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Abstract: The benefits of green infrastructure have been verified at the site-level by many empirical
studies. However, there is limited understanding of how local governments prepare and implement
green infrastructure planning in practice. This study employs the content analysis method to
examine the quality of local comprehensive plans regarding sustainable green infrastructure in
60 municipalities of the United States. The study uses regression analysis to explain the variance
of plan quality. Study results indicate that key green infrastructure principles were not fully
incorporated in the existing sampled plans, with average score of 19.6 out of 50. While plan quality
scores were slightly higher in counties than in cities, both areas could significantly improve plan
quality with detailed policies, action strategies, and implementation tactics for green infrastructure
planning and management. Regression analysis further identified that planning capacities, as well
as socio-economic characteristics of study area may impact overall plan quality. The findings of
this study demonstrate the importance of incorporating detailed green infrastructure principles
whenever local planners adopt or amend regional plans in order to improve plan quality and to
support implementation.

Keywords: green infrastructure; plan quality evaluation; content analysis; environmental planning;
urbanization

1. Introduction

Recent population projection from a United Nations (UN) report predicts that 87.4% of the United
States population will reside in urban areas by 2050, which represents approximately 350 million
people [1]. Green spaces surrounding urban areas could rapidly transform into developed land,
potentially degrading the overall functions of ecosystems within urbanized areas. In particular,
landscape fragmentation that occurs during indiscriminate development can cause green infrastructure
to detach rapidly with the decrease of the amount of green areas [2,3].

Landscape fragmentation has numerous negative impacts on both natural and social
environments. Primarily, it alters the surrounding environment by separating vegetation patches.
This causes alterations in microclimates, including radiation fluxes, wind, and water flux, and create
isolation in time and space in the environment [4]. Landscape fragmentation highlights the essential
role of hubs and corridors in the ecosystem. According to Weber et al. [5], a natural area is seen
as a hub when its features include one or more of the following: “areas containing sensitive plant
or animal spices; large blocks of continuous interior forest . . . ; wetland complexes . . . ; stream or
rivers, and their associated riparian forest and wetland . . . ; and conservation areas protected by
the public”. Meanwhile, natural corridors are “linear features, at least 350 m wide, linking hubs

Sustainability 2018, 10, 4143; doi:10.3390/su10114143 www.mdpi.com/journal/sustainability

http://www.mdpi.com/journal/sustainability
http://www.mdpi.com
http://www.mdpi.com/2071-1050/10/11/4143?type=check_update&version=1
http://dx.doi.org/10.3390/su10114143
http://www.mdpi.com/journal/sustainability


Sustainability 2018, 10, 4143 2 of 21

together” (p. 97). Sharing similar views about the role of corridors, Benedict and McMahon [6] added
examples of hubs such as natural areas of vegetation, open space, or an unknown ecological value.
With the rapid expansion of urbanized areas, leading to increased landscape fragmentation, hubs and
corridors have an enhanced role in city or urban areas due to their support to ecosystem services
related to landscape connectivity even if rarely evaluated in green infrastructure planning [7,8]. In the
city, where natural landscapes have been replaced by man-made structures, hubs and corridors are
now more important than ever [5]. To support efforts to restore natural environments to city and
urban areas, one of the region’s primary tools is implementing effective green infrastructure planning.
Green infrastructure often refers to a “strategically planned network of natural and semi-natural
areas that is designed to provide a wide range of ecosystem services” [6,9]. Although the concept
can be implied differently at the national (green network), regional (planning), or site (low impact
development practices) level, the share goal is to design, construct, and manage nature by harmonizing
environmental resources with city landscape [10]. In the US, green infrastructure is more focused on
various approaches to manage and restore natural water resources at the various level [11]. As one of
natural based solutions to move cities toward sustainability, green infrastructure can help improve
the urban stormwater management by enhancing the recreation and tourism opportunities as well as
aesthetic externalities [12]. More importantly, green infrastructure also plays a crucial role in saving
energy, reducing urban heat island effect, protecting wildlife habitat, and mitigating air pollution,
among other sustainable benefits [13–18].

Until recently, the benefits of green infrastructure have been studied mostly in relation to site-
and local-level environmental, social, and economic impacts [19–22], while its potential value has
not been fully examined at the planning level. Although some studies [23–26] have assessed the
framework of green infrastructure and theoretically highlighted the role of green infrastructure in
the planning field, limited studies have examined whether local plans have adequately integrated
key green infrastructure principles. A comprehensive plan is often employed as the major guideline
for city/community development. As a long-range and mandatory plan for several states in US,
it generally shows the community’s present conditions in various fields (e.g., land use, housing,
transportation, environment, hazard, utility, etc.), provides future visions, and regulates each field
with diverse strategies and policies, in order to lead the community growth for next 20 years.

By incorporating fundamental concepts of green infrastructure into the plan, local governments
may systematically prepare overall policy instructions, implementation ordinances, and action strategies
in the initial planning stage, which can save total construction costs for future developments and
strategically utilize existing land use by harmonizing with diverse natural landscapes. To empirically
understand how such plans have addressed green infrastructure-related policies in planning practices,
our study focused on 60 local comprehensive plans in the United States and evaluated plan quality.
Regression analysis was further conducted to explain the variance of plan quality.

The following sections introduce key principles of sustainable green infrastructure, previous
plan quality evaluation, and factors influencing plan quality; illustrate study area, sample selection,
concept measurement, and overall data analysis procedure; elaborate on the results; and conclude
with discussions to aid in understanding of green infrastructure for practitioners and policymakers
and to provide suggestions for planners in filling the current gaps in existing plans.

2. Literature Review

2.1. Key Principles of Sustainable Green Infrastructure in the USEPA Guideline

Realizing the essential role of green infrastructure in modern urban settings, many jurisdictions
across the nation are trying to apply this approach to their local areas. The U.S. Environmental
Protection Agency (USEPA) has contributed to these efforts by designing the “Water Quality
Scorecard” to help local governments identify and remove barriers to water quality improvement [27].
The scorecard includes revising city regulations and practices, creating new rule or ordinances,
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and providing incentives to support green infrastructure initiatives. Local jurisdiction was classified
into three scales: municipality, neighborhood, and site.

Adapting the Water Quality Scorecard guidelines and considering several studies and reports
related to green infrastructure planning and implementation [2,6,24,28,29], key green infrastructure
principles were established. Five principles are used to reflect the performance of the city or county
in terms of green infrastructure framework. The first principle, promote natural resources and open
space, looks at the importance of natural resource areas such as forest, prairies, conservation corridors,
aquifer, and buffer zones, among other open spaces. This principle reflects how the local government
acts to protect natural resources, open space, and urban tree systems from future development.
The second principle of the evaluation form is to promote efficient, compact development patterns and
infill. This principle focuses on sustainable development for urban areas. The local government
is assessed on how it encourages various types of developments such as infill, redevelopment for
previously developed areas, mixed-used, or transit-oriented approaches. The third principle of green
infrastructure assessment form seeks to evaluate the design aspect of the development. This principle is
assessing the reduction of impervious cover by applying smart design strategies. It examines how well
a city or county has utilized street design to comply with various desired elements including width
standard, green infrastructure integration, construction materials used in public streets, sidewalks,
driveways, and parking lots, among other traffic infrastructures. The efficiency of parking is scrutinized
in the fourth principle of evaluation form. To assess the effectiveness of parking in the local area, three
primary issues were mainly concerned: reducing parking requirements, managing transportation
demand, and minimizing stormwater from parking lots. Besides current rules and regulations related to
parking policy performance, this principle also concentrated on how the local government approaches
the bigger issue: transportation demand. This strategic approach reveals how well the city is preparing
for future development. The final principle of the evaluation form illustrates green infrastructure
stormwater management. This principle directly addresses the performance of the local authority on
governing green infrastructure practices. It explores how green infrastructure has been incorporated
into stormwater management provisions by reviewing the application of green infrastructure and the
efficiency of maintenance and enforcement from the local government.

2.2. Plan Quality Evaluation

Determining the “quality” of a plan is not a simple task. Planning scholars and experts often
disagree about how a “good plan” is constituted [30–33]. The factors that contribute to the difficulty of
judging a good plan arise from various sources. The plan must typically address a complex set of issues.
Most importantly, conflicting goals and competing interests, among many others similar factors must
be evaluated during the process of plan creation. Given the complexity and diversity of the planning
context, it is unrealistic to expect that one plan would work for all regions. Evenson et al. [34] point out
that plans typically cover a cross-section of interests as well as reflect participation from diverse fields of
study. For example, a comprehensive plan is built based upon contributions from representatives from
city planning, transportation, infrastructure, parks, and recreation areas, in addition to involvement
and feedback from citizens. Evaluating a plan regarding urban ecosystem services is even more difficult,
since typical environmental problems are addressed in various elements of plan [35]. According to
the literature of plan quality evaluation, “good” plans share some criteria [34,36]. Quality plans
include vision; identification of objectives and goals; incorporation of results from public engagement’s
response; assessments of current and future conditions; prioritization of development proposals,
investment, and policy changes; and an agenda for evaluating implementation [34].

The empirical base of plan quality evaluation has developed rapidly since the 1990s. In the sole
meta-analysis of plan quality evaluation studies, plan quality was extensively explored by Berke
and Godschalk [37]. They quantitatively compared the plan quality scores of 16 published studies.
Their analysis examined different topics of studies, research designs, and included plans for both
domestic and international locations [38]. Based on the findings of this meta-analysis, the authors
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proposed an updated approach to assessing plan quality evaluation. They indicated that a high-quality
plan would “provide a clear and convincing picture of the future, which strengthens the plan’s
influence in the land planning arena” [37] (p. 69) and [38].

This study employed an approach assessing five key plan components, which has been widely
used in previous plan quality assessments [39–45]. Five plan components are: (1) factual basis
(fundamental information for managing green infrastructure); (2) goals and objectives (broad goals to
achieve visions for green infrastructure planning); (3) policies and strategies (specific and measurable
tools to implement goals and objectives); (4) inter-governmental cooperation (identification and
capability to coordinate with different levels of stakeholders); and (5) implementation (capability to
carry out goals and policies).

2.3. Factors influencing Plan Quality

This paper analyzes the relationship between plan quality scores and three major groups of
independent variables: planning capacity, socio-economic characteristics, and risk factors. Each of
these groups contains specific variables that were likely to be addressed in the previous plan
evaluation studies.

Plans are usually more rigorous and comprehensive when sufficient planning efforts, such as
human, technical, and expertise resources, are provided [28,46,47]. The plan’s updated year (or the age
of plan) reflects the sensitivity and attitude of the planning document towards the dynamic process of
nature and the society for which it is planned. Previous studies suggest that local plans should reflect
changes as well as follow a monitoring process to ensure plan consistency [48,49]. When localities
continuously update or adopt new plans, the plan quality tends to increase [28]. The involvement of
consultants also reflects the unique characteristics of the planning preparation process. Consultant
firms have a group of multi-disciplinary experts who work together to prepare the planning document.
They possess knowledge and technical skills and can provide a network of experts to work on the
preparation process. A possible shortcoming of using third-party consultants is that they might lack
specific knowledge about the location. However, working in close collaboration with local authorities,
consultants can improve overall plan quality.

The number of planners who participate during the plan-making process not only reflects the
size of the planning department of each local government, but also indicates the amount of personnel
resources they spend on the process. Brody et al. [46] and Tang et al. [50] considered that the number
of staffs was an indicator that positively affects overall plan quality. Berke and French [51] and Tang
and Brody [48] also highlighted the importance of intellectual resource in plan preparation, which can
be used as a proxy for indicating localities’ plan preparation and implementation capacity.

Socio-economic variables are typical contextual variables that affect the quality of local planning
documents. The population variable is most commonly used in this context. The number of
people utilizing an area, or its population size, has been addressed in previous research [40,49,52,53].
The population variable does not simply translate to the number of people residing in the area. It also
includes such factors as race, income, and housing, among other factors. Population growth has been
used as an important indicator to represent contextual characteristics of certain region. Norton [54],
Brody et al. [55], and Tang and Brody [48] used this variable as one of key independent variables when
examining its relationship with plan quality.

Another variable in the socioeconomic characteristic group is income, which has been used
frequently in previous studies to determine the impact of regional income on plan quality [50,56,57].
In this study, the median income family in 2000 was used to show the “wealth” of study sample
areas [40]. Using a different approach, Tang et al. [50] measured “wealth” by taking median family
income and applying the inflation-adjusted dollar value for more precise calculation. Wealthier areas
tend to produce higher quality plans when addressing green infrastructure planning. This conclusion
follows previous studies of Berke [52] and Burby and May [58]: wealthier communities often show
more interest and expend more resources on environment-related topics in their regional plan. Finally,
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plan quality can be differentiated by localities’ education level. Several studies have identified that
jurisdictions containing populations with higher levels of education are more likely to expend greater
time and resources on plan-making, resulting in a positive impact on plan quality [28,50,55,59].

Depending on the stormwater risks for each locality, planning investment and efforts will differ,
which influence overall plan quality. We would expect that the greater appearance of stormwater
risks (e.g., areas that encompass a high percentage of impervious surfaces and that contain floodplain,
or are located near coastal areas) would lead to higher plan quality score. With the direct threat from
sea level rise, coastal areas in the United States are also at risk from chronic, disruptive flooding
events which is defined as flooding that occurs 26 times per year or more [60,61]. More crucially,
annual hurricane season poses greater potential impact on coastal communities rather than inland
communities. Plan quality is expected to be higher in coastal areas because an understanding and
awareness on the hazard vulnerability will be greater in those regions than in the inland regions [62].

3. Methods

3.1. Sample Selection

The following steps were used for our sampling process. First, the 100 counties and cities with the
highest population growth between 2010 and 2015 were selected, based on the U.S. Census Bureau [63].
These jurisdictions typically represent areas where development is rapidly occurring. Thus, significant
areas of green space are transformed into impervious surfaces, which eventually requires green
infrastructure principles to be incorporated into local comprehensive plans. Second, small jurisdictions
that have a population of less than 50,000 were excluded from our samples, since those communities
are likely to have insufficient human and technical resources, as well as different contextual features,
as compared to large metropolitan areas. Third, localities that have not adopted comprehensive plans
were excluded from the study. In the end, jurisdictions that satisfied the above criteria were randomly
selected in the final procedure: 30 counties and 30 cities (a total of 60 jurisdictions; see Figure 1).
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3.2. Concept Measurement

The dependent variable, plan quality score, was measured using the content analysis
method that has been commonly employed in previous plan evaluation research [41,42,48,64–66].
Five plan components, “factual basis”, “goals and objectives”, “inter-organizational coordination and
cooperation”, “policies, tools and strategies”, and “implementation”, were used to conceptualize
local plan quality on green infrastructure planning. A total of 93 indicators were utilized for the
evaluation, which were mainly adapted from the USEPA’s Water Quality Scorecard: Incorporating
Green Infrastructure Practices at the Municipal, Neighborhood, and Site Scales [27].

Each jurisdiction’s plan quality score was first assessed by the criteria summarized in Appendix A
and calculated using Equations (1) and (2) [28,48,55].

PCSj =
10

2mj
∑

mj
i=1 ISi (1)

where PCSj refers to the score of the jth plan component; mj refers to the total number of indicators
within the jth plan component (scale: 0–10); and ISi refers to the ith indicator’s scores (scale: 0–2).

TPS = ∑5
j=1 PCSj (2)

where TPS indicates the total plan quality score of five plan components’ scores.
Two trained scorers were employed to minimize personal bias during the assessment and uphold

the inter-coder reliability. All 60 plans were double-coded and the percent-agreement score of overall
indicators for two scorers was approximately 81%, which was determined to be acceptable, based on the
past plan evaluation research of Miles and Huberman [67] and Berke and Godschalk [37]. Cronbach’s
alpha test was also conducted to inspect inter-item consistency. The alpha values for all five plan
components were higher than 80%, indicating that assessment reliability was considered acceptable,
according to the previous social science studies [68].

Planning capacity variables (e.g., plan adopted year, number of planners, and involvement of
consultants) were collected from each jurisdiction’s comprehensive plan and the planning department’s
website. Where data were not available online, we gathered the information by individually
contacting each municipality’s staff. Socioeconomic data, such as population, population change,
income, and education level, were collected from the 2010 US Census Bureau. An impervious cover
dataset was acquired from the 2011 US Geological Survey’s (USGS) National Land Cover Database
(NLCD). The percentage of 100-year floodplain data were collected from the 2014 Federal Emergency
Management Agency’s (FEMA) Map Service Center. Coastal area is a dummy variable with the score
of 1, indicating that the sample is located close to seaside with a high risk of flooding. These locations
were chosen based on the US Census Bureau data. To compare the different impacts between cities and
counties, another dummy variable (city) was created. Score 1 represents a municipality that is a city,
while 0 represents a county. Table 1 shows the detailed conceptual measurement of overall variables.
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Table 1. Conceptual Measurement.

Variable Description Data Source Mean S.D. Range
Dependent variable
Plan score Sum of five plan components Plan coding protocol 19.64 5.69 8.43–32.00

Independent variables
Plan adopted year Plan adopted year minus 2017 Each municipality’s plan −5.47 3.85 −17.00–0.00
Number of planners Sum of officials in the Planning Department Each municipality’s plan or website 5.72 3.31 1.00–16.00
Consultants Consultants participation while adopting the plan (yes = 1; no = 0) Each municipality’s plan or website 0.58 0.50 0–1.00
Population (1/10,000) Population in year 2010 US Census (2010) 19.60 24.43 1.39–117.66

Population change (1/10,000) Population change between year 2010 and 2015 US Census (2010)
American Community Survey (2015) 10.95 19.00 0.16–93.18

Income (1/10,000) Median income in year 2010 US Census (2010) 6.17 2.15 3.25–11.56

Education Percentage of population that have higher degree than bachelor in
year 2010 US Census (2010) 35.72 16.44 9.10–71.00

Impervious surface Percentage of impervious surface (NLCD classes 22–24) USGS (2011) 0.45 0.29 0.01–0.95
Floodplain Percentage of 100-year floodplain in the sample municipality FEMA (2014) 0.16 0.14 0–0.56
Coastal area Municipalities that are close to the coastal side (yes = 1; no = 0) US Census (2010) 0.23 0.43 0–1.00
City Municipalities that are classified as city (yes = 1; no = 0) US Census (2010) 0.50 0.50 0–1.00
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3.3. Data Analysis

Research data were analyzed in two phases. First, the plan quality score for each jurisdiction
was measured by following the process described in Section 3.2. Descriptive statistics were used to
assess 60 local plans’ score, which is the sum of five plan components’ score, with the scale of 0–50.
While assessing plan quality using 93 indicators, the performance was also measured. Particularly,
plan performance was scored by examining the breadth and depth scores, which previous plan quality
studies have often adopted [28,41,62,69]. Breadth scores indicate the number of plans that have
addressed a specific indicator, whereas depth scores show the degree of detail of a particular indicator.
The scores were assessed using Equations (3) and (4):

PBj =
∑n

i=1 Pj

n
× 100 (3)

where PBj refers to the plan breadth score of the jth indicator (scale: 0–100); n refers to the total number
of plans (n = 60); and Pj refers to the number of plans that have adopted the jth indicator (scale: 0–1).

PDj =
∑n

i=1 Pj

m
× 100 (4)

where PDj refers to the plan depth score of the jth indicator (scale: 0–100); n refers to the total number
of plans (n = 60); Pj refers to the score of plans that have adopted the jth indicator; and m refers to the
number of plans that have scored at least zero for the jth indicator.

Second, the ordinary least squares (OLS) technique, which is one of the most commonly used
statistical analysis methods for predicting values of a dependent variable using multiple explanatory
variables [70], was employed to examine how various independent factors in this study explain the
variance of the plan quality score. Due to the limited sample size, this study classified independent
variables into three block groups (models) and ran each regression analysis respectively. After running
the three models (Models 1–3), only variables statistically significant in each model were chosen for the
final fully specified model (Model 4). Through the diagnostic process, no major OLS assumptions (e.g.,
model specification, heteroskedasticity, multicollinearity, autocorrelation, and outliers) were violated.

4. Results

4.1. Descriptive Statistics of Plan Quality Evaluation

The 60 localities’ average plan quality score for green infrastructure was 19.64 out of 50, implying
that sample jurisdictions have not sufficiently incorporated the key concepts of green infrastructure
planning into their local comprehensive plans (see Table 2). Counties’ average plan score (19.79) was
slightly higher than city scores (19.48), which was contrary to our initial expectation that cities would
have higher scores on green infrastructure planning, presuming that cities would have better technical
and human resources. With the large variations on plan quality scores, Sumter County in Florida
had the highest score of 32.00, while Lafayette County in Mississippi received the lowest score of
8.43. Although sample counties had higher average scores on plan quality, much larger variations
existed compared to city scores. No cities received scores under 10, whereas two counties scores of
approximately 8.50. Appendix B shows the overall 60 jurisdictions’ total plan quality score, as well as
each plan component score that the localities have acquired.
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Table 2. Descriptive Statistics of Each Plan Component.

Plan Components Number of Indicators Median Mean S.D. Range
Factual basis 18 3.47 3.60 1.46 1.25–6.81

Goals and
objectives 17 4.12 4.43 1.79 1.18–8.23

Policies and
strategies 40 2.69 2.58 1.26 0.38–5.38

Inter-organizational
cooperation 10 5.5 5.38 1.53 1.00–8.50

Implementation 8 3.13 3.64 2.05 0.63–8.75

Total score 93 20.16 19.64 5.69 8.43–32.00

As shown in Figure 2, the inter-organizational coordination and cooperation component received
the highest mean score of 5.38 among five plan components, followed by goals and objectives (4.43),
implementation (3.64), factual basis (3.60), and policies and strategies (2.69). This indirectly implies
that the sample localities understand the necessity of collaboration while managing green spaces,
with nearby jurisdictions and various stakeholders. Goals and objectives obtained the second highest
average score, indicating that localities have adopted broad goals relatively well in relation to green
infrastructure planning. However, detailed action strategies or policies, as well as implementation
approaches, are not sufficiently covered in most plans. The factual basis component also scored
fairly low, indicating that plans failed to identify basic information with regard to natural and human
resources, as well as for projections of future jurisdiction circumstances. Relatively large variations
existed between cities and counties on two components (goals and objectives and factual basis). While
sample cities scored almost one point higher in goals and objectives, counties scored nearly one point
higher in factual basis.

Performance results of each plan component are illustrated on Appendix C.
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4.2. Regression Analysis

The findings of OLS explain the impact of planning capacity on plan quality, while controlling
for other socioeconomic and environmental conditions. Table 3 reports both coefficients (β) and
standardized coefficients (beta) for the plan quality score. Five variables were found to be statistically
significant in Models 1–3, and only those variables were included in the fully specified model (Model 4)
with the inclusion of a city dummy variable, which indicates whether the jurisdiction is a city or
county. The results suggest that plans adopted year (β = 0.3410, p < 0.05) and the number of planners
(β = 0.6888, p < 0.01) have positive associations with the local plan quality. As was frequently shown
in previous research [37,48,71], more recently adopted plans tend to adopt diverse and up-to-date
goals and policies regarding green infrastructure planning and larger numbers of planners may bring
abundant human and technical resources while adopting a plan. Both variables were shown as strong
predictors for the final model.
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Among three risk related variables, floodplain alone had a positive and significant association
with the dependent variable in Model 3, meaning that areas with a higher percentage of 100-year
floodplain tend to produce a higher quality plan. This implies that those jurisdictions with high
floodplain already recognize the risk of flood and have generated various strategies in managing
green infrastructure. Although its effect was insignificant in the final model, floodplain was the
strongest predictor to explain the variance of plan quality across all models. Imperviousness is often
used as a proxy for understanding the development of the area and should be considered with a
variety of natural factors (e.g., precipitation, topography, and drainage network) when examining the
flood vulnerability. As expected, its effect on plan quality was positive, but the association was not
statistically significant. In the end, we have included the city variable in the final model to identify
whether cities have produced better plans in terms of green infrastructure planning compared to
counties. The outcome showed that cities are more likely to produce higher quality plans compared to
counties, with a coefficient of −2.6954 (p < 0.1). The variance of plan quality was explained by about
41% in the fully specified model.

Table 3. Regression Results.

Variable β Beta Standard Error
Planning capacity (Model 1)
Plan adopted year 0.4585 *** 0.4605 0.1637
Number of planners 0.7478 *** 0.7480 0.1901
Consultants 0.9255 0.7439 1.2514
Constant 17.3274 *** 1.8120
R2 0.3321
Adjusted R2 0.2964
Root MSE 4.7743

Socioeconomic characteristic (Model 2)
Population (1/10,000) 0.0843 ** 0.0826 0.0344
Population change (1/10,000) −0.0319 −0.0342 0.0467
Income (1/10,000) −0.0052 −0.1082 0.4377
Education 0.1072 * 0.1309 0.0591
Constant 14.5362 *** 2.1673
R2 0.2063
Adjusted R2 0.1486
Root MSE 5.2517

Risk (Model 3)
Impervious surface 3.4314 3.3979 2.5145
Floodplain 11.8115 ** 11.1600 6.0270
Coastal area −2.7345 −2.6722 1.9922
Constant 16.8108 ***
R2 0.0914
Adjusted R2 0.0428
Root MSE 5.5686

Fully specified model (Model 4)
Plan adopted year 0.3410 ** 0.3378 0.1663
Number of planners 0.6888 *** 0.6643 0.2451
Population 0.0168 0.0190 0.0312
Education 0.0798 * 0.0802 0.0441
Floodplain 4.4941 4.1218 4.6863
City −2.6954 * −2.5798 1.4227
Constant 15.0059
R2 0.4065
Adjusted R2 0.3393
Root MSE 4.6265

Notes: * p < 0.1; ** p < 0.05; *** p < 0.01.
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5. Discussion and Conclusions

This study first examined whether key principles of green infrastructure planning have been
substantially incorporated into sample local comprehensive plans by employing plan quality
assessment. Several variables were then measured to explain the variance of plan quality.
The explanatory results have revealed that localities are likely to have a relatively low awareness
of green infrastructure, with the overall mean score of 19.6 out of 50. Since the concept of green
infrastructure has been mixed with other greenery technologies/implementations and its scale is
quite broad in order to cover a specific section or field of a comprehensive plan, local planners
might not recognize the importance of green infrastructure or systematically embrace the major
strategies and components of green infrastructure planning [16,72,73]. However, as indicated in
Section 2.1, green infrastructure is not a new concept, scientific technology, or invention. Communities
have continuously invested in building green roofs, rain gardens, trees, and parks, as well as in
managing open spaces, water resources, flooding, and improving energy efficiency through pursuing
sustainable and compact development. In addition, diverse federal agencies nowadays are committing
to green infrastructure by providing financial support and conducting relevant projects, services, and
programs [74]. Local planners should utilize the expertise and resources that umbrella organizations
(e.g., U.S. Environmental Protection Agency (USEPA), Department of Housing and Urban Development
(HUD), Department of Transportation (DOT), Department of Energy (DOE), Department of Agriculture
(USDA)) provide and create effective partnerships while planning, designing, and implementing green
infrastructure. Particularly, several agencies and foundations, such as the National Green Infrastructure
Certification Program and the Green Infrastructure Foundation, provide technical training programs
to increase awareness of green infrastructure tools, which are sometimes referred to as low-impact
development (LID) practices. Local planners should actively engage with such programs and educate
their residents and officials in order to implement green infrastructure planning.

The low score of plan quality might be caused by plans that are outdated [28,48]. Fifteen out of the
sixty plans evaluated were adopted before 2010. While some localities have not amended or updated
their plans, others areas planning documents were unavailable online or through individual contact.
Because recent terms, skills, techniques, and practices regarding green infrastructure are included
within the evaluation criteria, sample plans that were not recently updated might have relatively low
scores compared to up-to-date plans [44,75]. The result from the regression analysis supports this fact
by showing that a year increase of plan date is likely to show approximately 0.34 points higher plan
quality, while holding other variables fixed.

From assessing each component’s item (or indicator) performance, we have determined that
local plans share similar weaknesses, which should be further considered for improving current
green infrastructure planning process and implementation. First, while fundamental information
that was often emphasized in the past have been well investigated, plans in the sample poorly
identified community data/records on climate, flooding, point- and nonpoint-pollution sources,
parking, and open/green spaces. We believe that this was one of the basic reasons that goals
and objectives regarding green infrastructure were not clearly stated in the sample plans, although
more awareness should be obtained by local planners of the value of green infrastructure planning.
Second, significant gaps were found in the sampled plans’ policies and strategies with regard to
providing education opportunities. Increased amounts of workshops, training, and outreach programs
should be delivered to various entities to increase understanding of green infrastructure. Localities
should also provide more diverse policies with a mix of regulations and incentives. In particular,
various types of zoning as well as financing supportive programs to preserve and manage street
trees, brownfields, and stormwater should be increased. Third, future plans should include clear
timetables, financing sources, and responsible departments for implementing each strategy while
continuously monitoring performance and identifying barriers to implementing green infrastructure
planning. Finally, although coordination with and between diverse levels of planning organizations
are specified and involved during the planning process, more dynamic cooperation and R&D work
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collaborating with universities and research institutes should be conducted to engage the various
entities and to apply modern technology.

Our findings from the regression analysis may suggest local planning implications by identifying
which factors influence plan quality associated with key green infrastructure principles. The results
align with previous studies [41,42,49], which indicate that more recent and regularly updated plans
may incorporate the latest information and circumstances, and thus, generate higher quality plans.
More planners involved in plan creation led to higher quality that integrate key concepts of green
infrastructure planning. The number of qualified planners represents the level of man power, resource,
responsibility, and expertise contributed to the high quality of planning document [40,48,55,76].
A planner has been trained and is able to handle administrative work as well as deal with technical
issues or public engagement activities. Hence, the involvement of more qualified planners leads to
better techniques and planning during the adoption and amendment processes, which eventually
allows localities to be proactive in minimizing the impacts from landscape fragmentation [77].
In addition, jurisdictions with higher education levels tend to have a greater interest in plan making,
which result in better plan quality.

This study provides a greater insight into the performance of local plans in preparing and
implementing green infrastructure planning in practice. However, the approach of this study still
has some drawbacks. First, there were only 60 cities and counties because of the sampling process
in this study. Although the sample size is relatively large compared to previous plan quality studies,
this limits the statistical power of the regression. In addition, stratified random sampling may excluded
high quality plans and let to the overall average plan score being lower than our initial expectation.
Further research should evaluate sufficient numbers of plans to increase the statistical power of the
study as well as confidence in predicting the variables affecting plan quality. Second, a comprehensive
plan or general plan is only one type of plan that is being adopted. Other plans may also address
green infrastructure. For example, some cities or counties might have a Sustainable Development Plan
or Aquifer Protection Plan that discusses green infrastructure. Thus, only evaluating comprehensive
plans might skip some potential plans when assessing the performance of local government on the
topic of green infrastructure. It could be beneficial to conduct a future study about additional regional
plans that include green infrastructure planning. Third, a comprehensive plan or general plan covers
a long range of time. Some cities use such plans as their 10-year vision, while other regions might
create plans to achieve goals over a span of thirty or more years. The time range for a comprehensive
plan can directly affect the visions, statements, as well as other fundamental elements of the plan.
This also impact the plan preparation and implementation process of the local government. Thus,
the discrepancy in time range of comprehensive plan could impact the quality of the evaluation process.

This research has answered two major concerns about the performance of comprehensive plan
regarding green infrastructure and what elements affect performance quality. The findings represent
a helpful guideline for local planners to establish more comprehensive and concrete policies for
green infrastructure while amending their plans. We hope that this study will encourage increased
involvement of various disciplines in assessing the quality of green infrastructure planning approaches.
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Appendix A

Table A1. Plan evaluation criteria for each plan component.

Plan Component (Number of Indicators) Scoring Method Scale (Ordinal)

Factual basis (18)
0 point = Indicator is never mentioned within a plan
1 point = Indicator is mentioned within a plan, but not detailed
2 points = Indicator is fully identified and demonstrated within a plan

0–2

Goals and objectives (17) 0 point = Indicator is not mentioned within a plan
1 point = Indicator is mentioned within a plan 0–1

Inter-organizational coordination (10)
0 point = Indicator is never mentioned within a plan
1 point = Indicator is mentioned within a plan, but not detailed
2 points = Indicator is concretely mentioned and described within a plan

0–2

Policies, tools and strategies (40)

0 point = Indicator is never mentioned within a plan
1 point = Indicator is stated with limited information and vague commitment words within
a plan (e.g., “consider”, “encourage”, “promote”, “may”, “can”)
2 points = Indicator is clearly mentioned with a firm commitment words within a plan
(e.g., “shall”, “require”, “will”, “must”, “necessitate”)

0–2

Implementation (8)
0 point = Indicator is never mentioned within a plan
1 point = Indicator is mentioned within a plan, but not detailed
2 points = Indicator is clearly mentioned within a plan

0–2
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Appendix B

Table A2. Plan Evaluation Criteria for Each Plan Component.

Place Name Factual Basis Goals and
Objectives

Policies and
Strategies Implementation Coordination Total Score

County or
independent city

Williams, ND 2.64 2.35 1.88 5.63 6.00 18.50
Sumter, FL 6.11 5.88 3.88 8.13 8.00 32.00

Long, GA 2.22 1.18 0.63 5.63 5.50 15.16

Forsyth, GA 6.53 3.53 2.00 8.75 8.00 28.81

Loudoun, VA 4.72 7.06 5.38 2.5 7.50 27.16

St. Johns, FL 2.22 5.29 2.63 4.38 5.50 20.02

Lincoln, SD 3.89 1.76 0.75 0.63 4.50 11.53

Fredericksburg, VA 6.81 5.88 3.13 5.00 6.50 27.32

Broomfield, CO 2.22 4.71 2.88 1.88 4.00 15.69

Uintah, UT 2.36 2.94 2.38 0.63 4.5 12.81

Columbia, GA 4.86 2.94 2.50 7.50 7.50 25.30

Travis, TX 6.81 5.29 5.13 4.38 8.50 30.11

Horry, SC 5.69 5.88 4.00 3.13 6.00 24.70

Cass, ND 5.28 1.76 0.38 0.63 2.00 10.05

Berkeley, SC 5.56 4.12 2.13 5.00 7.00 23.81

Rutherford, TN 4.72 2.94 3.50 6.25 7.50 24.91

Franklin, WA 3.89 5.29 3.88 2.50 5.00 20.56

Matanuska Susitna, AK 3.19 2.35 2.00 0.63 2.50 10.67

Lee, FL 1.81 4.71 4.13 3.75 5.50 19.90

Falls Church, VA 5.00 6.47 3.38 6.25 6.50 27.60

Douglas, CO 4.17 4.12 4.00 1.88 6.50 20.67
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Table A2. Cont.

Place Name Factual Basis Goals and
Objectives

Policies and
Strategies Implementation Coordination Total Score

Russell, AL 2.92 2.35 1.13 3.13 6.00 15.53

Manatee, FL 2.78 7.06 3.50 1.88 6.50 21.72

Prince William, VA 3.19 5.29 3.25 2.50 6.00 20.23

Jasper, SC 3.89 2.94 3.00 1.88 3.50 15.21

Lafayette, MS 2.36 2.94 0.50 0.63 2.00 8.43

Hoke, NC 3.89 2.35 0.63 0.63 1.00 8.50

Lancaster, SC 4.58 1.18 0.75 5.63 5.00 17.14

Lee, AL 3.47 3.53 1.50 4.38 6.50 19.38

Gwinnett, GA 3.89 3.53 2.25 6.25 4.50 20.42

City

Kent, WA 4.17 6.47 4 1.88 6.00 22.51

Cedar Park, TX 3.33 2.94 1.38 3.75 5.00 16.40

Frisco, TX 5.55 3.53 2.88 3.13 5.00 20.08

Kokomo, IN 1.94 3.53 0.63 1.25 3.50 10.85

Dublin, CA 2.5 7.06 3.38 3.13 4.50 20.56

Doral, FL 3.61 8.23 4.25 5 6.50 27.60

Goodyear, AZ 2.5 2.94 2.38 4.38 5.50 17.69

Irvine, CA 2.36 3.53 1.13 1.88 4.50 13.39

Meridian, ID 2.36 4.12 1.88 3.75 6.00 18.10

Leesburg, VA 1.81 6.47 1.63 5.63 4.00 19.53

Mount Pleasant, SC 3.47 5.29 3.13 5.63 3.5 21.02

Odessa, TX 1.94 2.35 1.13 1.88 3.50 10.80

Fort Myers, FL 2.36 3.53 1.25 1.88 5.00 14.02
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Table A2. Cont.

Place Name Factual Basis Goals and
Objectives

Policies and
Strategies Implementation Coordination Total Score

Austin, TX 6.11 6.47 4.50 5.00 6.00 28.08

League, TX 4.03 6.47 3.63 2.50 4.50 21.12

Auburn, AL 4.58 7.06 3.13 3.75 7.00 25.52

Kissimmee, FL 4.17 5.88 3.88 1.88 4.50 20.30

Fisher, IN 3.33 4.71 2.75 4.37 5.50 20.66

Bellevue, WA 5.83 5.88 3.50 1.88 5.50 22.59

Denver, CO 1.94 4.71 1.25 5.63 4.50 18.03

West Des Moines, IA 2.78 2.35 0.75 3.13 4.50 13.51

Charlotte, NC 1.39 5.88 3.25 5.00 7.50 23.02

Seattle, WA 3.19 7.06 3.38 2.50 5.50 21.63

Manteca, CA 1.94 4.12 2.00 1.88 6.50 16.44

Miramar, FL 1.25 3.53 2.88 3.13 4.50 15.28

Fargo, ND 4.03 5.88 2.50 2.50 5.00 19.91

Sandy Spring, GA 4.03 6.47 4.50 5.63 7.00 27.62

Fort Collins, CO 1.39 6.47 3.00 6.88 6.00 23.73

Richardson, TX 2.36 1.76 1.88 1.25 5.00 12.25

Bossier, LA 4.17 3.53 2.13 6.25 6.00 22.07
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Appendix C

With regard to the performance of the factual basis component, fundamental inventories that show
the jurisdiction’s circumstances, such as land use, natural resources, population, and water resources,
are well investigated with high breadth score (ranging from 82% to 95%), while information related
to parking spaces, water pollution types and sources, existing low impact development practices,
climate, and potential brownfield sites are not sufficiently detailed. The depth scores also a trend
similar to the breadth scores, in that indicators often mentioned in a plan were also illustrated with an
intimated information.

Regarding the goals and objectives performance, the depth score was not collected because of its
scale, which ranged only from 0 to 1 (other plan components range from 0 to 2). Large variations existed
for the breadth score (range from 22% to 97%). General objectives such as preserving natural resources,
habitats, and critical areas were mentioned in the majority of plans (breadth score: 97%). However,
local plans failed to denote goals related to specific green infrastructure planning, including planting
street trees, improving public right-of-way, reducing impervious surfaces, controlling stormwater
runoff, and managing parking related issues. Although overall goals were generally expressed in
adjectives and nouns, they were not stated in a measurable context (Berke and Godschalk, 2009).

Large variations also existed in policies and action strategies. A number of plans encompassed
fundamental new urbanism related tools, such as encouraging mixed-used development and
connecting walkways and parking lots, with the breadth score higher than 90%. Conventional
environmental regulations (e.g., cluster development, open space preservation, habitat protection,
and conservation easement) were also often adopted in local plans (breadth range from 68% to 85%).
Half of the local plans, however, did not specify 75% of the indicators (30 out of 40). In particular,
the lack of regulatory (e.g., impact fee, fee simple purchase, urban growth boundary, development
restriction within floodplain, zoning, and site plan), incentive (e.g., density bonus and transfer of
development rights), financing (e.g., tax increment financing and rebate), and outreach tools (e.g.,
workshop, training program, and information brochure) related to green infrastructure planning were
prominently included during the evaluation process.

Results revealed that localities have a high commitment to collaborate with/within diverse
stakeholders, jurisdictions, governments, and organizations in managing green infrastructure. Breadth
scores were higher than 60% for all elements in this plan component. Citizen input, as well as
coordination with private sectors and local universities was well recognized. Depth scores, however,
were relatively low compared to the breath scores, indicating that each indicator was not described
with detailed information even though it was often stated in the comprehensive plans.

Although indicators within the implementation component do not imply that localities will
conduct certain action strategies immediately, planners may well prepare and implement various
policies with clear timelines and responsibilities. Local plans have frequently identified funding
sources regarding green infrastructure and updated/adapted their plans regularly. However, less than
half of the plans (43%) stated a clear time schedule as well as the specific responsible department for
each strategy’s implementation. Monitoring plan performances and identifying barriers for green
infrastructure implementation were poorly described within the sampled plans.
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