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Abstract
C. M. Foley. How socio-demographic factors and the physical environment shape resident
attitudes towards green infrastructure in Syracuse, NY, 124 pages, 20 tables, 16 figures, 2012.
The effectiveness of Green Infrastructure (GI) as a stormwater management tool relies on
resident participation. Their likelihood of participation is a function of their attitudes towards
GI. My objective was to assess how socio-demographics factors and the physical environment
surrounding  respondents’ households shape resident attitudes and perception of barriers towards
GI. In turn these attitudes might impact land-use/land-cover patterns that affect both the social
and ecological metabolisms of two neighborhoods in Syracuse, NY. I calculated mean scores
and used regression analysis to determine if demographic or physical factors could explain
attitudes towards GI. Respondents indicated moderately high attitude scores towards
implementing GI. Female gender explained higher attitude scores towards some GI options;
Whites had lower attitude scores towards some GI options, although the strength of the
relationship is weak. Biophysical characteristics can also minimally explain some attitudes and
perceived barriers towards GI.
Keywords: green infrastructure; Syracuse, NY; environmental attitudes; urban metabolism
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Introduction
Combined sewer overflows and the emergence of green infrastructure in Syracuse, NY
Approximately 48%1 of Syracuse, NY drains into combined sewer systems (CSS). The
CSS transports wastewater from storm water runoff and sanitary waste from houses and
businesses. In heavy storm events the CSS can become overloaded, and designated overflow
pipes, known as combined sewer overflows (CSO) discharge untreated wastewater directly into
the tributaries of Onondaga Lake: Onondaga Creek and Harbor Brook. These overflow events
cause water pollution to the Lake (U.S. District Court, Northern District of New York 2009;
Onondaga County DWEP 2012). Pollution problems from CSOs are not unique to Syracuse; the
U.S. Environmental Protection Agency (EPA) estimates 772 cities in the U.S. have combined
sewer systems and inevitably also have CSO’s (U.S. EPA 2012). Throughout the 19th-21st
centuries, a growing population and increased impervious surface have increased the amount of
water flowing into the systems, stressed these sewer systems, and amplified the occurrences of
CSOs.
In 1988 the Atlantic States Legal Foundation and New York State brought a lawsuit
against Onondaga County and the Onondaga County Department of Drainage and Sanitation
under § 505 of the Federal Water Pollution Control Act, also known as the Clean Water Act. The
case alleged that the County violated the Clean Water Act for discharges of untreated raw
sewage into Onondaga Lake through CSOs and because the Metropolitan Syracuse Wastewater
Treatment Plant (METRO) exceeded effluent discharge limits for phosphorus and ammonia. The
case resulted in a 1989 consent judgment. The consent judgment required the County to update
their sewer infrastructure and wastewater treatment facilities to stop the discharge of sewage into
the Lake and reduce METRO phosphorus and ammonia effluent discharges; updates to that
1

Calculated from sewershed drainage basins GIS layer provided by CH2M Hill, Onondaga County Consultants
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consent judgment occurred in 1998, 2006, 2008, and 2009 (U.S. District Court, Northern District
of New York 2009).
Onondaga County has constructed many of the projects mandated by the 1998 Amended
Consent Judgment (ACJ) to reduce CSOs, but some of those projects have been contentious
within the Syracuse community. The ACJ required the construction of five regional treatment
facilities (RTF) along tributary creeks to Onondaga Lake. The 1999 plan for the Midland Avenue
RTF required the eviction of 35 low-income, African American residents from their homes in the
Southside neighborhood (Baptiste and Lane 2008). The Midland Avenue RTF plan had three
separate construction stages including: Phase I, a 900 linear feet (lf) conveyance pipeline; Phase
II, Midland RTF with chlorinated water treatment; and Phase III a 7,700 lf conveyance line to
transport sewage from upstream CSO pipes to the Midland RTF. The Partnership for Onondaga
Creek (POC), a grass roots organization formed in 2000 to fight against the construction of the
Midland Avenue RTF and the environmental injustice caused by its placement in the Southside
neighborhood. In the movement for community equality the POC requested the City and County
consider fairer solutions to the City wide problem of CSOs that did not overly burden their
Southside neighborhood and the African American community. The efforts of the POC resulted
in some wins and losses with respect to groups goals: the Midland RTF was completed in 2008,
but at a reduced size from the original plans, and with a underground water storage tank
(Baptiste and Lane 2008; U.S. District Court, Northern District of New York 2009).
After the construction of the Phase II Midland RTF, the POC asked government to
consider green infrastructure (GI) alternatives to the Phase III mile-long conveyance pipeline. In
2008, the POC partnered with the local educational institutions, State University of New York
College of Environmental Science and Forestry (SUNY-ESF) and Syracuse University to
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conduct a preliminary research project to examine Syracuse  residents’  openness  to  GI. The final
report,  “Green  Infrastructure  Survey Report,” completed in 2008 found a moderate to high
likelihood residents would implement GI methods that were low cost (Baptiste and Lane 2008).
Eventually the work of the POC and their allies caused Onondaga County and the NYSDEC to
reject the Phase III CSO conveyance pipeline and opt for a greener solution to CSO problems
(The Partnership for Onondaga Creek 2011). The actions of the POC gave rise to a movement
for the combination of GI and gray-infrastructure solutions to mitigate the CSO problems in
Syracuse. The 2009 ACJ legally allows for the use of Green Infrastructure (GI) in order to meet
the water quality standards in Onondaga Lake.
The Onondaga County storm water management plan, Save the Rain emerged from the
2009 ACJ (www.savetherain.us). The plan relies heavily on the use of GI to reduce the storm
water demand on the Clinton, Midland and Harbor Brook sewer districts that release CSOs into
the tributaries of Onondaga Lake. GI can decrease the amount of storm water entering the
Syracuse sewer system, lessen the strain on the system, and therefore reduce the amount of
pollution in Onondaga Lake (www.savetherain.us). The Save the Rain campaign has GI projects
on public properties; provides monetary incentives through the Green Improvement Fund
program to commercial, business or not-for-profit private properties for GI projects; and
provides free rain barrels and trees to individuals throughout the City. Additionally, the County
provides citizen education through an advertising campaign in the county and on their website
(www.savetherain.us).

3

Research context
Fairly distributed GI within the city instead of large gray-infrastructure projects such as
RTF’s  and  wastewater  pipelines  could  enhance  the  city  environment  by  creating  more  natural  
landscapes for humans to interact with. Mayer et al. (2009) found that when humans interact
with natural landscapes it can increase their positive emotions and their ability to reflect on life.
Increased positive emotions can contribute to an increase in quality of life. GI can also provide
other benefits to increase the quality of life: the presence of trees in urban environments can
decrease the temperatures within cities (Heisler et al. 2007; Murphy et al. 2011) and
subsequently reduce the amount of energy needed for heating and cooling of buildings (Heisler
1986a; Heisler 1986b). Therefore with GI it is possible residents could use less energy and
reduce their basic cost of living. Decreased costs of living and increased quality of life is
particularly important for low-income city residents. The use of GI as a storm water management
tool has the opportunity to reduce the energy use within the city system while also increasing the
quality of life for residents and creating a more equitable city.
This research is part of a larger Syracuse Urban Long-Term Research Area (ULTRA;
National Science Foundation Award ID 0948952) research project with the objective to,
"Develop an integrative systems model of socio-ecological metabolism for a
northeastern rust belt urban ecosystem, in which natural and human systems influence
each other in a dynamic reiterative process. This model, and the research we will
undertake to build it, will examine the past and potential future importance of external
drivers and the potential range of socio-ecological options/possibilities of land use/land
cover (LULC) structure and management that can contribute to long term future
sustainability and quality of life in rust belt cities" (Syracuse ULTRA, 2008 [emphasis
added]).
My research falls within the Syracuse ULTRA goals. From these goals the Syracuse ULTRA
project has two primary research questions:
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“Question 1: What is the socio-ecological metabolism of a rust belt city, how has it
changed over time, how might it be vulnerable to future external factors such as
restrictions in oil availability, and how might city revitalization emphasizing natural
ecosystem processes via green infrastructure (GI) affect SEM at both the city/regional
and the household/neighborhood level in the future?
Question 2: What institutional and societal constraints may limit transitioning to this
new city form, and how can urban ecosystem science be transferred from the scientific
community to local actors to help develop policies or implement green technologies that
optimize SEM and contribute to quality of life for all urban inhabitants, including nonhuman  biota?”   (Syracuse ULTRA, 2008 [emphasis added])
I examine how attitudes towards GI, and perceived barriers to GI might create different
LULC patterns in two neighborhoods of Syracuse, NY and postulate how it might impact socialecological metabolism (SEM). Citizen attitudes towards GI and perceived barriers to GI could
have an effect on the opportunity to change the city landscape, and to affect  the  city’s  long-term
sustainability. If citizens are willing to accept and implement GI and a more natural city
landscape, then there is the opportunity to impact the urban metabolism of the city. Alternatively
citizen’s rejection of GI and a natural city landscape is indicative of the societal constraints that
might prevent the City of Syracuse from moving to a more sustainable city landscape. I also
examine if there are any existing socio-demographic and biophysical characteristics such as
percent tree canopy or percent impervious surface surrounding a household that can explain
citizen attitudes towards GI.
My research seeks a deeper understanding of the human dimensions of urban green
revitalization and is a step towards integrating social science into long-term metabolism studies
and ecological research. This work strengthens ecological systems models by providing more
information about how human behavior might affect the urban ecological system. I hope that this
provides an improved understanding of the relationships between human and natural urban
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systems; which could lead to increased sustainability through better informed environmental
policy.
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Literature Review
Urban metabolism
As humans become more aware of the limited resources on Earth and human impact on
the environment, many cities have taken initiatives to reduce their environmental impact and
increase their sustainability. The indicators of urban sustainability vary significantly between
cities and often are not comparable (Shen et al. 2011). Comparable measurements can allow for
better understanding of sustainable practices and more knowledge sharing between cities (Shen
et al. 2011). The measurement of urban metabolism is a type of indicator that could be used to
compare sustainability between cities. Urban metabolism is an intellectual concept that draws on
the established principles of ecological metabolism, which researchers and academics have
adapted to illustrate how human-dominated landscapes function by measuring the inputs and
outputs of energy, materials, and water to and from human settlements (Odum 1988; FischerKowalski and Hüttler 1998; Bringezu and Moriguchi 2002; Rogich and Matos 2002; Huang et al.
2006). In the early stages of the concept, researchers focused on city problems such as water
supply, disposal of sewage, and air pollution (Wolman 1969). Definitions of urban metabolism
have since expanded to include a much broader range of topics. Namely, many researchers call
for the inclusion of social aspects into the understanding of ecological metabolism (Grove and
Burch 1997; Newman 1999; Redman et al. 2004; Haberl et al. 2006; Chowdhury et al. 2011;
Hall 2011). Within the contemporary debate on how to structure metabolism studies, two schools
of thought have emerged; one based on energy flows (Odum 1988; Huang et al. 2006) and the
other on material flows analysis (MFA) (Fischer-Kowalski and Hüttler 1998; Bringezu and
Moriguchi 2002; Rogich and Matos 2002).
Incorporating social research into ecological metabolism studies as social-ecological
metabolism (SEM) can increase the complexity of the research, but will lead to better informed
7

ecological system models. Studies of urban metabolism can be important for cities like Syracuse,
NY that have experienced loss of industrial production, a transition to a service economy, and a
general decline in population since  the  1950’s (Syracuse ULTRA 2009). Pollution from
industrialization and neglected or abandoned properties within the city have left Syracuse with a
highly heterogeneous landscape; residential neighborhoods within the city have diverse physical
and socio-demographic characteristics, which cause different metabolic rates between different
neighborhood units (Hall 2011). These varying metabolic rates and different access to
environmental resources amongst neighborhoods have implications for inequalities within the
city system. Urban metabolism studies can help illuminate social inequities.

Definition of urban metabolism
Urban metabolism studies are based in a variety of disciplines and vary in their purpose
and methods (Wolman 1969; Lindh 1978; Huang et al. 2006; Chowdhury et al. 2011; Hall 2011;
Kennedy et al. 2011; Rapoport 2011). This short review does not cover the multitude of articles
that have been written on this topic, but rather provides a broad overview of the dominant themes
within metabolism studies. Fischer-Kowalski & Hüttler (1998) and Rapoport (2011) provide a
more comprehensive review of urban metabolism studies within academia (although still not
exhaustive). Typically metabolism studies exist within two frameworks: the city as an organism,
or city as an ecosystem (Fischer-Kowalski and Hüttler 1998; Kennedy et al. 2011). Two nonconflicting schools of metabolism studies have also emerged: one focused on energy flows
(Zucchetto 1975; Huang et al. 2006; Zhang et al. 2009), the other on material flows and analysis
(Fischer-Kowalski and Hüttler 1998; Barrett et al. 2002; Bringezu and Moriguchi 2002; Rogich
and Matos 2002; Niza et al. 2009).
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The cities as organisms and unit of analysis framework is a product of the social
sciences (Fischer-Kowalski and Hüttler 1998; Kennedy et al. 2011; Rapoport 2011). Cities
resemble organisms as they process inputs from their surrounding environment and produce
wastes (Kennedy et al. 2011). In this framework, the city is still a system, but the focus is on the
socioeconomic system that transforms raw materials to waste rather than on the idea that the city
itself replicates a natural ecosystem (Fischer-Kowalski and Hüttler 1998; Kennedy et al. 2011).
Researchers can choose the scale for socioeconomic system analysis which can range from the
household to the city, country, region or global scale (Fischer-Kowalski and Hüttler 1998).
Cities as ecosystems follows the traditional concept of metabolism based in the natural
sciences (Fischer-Kowalski and Hüttler 1998). Within the framework of the city as an ecosystem,
researchers can map the flow of energy, nutrients, water and materials through an urban system
and design cities that help close the loops, thereby reducing the material inputs and the output
wastes (Kennedy et al. 2011).  In  1969,  Wolman  wrote,  “the  metabolic  requirements  of  a  city  can  
be defined as all the materials  and  commodities  needed  to  sustain  the  city’s  inhabitants  at  home,  
at  work,  and  at  play”  (Wolman 1969).  Wolman’s  definition  focuses  on  the  inputs  of  water,  food  
and fuel, and the outputs of sewage, solid refuse and air pollutants. His work demonstrates a
particular interest in the production of waste within the city and the problems that cities
experience because of this waste. He challenges city administrators to create better waste
disposal systems in order to treat sewage before it is released into the environment. Wolman
points out that the production of sewer waste can prevent the use of clean water as an input into
the system. His prescriptions to fix the problems of the city emerge from the idea of a closed
ecological system (Wolman 1969). Problems emerge in cities when administrators do not
recognize that wastes from a system stay within the system. Contemporary cities have high linear
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metabolisms beginning with large amounts of resource extraction from the environment to high
amounts of waste deposits into the environment (Kennedy et al. 2011). The goal of urban
metabolism studies focused on cities as ecosystems is to close open cycles, or create closed
cycles that do not require the extraction of new environmental resources (Fischer-Kowalski and
Hüttler 1998).
The two schools of metabolism studies: energy vs. material flows analysis (MFA), offer
different types of analysis and reveal different information about how urban areas function.
Material flows analysis is the dominant school of work within metabolism studies and analyzes
inputs and outputs of materials, nutrients or resources in terms of mass (Barrett et al. 2002; Niza
et al. 2009; Kennedy et al. 2011). Niza et al. (2009) conducted a MFA for Lisbon, Portugal and
found that nearly 80 percent of  the  city’s  total  material  consumption  was  from  nonrenewable  
material resources, while 18 percent of the material consumption was from the renewable
resource of biomass. Barrett et al. (2002) used MFA to calculate the flow of materials and also
calculated the ecological footprint for the city of York, England. Less common than MFA, the
Odum School of energy analysis is based on a more abstract concept of “emergy,”  or  embodied  
energy.  “Emergy”  is measured as the transformity of solar energy which is the primary energy
input to ecosystems (Odum 1988).  “Emergy” acknowledges that not all energy is of the same
quality; one gram of a mammal takes more energy to produce than one gram of a plant. In
ecosystems, energy is transformed along a hierarchy: large quantities of low-quality energy
combine and transform to smaller volumes of higher quality energy (Odum 1988). Therefore
Odum and others use “emergy” as a way to express different kinds of energy equivalently by
placing a universal value on the work and transformations needed for the manifestation of a
product (Odum et al. 1997). The Odum school reports findings in terms of the universal metric
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of solar energy equivalents, or solar emjoules (Odum 1988; Huang et al. 2006). Huang et al.
(2006) suggests that “emergy” analysis should be done in conjunction with MFA since MFA
cannot adequately assess the metabolism of an area. In  Huang’s  socioeconomic  metabolism
study of Taiwan, the MFA alone was  not  able  to  identify  Taiwan’s  increased  reliance  on  energy  
use because it failed to take into account the quality of materials that went into the production of
housing (Huang et al. 2006).
Metabolism studies, both MFA and “emergy” analysis can be useful indicators of urban
sustainability. They can help determine how a city or country is dependent on certain types of
materials or energy, energy consumption rates, or waste production within a city or country. As
Kennedy et al. (2011) suggest they can also be useful in many other ways: as accounting tool for
greenhouse gas emissions; a model for policy analysis; or as design tools.

Integrating socio-ecological aspects into metabolism studies
There are different ecological controls than social controls on the flows of energy and
materials through a system. For example, although a low energy economy might be possible
ecologically, there still are societal limitations such as attitudes that structure the flow of energy
and materials in an urban system. The rate at which a city consumes water is dependent on the
lifestyle factors of the society such as the socially accepted norms governing lawn care, or
personal hygiene. Although it is more environmentally sustainable to reduce the extraction of
water from the natural environment, the viability of reducing this flow into the urban
environment is, in part, based  on  the  society’s  willingness  to  change  norms  and  behaviors.  
Socio-ecological metabolism (SEM) studies focus on the human-environment interaction
and the effect human decisions have on resource availability, as well as the effect the
11

environment has on humans and human attitudes and behaviors. Traditionally, scientists have
studied human society as separate  from  “natural”  systems.  Advocates  of  socio-ecological
systems (SES) studies ask that academia address human and natural systems as a single complex
system (Redman et al. 2004). The social perspective is in fact essential to urban metabolism
studies since human decisions determine the flow of ecological materials and energy in a city.
(Haberl et al. 2006). Biophysical limitations combined with human activities drive ecosystem
dynamics and bidirectional feedback mechanisms ultimately regulate the overall functioning of a
SES (Redman et al. 2004). For example, the expanse of lawns in suburban landscapes alters the
flora composition of the landscape, and nutrient inputs humans apply to lawns such as
phosphorus or nitrogen can negatively impact the health of local streams and lakes (Cunningham
et al. 2009). As humans observe and realize the environmental impact of their actions, they may
make behavioral changes to reduce the amount of nutrient pollution to the environment.
Alternatively, humans might respond by continuing to monitor pollution levels, or doing nothing
at all. Human responses to the state of the environment (an environment that they helped create)
continually impact ecological processes, human quality of life, and future human behavior
(Redman et al. 2004). In an integrated SES, land use decisions, land cover changes, production
systems, consumption patterns and disposal systems are interactions between human and
ecological components. Researchers study SES as a combined system so that mutual interactions,
impacts, and feedback mechanisms can be identified and accounted for within a complex, system
model (Figure 1).
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Figure 1. Framework for long-term studies of social-ecological systems (Redman et al., 2004)

Integration of multiple spatial and temporal scales is also important to socio-ecological
research (Redman et al. 2004; Haberl et al. 2006). Specifically land-use land-cover change over
time and space are important for understanding processes affecting urban metabolism. The
dominant economic activities, settlement patterns and cultural history of an area all shape the
landscape of that region (Haberl et al. 2006). Studying different temporal scales can help
researchers understand which social or ecological functions happen over long or short time
spans. Multiscale approaches are also important because of the different scales at which
ecological and social components may occur, such as a watershed (ecological) that contains
multiple municipalities (social) (Redman et al. 2004). Furthermore the system may have multiple
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social or ecological scales that have hierarchical characteristics such as the ability for federal
laws to impact local land use decisions.
Researchers examine socio-ecological dynamics at multiple social as well as biophysical
scales, from the household to neighborhood and/or governmental levels (Grove and Burch 1997;
Redman et al. 2004; Chowdhury et al. 2011). Household level landscape decisions highly impact
the larger urban ecosystem. For instance a non-point source nutrient input into a watershed is a
way household level land management decisions impact the larger landscape. These household
decisions are the product of the individual decision-maker and of societal norms. Grove et al.
(2006) found that lifestyle behavior2 is the best predictor for the amount of vegetation cover on
private lands. Humans will respond to the behavior of their neighbors and peers, and land
management techniques can convey status and cultural identity of the individual within their
community (Grove et al. 2006).  Land  management  styles  don’t  necessarily  relate  to  luxuries  but  
rather to the community culture and lifestyle (Grove et al. 2006). Chowdury et al. (2011: 1)
further describes the relationship between household land management decisions and landscape,
“land  management  is  ultimately  a  local  expression of the desires, constraints, abilities and
decisions of individuals, reflecting localized choices and capacities for action.” Land
management is a combination of many factors at many scales that produce changes in the
landscape. An individual has his/her own experiences and economic background, but that
individual also exists within other social hierarchical structures such as a neighborhood, or
municipality; both can influence his/her behavior. Both formal and informal institutions,
individual beliefs, as well as laws governing land use regulations influence spatial configurations
of urbanization (Chowdhury et al. 2011). Inevitably, the spatial configurations of the city have

2

Lifestyle  behavior  is  the  idea  that  personal  property  decisions  and  household  expenditures  are,  “motivated  by  
group  identity  and  the  perception  of  social  status  associated  with  different  lifestyles”(Grove et al. 2006: 580).
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an impact on the metabolism(s) of the city. Hall (2011) provides evidence for the different
metabolic rates of distinct neighborhood configurations based on tree canopy production and
residents’  energy  consumption; I discuss this later in the chapter.
Long term socio-ecological research can help provide human societies with the
knowledge to become sustainable (Haberl et al. 2006) which will be reflected in an improved
relationship between human and natural ecosystems and a better and more efficient metabolic
rate. Urban metabolism studies are strengthened when they integrate the social and behavioral
processes that drive metabolic rates. With this added information, metabolism studies can evolve
from simple accounting exercises of energy and material flows to informing city policy and
decision-makers towards sustainable practices.

Inequalities within socio-ecological systems
An emerging and more critical use of urban metabolism studies focuses on the
intertwining and complicated relationships between the social, technical, and ecological aspects
of a city (Rapoport 2011). These applications of metabolism analyses expose possible
inequalities of metabolic flows and the role hierarchical relationships have on controlling those
flows (Chowdhury et al. 2011; Rapoport 2011).
Different land cover units within a city have different metabolic rates (Pauleit and
Duhme 2000; Grove et al. 2006; Hall 2011). Both bio-physical and socio-economic factors
affect these rates. Hall (2011) found that in the city of Syracuse, a low-income neighborhood
uses less energy than a high-income neighborhood. But the energy production of the tree canopy
layer (through photosynthesis) is higher in the high-income neighborhood and results in a lower
R:P ratio for the high-income neighborhood in spite of its high energy consumption (Hall 2011).
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The R:P ratio is the rate of respiration to production, a concept from ecological metabolism
studies that describes the necessity of an ecosystem to have more production than respiration
(Odum, et al., 1962). The tree canopy, in combination with other factors in the high-income
neighborhood enables the neighborhood to offset their higher energy use and lower their
metabolism to less than the low-income neighborhood.
Tree canopy provides energy production through photosynthesis but also provides
secondary benefits related to air temperature. Air temperatures below tree canopy during the
summer month of September were cooler in the neighborhood with more trees (high-income
neighborhood) than in the neighborhood with fewer trees (low-income neighborhood) (Hall
2011). The biophysical characteristic of tree cover can impact human behavior towards energy
use: if the temperature is warmer in the summer perhaps residents will use more energy to cool
down a house. Other factors contributing to the higher R:P ratio for the low-income
neighborhood include the use of more energy-consumptive vehicles, and a larger percentage of
electricity use over natural gas use, presumably for heating (Hall 2011). Hall’s research indicates
that social and ecological factors drive urban metabolism differences between low and highincome neighborhoods, which can be indicative of inequalities that leave the urban poor more
vulnerable to energy price fluctuations.
Social power relations and governmental politics are important in regulating resource
flows (Rapoport 2011). Grove and Burch (1997: 268) write,  “social  differentiation  is  an  
important concept for human ecosystem approach to human ecological systems because it affects
the allocation of critical resources (natural,  socioeconomic,  and  cultural)”  [emphasis in the
original]. Different segments of society rarely receive critical environmental resources equally.
Hall’s  findings demonstrate environmental inequality within Syracuse: the low-income
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neighborhood does not have access to the same environmental benefits (such as tree cover) as the
high-income neighborhood, and therefore experiences a worse urban metabolic rate. The urban
social-ecological flows within the city seem to produce and reproduce inequality (Chowdhury et
al. 2011).
Administrators and governmental leaders can use the information from socio-ecological
urban metabolism studies to shape policy and urban planning. Metabolism studies can reveal the
natural flows of energy and resources through an urban system, the socially determined flows,
and can help illuminate the complex and intertwined relationships governing the system as well
as identify alternative solutions. Grove et al. (2006) explains that humans respond to the lifestyle
they wish to live. Administrators or government leaders desiring more sustainable behavior can
target different neighborhoods based on neighborhood characteristics and identity with different
policies. In Syracuse, researchers can use urban metabolism studies to inform decision makers on
how to create a landscape and urban system that is more resilient to ecological shocks such as
heavy rain events. Or metabolism studies can help inform policies that prevent shocks from
higher up in the social, economic or governmental hierarchy, such as a possible reduction in
Federal funds for local projects. Increasing the amount of green infrastructure within the city is
one proposed method of increasing equitability across neighborhoods and promoting sustainable
practices. More green infrastructure including trees, rain gardens, green roofs, and porous
pavement will enable the city to better handle storm water flows from rain events. This allows
storm water to flow directly into the soil or evapotranspirate as part of the normal water cycle.
Less water flow into the sewer system will reduce the amount of pollution in local urban streams
and expose fewer urban citizens to a contaminated resource. It will also reduce the energy costs
to a city to treat combined storm and sewer effluents. Trees provide the additional benefit
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mentioned previously of lowering summer air temperatures (Murphy et al. 2011) and can
possibly reduce energy demands in poorer neighborhoods currently deprived of this resource.
Implementation of green infrastructure has the potential to help create a more closed-loop system
and lay the foundation for better urban metabolism and more equitable city.

Environmental attitude
Defining environmental attitude
Attitude is comprised of three multidimensional components: cognitive, affective, and
conative or behavioral intentions (McGuire 1969; Walmsley 1984; Yin 1999; Cottrell 2003;
Schultz et al. 2004). Cognitive refers to the knowledge, perception, or awareness of an object
(McGuire 1969), or a specific environmental issue (Yin 1999; Cottrell 2003). In this study I refer
to the cognitive component of attitude as knowledge. The affective component of attitude
denotes  a  person’s  feelings,  beliefs,  and  emotional  responses  to  the  attributes  of  a  certain issue or
specific object, that object could be an environmental problem, or solution to an environmental
problem (Yin 1999; Cottrell 2003; Schultz et al. 2004). This affective component captures
respondents’ feelings of like or dislike towards an object (McGuire 1969). For the purposes of
this study I refer to the affective part of attitude as belief. The conative or behavioral intention
component is the behavioral tendencies of an individual with respect to a particular
environmental issue or object (McGuire 1969; Cottrell 2003; Schultz et al. 2004).
The study of environmental attitudes is related to, and often confused with literature on
environmental concern, belief, worldview, values, behavior, and general environmentalism.
Fransson and Gärling (1999) argue that academia has used the term environmental concern to
refer to both specific attitudes toward pro-environmental behaviors, and to a broad
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environmental value orientation (Fransson and Gärling 1999). In 1978 Dunlap and Van Liere
created  the  New  Environmental  Paradigm  (NEP)  Scale  to  measure  an  individual’s  paradigm  or
worldview of environmental concern, the basic way an individual views the human-environment
relationship, not as a way to measure environmental attitudes towards specific behaviors or
objects (Dunlap et al. 2000). Unfortunately other researchers within the field of environmental
psychology have used the NEP to measure specific environmental attitudes, beliefs, and values
(Dunlap et al. 2000). Dunlap et al. (2000) argue that the NEP is primarily a measurement about
the primitive belief system, values, or worldview of an individual. Understanding  an  individual’s
worldview is one component of understanding their actual behavior towards environmental
issues (Stern et al. 1995). Because of the unique circumstances surrounding any particular
environmental behavior, Dunlap et al. (2000) caution against expecting a strong relationship
between the NEP score and any particular environmental behavior. However, an individual’s  
general worldview can influence their beliefs, and attitudes towards specific environmental
issues (Dunlap et al. 2000).
Researchers have used measures of environmental attitudes in different ways throughout
literature. Cottrell (2003) examines how socio-demographic variables can predict each
individual component of attitude: knowledge, beliefs, behavioral intentions, and subsequently
how each component of attitude can predict environmentally responsible  behavior.  Cottrell’s  
research looks at how knowledge attitudes, belief attitudes, and behavioral intention attitudes
towards environmentally responsible boating behavior can predict actual environmental
behavior. Cottrell (2003) interpreted the belief component of attitude to refer to general
environmental concern, and thus measured the affective component of attitude using items from
the NEP scale. However, other measures of belief attitudes use multiple statements of belief that
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are relevant to attitudes towards the specific attitude object (Fernández-Ballesteros 2003). For
instance Ommundsen et al. (2002) assessed attitudes towards the specific issue of illegal
immigrants using both positive and negative items such  as  “illegal  aliens  have  rights  too,”  or  
“illegal  aliens  should  be  excluded  from  social  welfare”  (2002: 109). They asked respondents to
rate their level of agreement or disagreement on a 5-point Likert scale. The sum of all these items
gave them a measure of positive or negative attitudes towards illegal immigrants. This measure
allows  researchers  to  infer  respondents’  attitudes  from  their  beliefs  about  the  object.    

Relationships between environmental attitude and socio-demographic characteristics: education,
race/ethnicity, gender
The effects of the variables gender, race and/or ethnicity, and education on environmental
attitude often vary across studies. Additionally it is important to note that the measures used in
other studies of environmental attitudes are often different from the multidimensional attitude
measure towards a specific environmental action (GI implementation) that I use which includes
cognitive, affective, and conative components of attitude.
Within the environmental psychology and sociology literature, education level is one of
the most consistently significant variables explaining environmental attitudes (Buttel and Flinn
1978; Dietz et al. 1998). Although Buttel & Flinn (1978) report that the relationship between
education and environmental attitudes3 isn’t  strongly  linear, respondents with post-graduate
education seem to demonstrate a stronger environmental attitude. Interestingly, Johnson et al.
(2004) found that postsecondary education level had no effect on environmental beliefs4, but did
correlate with stronger environmental behaviors.

3

Environmental  attitudes  measured  by,  “Awareness  of  Environmental  Problems”  and  “Support  for  Environmental  
Reform”
4
Environmental beliefs as measured by the New Ecological Paradigm (NEP)
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An  individual’s  ethnicity can also correlate with environmental beliefs, although these
correlations are less consistent than correlations between education and environmental
concern/beliefs5 (Dietz et al. 1998). Johnson et al. (2004) found that Blacks and foreign- born
Latinos had lower scores of environmental belief (measured by the NEP) compared to Whites.
Contrarily, U.S. Latinos and Asians demonstrated no significant difference in environmental
beliefs when compared to that of Whites (Johnson et al. 2004). In a study of environmental
concern6, Mohai & Bryant (1998) found that few differences exist between African Americans’
and Whites’ levels of concern for environmental issues. Furthermore, where there were
differences in concern between the two races, African Americans had greater concern than did
Whites for local environmental problems. Mohai & Bryant (1998) also found that the greater
amount of concern African Americans demonstrated towards local environmental issues is a
function of their disproportionate proximity to environmental disamenities. Dietz et al (1998)
provide even less consistent evidence regarding relationships between race/ethnicity with
environmental concern/beliefs: Blacks demonstrated more pro-environmental beliefs than Whites
on some indicators, and sometimes demonstrated less pro-environmental beliefs.
Research often finds that women are more likely than men to have strong environmental
beliefs or environmental concern (Schahn and Holzer 1990; Stern et al. 1993; Bord and
O’Connor  1997;;  Dietz  et  al.  1998;;  Zelezny  et  al.  2000;;  Johnson  et  al.  2004). Zelezny et al.
(2000) found females demonstrate stronger environmental beliefs7 and behavior than males, but
gender played a much larger role in determining environmental behavior than environmental

5

Interchangeably uses the terms concern and belief which were measured by asking respondents to indicate their
awareness of negative consequences on a 5-item scale that certain types of environmentally relevant human
activities have on the environment
6
The authors Mohai & Bryant measure concern by asking respondents to indicate the level of seriousness of various
environmental problems. This differs from my measures of attitudes.
7
Beliefs measured using the NEP
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beliefs. Some research has explored the reasons that may explain why women have more proenvironment attitudes. Bord  &  O’Conner (1997) found that  women’s  pro-environmental attitude8
can be explained by the types of measures of environmental attitude. If the measures reflect
perceived environmental risks to health and well-being, women will demonstrate a higher level
of concern over men (Bord and  O’Connor  1997). Additionally Stern et al. (1993) found that
women have an increased likelihood to connect the idea of environmental quality to
consequences on their personal well-being, social welfare, and health of the biosphere.

Barriers to environmental behavior
Knowledge is often an important component in understanding environmental behavior
and lack of knowledge can be a barrier to environmental behavior. Kollmuss & Agyeman (2002)
attempt to theoretically explore the gap between environmental knowledge and awareness, and
pro-environmental behavior; they propose a new model (
Figure 2) of pro-environmental behavior. The model includes lack of knowledge as a barrier to
pro-environmental behavior. It is necessary to have a base level of knowledge about
environmental protection in order for a person to exhibit pro-environmental behavior (Schahn
and Holzer 1990). Schahn & Holzer (1990) found knowledge has a moderator effect on the
relationship between environmental attitudes and self-reported behaviors.

8

Bord  &  O’Conner  (1997)  research  reviewed  multiple  studies  of  environmental  attitudes,  therefore  the  measures of
attitudes between studies varies.
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Figure 2. Model of pro-environmental behavior including barriers according to
Kollmuss and Agyeman (2002)

The Kollmuss & Agyeman (2002) model includes both internal and external factors to
pro-environmental behavior. Lack of knowledge, but also emotional blocking of new knowledge
are both barriers that affect pro-environmental behavior. They also highlight the existence of old
behavior patterns as a large barrier to pro-environmental behavior. External factors such as the
political, social and cultural factors and economic situation of the individual are other barriers to
pro-environmental behavior. Physical external barriers, such as the lack of a recycling bin
(Guagnano et al. 1995) or the lack of a flow restrictor for showers to lower water use (Gardner
and Stern 2002), can also act as barriers to pro-environmental behavior.
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There are also specific perceived barriers to GI implementation. Anderson et al. (2009)
and LaBadie (2010) found lack of knowledge of the GI techniques, and lack of knowledge on
how to construct and maintain GI are barriers to GI implementation. Additionally, Barnhill &
Smardon (2012) identified external barriers to GI through focus group research including:
monetary barriers, barriers related to GI maintenance, and barriers related to lack of individual
control over their occupied property, such as the case with renters.
The barriers to environmental behavior may have a large impact on the predictability of
environmental behavior based on environmental attitude assessments. Literature has linked
environmental attitudes with environmental behaviors where behavior is a function of attitudes
(Guagnano et al. 1995; Fransson and Gärling 1999; Rauwald and Moore 2002) but often there is
a gap between environmental attitudes and pro-environmental behavior (Kollmuss and Agyeman
2002). Johnson et al. (2004) found a difference in environmental behavior between race and
ethnic groups despite controlling for environmental attitude; they acknowledge that their model
did not account for specific attitude and behavior measures and failed to recognize external
factors such as barriers (Johnson et al. 2004).

The physical environment and individual perception
In a study based in Syracuse, NY, Palmer (1984) found a correlation between a resident’s
physical neighborhood environment and his or her perception of neighborhood quality (Palmer
1984). Notably, Palmer also found that demographic characteristics of race, education, and home
ownership had a less significant effect  on  an  individual’s perception of the environment than
their physical neighborhood environment. My research seeks to further investigate the
relationship between an  individual’s  physical surrounding environment and his/her attitudes
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towards the environment. However,  my  research  focuses  on  how  an  individual’s  current  physical  
environment might impact his or her attitude towards a new conception of their physical
landscape. Specifically I ask if the percentage of tree canopy and the percentage of impervious
surface cover surrounding a household can explain the respondent’s attitude towards GI and
perception of GI barriers.

Conceptual Framework
The conceptual model (Figure 3) I used in this research reflects the previously discussed
multidimensional construct of environmental attitude. Part one of the survey measures a
person’s knowledge or perception of the specific environmental problem of storm water
management, and of the proposed environmental solutions of GI. By using a 5-point Likert scale
and asking respondents to indicate their level of agreement or disagreement with statements such
as  “rain  barrels  will  help  to  reduce  storm  water  run-off”  I  am  able  to  measure  their  knowledge  of  
the ability of GI to help reduce storm water run-off. The second set of questions measures a
person’s  belief and feelings towards the attributes of GI similar to the measure used by
Ommundsen et al.(2002) as described above. The items measuring belief include both positive
and negative attributes of green infrastructure such as the positive benefit that rain barrels
“provide  water  for  gardening”  and  the  negative  cost  that  rain  barrels  take  “time  to  maintain  and  
empty.”  Respondents  indicated  the  level  of  influence  on  a  5-point Likert scale from no influence,
to great influence that each attribute has on their decisions to implement GI, thereby indicating
their positive and negative beliefs towards the attributes of each GI type. Finally, the third part
of  the  survey  measures  a  person’s  behavioral intention to implement GI by asking the respondent
how they would act in a particular situation involving the object (McGuire 1969), in this case
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each GI option under one of two scenarios, if it is free or if it provides savings on his or her
water bill. I use an average score of the knowledge, belief, and behavioral intention questions for
each GI option in my construct of attitude towards each GI option. I seek understanding of
attitudes towards GI for the purpose of estimating what respondents actual behavior towards
green infrastructure implementation would be under the circumstance if it is free, or if it provides
savings on his or her water bill.

Social structure factors

Physical structure
factors

Environmental
Worldview
Cognitive
(Knowledge)
Attitude towards a specific
issue or solution

Affective
(Belief)
Behavioral
Intention

Actual Behavior

Figure 3. Conceptual framework for measuring environmental attitudes using
Stern et al. (1995) and Johnson et al. (2004) as guides

Using the conceptual model described in Johnson et al. (2004: 161) and Stern et al.
(1995) as guides (Figure 4), my conceptual framework is a causal chain where each variable
affects the variable directly below it, and may directly affect other variables farther along the
chain. Social structure factors, measured in this research with socio-demographic variables of
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neighborhood, gender, education level, homeownership status, and race/ethnicity; and physical
structures, measured with biophysical characteristics of tree cover and impervious surface cover
surrounding households, can  affect  an  individual’s  worldview. According to Guagnano et al.
(1995) and Stern et al. (1995) social structure factors can also affect environmental attitudes
because  they  shape  an  individual’s  early  experiences  and  subsequently  his  or  her  values/general  
worldview. Although there are not studies that have looked specifically at physical structure
factors, I conjecture that physical structure factors may also affect individual’s  early  experiences  
and subsequently his or her values/general environmental worldview. According to Tuna (2004:
5),  “environmental  worldview represents basic and general form of environmentalism
(environmental  values).”    

Figure 4. A Schematic Causal Model of Environmental Concern from Stern et al. (1995)
where each variable affects the variable directly below it and may directly affect other
variables farther along the chain
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Therefore, in my model social structure, physical structure, and environmental worldview
can inform  a  person’s  attitude to a specific environmental issue or solution. Attitude is comprised
of three parts, cognitive, affective and behavioral intention. Attitude can then, in turn influence
actual behavior, which is different than the measure of behavioral intention. In this research I
measure social and physical structure factors that may influence attitude towards GI, and
knowledge, belief, and behavioral intention. Environmental worldview indicates a component
that can inform environmental attitude towards GI, but I was not able to measure in this research.
The blue circle (actual behavior) is the variable I seek to estimate through this assessment of
environmental attitude but with the understanding at this point in time I do not have data on
residents’  actual  behavior  with  which  to  validate  the  model.
My  conceptual  framework  is  similar  to  Stern  et  al.’s  (1995) model of environmental
concern in some ways, and differs in other ways. My conceptual model for environmental
attitude/behavior also includes environmental worldview as a possible contributor to an
individual’s  attitude (though I was unable to measure this in my survey) (Figure 3 & Figure 4).
Yet in my construct of environmental attitude, environmental beliefs, and behavioral intentions
are contained within the construct of environmental attitude supported by the attitude framework
of McGuire 1969; Walmsley 1984; Yin 1999; Cottrell 2003; and Schultz et al. 2004, as opposed
to  Stern  et  al.’s  model  which  separates  behavioral  intention  from  both environmental attitude and
environmental beliefs. Additionally, in my research I include physical structure factors in my
conceptual model as another possible factor that may explain environmental attitudes.

My research seeks to understand the attitudes Syracuse residents have toward the specific
environmental issue of storm water runoff management, and the proposed solution to that
environmental issue: green infrastructure. I want to know attitudes towards GI in order to
28

estimate  residents’  actual  behavior  to  implement  GI.  I do not examine residents underlying
worldview or belief system such as that measured by the NEP, although literature suggests
(Guagnano et al. 1995; Stern et al. 1995) that this certainly would have been a helpful variable to
include to understand and estimate environmental behavior. Despite the lack of NEP
measurement in this study, the measurement of attitudes still provides us with information to
estimate what actual behavior might be under the circumstance where GI is free, or if it provides
savings on the water bill. Rauwald & Moore (2002) write,  “measuring  general  value  orientations  
cannot account for specific or local environmental concerns (2002: 711).”    I  hope  my  research  
provides a better estimate of actual behavior than a measure of NEP alone would do since it
incorporates  respondents’  attitudes  towards  the  specific environmental behavior I am interested
in: GI implementation.
It should also be noted that since my research did not include a measure of actual
behavior I am unable to validate my model, but considering the data I have, it is the best way I
have of estimating actual behavior. Fishbein & Ajzen (1975) write that  “a  person  holding  a  
favorable attitude toward the object would be expected to perform any favorable behavior and
not to perform unfavorable behaviors, whereas the reverse would be true for a person holding an
unfavorable attitude (1975: 8).”  so  although  I  cannot  create  a  predictive  model  for  actual  
behavior, I use attitude scores to make an informed guess about behaviors towards GI: if there
are favorable (high attitude scores) we can expect there to be favorable behavior (high rates of GI
implementation). Additionally, this use of a model has a precedent: researchers often use state
public preference polls throughout the duration of a political campaign to forecast presidential
election outcomes (Holbrook and DeSart 1999), thereby predicting citizen behavior prior to
actual behavior.
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Finally, my research also identifies perceived barriers to implementation in order to better
inform policy to address those perceived or actual barriers.
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Objectives & Hypotheses
The overall objective of my research is to understand the human dimension of urban
greening: I assess how socio-demographic factors (neighborhood, education level, race/ethnicity,
home ownership status, and gender) and the physical environment (percent tree canopy or
percent impervious surface surrounding a household) shape resident attitudes and perception of
barriers towards GI. In turn these attitudes might impact land-use/land-cover patterns ultimately
impacting the urban metabolism of two neighborhoods in Syracuse, NY. My specific objectives
are to:
I.

Assess overall attitudes towards GI and what respondents indicate are barriers to GI
implementation.

II.

Determine  if  an  individual’s  knowledge  of  and  belief  towards  each  of  the  five  GI  options  
explains his or her behavioral intention to implement the GI option.

III.

Determine if the demographic characteristics of neighborhood, gender, education level,
ethnicity, and home ownership status explain a) attitudes towards GI and, b) the influence
level perceived barriers have  on  individuals’  decisions  to  implement GI.

IV.

Determine if biophysical characteristics of tree cover and impervious surface surrounding
each household explain a) attitudes towards GI and, b) the influence level perceived
barriers  have  on  individuals’  decisions to implement GI.

Using a case study method on two neighborhoods in Syracuse, NY I assert that analysis of
my survey data will support the following hypotheses:
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I.

Respondents will have moderate to moderately high attitude scores towards GI and will
indicate that the barriers of “maintenance costs” and “neighborhood  security and safety
issues”  have a high level of influence on their decision to implement GI.

II.

An  individual’s  behavioral intention to implement GI will be a function of their
knowledge of that GI option and belief towards that GI option

III.

Residence in the Strathmore neighborhood, home ownership, female gender, and higher
education will contribute to a) high attitude scores toward GI and, b) low influence of
perceived barriers on a respondent’s decision to implement GI, whereas, race or ethnicity
will not explain responses to attitudes or barriers.

IV.

Biophysical characteristics of tree cover and impervious surface surrounding a household
will explain attitudes towards GI, and the influence level perceived barriers has on an
individual’s decisions to implement GI: households with higher percentage tree cover and
lower percentage impervious surface will explain higher attitude scores towards GI and
lower influence of barriers on their decision to implement GI.
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Methods
Study Area
The study area consisted of two demographically, and biophysically different
neighborhoods in Syracuse, NY known as the Strathmore neighborhood and the Near West Side
(Figure 5) The Near West Side (NWS) is the focus of local revitalization efforts through the Near
West Side Initiative (http://www.saltdistrict.com/). The Strathmore neighborhood sits atop a hill
within the City and is in the southwest of Syracuse. The average year built for homes in the
NWS is 1912 and 1908 for the Strathmore neighborhood. Additionally the average household
living area for the NWS is 1042 ft2 and for Strathmore is 2799 ft2 (Hall 2011).

Figure 5. The two study neighborhoods in Syracuse, NY: Near West Side
and Strathmore
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The Strathmore and NWS neighborhoods differ demographically (Table 1). According to
the 2010 US census data, 76.8 percent of the NWS census tract is renter occupied, while only
26.6 percent of the Strathmore neighborhood is renter occupied. Thirty-four percent of the Near
West Side is Hispanic or Latino, while the Strathmore neighborhood is only 6.3 percent Hispanic
or Latino.
Table 1 U.S. Census (2010) demographic characteristics of the study neighborhoods
Neighborhood
Population White
Census Tract
Strathmore

2735

Near West
Side

2111

Neighborhood
Total
Census Tract
Housing
Strathmore
1131
Near West
Side

871

African
American
1977
574
(72.3%) (21.0%)
689
1006
(32.6%) (47.7%)

Race
Asian
23
(0.8%)
5
(0.2%)

Two or
more
116
(4.2%)
122
(5.8%)

Housing Status
Vacant
Owner
Housing
Occupied
95
735

Renter
Occupied
301

(8.4%)

(65.0%)

(26.6%)

120

82

669

(13.8%)

(9.4%)

(76.8%)

Other

Hispanic or
Latino9

45
(1.6%)
289
(1.6%)

173
(6.3%)
722
(34.2%)

Gender
Male
Female
1278
(46.7%)
1125
(53.3%)

1457
(53.3%)
986
(46.7%)

The two neighborhoods also vary biophysically, for example the Strathmore
neighborhood has more trees and less impervious surface (Figure 6) relative to the tree cover and
impervious surfaces in the NWS (Figure 7). Based on the 2010 LULC data of the City of
Syracuse (UVM-ESF-USFS 2011) the NWS census tract has 10.4 percent tree cover and 64.7
percent impervious surface cover including roads and buildings (Figure 8). The Strathmore
census tract has a higher percentage of tree cover, 28.4 percent and a lower percent of
9

The 2010 Census data on race and ethnicity was collected according to the guidelines of the U.S. Office of
Management and Budget’s  (OMB)  1997  Revisions  to  the  Standards  for  the  Classification  of  Federal  Data  on  Race  
and Ethnicity. The categories for race are separate than the category for Hispanic or Latino. Race categories are,
“American  Indian  or  Alaska  Native,  Asian,  Black  or  African  American,  Native  Hawaiian  or  Other  Pacific  Islander,  
and  White.”    The  two  categories  for  data  on  ethnicity  are,  “"Hispanic  or  Latino"  and  "Not  Hispanic  or  Latino."”
(Office of Management and Budget 1997)
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impervious surface cover, 35.7 percent than the NWS (Figure 9). It should be noted that the
NWS census tract includes non-residential areas which impact percent ISC because these nonresidential area have a large amount of impervious surface cover.

Figure 6. Photo image of the Strathmore neighborhood
(photo courtesy of Myrna Hall)

Figure 7. Photo image of the Near West Side neighborhood
(photo courtesy of Elysa Smigielski)
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Figure 8. The NWS Neighborhood, with high impervious surface cover and low tree canopy

Figure 9. The Strathmore census tract neighborhood, with low amounts of
impervious surface cover and high amounts of tree canopy
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Data collection and analysis
My research is based in the context of the National Science Foundation sponsored
Syracuse Urban Long-Term Research Area (ULTRA-Ex) exploratory award entitled,
“Positioning Rust-Belt Cities for a Sustainable Future: A Systems Approach to Enhancing Urban
Quality of Life”  (NSF Award ID 0948952). My research is designed to help answer question two
of the project proposal, as described in the literature review section of this document (Syracuse
ULTRA 2009).

The survey origins
The 2008 POC Green Infrastructure Survey Report serves as the basis for my research. I
extend the work of the POC survey to look at other perceived barriers that might impact an
individual’s  behavioral  intention  to  implement  GI.  The  list  of  perceived  barriers included in the
survey emerged from focus group work in Syracuse, NY conducted by Katie Barnhill and Dr.
Richard Smardon (Richard Smardon personal communication, October 2010).

Survey sampling design
The sample design for my research originated from the Syracuse ULTRA-Ex question
two project plan (Richard Smardon, personal communication, October 2010). This original
sampling plan included three census tract neighborhoods: Strathmore, Near West Side and
Armory Square10. These three neighborhoods were chosen because of their different
demographic characteristics. The sampling plan employed a cluster sampling approach and
10

The original sampling design addressed Section D (Human Dimensions, Governance of Neighborhoods and
Design Applications - Linking Stakeholders with Green Infrastructure and Ecosystem Services) of a larger project,
NSF Award ID 0948952 (personal communication, April Baptiste)

37

identified micro-neighborhoods within the census tract that represented the demographic
character of each of the census tracts and were uniquely different from the other neighborhoods.
The sampling plan required all household units within the micro-neighborhoods to be surveyed.
Based on a 95 percent confidence interval and +-5 percent margin of error, the original sampling
plan estimated 109 surveys were required from the Strathmore neighborhood, 92 from the NWS
and 140 from Armory Square neighborhood for a statistically significant sample.
After initial surveying for this project in fall of 2011, I determined that given the
available resources I could not collect a 100 percent response rate from the micro-neighborhoods
as dictated by the previously described sampling plan. I made changes to the survey locations to
better fit the goals of my research: I chose to eliminate Armory Square as a sample site because
its land use differs from the other two sample sites. Strathmore and the NWS are both
predominately residential areas with yards: individual households are able to influence the
character of their landscape and have the physical space in which to implement the GI options
that I assess in the survey. Armory Square contains far more commercial businesses and fewer
residential properties. There is not the same opportunity for an individual to implement a rain
garden, rain barrel, pervious pavement, or plant a tree in the Armory Square neighborhood as
there is in the Strathmore and NWS neighborhoods. Since my research goal is to examine
household attitudes and perception of barriers to implement GI, I chose to focus my research
where the opportunity exists for an individual to physically implement GI.
I recalculated the minimum sample size based on the NWS and Strathmore neighborhood
census tracts only. I based this calculation off the same method employed in the original GI
Project proposal. I use the finite population correction as described by Rea & Parker (2005) to
determine the minimum sample size for a small population. The 2010 census data places the total
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occupied housing units for Strathmore at 1036 and for NWS at 751. I subtracted the number of
occupied public housing units for the NWS neighborhood in order to capture data on nongovernment owned and non-government controlled properties given that the public housing has
no outside space managed by occupants; this left the total occupied housing units in the NWS
Census tract at 307. Therefore the study population of occupied housing units is N= 1343.
Using the following formula, n=(Zα 2[p(1-p)]N)/( Zα 2[p(1-p)]+(N-1)CI2), I calculated the
minimum sample size at a 90 percent confidence level and a +-5 percent margin of error
acceptance. A +-5 percent margin of error is satisfactory for proportional data in the social
sciences (Rea and Parker 2005). Although the proportion (p) is unknown for the variables I am
testing, I set p equal to 0.5, a conservative estimate resulting in the highest sample size. I chose a
90 percent confidence interval,11 an acceptable confidence level for social science research.
Therefore with a 90 percent confidence level, + - 5 percent estimated p=.5 and population size of
N= 1343, the minimum significant population size is 226. Proportionally, the minimum sample
size from each neighborhood is 175 from the Strathmore neighborhood and 52 from the NWS
neighborhood12.
Trained undergraduate and graduate students from SUNY-ESF, members of the
Onondaga Earth Corps, and employees of the Syracuse Center of Excellence executed the survey
implementation in Fall of 2010, Spring 2011, and Fall 2011. Surveyors had a script (Appendix
I.) which included four pictures of green infrastructure (Figure 10). Surveyors walked door-to-

11

Due to time and resource constraints in acquiring the survey data I set the confidence interval at 90 percent. The
City of Syracuse and Onondaga County have an active campaign to increase the use of GI as a storm water
management tool. I conjecture that the continued construction of new GI in the city and the active educational
campaigns have on impact on citizen attitude and perception of barriers. In order to limit the variability within the
sample, I chose to limit the time interval in which I took the survey samples to Fall 2010-Fall 2011, which restricted
the number of samples I could take.
12
Minimum sample size calculations always require the calculated number to be rounded-up (Kiernan 2010), hence
the 1 unit difference between the combined neighborhood calculation and the proportional neighborhood calculation
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door to collect surveys; if there was no answer at a household, surveyors returned to the
household at a different time and date. Surveyors also gave respondents the opportunity to
voluntarily withdraw from taking the survey. Each household was approached twice except in
cases where households declined to answer the survey or completed the survey on our first
approach. Surveyors required respondents to sign a waiver form prior to completing the survey
(Appendix I.). If a household completed a survey, the surveyors collected the address of the
respondent on the survey itself so that each survey had a corresponding address. The survey was
available both in English and Spanish (Appendix I.).
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Figure 10. Green Infrastructure pictures used in survey, a. rain barrel, b. rain garden, c. porous
pavement, d. curbside extension

Survey data preparation
The survey questionnaire has five different parts (Appendix I). I used questions in part
one  to  determine  an  individual’s  knowledge  of  GI;;  part  two  questions  provide  information  on  the
affective component of attitude or their beliefs towards the benefits and costs of GI; part three
questions ask individuals their behavioral intention to implement GI under two scenarios: if GI is
“provided for free,” or if GI would “provide savings on your water bill;” part four questions
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provide information about the level of influence certain factors or perceived barriers of GI have
on an individual’s decision to implement GI; and part five asks individuals for their demographic
information. The combination of parts one, two, and three give  us  a  measure  of  an  individual’s
attitude towards GI.
Part one of the survey on knowledge of GI asks respondents to indicate their level of
agreement or disagreement on a five-point Likert scale (1= strongly disagree to 5 = strongly
agree) with statements about GI. Statements a. and b. are about general knowledge of GI, and are
coded with the variables K1 and K2, respectively (Table 2). I reverse scored responses to
statement a. in order to coincide with the tone of the other knowledge statements; a response of
“5”  to  questions b.-g. represents high  levels  of  knowledge,  but  a  “5”  response  to  statement  a.  
would indicate a low level of knowledge. Statements c-g refer to knowledge about specific GI
options and are coded as follows: rain barrels, K_RB; trees, K_T, rain gardens, K_RG; porous
driveways/sidewalks, K_P; curb extensions, K_CE.
Table 2. Survey items measuring knowledge of GI and their associated variables
Survey item
a. There already exist enough ways to handle storm water run-off in Syracuse
b. There are many things that I can do to help minimize storm water run-off
c. Rain barrels will help to reduce storm water run-off
d. Trees will help to reduce storm water run-off
e. Rain gardens will help to reduce storm water run-off
f. Porous driveways/sidewalks will help to reduce storm water run-off
g. Curb extensions will help to reduce storm water run-off

Variables
K1
K2
K_RB
K_T
K_RG
K_P
K_CE

Part two, belief of GI asks respondents to indicate the level of influence on a five-point
Likert scale (1= no influence to 5 = great influence) certain benefit and cost factors have on their
decision to implement GI. Each statement was categorized into a benefit or a cost statement for
each of the GI options. Rain barrels, trees, and porous driveways/sidewalks each have two
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statements about benefits and two about costs that are combined to calculate a new variable. Rain
gardens and curbside extensions only have two items to create the new variable. I reversed
scored the cost factor responses (negative items), summed the responses from costs and benefit
items for each GI option, and averaged the data so each variable was on a 5 point scale reflecting
overall belief towards each GI option (Table 3).
For example, two responses about benefits of rain barrels are summed with the two
reverse scored responses about costs of rain barrels, the sum is divided by four to create the rain
barrel variable, B_RB. Since  the  belief  or  affective  component  of  attitude  reflects  a  person’s  
feelings and emotional responses to the attributes of green infrastructure, the higher the score, the
more positively a person feels towards that GI option.
Table 3. Survey items measuring belief of GI and their associated variables
GI option

Survey item measuring belief
Provide water for gardening
Cost to purchase and install
Rain Barrels
Protect house foundation from water damage
Time to maintain and empty
Provide beautification
Costs to purchase and plant
Trees
Add shade/Cool home
Size of trees
Provide beautification
Rain Gardens
Cost to purchase plants and plant
Cost to install
Control ice build-up
Porous
Driveways/Sidewalks Maintenance
Reduce pooling of water
Reduce parking
Curbside Extensions
Slow down traffic and keep neighborhood safer

Category Variables
Benefit
Cost
B_RB
Benefit
Cost
Benefit
Cost
B_T
Benefit
Cost
Benefit
B_RG
Cost
Cost
Benefit
B_P
Cost
Benefit
Cost
B_CE
Benefit

Part three of the survey asks respondents how likely on a five-point Likert scale (1= very
unlikely to 5= very likely) they are to install or adopt each of the green infrastructure options if
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the  GI  is,  “provided  for free,” or if it  “would  provide savings on your water bill.” I code the
questions as different variables; for example the likelihood an individual installs rain barrels if
“provided  for free” is LF_RB, and the likelihood an individual installs rain barrels if it would
“provide savings on your water bill” is coded as LS_RB (Table 4). For ease of writing, I will
refer  to  the  two  different  variables  as  “free”  and  as  “savings” respectively, in the text of this
document. Curbside extensions are not included in the second question because curbside
extensions  are  a  GI  option  that  are  installed  on  the  street  and  could  not  affect  individuals’  water  
bills.

Table 4. Survey questions measuring likelihood to implement GI (behavioral intention) and
their associated variables
Questions
Variables
If provided for free; how likely are you to install/adopt the following green infrastructure storm
water collection devices?
Rain barrels
LF_RB
Trees
LF_T
Rain gardens
LF_RG
Porous driveways/sidewalks
LF_P
How likely are you to support a curbside extension in your community?
LF_CE
If it would provide savings on your water bill, how likely are you to install/adopt the following
green infrastructure storm water collection devices?
Rain barrels
LS_RB
Trees
LS_T
Rain gardens
LS_RG
Porous driveways/sidewalks
LS_P
Part four also uses a five-point Likert scale (1 = no influence to 5 = great influence) to
determine the level of influence  decision  factors  (or  perceived  barriers)  have  on  an  individual’s  
decision to implement GI. Decision factors are the potential consequences of implementing GI
such  as  the  “presence  of  invasive  (nuisance)  species,”  coded  as  F_I  or  “trees  decreasing visibility
and possible traffic accidents,” coded as F_DV (Table 5).
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Table 5. Survey items measuring perceived barriers to GI implementation and their
associated variables
Perceived barriers (factors)
Presence of invasive (nuisance) species
Soil erosion during construction
Potential health risks (e.g. wind- pollinated plants can cause allergies; smells/odor;
and vector disease e.g. Mosquitoes)
Tree leaves creating litter in the neighborhood
Maintenance cost
Neighborhood security and safety issues
Trees decreasing visibility and possible traffic accidents
Personal property space occupied by green infrastructure
Possible decrease of property value because of unmaintained green infrastructure

Variables
F_I
F_SE
F_H
F_L
F_MC
F_S
F_DV
F_PS
F_PV

I used the average of the variables from the first three parts of the survey to construct
another variable for each GI option: attitude. Consistent with the literature on social psychology
as explained in the literature review, the construct of attitude in this research is composed of
three different parts: knowledge, as measured in part one, affective (emotions/beliefs) measured
in part two, and behavioral intention as measured in part three. The behavioral intention
questions pose two different scenarios to the respondent, their likelihood to implement GI if the
GI is free, and the likelihood to implement GI if the GI provides savings. The GI options of rain
barrels, trees, rain gardens, and porous driveways/sidewalks each have two attitude variables for
the two different scenarios of the behavioral intention questions, if free, or if provides savings
(Table 6). The  GI  option,  “curbside  extension” has only one attitude variable since the survey did
not include an item asking respondents their likelihood of implementation if curbside extensions
provides savings. I coded the new attitude dependent variables. For example the attitude variable
for rain barrels if rain barrels is free is (K_RB + B_RB + LF_RB)/ 3 = A_RB_LF. Finally, I
gathered demographic information from the survey on gender, education level, ethnicity and
homeownership status (Table 7).

45

Table 6. Constructed dependent variable: Attitudes towards GI
Attitude Variable
Attitude Free Rain Barrels
Attitude Free Trees
Attitude Free Rain Gardens
Attitude Free Porous Pavement
Attitude Free Curbside Extensions
Attitude Savings Rain Barrels
Attitude Savings Trees
Attitude Savings Rain Gardens
Attitude Savings Porous Pavement

Attitude construct (knowledge, belief,
behavioral intention)
K_RB + B_RB + LF_RB
K_T + B_T + LF_T
K_RG + B_RG + LF_RG
K_P + B_P + LF_P
K_CE + B_CE + LF_CE
K_RB + B_RB + LS_RB
K_T + B_T + LS_T
K_RG + B_RG + LS_RG
K_P + B_P + LS_P

Variables
A_RB_LF
A_T_LF
A_RG_LF
A_P_LF
A_CE_LF
A_RB_LS
A_T_LS
A_RG_LS
A_P_LS

Table 7. Demographic variables and measurement scale
Variables
Neighborhood
Gender
Educational level
Ethnicity
Homeownership status

Measurement Scale
Dichotomous
Dichotomous
Ordinal
Categorical
Dichotomous

Geographic information data
There were multiple sources for the geographic information data I used in this research
(Table 8). The Syracuse Onondaga County Planning Agency (SOCPA) provided the 2009 tax
parcel data. The University of Vermont Spatial Analysis Laboratory in conjunction with SUNYESF and the U.S. Department of Agriculture Forest Service Urban Forestry unit created the
LULC for the City of Syracuse; this high-resolution LiDAR data layer contains information on
tree canopy and impervious surface cover (UVM-ESF-USFS 2011).The census tracts provided
me with neighborhood boundaries for both the Near West Side and the Strathmore
neighborhood; all survey respondents live within these two census tracts. Sewer information
comes from CH2M Hill, a consultant for Onondaga County. I used City of Syracuse boundary
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data, streams and water bodies, and sewer data to provide maps with visual detail to better
understand the survey site locations.
Table 8. Geographic Information Data: Layers and Sources used for analysis and mapping
Layer
2009 Tax Parcel Data, Syracuse, NY
City of Syracuse Boundary
Sewer Lines
CSO Outfalls
CSO Drainage Basins
Street Segments
Syracuse High-Resolution Land Cover 2010:
LiDAR Data
Streams and Water Bodies
Census 2000 Cartographic Boundary Files:
tracts; block groups; blocks

Source
SOCPA
SOCPA
CH2M Hill, Onondaga County Consultant
CH2M Hill, Onondaga County Consultant
CH2M Hill, Onondaga County Consultant
SOCPA
University of Vermont Spatial Analysis
Lab; SUNY-ESF; U.S. Forest Service
NYS DEC
CUGIR: Cornell University Geospatial
Information Repository

Analysis and model building
Data description, aggregation, and summary
I used Minitab 16.2 statistical software to calculate the statistics for this research. I
aggregated the totals for demographic characteristics to determine the percentage of respondents
by neighborhood for gender, education level, home ownership status, and race/ethnicity. I used
Microsoft Excel to create tables or graph the responses. Additionally, I conducted some
exploratory analysis in both Microsoft Excel and Minitab 16.2.

Methods for testing Hypothesis I.
I calculated mean responses for knowledge of GI, belief towards GI, behavioral intention
towards GI, overall attitude towards GI, and perceived barriers of GI, including standard errors,
standard deviation, minimum, maximum, and median using Minitab 16.2 and Microsoft Excel.
The mean responses allow me to determine respondents overall attitudes towards GI and the
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level of influence perceived barriers to GI has on GI implementation. I calculated two-sample ttests to determine if the differences in the mean values between the Strathmore and NWS
neighborhood were significant.

Methods for testing Hypothesis II.
In  order  to  test  if  an  individual’s  knowledge  of  GI  and  their  belief  towards GI can explain
their likelihood (L) to implement GI, I used two explanatory variables: knowledge (K) variable
for each GI option, and belief (B) variable for each GI option. K and B explanatory variables
were used to inform two different models, one for the likelihood to implement GI if provided for
free (LF), and one for the likelihood to implement GI if provided savings (LS). Since belief (B)
denotes  a  person’s  feelings  towards  a particular green infrastructure option, and knowledge (K)
indicates their awareness of green infrastructure, the summation of the two is likely to contribute
to their behavioral intention to implement GI. I used two models below to test my hypothesis for
each GI option. Based on the survey design, I used an α equal to 0.1 as the significance level and
as explained in the survey sampling design section of this thesis.
𝐸(𝐿𝐹) = 𝛽 + 𝛽 𝐾 + 𝛽 𝐵
𝐸(𝐿𝑆) = 𝛽 + 𝛽 𝐾 + 𝛽 𝐵

Methods for testing Hypothesis III.
I used linear regression analysis to determine the relationship between the independent
variables of neighborhood, gender, education level, ethnicity, and home ownership status and the
dependent variables of attitude towards GI if provided for free, attitude towards GI if provided
savings, and the perceived barriers to GI. Prior to running the regressions, I converted the
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demographic characteristics, neighborhood, gender, home ownership and race/ethnicity to
dummy variables (Table 9). By converting categorical data to dummy variables I was able to use
the variables in a linear regression model. The variables of neighborhood, gender, home
ownership all have one dummy variable. There are four categories for ethnicity; therefore I
created three dummy variables since there should be N-1 dummy variables for N categories.
Using N-1 dummy variables ensures there is not perfect collinearity between the variables in the
model (Trochim and Donnelly 2006). I also combined educational levels to create fewer
categories  and  to  make  education  an  ordinal  variable  for  ease  of  analysis:  “no  formal  education”  
and elementary were combined to create education level one; high school is level two;
vocational, trade, and two-year College is level three; four- year College is four; and Graduate
school is level five (Table 10).
I used a backwards removal stepwise regression, and a backwards/forwards stepwise
regression process to determine the demographic variables that significantly explain each
response variable. In backwards regression, I created a regression model with all of the
independent variables, N, G, HO, ETH_1, ETH_2, ETH_3, and E. I set the Alpha-to-Remove
value at 0.2. I set the alpha-to-remove at 0.2 which is higher than the significance level so I
could observe and examine any of the variables which might be close to the significance level.
The Minitab program determines the p-values of the variables and removes the variables with the
highest p-value. The procedure continues through multiple steps until the only variables left in
the equation are ones that are equal to or less than 0.2. Again, I set the significance level at
α=0.1.    I  repeated  the  procedure  with  the  backwards/forwards  stepwise  regression  to  confirm  the  
findings of the backwards removal stepwise regression. I set the Alpha-to-enter, and Alpha-toremove at 0.2.
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Table 9. Categorical variables and their assigned dummy variables used for analysis of
demographic variable impact on attitude and perceived barriers
Demographic
Variables
Neighborhood

Categories
Near West Side
Strathmore

Gender

Male
Female

Home Ownership

Owner
Renter

Ethnicity/Race

White
African
American
Hispanic or
Latino
Other

Dummy Variables
N
1
0
G
1
0
HO
1
0
ETH_1
1

ETH_2
0

ETH_3
0

0

1

0

0

0

1

0

0

0

Table 10. Education categories and the corresponding ordinal values for education level
Category
Elementary
High School
Two-year College
Four-year College
Graduate School

Education (E)
1
2
3
4
5

Methods for testing Hypothesis IV.
In order to measure the percent tree canopy and percent impervious surface cover (ISC)
surrounding a household, I first geo-located the surveyed households within a geographic
information system. Each survey has a corresponding address; I used the join tool in ESRI
ArcMap 10.0 to join the table of survey addresses to the 2009 tax parcel data, giving each survey
response spatial  attributes.  However,  due  to  surveyor’s  failure  to  capture  address  data,  24  surveys  
do not have an associated address and could not be spatially located. In cases where more than
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one address occupied a single polygon I used the ArcMap Editor tool to cut the tax parcel
polygon in order to create the appropriate number of polygons and to provide spatial attributes to
each individual address. I used the buffer tool to create multiple buffers of the tax parcels at the
20m and 40m distances (Figure 11).

Figure 11. Multiple buffers at 20m, and 40m
surrounding each parcel that completed a survey

I converted the 2010 LULC data to raster format and used the Tabulate Area tool to
calculate the total area of impervious surface and tree canopy within the parcel, and each buffer
distance. I subsequently calculated the percent tree cover and percent impervious surface using
the calculator tool in the attribute table.
I tested the correlation between percent tree canopy and percent ISC; I hypothesized that
these two variables are significantly inversely related. I established a significance of correlation
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between  percent  tree  canopy  and  percent  ISC:  if  Pearson’s  correlation  coefficient  is  equal  to  or  
greater than 0.8, it is necessary to only test hypothesis III13 with either percent tree canopy or
percent ISC. I found that at the parcel, 20m buffer, and 40m buffer distances, the relationship
between percent ISC and percent tree canopy is significantly inversely related. However the
Pearson correlation was only -0.547 at the parcel level, -0.716 at the 20m buffer, and -0.445 at
the 40m buffer level (Appendix Figure 1 & Appendix Figure 2 & Appendix Figure 3). As a
result of this calculation I proceeded to run regressions with both percent tree cover and percent
ISC.
I ran single-variable regression with the biophysical characteristic of tree cover or
impervious surface as the independent variable, and attitude towards GI as the dependent
variable. I ran the regressions with each of the nine GI attitude (A) dependent variables (Table
6), with the percent tree canopy. I then repeated the regressions substituting percent ISC with
percent tree canopy. For example I used the below model for analysis where A_T_LF is equal to
attitude towards trees if free and T is equal to percent tree canopy:
𝐸(𝐴_𝑇_𝐿𝐹) = 𝛽 + 𝛽 𝑇
Where ISC is equal to impervious surface cover:
𝐸(𝐴_𝑇_𝐿𝐹) = 𝛽 + 𝛽 𝐼𝑆𝐶
I also ran single-variable regression with percent tree cover or percent ISC with each of
the nine perceived barrier items (Table 5). Where  “Tree  leaves  creating  litter  in  the  
neighborhood”  is  equal  to  F_L  and  is  the  dependent  variable,  and  percent  tree  canopy  is  equal  to  
T, I used the below model:  
𝐸(𝐹_𝐿) = 𝛽 + 𝛽 𝑇
13

Biophysical characteristics of tree cover and impervious surface surrounding a household will affect attitudes
towards GI and barriers to GI implementation
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For testing the relationship between F_L and percent ISC, I used the model:
𝐸(𝐹_𝐿) = 𝛽 + 𝛽 𝐼𝑆𝐶
I ran each of these models at the percent tree canopy and percent ISC at the parcel, 20m
buffer, and 40m buffer distances.
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Results
Overall Results
Survey responses indicated that overall, respondents have the greatest knowledge of the
ability of trees, rain barrels, and rain gardens to reduce storm water run-off as opposed to
curbside extensions and porous pavement. They have the highest belief scores towards trees, rain
gardens, and rain barrels; and respondents have the highest behavioral intention scores to
implement trees if they are free, and rain barrels if they are free, or if they receive savings on
their water bill. The survey responses partially support my four hypotheses.


Hypothesis I: respondents had moderately high attitude scores towards all types of GI14.
However,  respondents  indicated  that  the  barrier,  “maintenance  cost”  has  only  a  moderate  
level of influence on their  decision  to  implement  GI,  and  the  barrier,  “neighborhood  
security  and  safety  issues”  has  a  moderately  high  influence  on  their  decision  to  
implement GI.



Hypothesis II: The survey responses support hypothesis II, both knowledge of GI and
belief towards GI were significant positive variables in explaining behavioral intention to
implement GI.



Hypothesis III: The survey responses provide mixed support for hypothesis III. In support
of the hypothesis, females demonstrated higher attitude scores than men towards some
types of GI. However, although I predicted race/ethnicity to be an insignificant variable,
race/ethnicity did was a significant variable explaining attitudes towards some types of
GI and barriers to GI.

14

Results were a based on a 1-5 Likert Scale; 1-1.75 is a low score, 1.76-2.5 moderately low, 2.51-3.5 moderate,
3.51-4.25 moderately high, 4.26- 5 high .
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Hypothesis IV: the survey responses also partially supported hypothesis IV.
Contradicting the hypothesis, percent ISC explains only a small amount of the variation
in citizen attitude scores towards GI. But percent tree canopy and percent ISC did explain
some variation in responses for the particular  barriers,  “tree  leaves  creating  litter  in  the  
neighborhood,”  and  “personal  property  space  occupied  by  green  infrastructure.”    

I explain the detailed results of the sample demographics and each hypothesis test below.

Description of Sample
There were 241 collected surveys, 180 from the Strathmore neighborhood and 61 from
the Near West Side (NWS). I deemed a total of 12 surveys as invalid due to incompleteness,
creating a total of 229 completed, valid surveys, of which 173 were from the Strathmore
neighborhood and 56 from the NWS neighborhood. Based on the total possible occupied housing
units in the neighborhoods (1036 in Strathmore; 306 in the NWS), I collected surveys from 16.7
percent of households in the Strathmore neighborhood and from 18.2 percent of households in
the NWS neighborhood.

Demographic background of respondents
Respondents from the two neighborhoods are demographically distinct: 85.0 percent of
survey respondents in the Strathmore neighborhood are White compared to 27.9 percent in the
NWS (Table 11). Based on low response rates for the other categorical variables for
race/ethnicity, any race/ethnicity that was not White, African American, and Hispanic or Latino I
grouped  into  an  “Other”  category.  There  are  much  higher  percentages  of  both  African  American  
and Hispanic or Latino survey respondents in the NWS (37.7 percent African American; 26.2
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percent Hispanic or Latino) than in the Strathmore neighborhood (7.8 percent African American;
1.1 percent Hispanic or Latino).
Table 11. Survey sample and census data comparison: percent race/ethnicity of study
neighborhoods
Sample Census Sample Census Sample Census15 Sample Census
Neighborhood
African
Hispanic or
Other or
White
American
Latino
No Response
72.3
21.0
6.3
Strathmore
85.0
7.8
1.1
6.1
6.6
47.7
34.2
NWS
27.9
32.6
37.7
26.2
8.2
7.6
There is also a higher percentage of home owners (77.8 percent), 4 year college educated
(26.7 percent), and graduate educated (46.1 percent) respondents from the Strathmore
neighborhood (Table 12 & Figure 12). Comparatively, the NWS had higher levels of renters
(54.1 percent), elementary educated (16.4 percent), high school educated (44.3 percent), and 2
year college educated (24.6 percent) respondents. Finally, the survey respondents from the
Strathmore neighborhood had a similar percent of male (48.9 percent) and female (45.6 percent)
survey respondents whereas in the NWS only 29.5 percent of respondents were male, while 65.5
percent were female.
Table 12. Survey sample and census data comparison: percent home ownership status and
gender of study neighborhoods, S= Sample population, C= Census data.
Neigh
Strath
NWS

Home ownership status
S
C
S
C
S
C
Owner
Renter
Other
77.8 65.0 16.1 26.6
6.1
8.4
44.3
9.4 54.1 76.8
1.6
13.8

S

C
Male
48.9 46.7
29.5 53.3

Gender
S
C
Female
45.6 53.3
65.5 46.7

S
C
Other
5.6
0.0
4.9
0.0

15

The 2010 Census data on race and ethnicity was collected according to the guidelines of the U.S. Office of
Management and Budget’s  (OMB)  1997  Revisions  to  the  Standards  for  the  Classification of Federal Data on Race
and Ethnicity. The categories for race are separate than the category for Hispanic or Latino. Race categories are,
“American  Indian  or  Alaska  Native,  Asian,  Black  or  African  American,  Native  Hawaiian  or  Other  Pacific  Islander,
and  White.”    The  two  categories  for  data  on  ethnicity  are,  “"Hispanic  or  Latino"  and  "Not  Hispanic  or  Latino."”
(Office of Management and Budget 1997)
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Graduate

Other or
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Figure 12. Survey respondents: education levels of study neighborhoods

The socio-demographic distribution of the survey respondents varies from the expected
distribution based on the 2010 Census (Table 11; Table 12; Figure 12). In the Strathmore
neighborhood there were a higher percentage of White respondents, and lower percentages of
African American and Hispanic or Latino in our survey dataset compared to the 2010 Census
data. The Strathmore survey data also had a higher percentage of responses from home owners,
and a higher female response rate than the 2010 Census data. The difference in the demographic
characteristics between survey respondents in the NWS and the 2010 Census data is larger. Only
29.5 percent of survey respondents from the NWS were male, whereas the 2010 Census indicates
the NWS has a 53.3 percent male population. Furthermore there were a much higher percentage
of home owners in our survey respondents (44.3 percent) compared to the 2010 Census data (9.4
percent).
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Data analysis and modeling
Results Hypothesis I:
The  survey  responses  partially  support  hypothesis  I,  “Respondents will have moderate to
moderately high attitude scores towards GI and will indicate that  the  barriers  of  “maintenance  
costs”  and  “neighborhood  security  and  safety  issues”  have  a  high  level  of  influence  on  their  
decision to implement GI.”  Respondents did indicate moderately high attitudes towards GI.
Alternatively, respondents indicated only a  moderate  level  of  influence  “maintenance cost”  has  
on  their  decision  to  implement  GI  and  a  moderately  high  influence  “neighborhood security and
safety  issues”  has  on  their  decision  to  implement  GI. However, on average NWS respondents did
indicate that of all perceived barriers, “neighborhood  security  and  safety  issues”  has  the  highest  
influence on their decision to implement GI (Figure 17). The following explains the specific
results  for  each  component  of  the  “attitude” constructs: knowledge, belief, and behavioral
intention towards GI, as well as for the perceived barriers to GI implementation.

Knowledge of GI
The total (across both neighborhoods) mean responses to knowledge questions ranged
between 3.71- 4.12 on a 1-5 Likert Scale, indicating moderately-high knowledge of GI (Figure
13). Rain gardens had the highest mean knowledge score (4.12) and respondents indicated the
lowest knowledge for curbside extensions (3.71). When I analyzed the two neighborhoods
separately (Figure 13) Strathmore respondents demonstrated a significantly higher knowledge
(3.99) of the problem of storm water run-off (K1 item) than NWS respondents (3.45). Strathmore
respondents also indicated a higher knowledge (3.69) of their ability to help minimize storm
water run-off (K2 item) than NWS respondents (3.53) but this difference was not significant.
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Although the graph indicates NWS had higher knowledge scores than Strathmore for all of the
GI options except for rain barrels, the differences are not significant (Figure 13).
5.00

Knowledge (1-5: low to high)

4.50
4.00
3.50
3.00
2.50
2.00
1.50
1.00

Curbside
Rain
Porous
Extension
Gardens Pavement
s

K1

K2

Rain
Barrels

Trees

Strathmore

3.99

3.69

4.05

4.11

4.06

3.85

3.69

Near West Side

3.45

3.53

3.96

4.16

4.29

4.02

3.73

Total Average

3.88

3.66

4.03

4.13

4.12

3.90

3.71

Figure 13. Mean responses with standard errors by neighborhood measuring citizen knowledge of GI:
respondents indicated their level of agreement or disagreement on a five-point Likert scale (1=
strongly disagree to 5 = strongly agree) with statements about GI. Each GI option item asked
respondents their level of agreement if the GI option will help to reduce storm water run-off.

Belief towards GI
Mean responses from the total dataset for, “belief  towards  GI”  survey  items ranged
between 3.18- 3.47, indicating a moderate belief towards all GI options. Belief towards porous
pavement was the lowest (3.18), and belief towards trees was highest (3.47) (Figure 14). The
mean responses for belief of each GI option between neighborhoods revealed similar belief
scores between the neighborhoods for each GI option. However, the NWS had significantly
higher belief scores than Strathmore respondents for porous pavement.
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5.00
4.50

Belief towards GI (1-5: low to high)

4.00
3.50
3.00
2.50
2.00
1.50
1.00
rain barrels

trees

rain gardens

porous
driveways/sid
ealks

curbside
extensions

Strathmore

3.35

3.47

3.36

3.15

3.21

Near West Side

3.41

3.45

3.42

3.26

3.27

Total Average

3.36

3.47

3.37

3.18

3.22

Figure 14. Mean responses with standard error bars; respondents indicated the level of influence on a fivepoint Likert scale (1= no influence to 5 = great influence) certain benefit and cost factors have on their
decision to implement GI. I reversed scored the cost factor response (a negative item), and averaged the
responses from costs and benefit items for each GI option to create a new variable, belief towards GI for rain
barrels, trees, rain gardens, porous pavement, and curbside extensions.

Behavioral Intention towards GI
Mean behavioral intention scores towards each GI option for the total dataset (both
Strathmore and NWS responses) indicated moderately-high responses, scores ranged from 3.714.25 depending on the GI option. Respondents had the lowest behavioral intention score (3.71)
for curbside extensions under the condition that the curbside extension is free. The behavioral
intention score for both neighborhoods combined was highest for trees (4.25) if trees are free.
Average behavioral intention scores between the two neighborhood reveals differences in
behavioral intentions between the neighborhoods (Figure 15). NWS respondents had higher
behavioral intention scores than Strathmore respondents for all GI items under both conditions, if
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the GI provides savings, and if the GI is free. But the differences in behavioral intention scores
between neighborhoods were only significant for trees, rain gardens and porous pavement under
the condition that GI implementation provides savings.

5.00
4.50

Behavioral Intention (1-5: low to high)

4.00
3.50
3.00
2.50
2.00
1.50
1.00

Free
Provide
Free
Free
Provide
Provide Savings
Curbsid
Rain Porous
Savings
e
Savings Rain
Garden Paveme
Rain
Trees Garden
Extensi
s
nt
Barrels
ons
s

Provide
Savings
Porous
Paveme
nt

Free
Rain
Barrels

Free
Trees

Strathmore

4.17

4.24

4.11

3.98

3.70

4.17

4.08

4.00

3.88

Near West Side

4.34

4.27

4.30

4.25

3.79

4.39

4.46

4.43

4.29

Total Average

4.22

4.25

4.15

4.04

3.71

4.23

4.17

4.10

3.97

Figure 15. Mean behavioral intention scores with standard error bars for each GI option under two
scenarios: if the GI is provided for free, or if  the  GI  provides  savings  on  the  individual’s  water  bill.

Attitude towards GI
Responses for the total dataset indicated moderately-high attitude scores towards GI,
confirming hypothesis I. Trees had the highest attitude score if they were free (3.95) and
curbside extensions had the lowest attitude score (3.55) (Figure 14). On average respondents
have the highest attitude scores towards rain gardens (3.88 if free; 3.87 provide savings), rain
barrels (3.87 if free; 3.88 provide savings), and trees (3.95 if free; 3.92 provide savings). Porous
pavement (3.70 if free; 3.68 if provide savings) and curbside extensions (3.55) have the lowest
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scores. NWS respondents have significantly higher attitude scores than Strathmore respondents
towards rain gardens and porous pavement if it provides savings (Figure 16).

5.00

Attitude (1-5: low to high)

4.50
4.00
3.50
3.00
2.50
2.00
1.50
1.00

Free
Provide
Free
Free
Provide
Provide Savings
Curbsid
Rain Porous
Savings
e
Savings Rain
Garden Paveme
Rain
Trees Garden
Extensi
s
nt
Barrels
ons
s

Provide
Savings
Porous
Paveme
nt

Free
Rain
Barrels

Free
Trees

Strathmore

3.85

3.94

3.84

3.66

3.53

3.85

3.89

3.81

3.63

Near West Side

3.90

3.96

4.00

3.84

3.60

3.92

4.03

4.04

3.85

Total Average

3.87

3.95

3.88

3.70

3.55

3.88

3.92

3.87

3.68

Figure 16. Mean attitude scores with standard error bars for each GI option under two scenarios: if
the  GI  is  provided  for  free,  or  if  the  GI  provides  savings  on  the  individual’s  water  bill.

Perceived Barriers to GI
Survey respondents for the total dataset indicated moderately-low to moderately-high
mean scores to perceived barriers of GI. The mean score for the survey item “maintenance  cost”  
is 3.25, indicating a moderate level  of  influence  “maintenance  cost” has on a respondents
decision to implement GI (Figure 17). Therefore this result does not support the hypothesis that
“maintenance  cost”  would  have  a  high  level  of  influence.  With a score of 3.51 the moderately
high  influence  “neighborhood  security  and  safety  issues”  has  on  a respondent’s decision to
implement GI does not support the hypothesis that it would have a high level of influence.
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The  perceived  barriers,  “tree  leaves  creating  litter,” “property space occupied by GI,” and
“trees decreasing visibility”  had the lowest scores 2.47, 2.77, and 2.96 respectively. Lower
scores  indicate  that  the  item  has  less  influence  on  a  respondent’s  decision  to  implement  GI. The
perceived barriers, “potential  health  risks” (3.78), “presence  of  invasive  species” (3.59),  “soil
erosion  during  construction” (3.51), and  “neighborhood  security  and  safety  issues” (3.51), had
the  highest  scores.  It  should  be  noted  that  although  the  score  for  the  variable,  “neighborhood  
security  and  safety  issues”  did  not  fall  into  the  category  of  a  “high  score”  it  is  the  third  highest  
average score of all the variables.
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3.14
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3.31

3.33

3.66
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3.15

3.82

3.27

3.18

3.50

Total Average

3.59

3.51

3.78

2.47

3.25

3.51

2.96

2.77

3.24

Figure 17. Mean perceived barrier responses with standard error bars. The higher the score, the
larger the influence each barrier has on the individuals decision to implement GI.

Responses to perceived barriers vary significantly between each neighborhood (Figure
17). “Tree leaves creating litter” has a low score (2.31) for respondents of the Strathmore
neighborhood, but is much higher for those of the NWS (2.96). Near West Side respondents also
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had significantly higher scores for  “property  space  occupied  by  GI”  (3.18),  “trees  decreasing  
visibility”  (3.27),  and  “security and safety issues” (3.82) than Strathmore respondents.
Additionally, Strathmore  respondents  had  a  significantly  higher  score  for  “presence of invasive
species”  (3.67)  than  NWS  respondents. Of  particular  interest  is  that  “neighborhood  security  and  
safety  issues”  is  the  highest  perceived  barrier  score  for  NWS  respondents.  This  result  indicates  
support for the hypothesis.

Results Hypothesis II:
My analysis of the data support hypothesis II: both knowledge of GI, and belief towards
GI were significant positive variables in explaining behavioral intention to implement GI (Table
13). For each model p-values were below the significance level, α = 0.1, and Adj. R2 ranged
from 11.5 percent to 25.0 percent. Overall, knowledge had higher contributions to the model than
belief; belief standard coefficient values ranged from 0.183 for free trees to 0.336 for free rain
gardens. Alternatively knowledge coefficients ranged from 0.232 for free trees, to 0.409 for free
porous pavement. Overall, the average standard coefficients for knowledge were 0.322 compared
to 0.237 for belief. Standard coefficients were larger for rain barrels, trees, and rain gardens for
the knowledge variable if GI provides savings, than if it is free. Alternatively knowledge of
porous pavement plays a larger role in determining implementation of porous pavement if it was
free. The pattern is different for the belief towards GI variable. For all GI options including rain
barrels, trees, rain gardens, and porous pavement, belief towards GI plays a larger role in
determining implementation of that GI option if it is free, than if it provides savings.
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Table 13. Behavioral intention towards each GI option for free or with water bill savings as
a function of knowledge of GI and belief towards each GI option
Behavioral
Intention
Dependent
variable
Free
Rain Barrels
Trees
Rain Gardens
Porous
Pavement
Curbside
Extensions
Provide
Savings
Rain Barrels
Trees
Rain Gardens
Porous
Pavement

Knowledge of GI Option

Belief towards GI Option
Adj. R2

Coef.

st. Coef

p-value

Coef.

st. Coef

p-value

0.302
0.255
0.291

0.285
0.232
0.261

0.000
0.001
0.000

0.821
0.772
1.026

0.231
0.190
0.336

0.000
0.005
0.000

17.8%
11.5%
23.2%

0.464

0.409

0.000

0.772

0.230

0.000

25.6%

0.409

0.358

0.000

0.596

0.314

0.000

24.6%

0.320
0.385
0.342

0.329
0.366
0.307

0.000
0.000
0.000

0.636
0.709
0.810

0.195
0.183
0.266

0.003
0.004
0.000

18.8%
21.0%
21.2%

0.383

0.353

0.000

0.614

0.192

0.002

18.5%

Results Hypothesis III:
Overall the results provide mixed support for hypothesis III. Female respondents did
have significantly higher attitude scores towards rain barrels and porous pavement if they were
free, and higher attitude scores towards porous pavement if they provide savings (Table 14 &
Table 15). Gender was not a significant variable for explaining attitudes towards trees, rain
gardens, or curbside extensions if free, and was not a significant variable for explaining attitudes
towards rain barrels, trees, and rain gardens if they provide savings. Additionally, the results do
not support part of hypothesis III that,  “race or ethnicity will not explain attitudes or barriers:”
White respondents showed significantly lower attitude scores towards rain gardens if free, and
porous pavement if free, and porous pavement if it provide savings than other race/ethnic groups.
However, even with significant variables informing the attitudes towards GI model, the variables
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could explain only a small percent of the variation in the models. For example the Adj. R2 for the
model of attitudes towards free rain barrels is 1.25 percent. The porous pavement attitude models
have the highest Adj. R2 at 4.22 percent if porous pavement is free and 4.53 percent if porous
pavements provide savings.
Table 14. Coefficients of significant contributing independent variables to attitude towards
GI if free, the dependent variable, and the Adj. R2 of the model equation. Significance
levels *p<0.1, **p<0.05, ***p<0.001
Hispanic
Attitude
Home
African
Male
Adj.
NWS
Edu.
White
or
variable
Owner
American
Gender
R2
Latino
Rain
-0.184* 1.25%
barrels
No significant variables
Trees
Rain
-0.19*
2.19%
gardens
Porous
-0.20*
-0.27** 4.22%
pavement
Curbside
No significant variables
extensions
Table 15. Coefficients of significant contributing independent variables to attitude towards
GI if it provides savings, the dependent variable, and the Adj. R2 of the model equation.
Significance determined by α= 0.1. Significance levels *p<0.1, **p<0.05, ***p<0.001
Attitude
variable
Rain
barrels
Trees
Rain
gardens
Porous
pavement

NWS

Home
Owner

Edu.

White

African
American

Hispanic
or
Latino

Male
Gender

Adj.
R2

No significant variables
No significant variables
0.27**

2.48%
-0.39**

-0.20*

4.53%

Contrary to the hypothesis that females would indicate a lower influence of perceived
barriers on their decision to implement GI, female gender is associated with a higher influence of
certain perceived barriers on their decision to implement GI including “soil erosion,” “potential
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health risks,” “neighborhood  security and safety issues,” and “trees decreasing visibility” (Table
16). Gender could not explain responses to the perceived barriers of “invasive species,” “tree
leaves creating litter,” “maintenance  cost,” “personal property space occupied by GI,” and
“possible decrease of property value.”
Results indicate that race/ethnicity plays a significant role in explaining respondents’  
reactions to perceived barriers to GI. Whites had higher perceived barrier scores for the barriers
“invasive  species” and lower scores for the barriers “potential health risks,” and “tree leaves
creating litter,”  than  other  races/ethnicities (Table 16). African Americans had higher perceived
barrier scores for the barrier “trees decreasing visibility” than other races/ethnicities (Table 16).
However, race/ethnicity could not explain responses to the variables “maintenance  cost,”
“personal property space occupied by GI,” and “possible decrease of property value (Table 16).”
Respondents with higher levels of formal education had higher scores for the barrier
“potential health risks.” Alternatively respondents with higher levels of education had lower
scores for the barrier “security and safety issues.” Neighborhood was also a significant variable
in explaining responses to perceived barriers: respondents from the NWS had higher perceived
barrier scores for “personal property  space  occupied  by  GI”  and  “possible decrease in property
value because of GI”  than  their  Strathmore  counterparts.
It should be noted that although the p-values less than α =.1 indicate that the variables are
significant, the R2 indicating the strength of the relationships is small, < 8 percent for all of the
models.

67

Table 16. Coefficients of significant contributing independent variables to perceived
barriers to GI, the dependent variable, and the Adj. R2 of the model equation. Significance
levels *p<0.1, **p<0.05, ***p<0.001
Perceived
Barrier
Variable
Invasive
species
Soil erosion
Potential
health risks
Tree leaves
creating litter
Maintenance
cost
Security and
safety issues
Trees
decreasing
visibility
Personal
property space
occupied
Decrease of
property value

NWS

Home
Owner

Edu.

White

African
American

Hispanic
Male
or
Gender
Latino

0.43**

Adj.
R2
2.06%

0.203**

-0.35*

1.45%

-0.48**

4.25%

-0.72***

5.37%

No significant contributing variables
-0.143*
0.53*

-0.67***

7.75%

-0.35*

2.78%

0.6**

3.1%

0.45*

1.35%

Results Hypothesis IV:
Results provide some confirming and contradictory support for hypothesis IV16.
Contradicting the hypothesis, biophysical characteristics could minimally explain attitudes
towards GI. In support of the hypothesis, biophysical characteristics did explain some variation
for the perceived barriers, “tree  leaves  creating  litter  in  the  neighborhood,”  and  “personal  
property  space  occupied  by  green  infrastructure.”    
16

Biophysical characteristics of tree cover and impervious surface surrounding a household will explain attitudes
towards  GI,  and  the  influence  level  perceived  barriers  have  on  individuals’  decisions  to  implement  GI:  households  
with higher percentage tree cover and lower percentage impervious surface will explain higher attitude scores
towards GI and lower influence of barriers on their decision to implement GI.
.

68

Neither percent tree canopy nor percent ISC within a 20m or 40m parcel buffer were
significant in explaining attitudes towards any GI option (Appendix Table 21 & Appendix Table
22). I have minimal evidence to support hypothesis IV. At the parcel level, percent ISC had a
positive, significant (p-value = 0.014) but small Adj. R2 of 2.4 percent for explaining variation in
attitudes towards free rain barrels (Table 17). Percent ISC at the parcel level was also a
significant positive contributing variable to attitudes towards rain barrels, trees, and rain gardens
if they provide savings. However, the Adj. R2 values are very small, 1.5 percent for rain barrels,
0.9 percent for trees, and 1.5 percent for rain gardens, indicating percent ISC at the parcel level
explains a significant but very small part of the variation in attitudes. Percent ISC at the parcel
level was the only significant contributing variable that emerged from the analysis of GI attitudes
with the biophysical characteristics of percent tree canopy and percent ISC; percent tree canopy
was not a significant variable explaining attitudes towards GI.
Table 17. Attitudes towards GI as a function of percent tree canopy or percent ISC within
the parcel surrounding the household. Asterisks indicate significance
Adj. R2
Dependent Variable
Free
Rain Barrel
Trees
Rain Garden
Porous Pavement
Curbside Extensions
Savings
Rain Barrel
Trees
Rain Garden
Porous Pavement

Coefficient

P-value

Tree
canopy

ISC

Tree
canopy

ISC

Tree
canopy

ISC

0.00%

2.40%

-0.0004

0.0079

0.907

0.014*

0.00%

0.30%

0.0015

0.0041

0.616

0.197

0.00%

0.70%

0.0004

0.0048

0.898

0.127

0.20%

0.00%

0.0038

0.0016

0.252

0.652

0.40%

0.00%

-0.0045

0.0008

0.185

0.835

0.00%

1.50%

-0.0013

0.0065

0.667

0.042*

0.00%

0.90%

-0.0010

0.0055

0.736

0.088*

0.00%

1.50%

-0.0014

0.0062

0.632

0.046*

0.00%

0.00%

0.0016

0.0026

0.613

0.442
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Percent tree canopy and percent ISC at the 20m and 40m buffer distance explained
variation  for  responses  to  some  perceived  barriers  such  as,  “tree  leaves  creating  litter  in  the  
neighborhood,”  and  “personal  property  space  occupied  by  green  infrastructure” (Table 18 &
Table 19). The p-values fall below the significance level of α= 0.1 but the Adj. R2 values are not
very strong, indicating percent tree canopy and/or percent ISC can explain a significant but small
amount of variation in the responses to perceived barriers. The relationship between the barrier
“tree  leaves  creating  litter  in  the  neighborhood”  and  percent  ISC  and  percent  tree  canopy  was  
stronger and more significant at the 20m buffer distance than at the 40m buffer distance.
Additionally, at a p-value of <0.001 and Adj. R2 of 5.0 percent, tree canopy was the stronger
more significant variable at the 20m buffer distance. It should also be noted that the relationship
is negative: a higher percentage of tree canopy can predict a  lower  influence  “tree  leaves  creating  
litter  in  the  neighborhood”  has  on a respondents’ decision to implement green infrastructure. It
seems that households with more trees surrounding their property care less about tree litter than
households with fewer trees.
Alternatively  the  strength  of  relationship  for  the  barrier  “personal  property  space  
occupied  by  green  infrastructure”  with  percent  ISC  and  percent  tree  canopy  is  greater  at  the  40m  
buffer distance (Table 19). Percent ISC has the stronger (Adj. R2 = 2.2 percent) more significant
(p-value = 0.019) relationship than percent tree canopy. The relationship is positive indicating a
higher percentage of ISC can predict a higher  influence  “personal  property  space  occupied  by  
green  infrastructure”  will  have  on  a  person’s  decision  to  implement  GI. Households with more
paved surfaces surrounding their property are more concerned about green infrastructure
occupying their property than households with fewer paved surfaces.
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Again, it is worth noting that although the findings are significant, the Adj. R2 values
between 1.6 percent and 5.0 percent indicate percent tree canopy and percent ISC explain only a
very small amount of variation in the model.

Table 18. Influence perceived barriers has on GI implementation as a function of percent
tree canopy or percent ISC within 20m buffer surrounding the household
Dependent Variable
Presence of invasive (nuisance)
species
Soil erosion during construction
Potential health risks
Tree leaves creating litter in the
neighborhood
Maintenance cost
Neighborhood security and
safety issues
Trees decreasing visibility and
possible traffic accidents
Personal property space
occupied by green infrastructure
Possible decrease of property
value because of unmaintained
green infrastructure

Adj. R2
Tree
ISC
canopy

Coefficient
Tree
ISC
canopy

P-value
Tree
ISC
canopy

0.0%

0.3%

0.002029

-0.007702

0.74

0.218

0.7%
0.4%

0.5%
0.1%

0.009562
0.008929

-0.00916
-0.00738

0.125
0.184

0.151
0.284

5.0%

3.4%

-0.02298

0.019864

0.001*

0.005*

0.0%

0.0%

-0.00644

0.00428

0.304

0.503

0.0%

0.0%

-0.00418

0.000892

0.544

0.9

0.2%

0.0%

-0.00835

0.005219

0.238

0.472

1.8%

1.6%

-0.01497

0.014646

0.032*

0.039*

0.0%

0.0%

-0.00599

0.000169

0.396

0.981
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Table 19. Influence perceived barriers has on GI implementation as a function of percent
tree canopy or percent ISC within a 40m buffer surrounding the household
Dependent Variable
Presence of invasive (nuisance)
species
Soil erosion during construction
Potential health risks
Tree leaves creating litter in the
neighborhood
Maintenance cost
Neighborhood security and
safety issues
Trees decreasing visibility and
possible traffic accidents
Personal property space
occupied by green infrastructure
Possible decrease of property
value because of unmaintained
green infrastructure

Adj. R2
Tree
ISC
canopy

Coefficient
Tree
ISC
canopy

P-value
Tree
ISC
canopy

0.0%

0.0%

-0.003591

-0.004396

0.593

0.446

1.4%
0.0%

0.5%
0.0%

0.013549
0.004253

-0.008469
0.001613

0.050*
0.566

0.156
0.800

2.4%

1.4%

-0.018243

0.012921

0.016*

0.047*

0.0%

0.2%

-0.006683

0.007062

0.335

0.237

0.4%

0.0%

-0.010195

0.006167

0.178

0.343

0.0%

0.0%

-0.007677

0.002667

0.324

0.690

1.8%

2.2%

-0.016500

0.015382

0.031*

0.019*

0.0%

0.0%

-0.003955

0.003477

0.610

0.602
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Discussion of Results
Hypothesis I Discussion
In this research I use attitude in an attempt to estimate actual behavior under two different
scenarios, if the GI is free, or if it provides savings on resident water bills. Models of
environmental attitude and behavior in academic literature indicate attitude is a contributing
variable to actual behavior (Guagnano et al. 1995; Fransson and Gärling 1999; Rauwald and
Moore 2002). Therefore based on the attitude results in my study I would estimate moderately
high levels of green infrastructure implementation under either of the two scenarios within these
two neighborhoods. This provides useful information to policy officials in Onondaga County and
the City of Syracuse who wish to reduce the strain on the sewer system and reduce water
pollution in Onondaga Lake. If policy makers want to increase GI implementation, they should
pursue a policy that either provides GI for free, or provides residents savings on their water bill.
My findings that residents have moderately high attitude scores towards GI if they are
free or if they provide savings coincides with my expected findings on attitudes towards GI and
reinforces some preliminary findings by Baptiste & Lane (2008)17. Confirming the results of the
2008 study, I found that the behavioral intention scores indicate curbside extensions were the
least supported GI method, followed by porous pavement. Also coinciding with the 2008 study
are my findings that behavioral intention scores for GI under the condition they provide savings
are lower than if they are free. However, that trend does not hold true once the data are
separated by neighborhood. NWS residents have higher behavioral intention scores under the
condition that implementing GI provides them with savings for trees, rain gardens and porous
pavement. Also contradicting the 2008 results are my findings that trees and rain barrels have
17

The  2008  study  did  not  have  the  same  constructed  measure  of  “attitude”  as  I  have  in  this  research, but did measure
the same components of attitude, knowledge, belief, and behavioral intention.
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the highest behavioral intention scores, whereas the 2008 study indicates respondents support
rain gardens more than rain barrels. In another study measuring preference for GI techniques
(through a facilitated focus group) in New Mexico, LaBadie (2010) found rain barrels were toprated, urban tree cover mid-rated, and porous pavements and rain gardens were low-rated.
The difference in my findings to other research on attitudes towards GI could be a result
of the 1) the different measures used (“attitude” vs. “preference” as in the case of LaBadie
(2010)), 2) of the location of the study: Syracuse, NY vs. Albuquerque, NM, or 3) the active
Save the Rain campaign in Syracuse. Albuquerque, NM has a semi-arid climate with high
intensity rainstorm events (LaBadie 2010). The term rain-gardens may illicit ideas among the
public that rain-gardens are densely vegetated and actually require irrigation (LaBadie 2010). In
a semi-arid climate, residents would not view irrigation positively. However in Syracuse, NY
where the average annual precipitation for the last ten years has ranged between 35 in. - 48
in.(NOAA’s  NWS  2012) residents might not hold the same views as Albuquerque residents on
irrigation or rain gardens. My findings that rain barrels are more popular than rain gardens might
differ from what was found in the 2008 study because of the Onondaga County Save the Rain
Program (www.savetherain.us). The Save the Rain program began in 2009, after the 2008 study.
The program is currently advertising and offering free trees and free rain barrels to Syracuse
residents including the two neighborhoods that I studied. Therefore residents’ knowledge of GI
and access to trees and rain barrels may be positively influencing their attitudes towards these
types of GI.
The perceived barriers  of  “maintenance  cost”  and  “neighborhood  security  and  safety  
issues”  did  not  have  as  high  influence  on  a  respondent’s  decision  to  implement  GI  as  I  had  
predicted. Previous research has identified cost as a major barrier to green infrastructure
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implementation (Anderson et al. 2009; LaBadie 2010; Barnhill and Smardon 2012) so I had
expected  “maintenance  costs”  to  have  a  high  influence  on  implementation.
The difference can  perhaps  be  explained  by  wording  of  the  survey  item  as  “maintenance
cost”  as  opposed  to installation costs, or up-front costs. Barnhill and Smardon (2012) found
through  focus  group  research  in  Syracuse,  NY  that  respondents  identified  “up-front individual
costs”  (2012: 12) as a dominant barrier to their decision to implement GI around their home. In
my research, the survey items asking about behavioral intention to implement GI were under two
scenarios,  “for  free”  or  “provides  savings  on  water  bill.”  Both  of  these  scenarios  seem  to  imply  
that the respondent will either, have no up-front cost, or might lower their investment costs
through savings on their water bill. The behavioral intention survey items came before the survey
items asking about the barriers to GI. Therefore, it is possible that when answering survey items
about the influence maintenance cost would have on his or her decision to implement GI, a
respondent was operating under the assumption he or she would have minimal up-front costs. As
a result this might lessen the influence maintenance cost would have on his or her decision to
implement GI. Alternatively respondents might not view maintenance cost with much as a
concern as up-front costs.
I  had  also  expected  “neighborhood  security  and  safety”  to have a high influence on GI
implementation because of Barnhill and Smardon’s (2012) focus group research indicating
residents are concerned  about  youth  vandalism  related  to  GI.    “Neighborhood  security  and  
safety”  has the third highest score, but it is not has high as I hypothesized. However, when I
analyzed the data separately by neighborhood I found different information about the responses
which lends more support for my original hypothesis. Of all perceived barriers NWS respondents
indicated “neighborhood  security and safety”  has the highest influence on their decision to
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implement GI. Since the NWS neighborhood has higher rates of crime than the Strathmore
neighborhood (Onondaga Crime Analysis Center 2012) it makes sense that NWS residents
would be more concerned about neighborhood security and safety issues. Since trees and
vegetation can impact security and safety perceptions (Jorgensen et al. 2002), policy makers
should work with landscape architects in order to increase GI in the NWS neighborhood without
negatively impacting neighborhood security. This could also be important because if residents
feel that GI is reducing their neighborhood security they may make changes to the GI, thereby
compromising the use of GI to reduce stormwater flows. For instance, if a resident feels that a
tree in the right-of-way between the road and their sidewalk (a City owned parcel of land) is
threatening their safety they may cut it down. Surveyors gathered anecdotal information during
the survey process which indicates that residents are already cutting down trees to increase their
neighborhood safety (Amy Samuelson, Onondaga Youth Corps, personal communication). In
order to avoid situations where residents reject City-supported GI, policy makers must work with
residents to understand what perceived or real barriers exist to GI.

Hypothesis II Discussion
The results confirm hypothesis II that knowledge of GI and belief towards GI are
significant positive contributors  to  an  individual’s  self-reported behavioral intention to
implement GI. Essentially, if a person is knowledgeable about a particular GI technique and has
positive feelings and beliefs toward that GI technique then I expect a higher self-reported
intention to implement that GI technique under the two scenarios in this survey: if free, or if
provided savings on water bill.
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It is interesting that knowledge of GI has a larger influence than belief towards GI on
behavioral intention scores except for the GI option of rain gardens. This provides support for the
Onondaga County Save the Rain stormwater management plan. Part of the plan is a public
education campaign which provides information to residents of Onondaga County about GI
through their website (www.savetherain.us), publicly advertised large-scale GI projects,
billboard advertisements along major highways in Syracuse, GI demonstration projects within
neighborhoods, and outreach at community fairs and festivals. The results of my study indicate
that Onondaga County should continue to provide public education about GI in order to enhance
knowledge of GI, and as a consequence increase behavioral intentions to implement GI.

Hypothesis III Discussion
The findings of this study add to the inconsistent findings within the literature on the
relationship between the socio-demographic characteristics of gender, race and/or ethnicity and
formal education with environmental attitudes. Within the literature a higher level of formal
education is one of the most consistently significant variables explaining more positive
environmental attitudes18 (Buttel and Flinn 1978; Dietz et al. 1998). However, my research
seems to coincide with the findings of Johnson et al. (2004) who found postsecondary education
was not a significant variable predicting environmental belief19. The results from my research
indicate that higher education does not explain environmental attitudes towards GI.
In all of the comparison studies the measures of environmental attitudes/beliefs/concerns
were general measures about awareness of environmental problems or the NEP. These measures
18

For  Buttel  &  Flinn  (1978):  environmental  attitudes  measured  by,  “Awareness  of  Environmental  Problems”  and  
“Support  for  Environmental  Reform.”  For  Dietz et al. (1998): interchangeably uses the terms environmental concern
and belief, which were measured by asking respondents to indicate their awareness of negative consequences on a 5item scale that certain types of environmentally relevant human activities have on the environment
19
Environmental belief as measured by the New Ecological Paradigm (NEP) as defined on page 166
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do not measure environmental attitude towards GI as I have done in my research. Therefore it is
likely that there are specific attributes about GI within Syracuse that have a larger impact on
attitudes towards GI other than formal education level. For example, the aforementioned Save
the Rain GI education campaign is a broader educational campaign that targets the public as a
whole about the problems of stormwater pollution and the possible GI solutions to stormwater
pollution. Furthermore there have been GI demonstration projects including rain gardens and
porous pavement within the NWS neighborhood, the neighborhood with much lower rates of
formal education. The demonstration projects and Save the Rain campaign provides education
about GI that is not exclusive to those who have access to higher education.
My findings did confirm previous research that found females have higher proenvironmental attitudes and beliefs than males (Bord  and  O’Connor  1997). Females had higher
attitude scores towards rain barrels and porous pavement if they were free and higher attitude
scores towards rain gardens if provided savings than males.
Research by Bord  &  O’Connor (1997), and Stern et al. (1993) indicates the difference in
environmental attitudes between males and females is a result of perceived risk. Stern et al.
(1993) found that females tend to view a stronger connection between their personal well-being,
and social welfare with environmental health than males. Bord  &  O’Connor’s  (1997) research
indicates that females demonstrate more concern than men about environmental problems when
questionnaire items mention specific risks. My findings related to perceived barriers to GI, also
lend support to the findings of Bord  &  O’Connor  (1997), and Stern et al. (1993): females were
more likely than men to be influenced by “potential health risks,” “security and safety issues,”
and “trees decreasing visibility” in their decision to implement GI. I believe these types of
barriers are related  to  the  respondent’s  personal health and well-being.
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My findings on the role of race/ethnicity in explaining environmental attitudes
contributes to the mélange of findings within literature; Whites had lower attitude scores towards
porous pavement if free or if they were provided savings, and lower attitude scores towards rain
gardens if free. These findings seem to reinforce Mohai & Bryant’s (1998) findings that found
Whites had less environmental concern20 than African Americans for environmental issues. But,
my findings contradict those of Johnson et al. (2004) who found that Whites had higher scores
of environmental beliefs (as measured by the NEP) than Blacks and foreign-born Latinos.
Notably in this research the socio-demographic analysis with attitudes towards GI did not
yield strong relationships. So although I did find that there are significant relationships based on
the p-values, these findings can explain a minimal amount of variation within the data. It should
also be noted that the environmental attitude measures I used were for specific environmental
actions (implementation of different GI options), under specific scenarios (free or provided
savings). So the direct comparison of my results regarding ethnicity and GI environmental
attitudes with other studies on environmental belief, concern and worldview is not possible in the
strict sense.
Age of respondent is a variable that could explain some more of the variation in
responses to attitudes towards GI. In their research, Buttel and Flinn (1978) found that the
youngest age category (18-25 years) had a significantly positive linear relationship with
awareness of environmental problems and support for environmental reform. Cottrell (2003)
found age was a significant negative predictor of environmental concern.21 Older respondents
had lower levels of environmental concern. Dietz et al. (1998) also found age a significant
variable: they found older respondents were less supportive of environmental spending, but that
20

The authors Mohai & Bryant measure concern by asking respondents to indicate the level of seriousness of
various environmental problems. This differs from my measures of attitudes.
21
Environmental concern as measured by the NEP
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pro-environmental consumer behavior is lower for younger respondents. Academic literature
provides evidence that age is a significant variable for predicting environmental attitudes or
environmental behavior. Since I studied environmental attitudes towards GI, and implementing
GI is an environmental behavior, it seems that age would have been a useful variable to include
in my model. Unfortunately age was not included in the demographic variables on the survey.
Including environmental worldview as a predictor of environmental behavior may also
explain environmental attitudes towards GI and strengthen the model of environmental behavior.
In the qualitative responses in the survey some comments seemed to indicate a person’s  
underlying worldview. For instance, in  a  question  asking  “Are  there  any  other  benefits  you  can  
think  of  relating  to  storm  water  controls?”  one  respondent  said,  “Reduce pollutant/nutrient
loading  to  Onondaga  Lake/Stream”  another  respondent  said,  “Helping out the environment in
general.”   These two responses seem to indicate how the respondent views the humanenvironment relationship. This first respondent seems to value a less polluted environment, and
both believe that human adoption of storm water controls can help reduce pollution or help the
environment.  Using  Dunlap  et  al.’s  (2000) revised NEP scale to systematically measure
environmental worldview would strengthen this and future research on attitudes towards GI.

Hypothesis IV Discussion
Biophysical characteristics seem to have little to no explanatory power for determining
individuals’ attitudes towards GI. Percent ISC could minimally explain environmental attitudes,
and percent tree canopy was not a significant variable explaining attitudes towards GI, counter to
my expected results. Palmer (1984) did  find  a  relationship  between  an  individual’s  physical  
neighborhood environment and his/her perception of the neighborhood quality. In my research I
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measured the variable of attitude towards a specific GI option, and given the weakness of the
relation it appears that there are other unidentified variables that may affect attitude other than
tree cover or percent ISC surrounding a household. There does exist a body of literature that
correlates neighborhood trees and vegetation with increased social ties within the neighborhood
(Kuo et al. 1998; Sullivan 2004). Additionally in a review of urban vegetation papers, Smardon
(1988) describes the potential for urban vegetation to have visual, sensory and symbolic impacts
and benefits to humans. These findings indicate that the notion of using environmental
conditions (ie: tree canopy) to explain individual perceptions and social conditions is not
completely unfounded. However, based on my findings we cannot state that percent tree canopy
surrounding a household explains individuals’  attitudes to specific environmental actions such as
GI implementation.

Issues of accuracy
The socio-demographic distribution of the survey respondents varies from the expected
distribution based on the 2010 Census. This difference between my survey data and the 2010
census data is a cause of concern. My ability to extrapolate information from the sample to the
neighborhoods as a whole is compromised because the sample population is not representative of
the population based on the 2010 Census tract data. Home owners in the NWS compared to the
2010 Census are over represented, and the number of males is under represented in the survey
data. Considering the smaller total response (N= 56) from the NWS neighborhood and the small
number of male respondents, I risk not effectively capturing the attitudes and perceived barriers
to GI implementation of the male population and of the NWS neighborhood as a whole. I found
that gender was a significant variable for three  out  of  nine  of  the  measured  “attitude”  dependent  
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variables,  and  four  out  of  nine  of  the  “perceived  barriers”  dependent  variables;; females had
higher attitude scores, and perceived barrier scores. Therefore, the effect of female gender on GI
attitudes and perceived barriers may be over emphasized in the results due to the lack of male
responses. Additionally, due to the high percentage of home owners in our survey respondents I
risk over representing home owners in the NWS. Since the NWS is a neighborhood that is 76.8
percent renter-occupied according to the 2010 U.S. Census, but only 54.1 percent renteroccupied in my sample data, the direction of the responses may be skewed towards attitudes of
owners versus renters, and may also misrepresent the attitudes of residents of the NWS as a
whole.
My ability to extrapolate information from the sample to the neighborhoods as a whole
may also be compromised by the fact that I mistakenly used a minimum sample size population
calculation for proportional data (see: Survey sampling design). Unfortunately, my survey
variables are not proportional; instead my survey variables are continuous. However, I can use
the standard errors for each measured variable to provide confidence intervals for each variable
to determine if each variable can be extrapolated from sample to neighborhood.
The two neighborhoods were not similar in total number of households, especially after I
removed non-government housing from the NWS census tract. The Strathmore neighborhood
had 1036 households while the NWS neighborhood had 307. The discrepancy in neighborhood
size could also impact the analysis on the data. I obtained 173 responses from the Strathmore
neighborhood and 56 from the NWS. The sampling rate of each neighborhood is similar: 16.7
percent of households in the Strathmore neighborhood 18.2 in the NWS. However with such a
large disparity in total number of responses it is likely that my results for the sample as a whole
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are skewed to reflect responses from the Strathmore neighborhood more than the NWS
neighborhood.
It is important to point out that there is a difference between perceived barriers to
environmental behavior and actual barriers to environmental behavior. Guagnano et al. (1995:
716) write,  “attitude  theory  needs  to  be  modified  to  include  not  only  the  perception  of  external  
conditions  but  the  external  conditions  themselves.”  My research incorporates some perceived
barriers of implementation, but does not account for all perceived barriers or the actual external
barriers to GI implementation. For example, I believe an actual barrier could be the physical
inability of a respondent to install GI. I also do not account for the physical property space of
respondents; do respondents actually have the space to plant a tree on their property? By failing
to account for actual barriers to GI implementation I risk over estimating actual GI
implementation under the two conditions, if free, or if provided savings, in these neighborhoods.
Although research shows environmental attitude is a contributor to environmental
behavior (Guagnano et al. 1995; Fransson and Gärling 1999; Rauwald and Moore 2002), there is
often  a  gap  between  an  individual’s  environmental  attitude  and  their  behavior  (Kollmuss and
Agyeman 2002). In this research I do not know the strength of the relationship between attitude
towards GI and actual behavior, nor does this study provide the means for measuring it. So
although I estimate moderately high rates of implementation, I cannot know for sure the true
behavior  of  individual’s  within  these  neighborhoods  under  either  scenario.
I used percent tree canopy and percent impervious surface cover surrounding a household
as  measures  of  a  person’s  physical  environment  because  I  could  easily  calculate  this  data  using  
ArcGIS. But, the way a person experiences their living environment may be very different than
a mere measure of percent tree canopy. Perhaps a person has a limited number of trees within
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forty meters of their household but has a view from their front window of a park with multiple
trees. Their visual experience of their environment therefore includes these trees, which might
have a different impact on them then the lack of trees immediately surrounding their household.
Unfortunately my use of GIS tools both shaped and limited my measure of the physical
environment.

Implications for urban metabolism
This research can help us understand what landscape changes might occur that could
impact the land-use, land-cover (LULC) patterns in these neighborhoods, and therefore the
metabolism of these neighborhoods. It is important to understand the characteristics and potential
of residential green space because of how it relates to public green space and its ability to impact
the physical and social aspects of a city (Richards et al. 1984). Ultimately changes to the LULC
will impact the urban metabolism within these neighborhoods and within Syracuse by increasing
or decreasing the household, neighborhood or even city energy budget and other flows of
materials and water (Hall 2011; Hall et al. 2012). This research provides findings that residents
of the two neighborhoods have moderately high attitude scores towards GI and suggests
residents will implement GI on their personal property if it is free, or if it provides savings on
their water bill. These positive attitudes towards GI indicate the possibility for these two
neighborhoods to increase their ecological production through more photosynthesis and perhaps
to lower their urban metabolism through less energy and water use. More ecological production
through photosynthesis will occur through the planting of trees and other vegetation in rain
gardens or curbside extensions. The trees could also provide more shade in the summer to cool
houses and reduce energy needs for air conditioning.
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In general the manifestation of green infrastructure in these two neighborhoods and in
Syracuse will reduce the amount of water entering the sewer infrastructure, and increase the
amount of water entering the groundwater. With smaller amounts of water in the sewer system,
the energy and costs of treating sewer water prior to release in Onondaga Lake will be reduced.
The quality of water being released into the ecological system will increase because there will be
less polluted water entering the streams and Onondaga Lake. Increasing GI in the two
neighborhoods will help meet the goals of urban metabolism studies to create a more closed loop
ecological system (Fischer-Kowalski and Hüttler 1998) by allowing more water to infiltrate into
the ground and enter the natural water cycle.
My research also reinforces the work of Redman et al. (2004) and Haberl et al. (2006)
who emphasize the study of socio-ecological metabolism at multiple scales and units. Hall has
already shown that there exist metabolism differences between the Strathmore and NWS
neighborhoods (2011). My research suggests that with GI, the metabolisms of these
neighborhood units will change at different rates. Since the NWS currently has a much lower
percent tree canopy cover than the Strathmore neighborhood (Figure 8 & Figure 9), there is a
greater opportunity for an increase in the number of trees and an increase in energy production
through photosynthesis. Additionally, I found that there were significant differences between
neighborhoods in attitudes towards GI. More specifically, NWS residents have higher attitudes
towards implementing rain gardens and porous pavement if they provide savings. NWS
resident’s  higher attitudes could mean more porous pavement and rain gardens in their
neighborhood than the Strathmore neighborhood. As a result the inputs of water into the
combined sewer system (CSS) from the NWS neighborhood could be reduced at a faster rate
than the Strathmore neighborhood.
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My findings on the perceived barriers to GI have implications for feedback loops in
socio-ecological studies. I found households with fewer trees surrounding their property care
more about tree litter than households with more trees. This perceived barrier might prevent
some households from planting trees. However, attitudes towards trees were still moderately
high indicating that as more trees are planted (as my research suggests will occur), residents will
begin to care less about tree litter. So as more trees are planted, residents might begin to view
tree litter as less of a barrier and continue to plant more trees.

Future Research
There are opportunities for future research based on some of the issues such as the,
variables not included, sample representativeness, estimates  of  the  actual  “experienced”  
environment, and measures of actual behavior.
In order to fully develop a model of environmental attitude and behavior future research
should include a measure of general environmental worldview (such as one measured with the
NEP) in addition to the specific items about GI. More importantly future research should include
a measure of the actual behavior of the household. Researchers could measure actual GI behavior
in multiple ways such as asking respondents to self-report their behavior on a survey similar to
Cottrell (2003). Or, given that each type of GI has a literal physical presence outside of the
household, trained surveyors could mark if GI is present on  a  respondent’s  property. With a
model that includes environmental worldview, each component of environmental attitude
(knowledge, beliefs,  behavioral  intentions),  and  the  respondent’s  actual  behavior,  researchers  can  
use the model to actually predict GI implementation.
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Other  research  on  GI  could  revolve  around  resident’s  willingness  to  pay for GI on their
property. From my research, I know respondents attitudes towards GI if it is free and if they are
provided savings on their water bill. But I do not know how much savings respondents are
expecting to receive. Although the Save the Rain program does provide free trees and free rain
barrels, it is highly unlikely that the County Save the Rain program will provide higher cost GI
for free such as rain garden installations, or porous pavement. Therefore it would be beneficial to
researchers and policy makers to know what the monetary threshold for residents is for these
higher cost GI projects.
In an effort to determine what external barriers might exist to GI implementation, any
future research should also include a survey item asking respondents if they have control over
their outside property. Barnhill & Smardon (2012) reported that lack of control over property is a
barrier to GI implementation. In my research I obtained responses from home owners and
renters, but not on whether the resident has control over their outside property. Depending on
the lease agreement between the renter and landlord, renters could have control over their outside
property.  Accounting  for  the  barrier  of  “lack  of  control  over  property”  could  enhance  future  
research by creating a better predictor for GI implementation.
Finally, future research on attitudes towards GI should be directly tied with research on
urban metabolism. With my research I am able to postulate how human attitudes might impact
the land use and land cover in the urban residential system, and how this might impact the
metabolism within those neighborhood units, and possibly the City of Syracuse. Unfortunately, I
am not able to place a numeric value on how the changes in the land use and land cover might
affect the flows of water, energy, and materials in and out of the urban system. Although, this
has been done by interdisciplinary teams using survey results to estimate stormwater runoff (Sun
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et al. forthcoming 2012), and energy return on investment (Hall et al. 2012). In these studies
survey data is used along with hydrological assessment to numerically and systematically
account for the possible changes in flows, and to assess the trade-offs of different green
technologies on urban metabolisms. The results from this type of research contributes
information desired by policy makers to determine which forms of GI may be most effective at
reducing water flows into  the  system;;  and  enhance  the  city’s  use  of  materials  and  water (Hall et
al. 2012). Since flows of water and energy can vary considerably depending on public opinion
and acceptance of GI, knowing public attitudes towards GI is important.
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Conclusion
This research helps us understand the human dimension of urban greening. I have
determined that resident attitudes towards GI in two neighborhoods of Syracuse, NY under two
possible  scenarios  (if  they  are  “provided  for  free”  or if  they  “provide  savings  on  your  water  bill”)  
are moderately high. I have also measured the level of influence perceived barriers have on
residents’  decisions  to  implement  GI  and  discovered  respondents  are  most  influenced  by  
“potential  health  risks”  and  “invasive  species”  in  their  decision  to  implement GI. This research
also provides a model that partially explains environmental behavioral intention as the sum of
knowledge and belief towards that specific environmental action. My findings can contribute to
the academic body of literature on the relationships between environmental attitudes and the
socio-demographic characteristics of education level, gender, and race/ethnicity. Education level
was not a significant variable; females had higher attitudes towards some types of GI; and
ethnicity was a significant variable in explaining attitudes towards some types of GI. This
research also found that the biophysical characteristics of percent tree canopy and percent ISC
were not significant in explaining or were only significant in explaining very little of the
variation in environmental attitudes.
The findings from this research have policy implications within Syracuse, NY.
Respondents’ moderately high attitude scores towards GI indicate that Onondaga County policy
makers should provide GI for free, or provide residents with savings on their water bills if they
implement GI, in order to increase GI in the neighborhoods and reduce stormwater run-off.
Respondents’  moderately  high  attitude  scores  also  imply  a  general  openness  to  alternative  forms  
of stormwater  management  rather  than  traditional  “gray”  infrastructure,  such  as  regional  
treatment facilities and large sewage conveyance pipelines. Knowing citizen attitudes towards
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GI, or in general having citizen input can help all policy makers make better community
decisions and avoid unnecessarily harming parts of the community. For instance had Onondaga
County  policy  makers  known  residents’  positive  attitudes  towards  GI  prior  to  mandating  
construction of the Midland Avenue RTF, they could perhaps have avoided removing
neighborhood residents from their homes, removing a much-used neighborhood park, and
fomenting an environmental justice claim from the impacted neighborhood.
Differences in attitude towards GI scores and perceived barriers between neighborhoods
demonstrate the variability between different neighborhood units. One way for Onondaga
County policy makers to utilize the findings from my research is that they should promote GI in
the NWS that does not negatively impact neighborhood security. Furthermore the difference in
findings between neighborhoods provides a lesson to future policy decisions. What is accepted in
one neighborhood may not be accepted in another, and when implementing policy it is important
to tailor implementation to the neighborhood. Only in this way will it be possible to implement
long-term sustainable solutions that enhance both the ecological and social metabolism of our
cities.
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Appendices
Appendix I.
Survey Instrument
Green Infrastructure Research Project: Survey Questionnaire
In this survey we wish to engage your household to help us develop the information needed to make
informed decisions concerning Green Infrastructure implementation in our city. Your participation in this
survey will help us to understand the knowledge base of people living in this area and their reactions
toward greening the city and the plusses and minuses of doing so, particularly for the purpose of
managing storm water runoff. The pictures below illustrate the forms of Green Infrastructure that you will
be asked about.

Pictures of Green Infrastructure Implementation
1. A Rain Garden

2. Permeable Pavement

3. Rain Barrels

4. TreesCurbside
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I. Green Infrastructure and Storm Water Management

Since this study addresses Urban Greening or Green Infrastructure, such as rain gardens,
pervious paving, rain barrels, tree cover, and curbside extensions, it is important for us to assess
your level of knowledge about Storm Water Management and the role Green Infrastructure plays
in it.
1. Please indicate your level of agreement or disagreement with the following statements
(1 = strongly disagree to 5 = strongly agree).
Statements

Levels of Agreement
1

2

3

4

5

a. There already exist enough ways to handle storm water
run-off in Syracuse
b. There are many things that I can do to help minimize
storm water run-off
c. Rain barrels will help to reduce storm water run-off
d. Trees will help to reduce storm water run-off
e. Rain gardens will help to reduce storm water run-off
f. Porous driveways/sidewalks will help to reduce storm
water run-off
g. Curb extensions will help to reduce storm water run-off

98

2. To what extent would any of the following factors influence your decision to
implement green infrastructure storm water collection devices?
(1 = no influence to 5 = great influence)
Reasons

Levels of Influence
1

2

3

4

5

Rain Barrels
a. Provide water for gardening
b. Cost to purchase and install
c. Protect house foundation from water damage
d. Time to maintain and empty
Trees
e.
f.
g.
h.

Provide beautification
Costs to purchase and plant
Add shade/Cool home
Size of trees

Rain Gardens
i. Provide beautification
j. Cost to purchase plants and plant
Porous Driveways/Sidewalks
k. Cost to install
l. Control ice build-up
m. Maintenance
n. Reduce pooling of water
Curbside Extensions
o. Reduce parking
p. Slow down traffic and keep neighborhood safer

3. Are there any other benefits you can think of relating to storm water controls?
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4. If provided for free; how likely are you to install/adopt the following green infrastructure
storm water collection devices? (1 = very unlikely to 5 = very likely)
Levels of Likelihood

Types of Green Infrastructure
a.
b.
c.
d.
e.

1

2

3

4

5

Rain barrels
Trees
Rain gardens
Porous driveways/sidewalks
How likely are you to support a curbside extension in
your community?

5. If it would provide savings on your water bill, how likely are you to install/adopt the following
green infrastructure storm water collection devices? (1 = very unlikely to 5 = very likely)
Levels of Likelihood
Types of Green Infrastructure
a.
b.
c.
d.

1

2

3

4

5

Rain barrels
Trees
Rain gardens
Porous driveways/sidewalks

6. Are there any other concerns you may have about implementing green infrastructure storm
water controls?
_________________________________________________________________________________
_________________________________________________________________________________
_________________________________________________________________________________

7. What would be the most that you are willing to invest to install rain barrels around
your home:
$ 0.00 or free
$51 - 100
$ 1.00 – 25.00
$ 26.00- 50.00

$ 100- 150
Do not know

Your responses to questions (8-10) will enable us to assess the future development of this green
infrastructure project (that is identifying possible risks, disservices and management issues).
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8.

To what extent would any of the following factors influence your decision to
implement green infrastructural practices? (1 = no influence to 5 = great influence).
Decision Factors

Levels of Influence
1

2

3

4

5

a) Presence of invasive (nuisance) species
b) Soil erosion during construction
c) Potential health risks (e.g. wind – pollinated plants
can cause allergies; smells/odour; and vector disease
e.g. Mosquitoes)
d) Tree leaves creating litter in the neighbourhood
e) Maintenance cost
f) Neighbourhood security and safety issues
g) Trees decreasing visibility and possible traffic
accidents
h) Personal property space occupied by green
infrastructure
i)

Possible decrease of property value because of
unmaintained green infrastructure

9. Are there other concerns you would like to share with us about green infrastructure?
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
_____________________________________________________________________________

10. What strategies would you recommend to mitigate these concerns?
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
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II. Personal Profile & Demographics
11. We would like to begin by asking some questions about you. Please circle or give
your responses accordingly.
Person Responding
Head of Household
Yes

No

Gender

Male

Female

12. Education:
1 = No formal education
3 = Elementary school
5 = Two- year College
7 = Graduate School
9 = Trade School

2 = Primary school
4 = High school graduate
6 = Four- year College
8 = Vocational School
10 = Other (please specify ________________)

13. Ethnicity (Please check one of the following):






White – Caucasian
Hispanic/Latino Origin
Native American
African American/Black
Asian
Other (Please specify ____________________________________)
15. Home ownership:
Owner

Renter

Other (Please specify__________________________)

16. How many years have you lived in the Syracuse area?




Less than 1 Year
1-5 Years
6- 10 Years

11 – 15 Years
16-20 Years
More than 20 Years
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INFORMED CONSENT FOR HOUSE-TO-HOUSE SURVEY RESEARCH
Project Title: Human Dimensions, Governance of Neighborhoods and Design Applications – Linking Stakeholders
with Green Infrastructure and Ecosystem Services
We are a research team from the State University of New York College of Environmental Science and Forestry –
SUNY-ESF (Department of Environmental Studies), Syracuse, NY. We are inviting you to participate in a study of
community attitudes toward greening the city through use of what is called Green Infrastructure at the home and
neighborhood levels. Involvement in this study is voluntary, so you may choose to participate or not. This sheet will
explain the purpose of the study to you. Please feel free to ask questions about the research if you have any. We will
be happy to explain anything in greater detail if you wish.
Today, you will be asked to give responses to a survey questionnaire. We will ask you questions about your
household and about implementation concerns you may have for Green Infrastructure in this neighbourhood. This
exercise will take approximately 20-30 minutes of your time.
All information will be kept confidential (i.e. we will assign a number to your responses, and only the project team)
will have the key to indicate which number belongs to which participant. Additionally, in any articles we write or
any presentations that we make, the identity of individual responses will not be revealed.
The benefit of this research is that you will be helping us to understand how communities perceive Green
Infrastructure, its potential impacts and the need for strategic planning during implementation. This information
should help us to promote policy dialogue and communication among donor agencies, county/city planning
agencies, environmental institutions, the academia, non-governmental organizations and the local communities in
finding solution to some of the environmental challenges associated with the ever changing urban ecosystems. There
are no benefits to you by taking part in this study. However, your responses to the survey questions will help
improve the quality of life of the people in this neighborhood.
If you do not want to take part, you have the right to refuse to take part. If you decide to take part and later rescind
your decision, you have the right to withdraw from the study at any time.
If you have questions, concerns, complaints about the research, you may contact any of the following persons:
1. Prof. Richard C. Smardon (The Principal Investigator)
211B Marshall Hall
State University of New York
College of Environmental Science and Forestry (SUNY-ESF)
1 Forestry Drive
Syracuse, NY 13210-2787
Tel 315-470-6576/ 6636
fax 315-470-6915
e-mail: rsmardon@esf.edu
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2. Fred Owusu-Ansah (PhD Student)
218 Marshall Hall
State University of New York
College of Environmental Science and Forestry (SUNY-ESF)
1 Forestry Drive
Syracuse, NY 13210-2787
Tel. 315-383-4148
e-mail: fowusuan@syr.edu / fowusuansah@yahoo.com
3. S. Kathleen Barnhill (PhD Student)
218 Marshall Hall
SUNY College of Environmental Science & Forestry
Syracuse NY
kbarnhil@syr.edu
Tel: 919-452-2740
If you have any question(s) about your rights as a research participant, concerns, or complaints that you wish to
address to someone other than the investigators, or if you cannot reach the investigators, you may contact the
Syracuse University Institutional Review Board at the following address:
Office of Research Integrity and Protections
121 Bowne Hall
Syracuse University,
Syracuse, NY 13244
TEL. 315-443-3013.
Email: orip@syr.edu
All of my questions have been answered, I am over the age of 18 and I wish to participate in this research study. I
have received a copy of this consent form.

_________________________________________ /________________________
Signature of participant
Date
___________________
______________________ /_________________________
Print name of participant
Date of Birth
_________________________________________/_________________________
Signature of investigator (or witness)
Date
_________________________________________/_________________________
Print name of investigator (or witness)
Date
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CONSENTIMIENTO DE INFORMACION PARA UNA ENCUESTA DE
INVESTIGACIÓN
CASA-A-CASA
Título del proyecto: Dimensiones Humanas, Gobernanza de Barrios y Diseño de Aplicaciones Vinculando las Partes Interesadas con Infraestructuras Verdes y Servicios Ambientales
Somos un equipo de investigación de la Universidad Estatal de Nueva York del Colegio de
Ciencias Ambientales y Forestales-SUNY-ESF (Departamento de Estudios Ambientales),
Syracuse. Le estamos invitando a participar en un estudio de investigación. La participación en
este estudio es voluntaria, por lo que puede decidir participar o no. Esta hoja le explicará el
estudio. Por favor, no dude en hacer preguntas sobre la investigación, en caso de tener algunas.
Si lo desea, estaremos encantados en explicar cualquier sección en más detalle.
Uno de los enfoques que se han identificado para cumplir con algunos de los retos ambientales
en las ciudades (por ejemplo, las aguas pluviales de escorrentía, la generación de contaminantes
y residuos) es la adopción del concepto de Infraestructura Verde (GI, por sus siglas in ingles) también conocido como Urbano Ecológico (Urban Greening en ingles). GI puede adoptar
diferentes formas, incluida la silvicultura urbana, la agricultura urbana, y soluciones verdes
empleando ingeniería ecológica. Contamos con financiamiento de la Fundación Nacional de
Ciencias (de Estados Unidos) y Servicios Forestales para estudiar la implementación de la
Infraestructura Verde (GI), de ahí la necesidad de esta encuesta de investigación casa-a-casa.
Hoy, se le pedirá dar respuesta a un cuestionario de la encuesta. Nos gustaría hacerle algunas
preguntas sobre su hogar y sobre las inquietudes en la ejecución de infraestructura verde en este
barrio. Estas preguntas requerirán aproximadamente una (1) hora de su tiempo. En caso
necesario, se le pedirá que nos otorgue la oportunidad de entrevistarle. Esto le tomará
aproximadamente quince (15) minutos de su tiempo.
Toda la información se mantendrá confidencial (es decir, vamos a asignar un número a sus
respuestas, y sólo el equipo del proyecto) tendrán la clave para indicar qué número corresponde a
cada participante. Además, en todos los artículos que escribiremos o presentaciones que
hagamos, vamos a utilizar nombres ficticios, y no vamos a revelar detalles o vamos a cambiar
detalles acerca de dónde usted trabaja, dónde vive, la naturaleza específica y el grado de su
incapacidad. Sin embargo, para los voluntarios que deseen participar en reuniones de grupo, la
confidencialidad no puede ser garantizada en discusiones de grupo. Esto se debe a que los demás
participantes en su grupo sabrán cómo usted responde a las preguntas planteadas. Si bien vamos
a pedir a los participantes no compartir esta información con nadie fuera del grupo, no podemos
garantizar la confidencialidad de otros miembros del grupo. Haremos todo lo posible para
mantener toda su información personal privada y confidencial, pero absoluta confidencialidad no
puede ser garantizada en estos casos. Por favor, tome en cuenta que durante las discusiones de
grupo se le grabara por video y audio. Sin embargo, puede estar seguro de que toda la
información documentada en las cintas será borrada después de completar este estudio de
investigación.
El beneficio de esta investigación es que usted nos ayudará a entender cómo las comunidades
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perciben la Infraestructura Verde, sus impactos potenciales, y la necesidad de la planificación
estratégica durante su ejecución. Esta información nos ayudara a promover el diálogo político y
la comunicación entre los organismos donantes, condado o agencias de planificación de la
ciudad, las instituciones ambientales, la academia, organizaciones no gubernamentales, y las
comunidades locales, en la búsqueda de soluciones a algunos de los retos medioambientales
asociados con el dinámico ecosistema urbano. Para usted no existen beneficios por participar en
este estudio. Sin embargo, sus respuestas a las preguntas de la encuesta ayudarán a mejorar la
calidad de vida de los habitantes de este barrio.
Los riesgos por participar en este estudio son muy mínimos. Unos participantes puede que se
sientan conmovidos por algunos de los temas que serán discutidos. Otros, por el contrario, puede
que se sientan bien psicológicamente. Estos riesgos serán mitigados durante el proceso de
consulta.
Si usted no desea participar, tiene todo el derecho de negarse a participar, sin penalización
alguna. Si usted decide tomar parte y más tarde rescindir su decisión, usted tiene el derecho de
retirarse del estudio en cualquier momento, sin ningún tipo de penalización.
Si usted tiene preguntas, inquietudes, quejas acerca de la investigación, puede comunicarse con
cualquiera de las siguientes personas:
1. Prof. Richard C. Smardon ( Investigador
211B Marshall Hall

Principal)

Universidad Estatal de Nueva York
Colegio de Ciencias Ambientales y Forestales (SUNY-ESF)
1 Forestry Drive
Syracuse, NY 13210-2787
Tel 315-470-6576/ 6636
fax 315-470-6915
e-mail: rsmardon@esf.edu
2. Fred Owusu-Ansah (Estudiante de doctorado)
218 Marshall Hall

Universidad Estatal de Nueva York
Colegio de Ciencias Ambientales y Forestales (SUNY-ESF)
1 Forestry Drive
Syracuse, NY 13210-2787
Tel. 315-383-4148
e-mail: fowusuan@syr.edu / fowusuansah@yahoo.com
3. S. Kathleen Barnhill (Estudiante de doctorado)
218 Marshall Hall

Universidad Estatal de Nueva York
Colegio de Ciencias Ambientales y Forestales (SUNY-ESF)
Syracuse NY 13210-2787
kbarnhil@syr.edu
Tel: 919-452-2740
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Si tiene cualquier pregunta (s) sobre sus derechos como participante en la investigación,
inquietudes o quejas que usted desea sean respondidas por una persona distinta a los
investigadores, o si no puede comunicarse con los investigadores, puede comunicarse con la
Junta de Revisión Institucional de la Universidad de Syracuse, en la siguiente dirección:
Oficina para la Integridad de la Investigación y Protección
121 Bowne Hall
Universidad de Syracuse
Syracuse, NY 13244
TEL. 315-443-3013.
Email: orip@syr.edu

Todas mis preguntas han sido contestadas, soy mayor de 18 años y quiero participar en este
estudio de investigación. He recibido una copia de este formulario de consentimiento.
□  Deseo  que  mi  voz  sea  grabada                                      □  No  deseo  que  mi voz sea grabada
□  Deseo  aparecer  en  cámara                                                  □  No  deseo  aparecer  en  cámara
_________________________________________ /________________________
Firma del participante
Fecha
___________________
______________________ /_________________________
Escribir nombre del participante (letra imprenta)
Año de Nacimiento
_________________________________________/_________________________
Firma del investigador (testigo)
Fecha
_________________________________________/_________________________
Escribir nombre del investigador (testigo)
Fecha
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Survey protocol for door-to-door green infrastructure survey
This is a step-by-step guidance procedure for the door-to-door green infrastructure survey.
Surveyors need to approach every door within the streets within the three micro-neighborhoods
(maps to be provided to every surveyor).
Introduction script
Good morning or afternoon
We represent the SUNY College of Environmental Science and Forestry and we are doing a
survey  of  your  neighborhood  related  to  ”Save  the  Rain”  program.  We  are  interested  in  your  
reaction to green infrastructure (show pictures on questionnaire cover and/or pictures in plastic
sheets). This will take only a few minutes of your time and your participation will be a very
valuable contribution to the effort to divert excessive urban runoff in your neighborhood.
(resident agrees to go ahead with survey)
We need you  to  read  this  “informed  consent”  letter  and  sign  on  the  back  of  the  letter  if  you  
agree to participate in the survey. The letter explains your rights – you can choose to
participate or not and your personal identity will not be revealed.
(after reading and signing the consent letter-then allow them to fill out the survey)
Please complete this survey with the pencils that we have provided. Let us know if you have
any questions (definitions of terms are Ok but anything else they need to do the best they can).
After they have completed the survey- thank them for their participation.
IMPORTANT: As you walk away from the house – record the house number/street on the
upper right hand corner of the survey. You should also put a star on the map provided to you
with the approximate location of the house on the street. Note this is very IMPORTANT, as we
need to geographically locate each house that a survey was done.
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Appendix II.
Tables and Figures in Results
Appendix Table 1. N counts, mean, standard deviation, minimum, maximum, median, and SE of mean
descriptive statistics for overall knowledge, belief, likelihood of implementation for free, likelihood of
implementation for savings, attitudes towards GI options, and possible barrier decision factors to GI. See
methods  ‘Data  Survey  Preparation’  for  exact  meanings  of  each  variable.
Variable
N
K_RB
K_T
K_RG
K_P
K_CE
B_RB
B_T
B_RG
B_P
B_CE
LF_RB
LF_T
LF_RG
LF_P
LF_CE
LS_RB
LS_T
LS_RG
LS_P
A_RB_LF
A_T_LF
A_RG_LF
A_P_LF
A_CE_LF
A_RB_LS
A_T_LS
A_RG_LS
A_P_LS
F_I
F_SE
F_H
F_L
F_MC

229
229
229
229
228
229
229
229
229
229
229
229
229
229
229
229
229
229
229
229
229
229
229
229
229
229
229
229
228
227
228
229
226

Mean
StDev
Minimum Median Maximum SE Mean
4.03
1.15
1.00
4.00
5.00
0.0763
4.13
1.11
1.00
4.00
5.00
0.0732
4.12
1.04
1.00
4.00
5.00
0.0687
3.90
1.17
1.00
4.00
5.00
0.077
3.71
1.16
1.00
4.00
5.00
0.0768
3.36
0.34
2.33
3.50
3.67
0.0228
3.47
0.30
2.33
3.67
3.67
0.0199
3.37
0.38
2.33
3.33
3.67
0.0251
3.18
0.40
2.20
3.20
4.20
0.0261
3.22
0.70
1.00
3.00
5.00
0.046
4.22
1.22
1.00
5.00
5.00
0.0808
4.25
1.22
1.00
5.00
5.00
0.0806
4.15
1.16
1.00
5.00
5.00
0.0767
4.04
1.32
1.00
5.00
5.00
0.0875
3.71
1.32
1.00
4.00
5.00
0.0875
4.23
1.12
1.00
5.00
5.00
0.0741
4.17
1.17
1.00
5.00
5.00
0.0771
4.10
1.16
1.00
5.00
5.00
0.0765
3.97
1.26
1.00
4.00
5.00
0.0836
3.87
0.71
1.50
4.11
4.56
0.0472
3.95
0.67
1.44
4.17
4.56
0.0445
3.88
0.67
1.44
4.11
4.56
0.0446
3.70
0.76
1.47
3.87
4.73
0.0504
3.55
0.79
1.33
3.67
5.00
0.0523
3.88
0.69
1.50
4.11
4.56
0.0457
3.92
0.69
1.44
4.17
4.56
0.0455
3.87
0.67
1.44
4.00
4.56
0.0446
3.68
0.73
1.47
3.80
4.73
0.0481
3.59
1.28
1.00
4.00
5.00
0.0847
3.51
1.27
1.00
4.00
6.00
0.0843
3.78
1.35
1.00
4.00
5.00
0.0892
2.47
1.37
1.00
2.00
5.00
0.0902
3.25
1.26
1.00
3.00
5.00
0.0835
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Variable
F_S
F_DV
F_PS
F_PV

N
229
228
228
229

Mean
StDev
Minimum Median Maximum SE Mean
3.51
1.40
1.00
4.00
5.00
0.0926
2.96
1.42
1.00
3.00
5.00
0.094
2.77
1.40
1.00
3.00
5.00
0.0924
3.24
1.43
1.00
3.00
5.00
0.0947

Appendix Table 2. N counts, mean, standard error, standard deviation, minimum, maximum, and median
descriptive statistics for each neighborhood knowledge, belief, likelihood of implementation for free,
likelihood of implementation for savings, attitudes towards GI options, and possible barrier decision
factors  to  GI.  See  methods  ‘Data  Survey  Preparation’  for  exact  meanings  of  each  variable.
Variable
K_RB
K_T
K_RG
K_P
K_CE
B_RB
B_T
B_RG
B_P
B_CE
LF_RB
LF_T
LF_RG
LF_P

Neighborhood
Strathmore

N
173

Mean
4.06

Std. Err
0.08

StDev
1.11

Min.
1.00

Median
4.00

Max.
5.00

NWS
Strathmore

56
173

3.96
4.12

0.17
0.08

1.28
1.12

1.00
1.00

4.00
4.00

5.00
5.00

NWS
Strathmore

56
173

4.16
4.07

0.15
0.08

1.09
1.08

1.00
1.00

5.00
4.00

5.00
5.00

NWS
Strathmore

56
173

4.29
3.86

0.12
0.09

0.91
1.17

1.00
1.00

5.00
4.00

5.00
5.00

NWS
Strathmore

56
173

4.02
3.71

0.15
0.08

1.14
1.11

1.00
1.00

4.00
4.00

5.00
5.00

NWS
Strathmore

55
173

3.73
3.35

0.18
0.03

1.31
0.34

1.00
2.33

4.00
3.50

5.00
3.67

NWS
Strathmore

56
173

3.41
3.47

0.05
0.02

0.35
0.28

2.33
2.33

3.50
3.67

3.67
3.67

NWS
Strathmore

56
173

3.45
3.36

0.05
0.03

0.35
0.36

2.33
2.33

3.67
3.33

3.67
3.67

NWS
Strathmore

56
173

3.42
3.15

0.06
0.03

0.43
0.39

2.33
2.20

3.67
3.20

3.67
4.20

NWS
Strathmore

56
173

3.26
3.21

0.05
0.05

0.40
0.72

2.33
1.00

3.40
3.00

4.20
5.00

NWS
Strathmore

56
173

3.27
4.18

0.08
0.09

0.62
1.22

2.00
1.00

3.00
5.00

5.00
5.00

NWS
Strathmore

56
173

4.34
4.25

0.16
0.09

1.23
1.23

1.00
1.00

5.00
5.00

5.00
5.00

NWS
Strathmore

56
173

4.27
4.10

0.16
0.09

1.18
1.17

1.00
1.00

5.00
5.00

5.00
5.00

NWS
Strathmore

56
173

4.30
3.98

0.15
0.10

1.11
1.33

1.00
1.00

5.00
5.00

5.00
5.00

NWS

56

4.25

0.17

1.30

1.00

5.00

5.00
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Variable
LF_CE
LS_RB
LS_T
LS_RG
LS_P
A_RB_LF
A_T_LF
A_RG_LF
A_P_LF
A_CE_LF
A_RB_LS
A_T_LS
A_RG_LS
A_P_LS
F_I
F_SE
F_H
F_L
F_MC

Neighborhood
Strathmore

N
173

Mean
3.68

Std. Err
0.10

StDev
1.28

Min.
1.00

Median
4.00

Max.
5.00

NWS
Strathmore

56
173

3.79
4.18

0.20
0.09

1.46
1.13

1.00
1.00

4.00
5.00

5.00
5.00

NWS
Strathmore

56
173

4.39
4.08

0.15
0.09

1.09
1.21

1.00
1.00

5.00
5.00

5.00
5.00

NWS
Strathmore

56
173

4.46
4.00

0.13
0.09

0.99
1.19

1.00
1.00

5.00
4.00

5.00
5.00

NWS
Strathmore

56
173

4.43
3.87

0.13
0.10

1.01
1.28

1.00
1.00

5.00
4.00

5.00
5.00

NWS
Strathmore

56
173

4.29
3.86

0.16
0.05

1.17
0.69

1.00
1.78

5.00
4.11

5.00
4.56

NWS
Strathmore

56
173

3.90
3.95

0.11
0.05

0.79
0.67

1.50
1.44

4.17
4.17

4.56
4.56

NWS
Strathmore

56
173

3.96
3.84

0.09
0.05

0.70
0.67

1.44
1.44

4.22
3.89

4.56
4.56

NWS
Strathmore

56
173

4.00
3.66

0.09
0.06

0.67
0.76

1.44
1.47

4.22
3.80

4.56
4.73

NWS
Strathmore

56
173

3.84
3.53

0.10
0.06

0.76
0.75

1.80
1.50

4.10
3.67

4.67
5.00

NWS
Strathmore
NWS
Strathmore
NWS
Strathmore
NWS
Strathmore
NWS
Strathmore

56
173
56
173
56
173
56
173
56
173

3.60
3.86
3.92
3.89
4.03
3.81
4.04
3.62
3.85
3.68

0.12
0.05
0.10
0.05
0.09
0.05
0.08
0.06
0.09
0.09

0.91
0.67
0.77
0.70
0.66
0.69
0.61
0.74
0.66
1.21

1.33
1.78
1.50
1.78
1.44
1.78
1.44
1.47
1.47
1.00

3.83
4.06
4.19
4.00
4.22
3.89
4.22
3.67
3.97
4.00

5.00
4.56
4.56
4.56
4.56
4.56
4.56
4.73
4.67
5.00

NWS
Strathmore

55
172

3.31
3.56

0.19
0.10

1.44
1.25

1.00
1.00

3.00
4.00

5.00
6.00

NWS
Strathmore

55
172

3.33
3.81

0.18
0.10

1.33
1.33

1.00
1.00

3.00
4.00

5.00
5.00

NWS
Strathmore

56
173

3.66
2.31

0.19
0.10

1.41
1.33

1.00
1.00

4.00
2.00

5.00
5.00

NWS
Strathmore

56
172

2.96
3.28

0.18
0.10

1.36
1.25

1.00
1.00

3.00
3.00

5.00
5.00

NWS

54

3.15

0.17

1.27

1.00

3.00

5.00
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Variable
F_S
F_DV
F_PS
F_PV

Neighborhood
Strathmore

N
173

Mean
3.41

Std. Err
0.11

StDev
1.40

Min.
1.00

Median
4.00

Max.
5.00

NWS
Strathmore

56
173

3.82
2.87

0.18
0.11

1.38
1.38

1.00
1.00

4.00
3.00

5.00
5.00

NWS
Strathmore

55
172

3.27
2.64

0.20
0.10

1.51
1.35

1.00
1.00

3.00
3.00

5.00
5.00

NWS
Strathmore

56
173

3.18
3.16

0.20
0.11

1.48
1.38

1.00
1.00

3.00
3.00

5.00
5.00

NWS

56

3.50

0.21

1.57

1.00

4.00

5.00
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Appendix Table 3. Attitudes towards rain barrels if free stepwise regression procedure with independent
variables of neighborhood (N), home ownership (HO), education level (E), ethnicity/race dummy
variables (ETH_1, White; ETH_2, African American; ETH_3, Hispanic or Latino), and gender (G)
Step
Constant
G
T-Value
P-Value
S
R-Sq
R-Sq(adj)
Mallows Cp

1
3.981
-0.184
-1.88
0.061
0.692
1.74
1.25
-1.0

Appendix Table 4. Attitudes towards trees if free stepwise regression procedure with independent
variables of neighborhood (N), home ownership (HO), education level (E), ethnicity/race dummy
variables (ETH_1, White; ETH_2, African American; ETH_3, Hispanic or Latino), and gender (G)
No variables entered or removed

Appendix Table 5. Attitudes towards rain gardens if free stepwise regression procedure with independent
variables of neighborhood (N), home ownership (HO), education level (E), ethnicity/race dummy
variables (ETH_1, White; ETH_2, African American; ETH_3, Hispanic or Latino), and gender (G)
Step
Constant

1
4.038

2
4.086

ETH_1
T-Value
P-Value

-0.22
-2.05
0.042

-0.19
-1.77
0.078

G
T-Value
P-Value
S
R-Sq
R-Sq(adj)
Mallows Cp

-0.146
-1.51
0.132
0.675
2.05
1.57
0.2

0.673
3.17
2.19
-0.1
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Appendix Table 6. Attitudes towards porous pavement if free stepwise regression procedure with
independent variables of neighborhood (N), home ownership (HO), education level (E), ethnicity/race
dummy variables (ETH_1, White; ETH_2, African American; ETH_3, Hispanic or Latino), and gender
(G)
Step
Constant

1
3.843

2
3.968

G
T-Value
P-Value

-0.30
-2.83
0.005

-0.27
-2.52
0.012

ETH_1
T-Value
P-Value
S
R-Sq
R-Sq(adj)
Mallows Cp

-0.20
-1.66
0.098
0.750
3.86
3.38
0.4

0.747
5.17
4.22
-0.3

Appendix Table 7. Attitudes towards curbside extensions stepwise regression procedure with
independent variables of neighborhood (N), home ownership (HO), education level (E), ethnicity/race
dummy variables (ETH_1, White; ETH_2, African American; ETH_3, Hispanic or Latino), and gender
(G)
Step
Constant

1
3.678

ETH_1
T-Value
P-Value

-0.20
-1.64
0.102

S
R-Sq
R-Sq(adj)
Mallows Cp

0.797
1.33
0.84
-0.0

Appendix Table 8. Attitudes towards rain barrels if provides savings stepwise regression procedure with
independent variables of neighborhood (N), home ownership (HO), education level (E), ethnicity/race
dummy variables (ETH_1, White; ETH_2, African American; ETH_3, Hispanic or Latino), and gender
(G)
Step
Constant
G
T-Value
P-Value
S
R-Sq
R-Sq(adj)
Mallows Cp

1
3.951
-0.139
-1.44
0.153
0.687
1.02
0.52
-1.0
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Appendix Table 9. Attitudes towards trees if provides savings stepwise regression procedure with
independent variables of neighborhood (N), home ownership (HO), education level (E), ethnicity/race
dummy variables (ETH_1, White; ETH_2, African American; ETH_3, Hispanic or Latino), and gender
(G)
Step
Constant

1
4.038

ETH_1
T-Value
P-Value

-0.16
-1.50
0.136

S
R-Sq
R-Sq(adj)
Mallows Cp

0.688
1.11
0.62
-2.0

Appendix Table 10. Attitudes towards rain gardens if provides savings stepwise regression procedure
with independent variables of neighborhood (N), home ownership (HO), education level (E),
ethnicity/race dummy variables (ETH_1, White; ETH_2, African American; ETH_3, Hispanic or
Latino), and gender (G)
Step
Constant

1
3.792

N
T-Value
P-Value

0.27
2.47
0.014

S
R-Sq
R-Sq(adj)
Mallows Cp

0.672
2.96
2.48
-0.8

Appendix Table 11. Attitudes towards porous pavement if provides savings stepwise regression
procedure with independent variables of neighborhood (N), home ownership (HO), education level (E),
ethnicity/race dummy variables (ETH_1, White; ETH_2, African American; ETH_3, Hispanic or
Latino), and gender (G)
Step
Constant

1
3.874

2
3.938

3
4.066

ETH_1
T-Value
P-Value

-0.30
-2.67
0.008

-0.26
-2.33
0.021

-0.39
-2.62
0.009

-0.19
-1.89
0.060

-0.20
-1.93
0.055

G
T-Value
P-Value
ETH_2
T-Value
P-Value
S
R-Sq
R-Sq(adj)
Mallows Cp

-0.25
-1.31
0.193
0.719
3.44
2.96
2.8

0.714
5.14
4.19
1.3

0.713
5.95
4.53
1.6
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Appendix Table 12. Perceived  barrier,  “Presence  of  invasive  (nuisance)  species”  stepwise regression
procedure with independent variables of neighborhood (N), home ownership (HO), education level (E),
ethnicity/race dummy variables (ETH_1, White; ETH_2, African American; ETH_3, Hispanic or
Latino), and gender (G)

Step
Constant

1

2

3.368

3.461

ETH_1
T-Value
P-Value

0.37
1.88
0.062

0.43
2.15
0.033

G
T-Value
P-Value
S
R-Sq
R-Sq(adj)
Mallows Cp

-0.29
-1.63
0.105
1.25
1.74
1.25
0.8

1.25
3.04
2.06
0.1

Appendix Table 13. Perceived  barrier,  “Soil  erosion  during  construction”  stepwise regression procedure
with independent variables of neighborhood (N), home ownership (HO), education level (E),
ethnicity/race dummy variables (ETH_1, White; ETH_2, African American; ETH_3, Hispanic or
Latino), and gender (G)

Step
Constant

1

2

3.676

3.761

G
T-Value
P-Value

-0.32
-1.77
0.078

-0.35
-1.96
0.052

N
T-Value
P-Value
S
R-Sq
R-Sq(adj)
Mallows Cp

-0.28
-1.33
0.186
1.26
1.56
1.07
0.5

1.26
2.44
1.45
0.8

116

Appendix Table 14. Perceived  barrier,  “Potential  health  risks”  stepwise regression procedure with
independent variables of neighborhood (N), home ownership (HO), education level (E), ethnicity/race
dummy variables (ETH_1, White; ETH_2, African American; ETH_3, Hispanic or Latino), and gender
(G)

Step
Constant

1

2

3

4

3.465

3.49

G
T-Value
P-Value

-0.45
-2.41
0.017

-0.51
-2.71
0.007

-0.48
-2.54
0.012

0.15
1.98
0.05

0.203
2.41
0.017

E
T-Value
P-Value
ETH_1
T-Value
P-Value
S
R-Sq
R-Sq(adj)
Mallows Cp

-0.33
-1.44
0.152
1.33
2.82
2.33
3.1

1.32
4.69
3.73
1.2

1.32
5.67
4.25
1.2

Appendix Table 15. Perceived  barrier,  “Tree  leaves  creating  litter  in  the  neighborhood”  stepwise
regression procedure with independent variables of neighborhood (N), home ownership (HO), education
level (E), ethnicity/race dummy variables (ETH_1, White; ETH_2, African American; ETH_3, Hispanic
or Latino), and gender (G)

Step
Constant

1

ETH_1
T-Value
P-Value

-0.72
-3.52
0.001

S
R-Sq
R-Sq(adj)
Mallows Cp

3

1.31
5.84
5.37
-0.6
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Appendix Table 16. Perceived  barrier,  “Neighborhood  security  and  safety  issues”  stepwise regression
procedure with independent variables of neighborhood (N), home ownership (HO), education level (E),
ethnicity/race dummy variables (ETH_1, White; ETH_2, African American; ETH_3, Hispanic or
Latino), and gender (G)

Step
Constant

1

2

3.881

4.391

G
T-Value
P-Value

-0.73
-3.89
0

-0.67
-3.56
0

E
T-Value
P-Value
S
R-Sq
R-Sq(adj)
Mallows Cp

-0.143
-1.88
0.061
1.33
7.04
6.57
0.5

1.32
8.67
7.75
-0.9

Appendix Table 17. Perceived  barrier,  “Trees  decreasing  visibility  and  possible  traffic  accidents”  
stepwise regression procedure with independent variables of neighborhood (N), home ownership (HO),
education level (E), ethnicity/race dummy variables (ETH_1, White; ETH_2, African American; ETH_3,
Hispanic or Latino), and gender (G)

Step
Constant

1

2

2.901

3.072

ETH_2
T-Value
P-Value

0.6
2.15
0.033

0.53
1.9
0.059

G
T-Value
P-Value
S
R-Sq
R-Sq(adj)
Mallows Cp

-0.35
-1.75
0.082
1.41
2.27
1.78
1.2

1.4
3.75
2.78
0.2
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Appendix Table 18. Perceived  barrier,  “Personal  property  space  occupied  by  green  infrastructure”  
stepwise regression procedure with independent variables of neighborhood (N), home ownership (HO),
education level (E), ethnicity/race dummy variables (ETH_1, White; ETH_2, African American; ETH_3,
Hispanic or Latino), and gender (G)

Step
Constant

2.616

N
T-Value
P-Value

0.6
2.72
0.007

S
R-Sq
R-Sq(adj)
Mallows Cp

1

1.36
3.59
3.1
0.5

Appendix Table 19. Perceived  barrier,  “Possible decrease of property value because of unmaintained
green  infrastructure”  stepwise regression procedure with independent variables of neighborhood (N),
home ownership (HO), education level (E), ethnicity/race dummy variables (ETH_1, White; ETH_2,
African American; ETH_3, Hispanic or Latino), and gender (G)

Step
Constant

3.132

N
T-Value
P-Value

0.45
1.94
0.054

S
R-Sq
R-Sq(adj)
Mallows Cp

1

1.42
1.84
1.35
-2.6
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Scatterplot of FOR_par vs ISC_par
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Appendix Figure 1. Pearson correlation of FOR_par and ISC_par = -0.547; P-Value = 0.000

Scatterplot of FOR_20 vs ISC_20
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Appendix Figure 2. Pearson correlation of FOR_20 and ISC_20 = -0.716; P-Value = 0.000
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Scatterplot of FOR_40 vs ISC_40
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Appendix Figure 3. Pearson correlation of FOR_40 and ISC_40 = -0.445; P-Value = 0.000
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Appendix Table 20. Attitudes towards GI as a function of percent tree canopy or percent ISC within a
20m buffer surrounding the household
Adj. R2
Dependent Variable
Free
Rain Barrel
Trees
Rain Garden
Porous Pavement
Curbside Extensions
Savings
Rain Barrel
Trees
Rain Garden
Porous Pavement

Coefficient

P-value

Tree
canopy

ISC

Tree
canopy

ISC

Tree
canopy

ISC

0.10%

0.10%

-0.0039

0.0038

0.273

0.291

0.00%

0.00%

-0.0013

0.0022

0.709

0.537

0.00%

0.00%

-0.0006

0.0018

0.867

0.604

0.00%
0.00%

0.00%

0.0033

0.0023

0.39

0.555

0.00%

-0.0007

-0.0017

0.851

0.683

0.00%

0.00%

0.0010

0.0008

0.77

0.817

0.00%

0.00%

0.0010

0.0009

0.787

0.812

0.00%

0.00%

-0.0003

0.0024

0.935

0.00%

0.00%

0.0031

0.0020

0.393

0.502
0.593

Appendix Table 21. Attitudes towards GI as a function of percent tree canopy or percent ISC within a
40m buffer surrounding the household
Adj. R2
Dependent Variable
Free
Rain Barrel
Trees
Rain Garden
Porous Pavement
Curbside Extensions
Savings
Rain Barrel
Trees
Rain Garden
Porous Pavement

Coefficient

P-value

Tree
canopy

ISC

Tree
canopy

ISC

Tree
canopy

ISC

0.00%

0.00%

0.0020

0.0016

0.618

0.631

0.00%

0.00%

-0.0006

0.0028

0.884

0.393

0.00%

0.10%

0.0032

0.0036

0.398

0.262

0.00%

0.00%

0.0010

0.0019

0.811

0.611

0.00%

0.00%

0.0014

-0.0018

0.742

0.635

0.00%

0.00%

0.0029

-0.0001

0.443

0.986

0.00%

0.00%

0.0001

-0.0001

0.976

0.987

0.00%

0.00%

0.0007

0.0027

0.862

0.412

0.00%

0.00%

0.0015

0.0003

0.709

0.927
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Appendix Table 22. Influence perceived barriers has on GI implementation as a function of percent tree
canopy or percent ISC within the parcel surrounding the household

Dependent Variable
Presence of invasive
(nuisance) species
Soil erosion during
construction
Potential health risks
Tree leaves creating litter in
the neighborhood
Maintenance cost
Neighborhood security and
safety issues
Trees decreasing visibility
and possible traffic accidents
Personal property space
occupied by green
infrastructure
Possible decrease of property
value because of
unmaintained green
infrastructure

Adj. R2
Tree
ISC
canopy

Coefficient
Tree
ISC
canopy

P-value
Tree
ISC
canopy

0.0%

0.0%

0.003111

-0.003623

0.552

0.514

1.2%

0.0%

0.009941

0.001241

0.061*

0.828

0.1%

0.0%

0.006490

0.001185

0.259

0.847

0.7%

0.0%

-0.009206

-0.002172

0.119

0.730

0.0%

0.0%

-0.003731

0.000434

0.487

0.940

0.0%

0.0%

-0.002910

0.002851

0.622

0.649

0.3%

0.0%

-0.007599

-0.001264

0.210

0.845

0.9%

0.0%

-0.010212

0.002090

0.088*

0.742

0.7%

0.0%

-0.009250

0.002268

0.125

0.724
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