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Chapter One: Introduction 

 

Urban population is consistently increasing around the world.  Many people 

have moved into cities, expanding urban areas.  Urbanization refers to increasing 

density and outward spread of the built environment (Forman 198).  This urbanization 

impacts the local, regional, and global scale of earth ecosystems and services (Alberti 

169).  Built contexts greatly change and affect environment.  Urban and suburban 

regions create huge environmental problems, including rapidly growing poor areas, 

overwhelmed sewage wastewater systems, threatened water supplies, public health 

concerns, traffic congestion, and air pollution (Forman 2).  However, people depend on 

nature and “natural systems in our place, our nourishment, our home range, and our 

future” (Forman 251).  These natural systems in urban and suburban regions are 

important because they provide services to support daily life for many people (Forman 

317).  Therefore, society must not overlook the important functions of natural systems.   
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Recently, many major 

metropolitan cities have tried to improve 

the quality of their environment by creating 

and restoring urban parks (Figure 1.1).  

These green spaces have ecological and 

cultural values in a city because they 

connect urban residents with nature to 

experience better psychological and 

physical health.  Urban regions have diverse land-uses, and parks can play a crucial role 

by accommodating natural systems in cities.  Parks can take many shapes and sizes, 

including patches and corridors, and natural systems flow through green connections 

between two parks.  This natural flow can be meaningful when these systems coexist 

with human uses and health.  During the early history of U.S. public parks, Frederick 

Law Olmsted conveyed the benefits of naturalistic landscapes in urban communities by 

creating parkways and park systems bringing ecological themes of nature to urban 

populations (Schuyler 10).  Although U.S. landscapes and park systems have generally 

emphasized Olmsted’s philosophy, today’s park systems are recreation-based and 

designed to meet the National Recreation and Park Association (NRPA) guidelines.  

Initial park plans considered the number of acres of park space per 1,000 people, but in 

1996, NRPA began to change this population-based system into a level of services (LOS) 

Figure 1.1. Urban Park: Bryant Park in New 
York, NY 
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system (DNR SCORP 57).  Unfortunately, neither of these traditional urban park 

systems considered ecological aspects as a crucial feature. 

As a response to the needs of growing 

cities, this project gives great attention to urban 

ecology because people need to understand the 

importance of natural systems (Figure 1.2) and 

wildlife.  Since humans are part of these 

ecosystems, urbanization has disrupted natural 

ecosystems.  These disruptions harm our 

quality of life with poor air and water quality 

and urban heat islands.  Urban ecology 

becomes an important concept for creating an 

ecology-based park system because it should 

emphasize the connection between ecological functions and human uses.  The concept 

of urban ecology stems from growing urbanization and environmental consciousness.  

The purpose of urban ecology is to “explore the relationship between conservation 

science and design, and the growing concern about how to integrate the natural world and 

the human world into mutually beneficial and sustainable environments” (Musacchio 5).  

Urban ecology focus on more than simple structure in a city, and natural systems such as 

air, water, and soil have a strong connection with humans.   

Figure 1.2. Natural Systems 
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Park systems can be a place to utilize natural systems in urban areas, and urban 

ecology can refine U.S. park systems in the twenty-first century.  When talking about 

urban parks, people generally consider their cultural and recreational facilities.  Parks 

are ideal places for ecosystem restoration and human recreation.  Urban ecology-based 

U.S. park systems emphasize the importance of ecosystems in urban areas, providing 

places where ecosystem and human values coexist in the city.  Watershed is a basic 

ecosystem of the earth, and this project develops hydrology as a representative natural 

system to demonstrate urban ecology theory.   

This creative project seeks to develop a Midwestern U.S. conceptual urban park 

system based on spatial urban ecology in the Indianapolis suburbs of Carmel, Fishers, 

and Noblesville.  The resulting ecological urban park system will include recreational 

aspects for demonstrating human uses of nature in urban settings.  The ecological-based 

park model expands Olmsted’s philosophy about parks and park systems and level-of-

service (LOS) for recreational and park facilities.  The model takes into account 

ecological needs of a city and combines them with the traditional park model.  This 

project applies green spatial land mosaics to the suburban land for improving natural 

systems within a suburban region.  The ecological park model will lead U.S. suburban 

areas to create sustainable natural environments.   
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Chapter Two: Literature Review 

 

The Growth of Urban Population in the United States and the World 

Urban areas are expanding globally, and the world population has been 

consistently rising since the Industrial Revolution (Figure 2.1). The world’s urban 

population has risen from 0.73 billion (28.8 % of world population) in 1950 to 3.42 

billion in 2009 (50.1 % of world population) (UN 13, 14).  By 2030, 68.7 % of the 

estimated world population (6.29 billion) will live in cities (UN 13, 14).  

Compared with other countries, the United States has a low population density 

and is already urbanized (>60% urban), with small populations relative to the land area 

(<103 people/mi²) (figure 4, McDonald 64).  The urban population of the U.S. has also 

increased from 64.2% in 1950 to 82% (258 million) in 2009 and will reach a projected 

90.4% (365 million) in 2050 (UN 33).  Although the population of some cities has 

dropped, most urbanized areas are expanding.  
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Today, most people live in urban regions, and many try to move from rural to 

urban areas for jobs, education, and cultural experiences.  Urbanization is the 

consequence of this phenomenon.  High population density and built context are 

growing in urban regions, leaving only small green spaces next to tall buildings.  This 

urbanization has enormous impacts on biodiversity and ecosystems in cities.  Urban 

areas cover a small portion of land, but people in urban areas have powerful effects on 

the earth by using natural resources in a most profound manner (Niemela et al. 1).  

Growing urban populations cause many environmental problems around the world 

(Figure 2.2). Urban population and protected areas are overlapping in the map, and these 

results suggest four category classification schemes which can help us understand the 

extent of contemporary urbanization in the global scale.  

Figure 2.1. The growth of 
urban and rural populations 
around the world, 1950-
2050 (Wu 42) 
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Figure 2.2. The geography of global urbanization, land protection, and a classification 
scheme linking these two patterns. (McDonald et al. 65) 
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Frederick Law Olmsted, U.S, Parks, and Urban Planning  

Rapid population growth in urban regions jeopardizes the high quality of civic 

life.  During the 1850s, planner Frederic Law Olmsted witnessed the dangers posed by 

population growth in urban regions and keenly felt the necessity for improving urban life 

and conditions for inhabitants (Beveridge and Rocheleau 41).  At that time, dangerous 

dissonance between socioeconomic classes such as irresponsible nouveaux riches, the 

poor, and uneducated immigrants in a city became a serious social problem (Beveridge 

and Rocheleau 41).  Philosopher John Ruskin explained, “This is an age in which we 

grow more and more artificial day by day, and see less and less worthiness in those 

pleasures which bring with them no marked excitement; in knowledge which affords no 

opportunity of display” (qtd. in Beveridge and Rocheleau 45).  Olmsted imagined a 

more openly built city with neighborhood activity grounds would make a more pleasing 

urban setting (Beveridge and Rocheleau 45).  Public open spaces meet city residents’ 

demands for quiet places and relaxation to escape burdens from their workday life 

(Beveridge and Rocheleau 46).  With the recognition of this tendency, Olmsted traveled 

to England and brought back a strong desire for Public Parks for the citizens of the 

United States (Beveridge and Rocheleau 45).  He believed creating parks and park 

systems in urban regions could provide better civic life to residents by improving the 

condition of a city (Beveridge and Rocheleau 41).  Olmsted kept thinking of the role of 

public parks having a picturesque natural function for the whole city.  Olmsted 
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proclaimed, “the city defines large and comprehensive controlling purposes or motives of 

design” (qtd. in Beveridge and Rocheleau 96).   

Another problem, Olmsted felt, was that the artificial environment recklessly 

increased in cities.  He thought that the contemporary park movement was a direct and 

crucial reaction to the problems increased by rapid urbanization (Beveridge and Rochele 

47).  It is the outcome of the “self-preserving instinct of civilization” and an expression 

of the “great development of interest in natural landscape and all that pertains to it” 

attended with industrialization and urbanization in the nineteenth century (Beveridge and 

Rochele 48).  Olmsted’s park designs represented the characteristic of picturesque 

scenery for pleasing effects on people’s minds.  The park should include soothing and 

restful rural scenery in the midst of the city (Beveridge and Rochele 48).  

New York’s Central Park was 

Olmsted’s first park design and remains his 

most iconic work (Figure 2.3).  Famous for 

its vibrant green spaces, Central Park is the 

representative urban park in the U.S.  It was 

considered as a “living cabinet of botany” 

and a “living museum of geology” during the 

nineteenth century.  Green woods, meadows, 

and grassland provide scenery and relaxation to residents (Figure 2.4). 

Figure 2.3. Urban Park: Central Park in 
New York, NY 
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The original site was a few meadows 

and steep, rocky areas where people 

could enjoy pastoral scenery and 

picturesque style (Beveridge and 

Rocheleau 54).  Olmsted created the 

most completely and expansively 

picturesque landscapes in the park, then 

added plants and water courses into the coherent landscape (Beveridge and Rocheleau 

54).  For example, the Dairy south of Sixty-sixth Street is designed with dogwood, 

sumac, and bittersweet, to give a sense of natural scenery having a somewhat wild and 

secluded character (Beveridge and Rocheleau 60).  Bringing the concept of nature into 

the urban environment, Olmsted originated the urban park system.  

Building the foundation of a park system in the U.S., Olmsted believed that 

“parks were a space of ground used for public or private recreation, differing from a 

Figure 2.4. Map of Central Park in New York, NY (Beveridge and Rocheleau 60) 

Figure 2.5. Urban Park: Aerial View of 
Central Park in New York, NY (Ghaib) 
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garden in its spaciousness and the broad, 

simple, and natural character of its 

scenery and form a ‘wood’ in the more 

scattered arrangement of its trees and 

greater expanse of its glades and 

consequently of its landscapes” (Figure 

2.5, ctd. in Twombly 254).  In addition, 

his legacy is ongoing through his successors.  For example, John C. Olmsted developed 

the Seattle Park System in 1903, and this project is one of the best results of his works 

(Beveridge and Rocheleau 225).  The spectacular natural setting and lush vegetation are 

well designed (Figure 2.6, Beveridge and Rocheleau 225).   

 

Park Level of Service (LOS) with Recreation  

During the late 1800s, rapid urbanization and overcrowding caused the need to 

develop park systems to preserve nature and open spaces.  Olmsted considered parks as 

recreational places with picturesque scenery to meet society’s needs.  Since then, park 

system models have gradually focused on recreational functions in parks and recreational 

areas because people have interest in leisure. 

Figure 2.6. Urban Park: Seattle Park, Seattle, WA 
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In 1971, the National Parks and Recreation Association (NRPA) published 

National Park, Recreation and Open Space Standards, edited by Robert D. Buechner  as 

a standard for recreation (Mertes and Hall 6).  NRPA began the Standards Revision 

Task Force, and, in 1983, its efforts were reported in the book of the Recreation, Park 

and Open Space Standards and Guidelines, which includes minimum recommendations 

for recreation, parks, and open spaces (Mertes and Hall 6).  The federal, state, or local 

funding for parks, recreation, and open space overall increased during the 1980s and 

1990s, and the guide suggests a systematic model reference (Figure 2.7) for creating 

parks, recreation, open space, and pathways (Mertes and Hall 7).   

Parks classifications 

Category of park Service Area 

Mini Park Service area <1/4 mile radius, 1 acre or less, 1/4 to 1/2 
acres/1,000 population 

Neighborhood Park/ 
Playground 

1/4 to 1/2 mile radius with population up to 5,000, 15-plus 
acres, 1.0 to 2.0 acres/1000 population 

Community Park 1 to 2 mile radius (serves several neighborhoods), 25-plus 
acres, 5.0 to 8.0 acres/1,000 population 

Regional/Metropolitan Park one hour driving time (serves several communities), 200-
plus acres, 5.0 to 10.0 acres/1,000 population 

Regional Park Reserve 1 hour driving time (serves several communities), 1,000-
plus acres (80% of land reserves management and 
conservation, 20% for recreational development), Variable 
acres/1.000 population 



19 

 

Linear Park, Special Use 
Areas and Conservancy 
Areas 

No applicable standards 

 

In 1996, the NRPA guidelines changed from a population ratio method to a level-

of-service (LOS) system of recommendations.  This strategic planning process considers 

“the demand for recreational opportunities within the community, current recourses 

available, and opinions and views of the population” (Indiana DNR 57).  The definition 

of Level of Services (LOS) is “an expression of the minimum recreation and park 

infrastructure capacity required to satisfy the park and recreation needs of residents of a 

community” (Indiana DNR 57).  The LOS is expressed as acres/1000 population 

(Mertes and Hall 130).  Despite the basic measurement of park and recreation facilities, 

the LOS stems from the idea that “land alone does not meet the demand” (Mertes and 

Hall 69).  This guide includes two important requirements: the recreation demands and 

minimum land necessary to provide those same recreation spaces and facilities.  In 

addition, the traditional park model generally considers level-of-service guidelines, parks, 

recreation, open space and greenway classification, and facility space guidelines as main 

principles for a traditional park design (Figure 2.8).  This creative project defines 

recreation as the crucial concept of the traditional model and uses LOS for building the 

Figure 2.7. Lancaster, National Recreation and Park Association, 1983 (ctd. in DNR SCORP 57) 
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proposed park model.  In addition, park systems boost green spaces in urban regions, 

and ecological functions are maximized through these natural park systems. 

 

Indiana’s Statewide Comprehensive Outdoor Recreation Plan (SCORP) more 

considers LOS for building up the standard of park with the 1983 guidelines (Indiana 

DNR 57).  The Indiana Division of Outdoor Recreation determines standards for acres 

per 1,000 people.  SCORP builds up different sizes of standards according to the needed 

counties, regions, and the state (Figure 2.9).  The sizes are decided by publicly owned 

lands without private and commercial areas (Indiana DNR 59).  These standards differ 

Figure 2.8.Traditional Level of Service (LOS) Park Model (Mertes and Hall 47) 
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slightly from the NRPA principles, which are offered by geographic location versus by 

category of park system (Indiana DNR 59).   

Park Standards 

 

For assessing park demands, LOS applies “the most basic analysis of park land 

surplus or deficiency” (Mertes and Hall 67).  This type of method analyzes the entire 

park and recreation system “i.e. city, county, region and smaller sub areas such as 

neighborhoods, city council districts, park board member districts, etc” (Mertes and Hall 

67).  Through this analysis, planners and policymakers for park and recreation facilities 

can recognize whether the amount of park land is adequate.  Surplus/deficiency analysis 

shows how proficiently the current parks system is serving community (Mertes and Hall 

69).  This analysis allows the community to discover available options to create 

Category Standard size per 1000 people Note 

Counties 20 acres per 1,000 people (0.02 acres per 
person) of public local recreation acres 

i.e., owned by township, 
municipality, county, or 
privately owned but open for 
public use 

Indiana 
Regions 

35 acres per 1,000 people (0.035 acre per 
person) of public regional recreation acres 

i.e., owned by state or federal 
entities 

State 55 acres per 1,000 people (0.055 acre per 
person) of public recreation acres 

i.e., a total of all acres in the 
above categories 

Figure 2.9. (Indiana DNR 59, 70) 



22 

 

additional park space to meet real demand for recreation services and activities (Mertes 

and Hall 69).  As a result, the LOS bases the minimum required amount of park land 

and recreation services on needs identified by the needs assessment (Mertes and Hall 69).  

Through surplus/deficiency analysis, Hamilton County, which includes the project site, 

does not meet any minimum recommendations for county, region, and state levels (Figure 

2.10). 

Current Condition of Parks in Hamilton County 

 Population 2010* Recommendation Current Difference 

County level 

(20a/1000) 

274,569 4,813.7 2,911.93 1,901.77 

State level 

(55a/1000) 

274,569 9609.91 2,911.93 6697.98 

Region level 

(35a/1000) 

274,569 15101.29 2,911.93 12189.36 

 

The county level for estimating local outdoor activity acres is the best way to 

identify counties that need more assistance in refining their park systems (Indiana DNR 

59).   The NRPA/Indiana standard for local public outdoor spaces is 20 acres per 1,000 

people to support outdoor recreation (e.g., city municipal parks rather than state parks) 

(Indiana DNR 59).  Between 2000 and 2010, Hamilton County’s population 

Figure 2.10. * Population, U.S. Census Bureau, 2010 
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dramatically increased 50.3% from 182,740 to 274,569 (Figure 2.11).  This suggests a 

need for the total estimated acreage for outdoor recreation expanding from 3,654.8 acres 

to 5,491.39 acres.  The current park area in Hamilton County is 2,911.93 acres, which 

means 2,579.45 additional acres should be designated for outdoor recreation. 

Shifted Condition of Parks in Hamilton County 

 Recommended 20 
ac/1000 

Current Difference 

PPN 2000* 182,740 3,654.8 2,911.93 742.87 

PPN 2010* 274,569 5,491.39 2,911.93 2,579.45 

 

The SCORP surveys show Indiana residents’ requests for outdoor activities.  

The current high ranks of outdoor recreation activities have changed over the past three 

decades.  For example, picnics and fishing were the most popular in 1979, but walking, 

hiking, and jogging have been highly ranked for the last 15 years, and remote control toys 

including planes or cars have never been in the top 10 (Figure 2.12).  Park systems can 

support the popular recreation activities by investigating the demand.   

 

 

Figure 2.11. * Population, U.S. Census Bureau, 2006 and 2010 
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Top 10 Activity Trends in Indiana 

1979 1989 1995 2000 2005 

Picnicking Picnicking Hiking/walking/ 
jogging 

Hiking/walking/ 
jogging 

Hiking/walking/ 
jogging 

Fishing Pleasure driving Picnicking Fairs/Festivals Fairs/Festivals 

Swimming Walking Swimming Fishing Swimming/ 
SCUBA/ 
Snorkeling 

Hiking Swimming Camping Camping Nature 
observation/ 
Photography 

Biking Fishing Fishing/hunting Picnicking Camping 

Play field Bicycling Biking Swimming/ 
SCUBA/ 
Snorkeling 

Fishing 

Camping Camping Boating Nature 
observation/ 
Photography 

Picnicking 

Boating Nature 
observation 

Nature 
observation 

Playground use Bicycling 

Playgrounds Motor boating Playground use Bicycling Motorized 
vehicle use 

 Golf  Boating/   
Water skiing/ 
Personal 
watercraft 

Boating/   
Water skiing/  
Personal 
watercraft 

    Court sports 

 

Figure 2.12. (Outdoor Recreation Participation Surveys, 1979-2003) (Indiana DNR 58) 
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The Importance of Ecology in Urban Region  

Olmsted’s philosophy asserted the connection between people and picturesque 

nature, but the National Parks and Recreation Association (NRPA) published the 

recommendations focusing on the forms of recreations and their facilities.  Parks shifted 

their focus from nature and beautiful landscapes in favor of facilities for outdoor 

activities such as paved paths, blacktop basketball courts, and other formal playing fields.  

Ecology becomes a crucial key for urban areas because it closely relates with the quality 

of residents’ urban life. 

Ecology is an important study of interactions between organisms and the 

environment for understanding the earth.  Stemming from the curiosity of 19th-century 

biologists, the field has a storied 140-year history.  While biologists tried to know the 

distribution, abundance, and interactions of the earth’s organisms (Collins 416), Grimm 

argued they greatly ignored urban areas for the first half of the twentieth century despite 

the future importance of urban plants and animals (Niemela 1).  Since World War II, the 

view of ecology has gradually moved from pristine natural environment to urban contexts 

due to expanding cities.  Thus, the interests of urban ecology have radically increased 

over the past decades.  The primary focus of urban ecology is diversity—interaction 

between organisms and links to human activities (Niemela 1).    

Urban ecology is the first step in understanding interactions between organisms 

(plants, animals, microbes), built structures (buildings, roads), and the natural 
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environment (soil, water, air) where people inhabit cities or towns (Forman 312).  

During the nineteenth and early twentieth centuries, environmentalists and ecologists 

were ignoring an urban landscape’s view “where ‘wilderness’ or ‘pristine’ has been 

valued over human-dominated landscapes” (Niemela 1).  Urban ecology stems from the 

“urban tsunami”: the swift and powerful spread of urbanization across the land (Forman 

312).  Nature ruined by rapidly sprawling built structures has caused widespread 

environmental problems because cities have energy-intense ecosystems.  Loss of nature 

within a city causes broken energy balance between input and output.  In this context, 

preserving nature is important for people to maintain high quality urban life, and Berkes 

argues “cultural and biological diversity in conjunction underpin resilience and 

sustainability” (ctd. in Niemela 1). 

Urbanization produces a patchwork of diverse land-cover types of residential, 

commercial, and industrial sites linked by roads and railways and scattered with green 

spaces (Niemela 2).  These types are concentrated in urban regions. Ecologists define 

ecosystems as “habitat patches” because of the diversity of characteristics in any 

ecosystem (Collin 420).  Ecological patterns and processes are affected by land-use in 

cities, and changes of ecological conditions may influence humans (Pauleit and Breuste 

20).  Understanding land patch patterns and scales within a city are key to restoring eco-

balance.  However, urbanization is expanding and sprawling with rapid population 

growth, causing many environmental issues (Pauleit and Breuste 28): 
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 Loss of natural areas and biodiversity, fragmentation, and degradation of 

remaining natural areas 

 Loss of farmland and productive soils 

 Negative impacts on hydrology, including deterioration of surface water 

quality and increased stormwater runoff 

 Increased air pollution, in particular through more individual traffic 

 Extension of the urban heat island 

 Increased energy consumption from traffic 

Understanding land-use requires the concept of spatial ecology with natural 

systems in urban regions.  Discovering land-use plays a key role in expanding green 

spaces in urban regions.  For example, aerial photographs and satellite images show 

residential areas and some public areas in the built context, but these areas still have 

many green and open spaces.  Land-use plans merge the current conditions in existing 

built areas and the proposed results of future land development such as areas for new 

housing (Pauleit and Breuste 30).   

In addition, producing green infrastructures in cities is one solution for 

improving urban areas: minimizing built context, adding street trees, and expanding the 

great urban park.  Although they have limitations, urban parks are important to provide 

urban green space networks which connect to river valleys and other diverse green spaces 
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(Pauleit, Liu, and Ahern et al. 285).  Managing the broader urban ecosystem is crucial to 

the environmental integrity of the whole system (Douglas and Ravetz 262).   

 Benedict and McMahon framed Key principles for green infrastructure (Douglas 

and Ravetz 262).  First, green infrastructure should be the framework for conservation 

and development, designed and planned before development to green spaces and habitats 

at a variety of scales.  Second, functioning across multiple jurisdictions and at different 

scales, green infrastructure is grounded in sound science and land-use planning theories 

and practices.  Third, green infrastructure is a critical public investment and involves 

diverse stake-holders. 

When a city lacks sufficient green space, residents face many environmental 

issues and should find solutions for improving their urban regions.  The intensive study 

of urban ecology is the beginning point to understanding the complicated relationship 

between human activities and natural systems in urban lands.  Preserving green 

infrastructure in cities provides better urban life to current residents and future 

generations. 
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Chapter Three: Case Studies 

 

These case studies provide conceptual ideas for developing a park system model 

which combines ecology and urban planning.  These intersections enhance and 

revitalize urban ecology.  In this context, the creative project analyzes three case studies 

for understanding and defining gaps between the proposed park system model and the 

scientific data based on research.  

 

1. Streamlines: Mississippi Strands (Designed by STOSSLU) 

 Streamlines was a project participating in the Minneapolis Riverfront 

Competition.  This stream flows through the center of Minneapolis and has many 

connections with urban context, including dense residential, commercial, and recreational 

areas.  Streamlines creates riverside design for interconnecting experiences between 

people and the river, including river life.  “Streamline is a project about working 

ecologies, ecological systems and dynamics put to work to clean, to re-constitute this 
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Figure 3.1. Perspective of Proposed Streamlines Park (Stoss 3) 

working riverfront, and to guide a longer-term transformation of the city fabric” (Figure 

3.1, Stoss 1).  The project takes the concept of ecology for sustainable development and 

expands individual strands (river park, botanical overlooks, sport circuits, energy forest, 

and city and river islands) into the urban fabrics (Stoss 1).  This integrated system 

connects the Mississippi River with the urban park systems and reaches into the urban 

infrastructure.  
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Major components for the 

proposed park system include the river 

and floodplains, existing parks, publicly 

owned lands (city and MPRB), rights-of-

way and utility corridors, contaminated 

sites, vacancies, and new partners and 

new connections (Stoss 4).  Many 

component layers are combined along 

the river stream to create connections (Figure 3.1).  The north riverfront is re-networked 

with walking and running paths, recreational trails, and bicycle lanes, and safe multi-

modal corridors connect industrial areas with new social and recreational association 

(Stoss 5).  Connecting districts and five neighborhoods is important to successfully 

revitalize the riverfront (Stoss 5).  This project emphasizes a place that connects distinct 

areas along the river with a variety of access.   

The “Streamlines” project creates accumulated parks, generative urban life, 

transformational connections, and ecological remediation (Figure 3.2).  However, this 

project does not include a connection with a riparian buffer system along the river 

because of the heavy existing built areas.  The park system proposed in this creative 

project considers the buffer system as a strong natural system for preserving water quality, 

protecting wildlife habitat, and providing park and recreation places for people. 

Figure 3.2. Island formation: water cleansed 
from nearby urban fabric generates river 
islands (Stoss 9) 
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2. PlaNYC (Developed by New York City’s Office of Long-Term Planning and 

Sustainability (OLTPS) 

PlaNYC is a strategy to create 

a green infrastructure in New York by 

2030 (Figure 3.3).  New York must 

reframe the city for improving many 

problems with a growing population, 

aging infrastructure, changing climate, 

and evolving economy (PlaNYC 3).  

OLTPS estimates New York’s 

population will increase to more than 9 

million by 2030 (PlaNYC 5).  During 

the late 19th Century, Olmsted designed over 1,900 acres of open spaces and parks in 

New York, and PlanNYC intends to expand these lands up to 4,700 acres.  In 2030, they 

expect all city residents will live within a 10-minuate walk of parks (Figure 3.4). 

Creating parks and public space is one of PlaNYC’s crucial plans.  These areas 

are important for neighborhoods because they offer places for exercise, community 

forums, and ecological functions (plaNYC 34).  The plan has tried to meet park 

demands and improve access to parks and public space within a 10-minute walk since 

2007 (plaNYC 34).  Now, more than a quarter million New Yorkers live within a 10-

Figure 3.3 Urban park system in New York 
(PlaNYC Cover) 
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minute walk of a park (figure 14, plaNYC 34).  The plan creates new parks by reusing 

unconventional sites such as Concrete Plant Park in the Bronx and the High Line in 

Manhattan.  High Line redeveloped an abandoned railroad to create vibrant green public 

space.  Other sites include schoolyards, playgrounds, and green streets (PlaNYC 34, 35).  

PlaNYC is developed based on five general ideas: 

 Target high-impact projects in neighborhoods currently of underserved 

by parks 

 Create destination-level spaces for all types of recreation 

 Re-imagine the public realm 

 Promote and protect nature 

 Ensure the long-term health of parks and public space 

For strong green networks, PlaNYC considers collaboration between city, state, 

and federal partners.  Over 40 % of New York’s 52,000 acres of parks are not owned by 

the city (PlaNYC 43).  This is because some parks or proposed park spaces are within 

the county area, but not inside city boundaries.  PlaNYC begins with providing park and 

green spaces to residents, but the first priority of this creative project is to expand and 

preserve nature in urban areas, and then combine with recreation for people.  The 

creative project uses a weighted green infrastructure system across three cities, and 

assessing distance to the park is an important method to determine the an ecological park 

model for residents. 
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Figure 3.4. Area within a 10-minute walk of a park (PlanNYC 36) 
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3. The Park City (Designed by Sasaki Associates) 

Sasaki Associates developed “The Park City” project in Bridgeport, Connecticut, 

in 2011.  One main feature of this project is the 325-acre Seaside Park designed by 

Frederick Law Olmsted (Beck 177).  Bridgeport’s mayor tried to retrieve the heritage of 

the natural environment and parks (Beck 177), and Sasaki translates the mayor’s view 

into a park system of associated green spaces.  Green spaces along the river and seaside 

(Figure 3.5) emphasize the connection with built context because park systems can focus 

on improving the quality of life for Bridgeport’s 140,000 residents, a quarter of whom 

live below the poverty level (Beck 177).  This project underlines several goals: 

physically connected, ecologically diverse, accessible to all, and economically viable 

(The City Park).  

 

 

 

Figure 3.5.  A 
park system of 
connected 
green spaces in 
Briegeport, CT 
(Beck 177) 
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Park City affects many physical connections such as the cross-city Railroad 

Avenue Trail, Park Avenue, east/west connections, and the regional Housatonic rail-trail 

system.  Residents have public accesses along Yellow Mill Creek, Pequonnock River 

(Figure 3.6), and all city waterfronts.  In addition, ecological biodiversity has a 

connection with floodplains: increasing tree canopy along streets through a tree planting 

program, revitalizing large parks and riparian corridors, and protecting key habitat areas 

while providing public access.  The park system provides various programming and 

enhances highly visible park services for residents.  This system can deliver economic 

advances through partnership with downtown businesses, the eco-business park, and 

ongoing development to create park spaces.  The Park City considers its city-scale park 

system as part of the advanced urban fabric, and the connection between green spaces 

expands social functions, so people have engaged and enrolled in its civic benefits 

(Figure 3.7, 3.8). 

Figure 3.6. Revitalizing an ecological connection between Yellow Mill Creek and 
Pequonnock River in Bridgeport, CT (Sasaki Associates 46) 
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Figure 3.8. Completing streets and reinforcing sidewalks to leading parks (Sasaki Associates 
46) 

 

Figure 3.7. Transforming bare infrastructure through planting and green infrastructure 
(Sasaki Associates 46) 
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Summary of Case Studies 

 These case studies inform my development of a park system model.  The 

project “Streamlines” established connections between ecological systems and urban 

infrastructure, including residential, commercial, and recreational areas.  This project 

designed a dynamic waterfront park system according to natural systems and human uses.  

“PlaNYC” is more a comprehensive city park system providing 10-minute distance parks 

to encourage residents to utilize parks close to their homes and places of employment.  

These parks improve the quality of urban life.  “The Park City” considers a city park 

system as the urban fabric.  A fading industrial city, Bridgeport begins to be revitalized 

by green infrastructure, providing a springboard for the city’s future.  Overall, the 

projects reflect that parks or park systems are a way to bring ecological systems into a 

city, these systems also require connections with human activities.   

This creative project brings green infrastructure into urban regions and creates 

new urban fabric.  The proposed park system model reflects ecological connectivity by 

revitalizing natural systems, including buffers, woodlands, grasslands, and wetlands.  

This park model does not overlook a recreational function for residents by using the 

method of assessing distance from a park to residents’ house.  Parks and park systems 

can begins nature into urban regions and benefit residents by improving the quality of 

urban life. 
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Chapter Four: Methodology 

 

This creative project develops and applies the concept of spatial ecology to 

analyze and design an advanced park system model.  To accomplish the park model, the 

selected site must be a city or town with 80% population growth from 2000 to 2010 but 

without metropolitan cities (Figure 4.6).  A park plan that potentially helps mitigate 

existing poor water quality measures in the White River is important.  Familiarity with 

the site is also important to develop an effective park system model.  As a result, 

Noblesville, Fishers, and Carmel in Hamilton County, Indiana, are ideal for testing this 

model.  

 Various relationships between natural systems offer appropriate criteria to 

develop an ecological urban park system.  The project builds up key attributes to affect 

the layout of park system models, and it will be tested and redefined by using Geography 

Information System (GIS) software to efficiently capture, store, update, manipulate, 

analyze, and display information from the digital database (ESRI).  This tool provides 
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information about site inventory and context, including hydrology, topography, flood 

plain, and land use.  Site analysis will evaluate surface-cover and slopes for applying 

key attributes which are defined by literature reviews.  The proposed park model 

proposes buffer systems along major hydrological systems, and buffers play a key role in 

the park model.  The model input the widths of setbacks from the river into a GIS data 

map, and results of maps will mitigate according to the model’s limitations.  

Examination of key attributes reveals limitations of a park model, so the original model 

will be redefined and mitigated with other options adjusted by the reviews.  This process 

will repeat a couple of times to develop the final park model. 

 

Green infrastructure 

 Preserving and restoring green spaces has many benefits for the quality of urban 

life.  Urban spatial planning is “for development,” but this trend has shifted to 

“sustainable development’ of urban regions” (Colding 228).  For improving urban 

ecology, creating green infrastructure is a useful approach in city planning and urban 

design.  According to Benedict and Mcmahon,“Green infrastructure” is an 

interconnected network of green space that conserves natural ecosystem values and 

functions and provides associated benefits to human populations (ctd. in Colidng 230)  

“The applicability of systematic land-use planning for determining areas for development, 

or for conservation, involving the system or map overlays of different categories of 
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natural features (e.g. hydrology, geology, soils, vegetation, and wildlife), represents a 

prominent feature of this approach” (Coling 228).  This creative project considers 

riparian buffer systems as a main green infrastructure of suburban areas.  After figuring 

out natural areas, riparian buffers connect with them, forming single green and blue 

infrastructure with various scales.  The following table shows Li’s main principles of 

green infrastructure (Figure 4.1): 

Main principles of green infrastructure planning 

Connectivity  Consider physical and functional connections between 

green spaces at different scales and from different 

perspectives: e.g. recreation, biodiversity, urban climate, 

stormwater management, etc. 

 

 Base green infrastructure planning on thorough analysis of 

the urban green space resource and its functions. 

Integration  Consider integrating and coordinating urban green 

infrastructure with other urban (infra) structures in terms of 

physical and functional relations (e.g. built-up structure, 

infrastructure, water system). 

 

The proposed park system model should first consider preserving ecology.  Traditional 

park models contain level of services (LOS), recreation, open space, greenways, and 

Figure 4.1. (ctd. in Pauleit, Li, and Kazmierczak 274) 
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facility space guidelines (figure 21).  These guidelines only consider human usages and 

recreational facilities such as basketball courts, picnic areas, and playgrounds, but they do 

not include appropriate ecological aspects of the park model.  An ecological-based park 

system model should address the following goals and objectives: 

Goal 1. Protect section of the White River Watershed overlapping with the site 

area from the negative impact of human land-use activities. 

Objective 1. Improve water quality by establishing a riparian buffer 

system along the river, associated streams, lakes, wetlands, and 

constructed pond; this riparian buffer system will help protect waterways 

from deterioration of surface water quality and improves stormwater 

runoff. 

Objective 2.  Require minimum-width buffers for water quality 

protection, if aquatic features are close to private land. 

Goal 2. Use green infrastructure to link natural systems. 

Objective 1. Connect natural areas with a riparian buffer system. 

Objective 2. Protect existing woodland, wetland, and grassland. 

Objective 3. Interconnect separated patches to maximize the benefits of 

natural systems and wildlife habitat. 
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Goal 3. Understand and utilize land uses for expanding the park system model. 

Objective 1. Incorporate existing parks, cemeteries, and public areas such 

as schools and municipal areas into the park system. 

Objective 2. Consider cultivated crops and hay/pasture as park system. 

Goal 4. Expand connected recreational trails into part of the park system. 

Objective 1. Analyze the needs for new trails, and connect existing trails 

with new trails. 

Objective 2. Utilize the method for assessing 15-minuate walk distance in 

the park system model. 

 

Key Attributes of the Park System Model 

Hydrology and Riparian Buffer Systems  

The three cities in the project site–Noblesville, Fishers, and Carmel—were all 

settled along the White River, a major waterway in Indiana.  Hydrology is an essential 

element in any ecosystem due to water quality and recharge. The hydrologic cycle has a 

strong connection with all elements of the environment, including the urban region 

(Bridgewater 221).  This cycle is influenced by natural and man-made processes of 

change to land, water, and wetlands (Bridgewater 222).  Transition from land to water 
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environment is important to improve water quality because impacts on the land can affect 

water, and impact on water can affect the land (Bridgewater 222).  White River has a 

history of being extremely polluted, particularly with high levels of mercury because of 

industry and medical pollution.  In addition, natural areas are recharge zones; the more 

pavement reduces, the less ground water recharge.  Creating many natural areas can 

hold the amount of water and make a balance between input and output. 

Riparian buffer systems protect and cleanse hydraulic systems.  Riparian 

buffers are vibrant elements of watersheds because of their protection of upland and/or 

riparian surface areas and ground water quality from disturbances or adjacent land uses 

(Howes and Smith 3).   

These buffers have many benefits: 

 Trapping and removing sediment from runoff 

 Stabilizing stream banks and reducing channel erosion 

 Trapping and removing nutrients and contaminants 

 Storing flood waters, thereby reducing property damage 

 Maintaining habitat for fish and other aquatic organisms 

 Providing terrestrial habitat 

 Maintaining good water quality 

 Improving aesthetics, thereby increasing property values 

 Offering recreational and educational opportunities 
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(Wenger and Fowler 1) 

Buffers provide many benefits for protecting aquatic resources, and the Clean 

Water Act and the Rivers and Harbors Act of 1899 present requirements for controlling 

impacts on water resources (Forest Trends 1).  Based on the importance of a riparian 

buffer system, determining buffer width also becomes crucial for the waterbed system.  

According to Wenger and Fowler, “the most effective buffers are at least 100 feet wide, 

composed of native forest, and are applied to all streams, including very small ones” (qtd 

in. 1).  Generally, most scientific literature says the least widths are from 50 feet to 100 

feet.  The width of the buffer is decided by existing land conditions such as slope, width 

of the floodplain, presence of wetlands, and other factors (Wenger and Fowler 1).  

Buffer widths will also vary according to their function (Figure 4.2, 4.3; other references 

are attached in appendix 1).  In addition, Riparian buffer strips improve habitat for both 

aquatic and terrestrial wildlife populations interconnected with upland natural ecosystem 

remnants (Schultz et al. 204).  The required width for defending aquatic habitate is 35 to 

100 feet, but 300 feet is beneficial for diverse terrestrial riparian wildlife communities 

(Figure 4.2). 
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Buffer Function and Size Requirement 

Buffer Function Range of Buffer Note 

Reducing erosion 

and sedimentation 

(the most 

significant 

pollutant) 

 15 feet, effective in the 

short term (less than 1 year) 

 100 feet, trapping sediment 

under most circumstances 

 

 Most effective, when 

buffer along all 

streams 

 Grassed and forested 

buffers are effective 

Trapping/ removing 

phosphorus, 

nitrogen, and other 

serious 

contaminants 

 100 feet, effective in most   

cases 

 50 feet, sufficient under    

many conditions 

 

 Wetlands: high 

nitrogen removal areas 

 

Protecting wildlife 

habitat 

(essential 

component of 

aquatic habitat) 

 35 to 100 feet, necessary 

width for protecting aquatic 

habitat 

 300 feet, protecting diverse 

terrestrial riparian wildlife 

communities 

 For optimal habitat, 

buffer should include 

native forest 

 

 

Figure 4.2. (Wenger and Fowler 8-9) 
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Figure 4.3. Sections of Buffer system 
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Buffer design for stream 

This project uses scientific reference to define the width of buffers for creating a 

park system model.  The buffer system includes three different options: good, better, 

and best.  Although buffer widths are generally determined by floodplains, these areas 

will be excluded for an ideal result of a park model since most buffer systems for testing 

park systems overlapped with flood plains in the GIS test. 

Two types of buffers for representing different options are variable-width and 

fixed-width (Figure 4.4).  Variable-width options have more benefits than fixed-width.  

First, they are sufficient to protect watershed and are more scientifically defensible 

(Wenger and Fowler 23).  The variable options used in the width formulas (slope, 

presence of wetlands, width of floodplain, and presence of impervious surfaces) are are 

highly associated with buffer efficiency and are easily measured in the field (Wenger and 

Fowler 23).  According to Herson-Jones et al., “Fixed-width buffers may not provide 

sufficient protection to ecologically sensitive areas or, conversely, may deprive 

landowners of areas more suited to development in ecological terms” (ctd. in Wenger and 

Fowler 23).  Second, different land-uses require distinct degrees of each area for 

appropriate protection (Wenger and Fowler 23).  Third, variable-width buffers provide 

enough protection when incorporated with other sensitive natural features such as 

floodplains, steep slopes, and wetlands (Wenger and Fowler 23).  Buffer widths should 

generally extend to the edge of the flood plain, but this project does not extend it for 
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finding an appropriate model because the site’s floodplain is wide and most buffer areas 

overlap flood areas.  If this project considers floodplain as a buffer system, the park 

model will include a huge amount of land and conflict with the existing built context. 

Buffer Ordinance 

Category Width Description 
Option 1 

Fixed width 

300ft  

 

 Protects diverse terrestrial and riparian wildlife 
  

 Applies to all perennial and intermittent streams 
 

 Does not protect ephemeral stream are not 
protected by buffers, but their banks must be 
vegetated 

Option 2 

Variable 
width 

100ft +  

2 feet per 
1 % of 
slope  

 Combines with the width of wetlands that lie 
within or partly within the buffer (as determined 
by slope and floodplain width) 
 

 Does not count slopes over 25% toward the 
width 
 

 Applies buffer to all perennial and intermittent 
streams 
 

 Does not protect ephemeral streams by buffers, 
but their banks must be vegetated 

Option 3 

Variable 
width 

50ft +   

2 feet per 
1 % of 
slope 

 Combined with the width of wetlands lying 
within or partly within the buffer (as determined 
by slope and floodplain width) 
 

 Does not count slopes over 25% do not count 
toward the width 
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 Applies buffer to all perennial and intermittent 
streams 
 

 Does not protect ephemeral streams by buffers, 
but their banks must be vegetated 

 

 After deciding buffer width, the structure of the buffer system is composed of 

three zones.  This method is recommended for agricultural areas to enable some 

limitation of riparian land while conserving buffer function (Wenger 48).  The basic 

zoning guideline is that zone one is from the bank to 15 ft with undisturbed forest, zone 

two is from 15 ft to 75 ft with a managed forest, and zone three is from 75ft to 95 ft with 

grassed strip (Wenger 48).  This zoning guideline affects buffer management in the park 

model. 

 

Buffer Design for Wetlands 

The wetlands buffer functions similar to buffers for streams.  This project will 

apply a fixed buffer system for wetlands.  Most effective buffers for wetlands are 60 to 

600 feet wide, determined by wetland size and function.  Wetlands larger than 25 acres 

with high wildlife values require 300 feet buffers.  Small, deep, and excavated ponds 

with low wildlife or hydrological value require 40 feet buffers.  For wetland 

conservation, the model will use a 4:1 ratio of buffer area to wetland area.  Although 

Figure 4.4. (modified) (Wenger and Fowler 11-12) 
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wetlands larger than 25 acres normally require 600 feet buffers, this project uses 300 feet 

buffers because heavy buffers are not feasible in the site’s existing context. 

 

Park System Model 

The initial park model starts with defining each dataset: natural system (riparian 

buffer, wetland, woodland, and grassland), parcel (existing parks, public areas such as 

schools, cemetaries, and municipal areas), and land cover (developed area, cultivated 

crops, and hay or pasture).  Defining developed areas is important to figure out the 

model’s limitations.  Applying these data into the GIS map will determine limitations of 

the park model.  The model will mitigate the test conditions, so these can be reapplied 

into the map.  This process can be repeated a couple of times to find a final park model. 
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Figure 4.5. Park System Model and Process 
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Design Process and Proposed Park System Model 

 This creative project builds the framework for a park system model based on 

urban ecology.  Hydrology is a primary element of the park model, so buffers protect 

the White River and streams and connect into wetland systems.  These systems become 

the basic framework of an ecological-based park system.  In addition, proposed park 

lands use schools, playgrounds, existing parks, agricultural fields and municipal lands.  

Their patches are connected by corridor systems, and all linkages represent a green 

infrastructure throughout suburbs.  Located in Central Indiana, the test sites of 

Noblesville, Fishers, and Carmel have a connection with the White River.  These cities 

are located north of Indianapolis and are among the most urbanized areas in Indiana 

(Figure 4.7).  Nearby urbanized areas include Indianapolis, Anderson, and Muncie.  

The populations of Carmel, Fishers, and Noblesville are 51,969, 76,794, and 79,191 

(Figure 4.6, U.S. Census Bureau).  Their growth rates from 2000 to 2010 have been 

109.9%, 103.0%, and 81.8%. 

City 2010 Population Growth 2000-2010 

Carmel 51,969 109.9% 

Fishers 76,794 103.0% 

Noblesville 79,191 81.8% 

 

Figure 4.6. Population and growth 
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The population of these cities has continuously and dramatically increased from 

2001 compared with the statewide average growth rate of 6.6%.  Thus, these suburbs are 

appropriate to test a park system model which approaches urban ecology.  In addition, a 

native woodland is one of the most important natural systems, and the sites have more 

medium-density woods than adjacent areas (figure 4.8).  Native woods in the southern 

part of the site gradually connect into another woodland near Indianapolis.  Many native 

trees form a green corridor along the White River and streams (figure 4.9).   Uplands do 

not have high density of trees because the land is covered by residential, commercial, and 

industrial uses.  
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Figure 4.7. Regional Urbanization (Context) 

Sites for the proposed park system model are Carmel, Fishers, and Noblesville.   
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Figure 4.8. Native woods in regional scale (Context) 
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Figure 4.9. Native woods and hydrology for the proposed park system model 
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White River Watershed and Buffer System for Park System Model 

White River Watershed is the largest watershed over Central and Southern 

Indiana, draining all or part of nearly half the counties (Friends of the White River).  

The West Fork of the White River flows 273 miles from Randolph County through 

Hamilton County to Gibson County.  The watershed areas are composed of floodplains, 

river terraces, and gradually sloping uplands.  Topographically, rural uplands are 

patchworks of fields and forested areas.  Elevations of the region range from 489.082 

feet to 978.638 feet.  A buffer system along the White River plays a key role because 

Central Indiana is urbanized, and hydrology requires protection from the environmental 

impacts of built areas. 

The project establishes buffers along the river and streams, and this system is 

important to build a frame for a park system model.  The following brief descriptions 

show options for buffer systems: 

1. A fixed buffer with 300 feet width is good for protecting wildlife and its 

habitat. 

2. A variable buffer with at least 100 feet width and adding 2 feet per 1% slope 

is effective for most benefits, including reducing erosion, sedimentation, and 

other contaminants. 
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3. A variable buffer with at least 50 feet width and adding 2 feet per 1% slope 

is sufficient under many conditions, including trapping or removing 

phosphorus, nitrogen, and other contaminants. 

These options provide best-

better-good suggestions for buffers to 

generate the park model.  A 300-feet 

buffer is easy to create in GIS, but 

other options require slope data for 

buffer operation.  Slope data can be 

obtained from the Indiana Digital 

elevation model (DEM), which is 

available from the Indiana Spatial 

Data Portal, Indiana University.  

DEM data cover collected leaf-off conditions during March and April.  The data span 

the whole state of Indiana, divided into 4000-foot by 4000-foot high-resolution tiles. 

DEM data of county mosaics (Figure 4.10) could not generate slope result because of the 

huge size for rendering.  This project takes 246 individual DEM tiles, and each file size 

is 1-3 MB. 

Representing buffers is important because they are the main green infrastructures 

of the park system model.  The process of creating buffers in GIS is complicated for the 

Figure 4.10. Hamilton County Digital 
Elevation Model (DEM) 
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park model because buffer widths are determined by slopes on the existing topography.  

The following process was used to accomplish the second and third options for buffer 

systems.  For analyzing slopes of the site, Digital Elevation Model (DEM) image files 

include elevation data representing 1% slopes over 5 feet (Figure 4.11).  When raster 

images (which characterize data values in the electromagnetic spectrums) transfer to 

geographic vector polygons (ESRI), GIS cannot recognize the data of slope categories.  

At this moment, reclassifying their classes is required for solving the transformation 

problem.  For example, 0-5 % class displays 1, 5-10% class displays 2, 10-15% displays 

3, 15-20% displays 4, and 20-25% displays 5.  Class 5 also includes areas over 25% 

slope because over 25% does not affect buffers for the model.  To conveniently test the 

model, the slope polygon files are merged with adjacent files and create several groups.  

In addition, slope polygon files contain slope data in a new attribute column for 

representing different buffer widths.  However, these five slope categories do not cover 

real slope results, so the new attribute column will include representing buffers in the GIS 

model.  The column will contain two singular results for buffer options 2 and 3; the 

result of class 1 takes 60 feet for option 2; the result of class 1 takes 110 feet for option 3.  

Option 2 ranges from 60 feet to 100 feet, and option 3 ranges from 110 feet to 150 feet. 

 Hydrologic lines require refinement because buffers begin at the edge of the river 

and streams.  Cleaning up unnecessary hydraulic lines such as a central line and 

underground and under-bridge hydrology helps buffers find correct results.  Slope 
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polygons with new slope data intersect with hydrology lines, and the intersection of these 

data create comprehensive hydraulic line files.  Final buffers for the park system model 

should be found according to slope data in hydrology files.   

Buffers for lakes, ponds, and wetlands are determined by their size.  A criterion 

for the buffer width is 25 acres, and lakes, ponds, and wetlands are parceled out into two 

categories.  Those over 25 acres have 300-feet buffer, and those under 25 acres have 40-

feet buffer.  Theoretically, over 25 acres require 600-feet, but too wide a buffer can 

conflict with existing suburban areas of this project site.  Therefore, the park system 

model considers 300 feet as the maximum width of the buffer system.  The process of 

creating this buffer system in GIS is described below (figure 4.12, 4.13). 

 

 

 

 

 

 

 

Figure 4.11. A piece of a Digital Elevation Model (DEM) file.  The original digital 
elevation model image (left image) converts into a polygon file (right image) with slope 
data. 
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The site for the project is almost flat and slightly rolling, with a 0-5% slope rate (figure 

4.14).  Lands near White River and streams are steep in comparison with uplands.  

Their slope rates are 5-25%, and steep areas with steep slopes overlap the floodplain 

boundary.  Some lakes and wetlands are located near the river and streams, and they 

also descend slowly or steeply toward water.  Many residential and commercial areas 

have constructed ponds for stormwater management. 
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Figure 4.12. Representation of buffer widths for testing Park System Model 1 
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Figure 4.13. Representation of buffer widths for testing Park System Model 2 
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Figure 4.14. Slope range map 
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Indiana Landcover Database  

 This project draws Indiana Land Cover information from the 2001 National Land 

Cover Database (Indiana GIS).  The database format is raster digital data (grid), and 

spatial image resolution is 100 feet by 100 feet.  This grid shows land cover data in 

Indiana with 16 categories of land use (Indiana GIS).  Land cover is classified into the 

following 16 categories based on the National Land Cover Database (NLCD): 

Open Water 

Perennial Ice/Snow  

Developed Open Space  

Developed Low Intensity  

Developed Medium Intensity 

Developed High Intensity 

Barren Land (Rock/Sand/Clay) 

Deciduous Forest 

Evergreen Forest  

Mixed Forest 

Shrub/Scrub  

Grassland/Herbaceous  

Hay/Pasture 

Cultivated Crops 

Woody Wetlands 

Herbaceous Wetlands 

The site for this project covers 13 categories of land uses (Figure 4.16), but this  

project does not include the categories of perennial Ice/snow, barren land 

(rock/sand/clay), and mixed forest because Indiana does not have these characteristic 

areas.  Existing built context is denser than green spaces (Figure 4.17), and although not 

enough to support natural systems, the areas along the hydrology have most green spaces 

in the urban areas. Agricultural fields beyond the suburbs could be used for creating 
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future green spaces (Figure 4.18).  Figure 4.15 presents the classification of land use 

within the site. 

 

 

Class Legend Area (%) Cumulative area (%) Area (Acre) 

1 Open water 2 2 2,995 

2 Developed open space 45 47 47,779 

3 Developed low 
intensity 

17 64 17,511 

4 Developed medium 
intensity 

5 69 4,977 

5 Developed high 
intensity 

1.5 70.5 1,538 

6 Deciduous forest 3 73.5 2,934 

7 Evergreen Forest 0.03 76.53 33 

8 Shrub/scrub 0.1 76.63 120 

9 Grassland/herbaceous 0.6 77.23 641 

10 Hay/Pasture 2.29 79.43 2,272 

11 Cultivated crops 23 99.52 23,861 

12 Woody wetlands 0.2 99.72 212 

13 Herbaceous Wetlands 0.28 100 285 

Total  100  105,131 

Figure 4.15. Classification of land use 
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Figure 4.16. Surface Cover: Developed Area and Green Surface 
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Figure 4.17. Surface Cover: Cultivated Lands and Hydrology 
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Figure 4.18. Surface Cover 
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Building Buffer System 

 The results of three buffer options and land cover area create polygon layers for 

building a buffer system.  Three different widths of buffers provide diverse options for 

the existing context.  A 300-feet buffer is ideal for wildlife habitat, but some urban areas 

cannot use this option because of existing buildings.  In this case, one of the other 

options must suffice.  The test is to find overlapped areas between buffers and 

developed areas because the developed area cannot build green infrastructure.  

Therefore, the new buffer files do not exclude wrapping the area with developed contexts.   

Two data sets include 

information about current built context 

(Figure 4.18, 4.19).  When the first test 

proceeded with Hamilton County parcel 

data from GIS (Figure 4.20), most 

buffers of all 3 options simultaneously 

overlapped with existing built context, 

and result the buffer system were limited.  

A second attempt used landcover data 

(Figure 4.21), which is less strict than parcel data.  Although it still has a problem with 

developed area, the outcome is more useful.  Three different widths of buffer system can 

suffice for the deficiency of buffer systems.   

Figure 4.19. Developed Areas in Parcel 

 



78 

 

 

Three options support different conditions of the site, but some parts still have 

problems with developed context.  Some parts still have a problem, which is no buffer 

because of overlapping with developed areas.  Filling a deficiency, this project applies a 

20-feet buffer along hydrology as a minimum standard (Figure 4.22) because 20 feet of 

riparian vegetation is still valuable for controlling water quality in an urban setting, and 

its function is similar in rural one (Riley 104).  The final results of the buffer system 

show various widths of buffers along the hydrology (Figure 4.23).  The result of 

compound buffer accounted for 13,336 acres.  When the GIS test considers the 

minimum width of buffer, the outcome is 2,011 acres.  The acreage of compound buffer 

is almost seven times greater than minimum width of buffer.  Figure 2.24 represents 

three zones of buffer systems designed by Welsch: undisturbed forest, a managed forest, 

and runoff control (Hawes and Smith 10).  Zone 1, undisturbed forest, provides 

maturing trees to the hydrology and maintains low temperatures vital to fish habitat.  

Zone 2, managed forest, removes sediments and nutrients from runoff by filtration, 

deposition, plant uptake, anaerobic denitrification, and other natural processes.  Zone 3, 

runoff control, controls concentrated water flows into dispersed flows and facilitates 

ground contact and infiltration. 
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Figure 4.20. Thre- Buffer System with Parcel Dataset (Three Options: 50ft + α (red), 100ft + α 
(orange), and 300 ft (green, Top) and combined final result (Bottom) 
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Figure 4.21. Three-Buffer System with Land Cover Dataset (Three Options: 50ft + α (red), 
100ft + α (orange), and 300 ft (green, Top) and combined final result, (Bottom) 
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Figure 4.22. Example of a buffer system 
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Figure 4.23. Final Result of Buffer System 
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Figure 4.24. Three options of buffer systems with native plants in Indiana 
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Proposed Park System Model 

The proposed park system model is composed of buffers, managed lands 

(existing parks), natural areas (woodlands, shrub and grassland, and woody wetland), and 

agricultural areas (cultivated crops and hay or pasture), and municipality (Figure 4.25).  

Figure 4.25 presents the classification of land use within the buffers.   

Class Legend Area (%) Cumulative area (%) Area (Acre) 

1 Open Water 0 0 0 

2 Natural Area 63.7 63.7 8,500 

3 Managed Land 0.5 64.2 69 

4 Municipality 2.3 66.5 300 

5 Agricultural area 33.5 100 4,467 

Total  100  13,336 

 

The new buffer areas are 13,336 acres because some parts overlap existing green 

spaces.  This model finds vast amount of proposed park land—43,418 acres—because 

the model includes ample spaces for cultivated crops around site (Figure 4.29).  Without 

these cultivated areas, the model shows 19,557 acres of natural areas, managed land, and 

municipality (Figure 4.27, 4.28, 4.29).  The proposed park system model corresponds 

with existing building footprints (Figure 4.31).  The method for assessing walk distance 

shows access from existing buildings to parks (Figure 4.32).  This model applies 15-

Figure 4.25. Classification of land use in buffers  

 



85 

 

 

minute walk buffer of 1/4 mile from existing buildings footprints.  Figure 4.33 provides 

the area connections with existing trail systems because trails can be useful for the most 

popular recreational activities in Indiana: hiking, walking, and jogging.  The conceptual 

park system emphasizes trails along the streams, so people can come and celebrate river 

trails with nature. 
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Figure 4.26. Buffer System and Proposed Park Lands 
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Figure 4.27. Buffer System and Proposed Park Lands (Natural Areas) 
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Figure 4.28. Buffer System and Proposed Park Lands (Managed land: Existing Parks) 
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Figure 4.29. Buffer System and Proposed Park Lands (Agricultural Areas) 
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Figure 4.30. Buffer System and Proposed Park Lands (Municipality) 
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Figure 4.31. Park System Model with Buildings 
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Figure 4.32. Testing Park System Model by using 15-minute walk distance (1/4 mile) from 
existing building footprint 
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Figure 4.33. Park System Model with Existing Trails 
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Figure 4.34. Conceptual Park System 
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Chapter Five: Conclusion 

 

 The aim of this project is to design an ecological-based park system model in 

suburban, Central Indiana that meets the ecological demands of a growing urban 

population.  City populations cause many environmental problems which decrease the 

quality of urban life.  Urban ecology considers ecological aspects in an urban setting, 

and green infrastructure is a way of utilizing natural systems in urban planning.  The 

park system model considers natural systems to enhance urban ecology in urban areas.   

The park system model begins by applying the traditional park system, which 

considers level-of-service (LOS) as a basic guideline for parks.  Noblesville, Fishers, 

and Carmel require more park and recreational areas based on the calculation of LOS.  

Existing park systems do not cover 390.5, 359, and 482 acres of parks needed to 

accommodate the 2010 population (Figure 44).  Although this project combines county 

level of LOS which is the smallest acres for parks, existing parks do not meet the 

minimum LOS recommendation. 
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Present Quantity of Parks in Noblesville, Fishers, and Carmel 

 PPN 2010 * Recommended 20 
ac/1000 

Current Difference 

(Shortfall) 

Noblesville 51,969 1039.38 390.5 648.88 

Fishers 76,794 1535.88 359 1,176.88 

Carmel 79,191 1583.82 482 1,101.82 

 

This project does natural systems into the park system models.  First, riparian 

buffer systems are a main feature of the park model, and GIS helps locate possible park 

lands.  After rendering, the compound buffer outcome based on three different widths 

creates the frame of the park model, and landcover of developed area (residential, 

commercial, and industrial land uses) provides limitations for discovering feasible buffer 

areas.  The GIS test reveals a buffer system of 13,641 acres, which exceeds the LOS 

parks and recreational model.  The total difference in acres of three cities is 2,927.58, 

and the results are five times bigger than existing park conditions.   

When the project considers the absolute minimum buffer width (20 feet), the 

outcome is 2,011 acres, close to the recommendation.  However, ecological systems are 

a priority of the park system model, and more natural systems strengthen the model.  

Figure 5.1. *Population, U.S. Census Bureau 2010 
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The park model also includes existing parks and municipal areas from parcel, and 

cultivated crops, and hay for pasture from land cover.  Existing parks and municipal 

areas do not have a concern about size, but areas for LOS are overwhelmed by cultivated 

areas.  When the project creates the framework for a park system model in terms of 

ecology, LOS recommendation no longer has meaning because LOS is less than the 

amount of the proposed park system model.  This project and LOS are also testing two 

different park systems, including landcover and ecology.  Therefore, proposing a park 

system with a feasible number of acres must be prioritized. 

Four priorities help designate lands for a feasible park system model: ecology, 

water quality, recreation, and growth.  Ecology is the most important concept for this 

park model, so it begins with discovering natural areas.  Many patch lands are connected 

by corridors for preserving wildlife and the function of natural resources.  This 

consideration can determine the sizes of patches and corridors in connection with the 

number of wildlife.  Water quality is another issue with people and environments.  This 

model protects hydrology by using a riparian buffer system, and deciding an appropriate 

buffer width is important for maintaining water quality.  However, this model generally 

covers hydrology in natural setting.  For covering the hydrology in urban areas, further 

study can discover whole watershed with stormwater and grey water management in 

developed areas.  Recreation in the park model provides many pleasing activities for 

people, but the project only considers trail system because research reveals hiking, 
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walking, and running are the most popular forms of recreation in Indiana.  More trail 

systems are linked with existing trails, and many people can celebrate nature by walking, 

running, and biking on trails.  Growth predicts the future feasibility of the park system 

model.  Growth is closely related with economical and political issues which are 

intertwined with the adjustment of conflicting interests of publics, communities, and 

individuals, and park systems can be adapted to accommodate these issues.  Controlling 

these issues is crucial in building a practical park model.  Since each of these priorities 

results in a different system, further research is required. 

This report is the study of a park system model for the Midwestern U.S suburbs 

of Carmel, Fishers, and Noblesville, Indiana.  Studying and developing a park system 

model begins with the concern for natural systems and ecology in urban areas, where 

various man-made infrastructures destroy nature.  Since nature is not just for humans 

but also other species living on the earth, people must preserve nature for them.  

Ecology plays a key role in this model, and buffers along hydrology, woodland, wetland, 

and grassland are considered the intermediation between nature and infrastructures.  The 

park system model is a way to enhance the connection between humans and nature in the 

urban areas, and it will give the benefits of ecology to people, wildlife, and their 

environments.   
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Glossary of terms 

Urbanization: The combination of increasing density and outward spread of people and 
built areas. 

Urban region: The area of active interactions between a city and its surroundings 

Suburbs: Mainly residential municipalities, such as towns, close to a large city.  This 
area may be entirely within, partially within, or altogether outside a metropolitan area. 
Suburbia refers to all adjoining suburbs around a city. 

Green Spaces: Generally unbuilt areas in an urban region; with no, or few scattered 
buildings.  These areas range from tiny city parks to extensive woodland landscapes, 
and from rounded spots to linear greenways and river corridors. 

Natural system: Nature, but focused on its structure, function, and change.  Nature has 
a form or anatomy, and it works, as energy, material, and species flow and move.  
Therefore, nature changes both its form and functioning over time. 

Natural areas: Natural habitat, natural vegetation, natural community, and natural land, 
not affected by intensive human management or use. 

City Parks: Scattered patches or areas over a matrix of densely built context.  

Park system: A network of open spaces connected by public walkways, bridleways, or 
cycleways 

Habitat: A relatively distinct area whose physical and biological conditions support an 
organism, population, or group of species. 

(Definitions from Forman 6-9, 20-21) 
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Recommended Minimum Buffer Widths (Horsley Witten Group and Millar 21) 

Function Range of Riparian Buffer Widths Minimum 
Recommended 
Buffer width Environmental 

Law Institute 
(2003) 

Fischer and 
Fischneich (2000) 

Stream 
Stabilization 

30-170 ft 30-65ft 50 ft ① 

Water Quality 
Protection 

15-300 ft (remove 
nutrients) ② 

10-400 ft (remove 
sediment) 

15-100 ft 100 ft ③ 

Flood Attenuation 65-500 ft 65-500 ft FEMA 100-year 
floodplain plus an 
additional 25 ft ④ 

Riparian/ Wildlife 
Habitat 

10 ft-1 mile 100 ft-0.3 mile 300 ft³ ⑤ 

Protection of Cold 
Water Ficheries 

>100 ft (5 studies) 

50-200 ft (1 studies) 

 150 ft ⑥ 

① Larger buffers may be necessary based on steep slopes and highly erodible soils 
② Different buffer designs should be considered for protection of different resources 

(coastal vs. inland) 
③ Larger buffers bay be necessary based on land use, resource goals, slope, and 

soils. 
④ Additional buffer recommended to compensate for variability in flood model 

results at a site level due to a changing climate. 
⑤ Larger buffers may be necessary based on species and vegetation. 
⑥ Larger buffers are necessary as the impervious cover in the watershed exceeds 

8 %. 
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Summary of Effective Buffer Widths from Literature Reviews (Hawes and Simith 12) 

 

  

 Effective Width of Buffer (in feet) 

Author Aquatic 
Wildlife 

Terrestrial 
Wildlife 

Stream 
Temperature 

Nutrient 
Retention 

Sediment 
Control 

Wenger 1999  220-574 ft. 33-98 ft. 50-100 ft. 82-328 ft 

Army Corps 
1991 

98 ft 30-656 ft. 33-66 ft. 52-164 ft 33-148 ft. 

Fisher and 
Fischenich   
2000 

> 98 ft. 98-1,640 ft. none 16.4-98 ft. 30-200 ft. 

Broadmeadow 
and Nisbet       
2004 

33-164 
ft. 

none 49-230 16.4-98 ft 49-213 ft 



103 

 

 

General Recommended Widths of Buffer Zones by Jontos (Hawes and Simith 13) 

Function Description Recommended 
Width 

Water 
Quality 
Protection 

Buffers, especially dense grassy or herbaceous buffers on 
gradual slopes, intercept overland runoff, trap sediments, 
remove pollutants, and promote ground water recharge. 
For low to moderate slopes, most filtering occurs within 
the first 10 m, but greater widths are necessary for 
steeper slopes, buffers comprised of mainly shrubs and 
trees, where soils have low permeability, or where NPS 
loads are particularly high.  

5-30 m 

Stream 
Stabilization 

Buffers, particularly diverse stands of shrubs and trees, 
provide food and shelter for a wide variety of riparian 
and aquatic wildlife  

10-20 m 

Riparian 
Habitat 

Riparian vegetation moderates soil moisture conditions 
in stream banks, and roots provide tensile strength to the 
soil matrix, enhancing bank stability. Good erosion 
control may only require that the width of the bank be 
protected, unless there is active bank erosion, which will 
require a wider buffer. Excessive bank erosion may 
require additional bioengineering techniques.  

30-500 m 

Flood 
Attenuation 

Riparian buffers promote floodplain storage due to 
backwater effects, they intercept overland flow and 
increase travel time, resulting in reduced flood peaks.  

20-150 m 

Detrital Input Leaves, twigs and branches that fall from riparian forest 
canopies into the stream are an important source of 
nutrients and habitat.  

3-10 m 
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