. The recommendations made in this paper have been 

designed to facilitate this process, so that trails are developed in a more economic and 

useful fashion, not simply along a river for lack of different ideas. 
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VI. CONCLUSIONS 

Application to Tucson 

In an effort to test the recommendations, Tucson, Arizona was employed as a test case 

scenario. Tucson is presented in the format used for the rest of the case studies, followed 

by recommendations, and discussion of results. 

Tucson, Arizona 

Number of Trails; 17 Distance to Urban Core; 
Total Trail Length: 44.7» nearest: OJl mi. 
% mode split: 132 farthest: 14.17 mi. 

Use Rank (1-16) 
between 

8&9 Settings Traversed: 
Greenway Connections: 2 % along river or coast: 48.97 

Connections to On-Street 
system: 31 % along park land: 8.97 
Gaps in Network: 13 % in urban context: 42.06 

Total Length of Gaps (mi.): 20.83 
% of system that is a 
shortcut: 43.84 

Trail to Population ratio (l:n) 16745 Date of Reference Map: 11'^ Ed72001 
Population Density within the 

"Bikeshed" (n per sq. mi.) 3667 
Creator of Reference Map: PAG (Pima Association of 

Govemments) 
Table 5.1 —Tucson Case Study Evaluation 

Tucson's area of urban development is roughly equal to that of Austin, Texas (204.5 sq. 

mi. to 213 sq. mi., respectively). Tucson enjoys a reputation as a good cycling 

community, and many of the streets are striped with bike lanes. Tucson also has some 

river trails that are continually expanded upon. Tucson is notable, too, for the amount of 

the system that is in the "shortcut" category. Nearly half the trail system is a shortcut to 

the larger, gridded street system. 



106 

The latest masterplan available for this city lists the eventual goal as 110 miles of bicycle 

trails, and that is only along the riparian areas. (The current figure along river trails is 22 

mi., or almost half to total system). The trails system, although expanding and given 

attention by planning boards, serves as a poor compliment to the on-street cycling 

system. The trails system in Pima county exhibits similar features as the trails system in 

Indianapolis. The Indianapolis metropolitan area, at 439 sq. mi., is over twice the size of 

Tucson's metropolitan area. However, both systems exhibit a lack of connectivity, few 

trail connections, and isolated trails segments. Both communities aspire to much more, 

but at this point the systems are a net stretched too far. 

Tucson is the home to the University of Arizona, a major state university with an 

enrollment over 40,000 students. The U of A is in central Tucson, in close biking 

proximity to shopping districts and the downtown district. The climate in Tucson is 

conducive to cycling, said to experience 350 sunny days a year. Certain times of the 

year, though, the strong sun and heat pose a health risk to ambitious, mid-day cyclists. 

As highlighted in Charles Little's book Greenways for America (1990), the Pima County 

River Trails System was borne of some strong floods in the early I980's. Homes and 

businesses were swept into the Rillito Creek and the Santa Cruz River, both desert 

washes that rarely make much of a presence in their river banks until strong rains occur in 

the surrounding mountains and basin. After the floods, the rivers were channelized, but 
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the adjacent land was to be left undeveloped as extra insurance against danger, should the 

rivers overflow their banks again. 

Application of Recommendations 

Although Tucson's trails system has positive qualities, such as the high percentage of 

shortcuts, it can benefit from an evaluation and reconunendation of the previously created 

design principles. The following is an application of the recommendations to Tucson. 

The trail addition numbers are displayed near the recommended trail on the map. Note 

the existing system's copious gaps. 

T:P Ratio under 10000 

Tucson's current T:P ratio is 1:16745. In order to bring this number to the recommended 

amount, 30 miles of trail have to be added, bringing the trail total to 75 miles. Although 

110 miles of trails are designed in the Pima County Trails Masterplan, they are 

exclusively along the rivercourses. The following recommendations will guide where to 

develop these trails. 

Gaps not to Exceed Connections 

Currently Tucson has 13 gaps to 2 connections. In order to fulfill this recommendation, 

11 connections need to be established, or as many gaps need to be closed. If a 

combination of gap closure and connection establishment is pursued, this ratio is able to 
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be established. See the trail additions numbers 1,7, 8,9, and 10. These connections, 

when made, bring the gap total down to four, and the connection total up to 6. 

Trail System To Reach Downtown 

Tucson's existing trail system has a trail that comes within 0.3 mi. of downtown, which is 

not a far distance. Currently Tucson is undergoing a downtown revitalization initiative 

named "Rio Nuevo". This initiative is pressing to establish mixed use development and 

pedestrian oriented design in Tucson's urban core. The establishment of a link to a well 

established greenway system is not counter-intuitive to the Rio Nuevo movement. 

Connection 10, though nearly the shortest recommended trail, is likely both the most 

controversial and the most meaningful. The analysis showed this factor to be highly 

influential in a network's success. However, this land is difficult to obtain and is 

expensive. Nevertheless, trail segment 10 fulfills this recommendation. 

25% of Trail System Comprised by Shortcut Trails 

Tucson's current figure of shortcut percentage is well above the recommended 25%. The 

current number is nearly 44%. As trails are added, this figure shall be kept in mind so as 

not to develop non-shortcut trails to the detriment of this figure. Before new trails are 

added, Tucson's shortcut figure was 19.8 mi. If all thirty miles of reconimended trails 

were developed in an orthogonal nature consistent with Tucson's street grid, the shortcut 

percentage would still be above the recommended 25%. However, trail additions 1,2, 
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and 5 all provide a certain amount of shortcutting the street system, so it appears this 

figure will continue to be high in the continuing and near future trail development. 

Trail Proximity Siiall Emphasize Unused Urban Spaces and Marginal Public 

Lands 

Tucson has two Interstate Highways that traverse the city: Interstate 10, running North 

West to South East on Tucson's western edge. Also, Interstate 19 begins near Tucson's 

downtown, and pursues a southern route to Nogales, Sonora, Mexico. Railroads and 

floodplain might also avail themselves as applicable spaces to site future greenway 

development. Trail additions 1,2, and 3 are all cited in riparian floodplains. Also, trail 

segment I follows near an interstate and a rail road. This recommendation is an 

interesting and important recommendation, especially for this and other cities that have a 

rail road penetrating the urban core (as most cities do). This marginal land may provide 

an opportunity to place a greenway trail into the downtown district. 

75% of Trail System Initially Developed with Trails Less than Five Mi. Long 

The formulas above begin to shed light on where trail expansion would be beneficially 

located. This reconmiendation establishes how the trails shall be parceled up. Only one 

of the trail extensions is longer than five miles, and not by much. The other trail 

extensions and connections are all below five miles in length, but when strategically 

placed according to the existing system, they contribute to a rich, full greenway network. 
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These six recommendations, when applied to Tucson, led a promising but disjointed 

greenway system from struggling to nearly complete. The guidelines helped create a 

cohesive trail network structured on the rivers and drainages, as well as some open urban 

land. These recommendations can be continually applied, as they are based on non-trail 

related data, such as population, or are self-referencing, structuring distances in 

percentages and proportions, not mere numbers that are sure to be eclipsed with future 

development. 

Overall, this study has concluded with some interesting findings and recommendations 

that counter the previously stated hypothesis. The hypothesis of the study was that a 

trail's proximity to natural features or areas of outstanding scenic quality would affect 

that trail's use. The more the trail offered a natural environment, the more people would 

cycle in a city. As the study concluded, however, it became evident that a trail's 

proximity to natural features did not effect level of commuters who ride their bicycles to 

work. This discrepancy is likely do to the use of the Census Mode Split numbers, a 

figure that concentrates on how people get to work. The more natural trail may, indeed, 

be more well used for recreational pursuits, but this study did not measure recreational 

use. The more natural a trail, the more circuitous and meandering it will be, and 

therefore less efficient. This is one of many potential reasons factoring in to the 

negligible relationship between the physical constitution of a greenway network and the 

level of cycling commutership. 
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Future Study/ Study Weaknesses 

One weakness of this study is the absence of information from AASHTO and other 

technical groups. The literature reviewed and the steps taken in this study were 

appropriate for the academic world, the conunittee opined. However, more realistic 

information, issues such as phasing and land ownership constraints, could have been 

addressed. The information provided by these technical groups is undoubtedly important, 

and could have informed the paper more. 

GIS (Geographical Information Systems) as an analysis tool, was discussed and 

encouraged, but was not employed due to the time constraints of the study. The author 

recognizes the potentially more accurate data acquisition and display capable with GIS 

tools, but was not able to employ these tools in the current study. 

My conunittee seemed fascinated by a subject I decided not to study: how a trail system, 

primarily Tucson's, is actually used. They recommended site observations, on-trail 

surveys, and subsequent mapping. A fun project, rich with opportunity and experiences, 

and very valuable later in one's career. 

How does a city gain a strong cycling culture? What steps have the cities that have a 

strong cycling "culture" taken in getting to that point? What are the benefits, if any? 
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Obey the Uws 

Appendix A: Tucson's Greenway Map: 
Existing Conditions and Recommended 
Expansion. 

Key: 
Existing; 
Proposed « 



Ai)p»ndlx B: SAMPLE DATA GATHERING SPREADSHEET 
Nam* Vancouver Greenway System 
Location Vancouver, BC 
Metro MM population O 1831665 
Number of difhrMit tnllt 8 
Length 77.42 
Length division: 

Number of trails from 0 to 2 milea 1 @ 1.52 
Percentage of system's length 1.96% dist. 

% of total# trails: 12.50% 
Number of trails from 2 to 5 miles 3 m 9.36 

Percentage of systsm's lengtii 37.50% 
% of total# trails; 12.08% 

Numlier of trails from 8 to 10 milss 1 ® 8.82 
Percentage of system's length 12.50% 

% of total# trails: 11.39% 
Number of trails < 10 mUsa 3 @ 57.69 

Percentage of systsm's length 74.51% 
% of total# trails; 37.50% 

A measure of overail urtMn/ developed 
iTM, and that figure / pop. [atM] 

Area: 211.98 sq. mi. 
Perimeter: 67.85m. 

[area] Figuraf metro population, to gal 
overall population density Density: 1 :8640.7 

Distance from the uriMn core: all trails nearest point 0 miles 
farthest point 13 miles 

Trail to population ratio (L:P) 1 :23659 
Evaluation of pliyslcal foim Circuitous with danglen 

linear with tributariee 
Linear with tributaries: 3 strong 

horizontal 
Other, (refine as trends mantfeetl 



Gaps In th* Natworfc; 7 

Distance between trails at the gaps: 
2.99, .88, 1.04, 1.68, 1.28, 1.43, 

4.23 
Total: 13.53 
miles 

Setting tiM trail travMM* % along river 15.10% 
distance along rWer (milee) 11.69 miles 

% RailTrail 0% 
distance along Rail Trail (milee) 0 miles 
% along graen spacee (parks, golf) 5.30% 

dlstancs akmg graen spacee (milee) 4.12 miles 

%urt>an 41.76% 
diatance ak>ng urban (miles) 32.33 

Residential 
info. 
Unavailable 

Commercial 

Industrial 

% essociated witli Interatate (doeent add Into the 100% above) 0% 
Number of greenwiy connections 4 
Number or connectlone to on«ti«et bike 
netwoik: 

Estimated # of annual ueera 
emailed 7 
April. 

Recreatkmal usera 

Commuter! 2% of Vancouver commutes* 

36633 
annual 
commuters 

Utilitartan uaera 

Presence of univeralty 



Olatanca to unlvaraity (from whara?) 

Ro«d croMlngs vs. scparatad crouings 

PraMOMof Barriws: YorN Typaa of Barriara 
Yes, circuitous route around 
Stanley Park 

Numbar of Barrisn 1 

Diagonai siKMtcuts, or shortcutUnB tlw 
strMtsyatam. Howoflan? Yes, 3 times 
Currant bulll atatus vs. maatsrplanad 
iMtworfc: 

Data of Data or Map usad 

Othar apaclal fMiiraa: 

Litaratura: «ofttUcaconHnutaraoriMara 
Nota; If nMaauring ridanhip, uaa tlia auivay 
iraavallat>la 

That 011/8 rata of oonMmittng 2% 
Hava to hava a maaaura of uaalilllty, or 
polantlal ftor uaaUllty 
Sm Nalaon A Allan pg. 81. Canldav*lop« 
coafliclant of Incraaaa? 

 ̂ 1996 Canadian Statistics *-Comparison of Bicycle Features in 
Bureau: Vancouver Metro area PCNW 
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Appendix C: Sample CADD Measnring Map, Seattle. Shown are the existing greenway 
trails, in bold line, and additional sources of information gathered from maps, such as 
proximity to natural features and greenway connections, indicated with a fllled-in circle 
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