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Abstract: Green infrastructure (GI) is a land development approach that uses a network of natural and
built areas and waterways to create healthier urban environments. This study presents a synthesis of
GI planning and adoption in 16 cities selected from around the world; 12 of these cities are located
in the United States. The study highlights key socio-economic benefits associated with GI adoption
and documents analytical procedures used to quantify the benefits linked to GI implementation. The
benefits as identified and reported in this study are qualitative rather than quantitative.

Keywords: urban sustainability; Eco-City; stormwater management; low impact infrastructure;
literature review

1. Introduction

Green infrastructure can be defined as a network of natural and semi-natural areas
strategically planned and designed to manage a variety of urbanization challenges, includ-
ing flooding, poverty, harmful effects of conventional transportation modes, depletion of
urban wildlife species and their habitat, and deterioration air quality [1-4]. This integration
of natural and engineered systems provides more resilient infrastructure with multiple
natural ecosystem goods and services to people and wildlife [1-4].

While GI aims to address a wide variety of challenges, this study primarily and
deliberately focuses on the use of GI for stormwater management. In this context, GI
is often viewed as an alternative to traditional or “gray” stormwater infrastructure [1].
Where possible, additional benefits beyond the realm of stormwater management were
also outlined in the paper, nonetheless.

Urban storm runoff, if not properly managed, can affect the physical, chemical, and
biological conditions of downstream water bodies [3], leading to flooding, stream bank
erosion, and water quality problems [1-3,5,6]. Excess wet weather flows into storm drains
and can readily lead to combined sewer overflow events (CSOs) [6], which discharge
millions of tons of untreated wastewater into creeks, lakes, and rivers, causing impairment
of these water bodies with detrimental effects on human, plant, or animal health [7,8].

Urban stormwater management has previously been handled with the use of end-of-
pipe techniques that carry storm runoff away from buildings and communities as fast as
possible through a network of pipes, tunnels, and ditches [9-13]. This practice, known as
traditional or conventional stormwater conveyance systems or gray infrastructure, does not
necessarily support infiltration, groundwater recharge, and protection of downstream water
quality [9,14]. Unlike gray infrastructure, GI refers to “natural or semi-natural networks
of green (soil covered or vegetated) and blue (water-covered) spaces and corridors that
maintain and enhance ecosystem services” [15,16]. This means that the concept of GI
draws from nature to support sustainable stormwater management with a wide variety of
environmental, social, and economic benefits to the community [10,17].
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Green infrastructure adoption may be cost effective in operation and maintenance
(e.g., controlling Combined Sewer Overflow (CSO) volumes at lower costs) compared to
that of gray infrastructure [18], and research indicated that shifting from gray to GI could
result in perceptible social and economic benefits, creating opportunities for savings on
stormwater management costs and improving community livability [5,19-21]. In recent
years, GI adoption in urban planning has increasingly gained popularity in metropoli-
tan areas to minimize CSO events, protect water quality, and improve sustainability of
communities. While the environmental benefits of GI implementation have been largely
documented (e.g., [22-25]), relatively limited quantitative information exists about the
socioeconomic benefits associated with GI practices, let alone the methods for quantifying
their socioeconomic benefits. Thus, a synthesis of GI adoption plans is a necessary step for
exploring the potential social and economic benefits that can be derived from GI adoption
as an established approach to building resilient communities. The specific objectives of this
study were to (1) summarize socioeconomic benefits attributed to GI adoption in 16 cities,
and (2) document the methods used to estimate these benefits.

2. Methodology

This study was driven by the needs of a stakeholder who was interested in GI plan-
ning and programs from United States metro areas of the size (i.e., population-based)
of the City of St. Louis, Missouri, with the objective to understand the short-term and
long-term returns of incorporating GI practices in city planning. The population of St.
Louis was used as a selection criterion of the cities examined in this study. St. Louis is
approximately 21,900 km? and home to 320,000 inhabitants according to the 2010 United
States Census data [26]. The St. Louis Metropolitan Sewer District (MSD) is the nation’s
fourth largest sewer system, covering 525 square miles with 9600 square miles of sanitation
and stormwater systems. Sixteen metro areas with GI adoption programs were selected for
the study (Table 1). The cities were selected such that all the major cities in United States
are somehow represented. An additional five cities were selected from outside the United
States to gain a worldwide perspective.

Table 1. Description of cities and GI adoption plans examined in this study.

. Population Area, sq.km 1 City of Name of GI Implementation
Metropolis State/Country Size * (sq. mi.) * Ranlk Interest Program/Plan Period
. Green Stormwater
Chicago linois, USA 9,461,105 28,160 3 Chicago Infrastructure 2013-2018
metropolitan area (10,874) S
trategy
Project Clean Lake
Cleveland .
X Ohio, USA 2,068,283 5173 (1997) 28 Cleveland Green Infrastructure 2012-2023
metropolitan area Plan
Greater Austin Texas, USA 1716289 11,100 (4285) 35  Austin Green Roof Program 2010-2015
Green Alley Initiative -
Middle Blue River
Kansas City Missouri, USA  2,009342 20,59 (7952) 30  KansasCity,  Basin Green 2011-2017
metropolitan area Missouri Solutions Pilot
Project
Green Streets LA
program
Los Angeles B
Los Angeles California, g?s‘év;rfr}:s;iton Initiated in 2008
metropolitan area USA 12,828,837 12,520 (4850) 2 Los Angeles Program )
City of Los Angeles Started in 2007
Stormwater Program
Million Trees LA
Initiative
Milwaukee Wisconsin, . Regional Green
metropolitan area USA 1,555,908 3781 (1460) 3 Milwaukee Infrastructure Plan 2013-2035
Nashville Tennessee, . Green Infrastructure .
metropolitan area USA 1,670,890 16,520 (7484) 35 Nashville Master Plan Approved in 2009
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Table 1. Cont.

. Population Area, sq.km 1 City of Name of GI Implementation
Metropolis State/Country Size * (sq. mi.) * Rank Interest Program/Plan Period
New York New York, 34,490 New York NYC Green
metropolitan area USA 19,567,410 (13,318) ! City Infrastructure Plan 2010-200
Philadelphia Pennsylvania, . . Green City, Clean
metropolitan area USA 5,965,343 11,989 (4629) 7 Philadelphia Waters Program 2011-2036
Portland Oregon, USA 2,226,009 17,310 (6684) 19 Portland Gray to Green (G2G) 2008-2013
metropolitan area Initiative
Seattle metropolitan  Washington, 3439800  21202(8186) 13 Seattle Comprehensive Started in 1999
area USA Drainage Plan
Birmingham United Lo Green Living Spaces .
metropolitan area Kingdom 3,701,107 - - Birmingham Plan Approved in 2013
Five Finger Plan
Copenhagen Climate B
Change Adaptation B
Copenhagen Denmark 1969941  3028(1169) -  Copenhagen Lion .
metropolitan area Eco-metropolis
2007-2015
Pocket Parks, Trees 2009-2015
and Other Green
Areas
Yokohama Green-Up
Plan 2009-2018
Greater Tokyo area Japan 34,607,069 13,754 (5310) - Yokohama Climate Change -
Initiative -
Eco-city Initiative
Greater Toronto Canada 5,583,064 7125 (2751) - Toronto Wet Weather Flow 2003-2028
Master Plan
Sustainable
South Australia ;‘g r;izﬁalgzilz)?ect -
(Note: South . 2010-2040
. . . 1,043,514 . Greater Adelaide
Australia is a state in Australia 1,650,600 - Adelaide -
(402,903) Green Infrastructure
the southern central A )
part of Australia) Project at the Botanic 2013-2020
Gardens of Adelaide
202020 vision

Notes: ! On the basis of population (for U.S. municipalities only). * Source: United States Census Bureau, Office for National Statistics (UK),
Statistics Denmark, Statistics Canada, Australian Bureau of Statistics, Wikipedia.

A review of technical and case study reports, unpublished reports, project summaries,
fact sheets, government publications, conference proceedings, and compilation of docu-
ments through web search engines and library resources was conducted for the 16 cities. It
should be noted that no formal survey was conducted with city officials for this study. The
information collected for each of the 16 metro areas include, among others, stormwater
billing systems, stormwater policy and/or regulations for protecting green space, incentives
provided to citizens for adoption GI practices, status (i.e., active or inactive) of long-term
GI adoption plans, agencies responsible for implementation of GI projects, social and
economic benefits gained from GI adoption, and analyses/methods conducted to estimate
the benefits. Information on the St. Louis” GI adoption plan was not included in the study;,
mainly because the plan was at its developmental stage with pilot-scale initiatives and
limited quantified outputs at the time of this study.

3. Long-term GI Adoption Plans Reviewed
3.1. Overview of Long-Term GI Plans Reviewed

The metro population served by the 16 GI adoption plans reviewed in this study
range from 1.5 million (Milwaukee Metropolitan Area) to 35 million (Greater Tokyo Area)
inhabitants, with land areas covering 3000 km? for Copenhagen to 1,200,000 km? for
Adelaide (Table 1, Figures 1 and 2). The population data were based on the information
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available during the time of this study, indicating that changes in the population size at
publication of this document may not be herein reflected.
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Figure 1. Map showing cities with GI adoption plans in the United States examined in this study.
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Figure 2. Map showing world cities with GI adoption plans examined in this study.

Among the cities reviewed within the United States, Chicago, Austin, Kansas City,
Los Angeles, and Seattle did not have long-term GI adoption planning; however, they
had various programs that support implementation of GI practices. For example, in
October 2013, the mayor of Chicago announced the “Green Stormwater Infrastructure
Strategy” with the goal of reducing basement flooding and CSO in the city [27]. Similarly,
the City of Austin adopted a number of initiatives such as “The Green Alley Initiative”
and “Green Roof Program” to support green stormwater management practices. The
goals of these initiatives were to improve water quality by reducing flooding and erosion
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and decrease landscape irrigation with the use of potable water in Austin [28]. In Los
Angeles, a number of GI adoption pilot programs, consisting of “Green Streets Program”,
“Downspout Disconnection Program”, “Stormwater Program”, and “Million Trees Los
Angeles Initiative” were put in place to encourage implementation of GI practices in
the city for capturing precipitation and urban runoff, as well as increasing groundwater
recharge and water reuse [29]. Kansas City also planned to reduce discharge of CSO events
using both green and gray infrastructure by five billion gallons per year by 2025, with
an estimated cost of $2.5 billion as part of the 2010 consent decree with the United States
Environmental Protection Agency [27]. The city planned to install 130 individual GI units
in a 100-acre portion of the Marlborough neighborhood with the pilot project baptized as
the “Middle Blue River Basin Green Solutions Pilot Project” [30]. Seattle’s “Comprehensive
Drainage Plan” aimed at promoting adoption of GI practices to protect aquatic biota and
creek channels, improve water quality, and reduce the volume of storm runoff [27].

Other United States’ cities such as Cleveland, Milwaukee, Nashville, New York,
Philadelphia, and Portland have long-term GI adoption plans that were at the implemen-
tation phase at the time of this synthesis. Cleveland’s GI plan, titled “Project Clean Lake
Green Infrastructure Plan”, is a long-term (2012-2023) GI plan overseen by the Northeast
Ohio Regional Sewer District (NEORSD) with an estimated cost of USD 42 million to reduce
CSOs. The city of Milwaukee, known for its brewing traditions, initiated the “Regional
Green Infrastructure Plan” with a 2035 vision of having zero basement backups, zero CSOs,
and clean water resources. Projected over 22 years (2013-2035), this plan has an estimated
cost of USD 1.3 billion for full implementation. The associated website “H20Capture.com”
was designed to educate and engage the public in GI principles and the plan [19,31]. The
“Green Infrastructure Master Plan” of Nashville was finalized and approved in fall 2009
to install GI practices within the city’s 32 km? of combined sewer system (CSS) area for
reducing storm runoff inflows to the CSSs [32]. New York City’s “NYC Green Infrastructure
Plan” was initiated to improve the quality of life over a timeframe of 20 years (2010-2030),
with an estimated cost of USD 1.6 billion by using decentralized stormwater retention and
detention measures for treating runoff from 10% of impervious surfaces in the combined
sewer watersheds (DEP 2010). The 25-year (June 2011-June 2036) “Green City, Clean
Waters Program” of Philadelphia was implemented with USD 1.67 billion to improve the
quality of life for residents and visitors (PWD 2009). Portland, the City of Roses, also
launched a 5-year plan in 2008 called “Gray to Green (G2G) Initiative” with USD 50 million
to encourage GI adoption for reducing CSO, basement flooding, and peak flow events
while and protecting downstream water bodies [20].

Birmingham (UK) established “Parks and Open Space Strategy” for protecting parks
and open spaces through careful planning, design, management, and maintenance of
these spaces in the city from 2006 to 2021 [33]. In addition, the city assured that nature
resources are protected and accessible to future generations under the umbrella of “Nature
Conservation Strategy” [34]. The “Green Living Spaces Plan” of Birmingham is intended
to help preserve and enhance networks of green space across the city. The plan supports
the existing “Parks and Open Space Strategy” and “Nature Conservation Strategy”, aiming
at making a healthy city through effective long-term maintenance of natural green spaces
and water bodies [35]. In Toronto, the Water Infrastructure Management section of the
Toronto Water Division launched a 25-year (2003-2028) stormwater plan with USD 1
billion named “Wet Weather Flow Master Plan”. This is a comprehensive strategy to
deal with surface water quantity and quality, sewage overflows, habitat protection, and
stormwater management at the source using both traditional and green stormwater control
measures [27,36]. The city of Copenhagen uses various policies and plans that promote
green space in the city. These plans include the “Five Finger Plan”, “Copenhagen Climate
Change Adaptation Plan”, “Eco-metropolis”, and “Pocket Parks, Trees and Other Green
Areas” and seek to ensure that people living in Copenhagen have access to open spaces,
parks, and natural areas. The City of Yokohama with the “Yokohama Green-Up Plan”,
“Climate Change Initiative”, and “Eco-City Initiative” aims at protecting green spaces
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in the city. The “Yokohama Green-Up Plan” is a multi-year plan initiated by the city in
2009 to preserve the city’s green space for future generations. In parallel, the “Climate
Change Initiative” aims at conservation and creation of natural environment and green
space, while the “Eco-City Initiative” would help rehabilitate green networks along the
coast, enhance ecological sustainability of the city, and provide recreational opportunities
to citizens. In Adelaide (Australia), “Sustainable Landscapes Project”, “30 Year Plan for
Greater Adelaide”, “GI Project at the Botanic Gardens of Adelaide”, and 202020 Vision”
were adopted for promoting GI practices in Adelaide so that people can live and thrive in
a surrounding healthy and beautiful environment.

3.2. Methods Used to Quantify Socioeconomic Benefits of GI Adoption

Various analyses were conducted to evaluate the socioeconomic benefits associated
with GI adoption for the 16 metro areas reviewed in this study (Table 1). As shown in
Table 2, these evaluation methods include triple-bottom-line (TBL) analysis, cost-benefit
analysis, life cycle assessment, cost effectiveness analysis, business case analysis, literature
review, benefit or value transfer method, survey instrument, and computational modeling.

Table 2. Summary of methods used to quantify social and economic benefits of GI adoption.

Triple Life Cycle Business Benefit or
Metropolis Cit Botfom Benefit- Assezs- Cost Effec- Case Simulation  Literature Value Questionnaire
3 y . Cost tiveness . Modeling Review Transfer (Survey)
Line ment Analysis Approach
Chicago
metropolitan Chicago V1
area
Cleveland
metropolitan Cleveland N& Vv
area
Greater Austin Austin Vv
Kansas City Kansas
metropolitan City, Vv
area Missouri
metopatitn 1° y
P Angeles
area
Milwaukee
metropolitan Milwaukee Vv V3
area
Nashville
metropolitan Nashville Vv
area
New York
metropolitan New York Vv Vv
area
Philadelphia
metropolitan Philadelphia Vv
area
Portland
metropolitan Portland Vv v V& Vv
area
Seattle
metropolitan Seattle Vv Vv Vv

area
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Table 2. Cont.

Triple Life Cycle Business Benefit or
M . . Benefit- Y Cost Effec- Simulation  Literature Value Questionnaire
etropolis City Bottom Assess- . Case . .
. Cost tiveness . Modeling Review Transfer (Survey)
Line ment Analysis A
pproach
Birmingham
metropolitan Birmingham Vv
area
Copenhagen
metropolitan Copenhagen Vv
area
Greater Tokyo Yokohama N
area
Greater Toronto ~ Toronto Vv
South Australia ~ Adelaide Vv v

Notes: ! Bin-method energy model developed by American Society of Heating, Refrigerating and Air Conditioning Engineers (ASHRAE)
was used by City Hall, Chicago, to estimate energy cost savings due to cooling effect of green roof. 2 IMPLAN (IMpact Analysis for
PLANning) model was used to determine the economic impact due to maintenance spending on GIs. ® Milwaukee Metropolitan Sewerage
District (MMSD) applied the System for Urban Stormwater Treatment and Analysis Integration (SUSTAIN) model to identify the most
cost-effective set of LID/GI practices in terms of runoff volume reduction. 4 UFORE (Urban Forest Effects) model from the U.S. Forest
Service (USFS) was used to estimate air pollution removed in terms of particulate matter by trees and shrubs for improving air quality
and health.

4. Social Benefits of GI

Research showed that implementation of GI practices could help improve existing
built areas by converting them into greener environments, improving the quality of life
through beautification of these locations, and creation of recreational opportunities that in
turn would support reduction in crime rate and stress [19]. Increased physical activities
have often been linked to access to safe and good quality green space [37]. Physical activities
can help reduce obesity, enhance mental well-being, and increase social interaction and
integration (HHS 2008, National Prevention Council 2011). Green space is particularly
beneficial to individuals who are vulnerable to social exclusion [37]. The social benefits
associated with the 16 GI plans reviewed in this study are discussed below.

4.1. Reduction of Urban Heat Island Effect and Heat Stress

In urban environments, buildings and pavement impervious surfaces such as concrete
and asphalt, replace open land and vegetation, creating a different thermal bulk properties
(i.e., heat capacity and thermal conductivity) and surface radiative properties of mate-
rial surfaces in the built environment [38,39]. These surfaces absorb rather than reflect
solar radiation, causing surface temperatures and overall ambient temperature to rise in
urban areas compared to rural surroundings [38,39]. This creates an “island” of higher
temperature in the urban landscape. Urban heat island could create health problems to
residents as heat waves may lead to heat stroke and even death [40]. Due to heat island
effects, central Los Angeles is typically 5°F warmer than the surrounding suburban areas
during summer [29]. Implementation of GI practices (green roof, trees, green walls, and
rain gardens) provide vegetative shade that can lower the temperature within buildings
and the surrounding air temperature through evapotranspiration [39]. Green space helps
to mitigate the effects of urban heat island by reducing heat stress, leading eventually to
improvement in public health. The TBL analysis conducted in Philadelphia predicted a
reduction in fatalities caused by excessive heat and heat stress over the next 40 years from
the year 2009 [41]. Similarly, a study to evaluate the benefits and costs of green roof in
the City of Toronto revealed that a widespread adoption of green roof in the city would
help reduce the local ambient air temperature by a range of 0.5 °C to 2 °C [42]. The City of
Adelaide also reported that GI adoption could help lower heat stress, heatstroke, and heat
related death of residents (Ely and Pitman 2012). Chicago, Los Angeles, Austin, Milwaukee,
and Seattle (Table 1) are also in the same mindset, reporting that GI adoption is a necessary
step for reducing the effects of urban heat island (Table 3) [27,43].
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Table 3. Social benefits associated with GI adoption in the cities examined in this study.
Reduction . Improvement of .
of Urban Enhancement of Crealun‘\ of Equitable Quality of Life . Improvement Reduftmn of . Providing Space
. Attractive Creation f Flooding and Reduction of .
Heat Aesthetics and Streetscapes Access to (Enhancement of of of Air Combined Domestic for Urban Noise
Metropolis Island Increase in Enhanciz Healthy Physical and Green Quality and Sewer Violence and Agriculture and Abate-
Effect and Recreational 'ng Neighbor- Mental Health, . Human " Community ment
e Pedestrian . Job Overflow * Crime Rate
Heat Opportunities . hoods and Reduction Health Gardens
Environment (CsO)
Stress of Stress)
Chicago
metropolitan area 4 v v v
Cleveland
metropolitan area v v v v %
Greater Austin Vv v v
Kansas City
metropolitan area v v v
Los Angeles
metropolitan area 4 v 4 v v
Milwaukee
metropolitan area 4 4 v v v v
Nashville
metropolitan area 4 v v v v
New York
metropolitan area v v v v v
Philadelphia
metropolitan area v v v v v v
Portland
metropolitan area 4 v v v v v v v
Seattle
metropolitan area 4 4 v v
Birmingham
metropolitan area 4 v v v v
Copenhagen
metropolitan area 4 v v v
Greater Tokyo
Area (City of v Vv v
Yokohama)
Greater Toronto v
Adelaide (South
( v v v v v v v

Australia)

Note: * May also contribute to economic benefits.

4.2. Beautification of Existing Urban Areas

The lack of access to sufficient green space has been a major problem that communi-
ties generally face in urban areas. This may influence the physical and emotional health
of urban dwellers [44]. Creation of new green spaces by incorporating GI practices in
new developments and gentrification projects has been shown to improve community
livability and provide opportunities to stay healthy through recreational activities [44].
The TBL analysis conducted by the City of Philadelphia estimated that in over 40 years
the monetized present value of recreational benefits from GI adoption would amount to
USD 520 million [45]. Milwaukee Metropolitan Sewer District (MMSD) also estimated
that GI incorporation (green alleys and bioretention areas) in its combined sewer service
areas could increase recreational areas by 275 acres. Predictions with benefit or value
transfer method in Birmingham (United Kingdom) estimated the annual value of recre-
ational benefits for GBP 7.4 million (USD 12.6 million) for expanding woodland and GBP
0.17 million (USD 0.3 million) for wetland, with an aesthetic appreciation of woodland
estimated at GBP 8.6 million (USD 14.7 million) [21]. An analysis of the feedback from
a survey instrument in the City of Adelaide allowed us to conclude that 47% and 42%
of the 76 respondents strongly agreed that GI adoption would provide attractive living
space through enhancement of the beauty of the surrounding environments and increase
recreational opportunities, respectively [46].

4.3. Environmental Equity

Implementation of GI practices in minority and low-income neighborhoods could
enhance access to green space, create hope, and improve community livability [20]. The case
of GI adoption in socially disadvantaged and minority neighborhoods in Portland, Oregon,
is an example [20]. Philadelphia and Cleveland have also reported similar environmental
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equity benefits derived from GI implementation for their neighborhoods under GI adoption
plans (Table 3, [27,47]).

4.4. Creation of Green Jobs

The construction and maintenance of any infrastructure require a workforce. Green
infrastructure also falls under this category and requires both skilled and unskilled labor
for the construction and maintenance of the practices. The direct outcome for the need of a
permanent workforce for GI projects is the creation of green jobs, which will ultimately lead
to income generation in a number of households. Nearly 250 people could be employed in
green jobs in Philadelphia annually [41], equating to an estimated present value of USD
125 million in savings of social assistance costs (i.e., food stamps and homeless expenditure)
over a 40-year period [45]. In the same context, an annual reduction of USD 5.5 million in
social assistance costs with a present worth of USD 68 million over a 20-year period was
estimated for the City of Milwaukee with the creation of green jobs [48].

4.5. Improvement in Air Quality and Human Health

Vegetation improves air quality by filtering airborne pollutants and toxic gases such as
and particulate matter (PMjp) and ozone (O3) [22,49,50]. Reduction of energy consumption
in buildings with the implementation of GI practices also improves air quality by decreasing
emission of sulfur dioxide (SO;) and nitrogen dioxide (NO,) [22,45]. Improvement in air
quality is directly associated with public health improvement (American Rivers 2012). If
the City of Philadelphia’s GI plan is fully adopted, air quality would be improved in the
city and the frequency and severity of respiratory illness would be reduced, corresponding
to a USD 130 million present value of health benefits over a 40-year period [45]. In Portland,
Oregon, 0.4 hectare of ecoroof was shown to remove approximately 4 kg of PMj per year,
1 square meter of green street facility removes 18 g of PM;( annually, and one tree removes
approximately 90 g of PMjg per year [20]. The trees planted in New York City are expected
to reduce 129 tons of ozone, 63 tons of PMjg, and 193 tons of NO; per year [51]. In a similar
study, Banting et al. (2005) reported that the economic value for reducing carbon monoxide
(CO), NO,, O3, PMyg, and SO, using green roof in the City of Toronto, Canada, would be
about USD 2 million per year [42].

4.6. Reduction in Flooding and Combined Sewer Overflow Events

In recent years, concerns over the increasing number of flood events have prompted
interest in better management and reduction of flood risks in urban settings with adoption
of GI practices. Urbanization generally intensifies flood risks through increased runoff
rate and volume, decreased time of concentration, reduced water infiltration, and channel
deformation [52,53]. In combined sewersheds, urbanization can lead to increased CSO
events, resulting in impairment of downstream waters and deterioration of aquatic life [7].
Plant and tree stands could delay runoff velocity, reduce runoff volume, extend runoff
time of concentration, and promote infiltration into the soil profile [54]. By promoting
infiltration and evapotranspiration, GI practices help reduce flood risks and CSO events,
while improving community livability. In addition, the pressure on sewer system during
rain events is diminished when the volume of stormwater seeping into the sewer system is
reduced. Research found that one million trees can capture 1.9 billion gallons of stormwater
per year in LA area [29]. Green infrastructure plans in cities such as Chicago, Kansas City,
Milwaukee, Nashville, New York City, Philadelphia, Portland, and Seattle are anticipated
to help address flood and CSO issues (Table 3, [30-32,55]).

4.7. Reduction in Domestic Violence and Crime Rate

Even though the role of GI adoption in domestic and crime rate reduction is not well
documented, it is generally accepted that GI practices could help reduce mental fatigue
and stress, which in turn could be linked to reduction in domestic violence and crime
rate. The reduction of crime rate associated with GI adoption could be explained by



Water 2021, 13, 3651

10 of 14

the fact that GI encourages walkability and outdoor activities, thus discouraging crimes
by increasing the probability of crime watch. Cities such as Milwaukee, Nashville, and
Copenhagen acknowledged the role of GI adoption in lowering crime rate and reinforce
the sense of community through increased social interactions (Table 3, [32,48,56]). Well-
maintained green areas are believed to be important for reducing mental fatigue, violent
emotions in individuals, leading to reduction in crime rate and domestic violence in
communities [20,57].

4.8. Other Social Benefits

Implementation of GI practices plays a major role in creating attractive streetscapes
to enhance walkability and pedestrian environment and abate traffic noise in adjacent
residential areas [29,43,57] (Table 3). Likewise, the quality of life translated in stress
reduction as well as improvement in physical and mental health is highlighted with
implementation of GI practices in Cleveland, Austin, Kansas City, Milwaukee, New York,
Portland, Birmingham, Copenhagen, and Adelaide (Table 3). Planning for GI adoption
would also provide space for urban agriculture and community gardens (Table 3, [42,57]).

5. Economic Benefits of GI

Green infrastructure provides multiple economic advantages. Adoption of GI practices
was shown to add value to properties in Adelaide according to a survey instrument in
which 33% of the respondents agreed to this with a mention of “very” (Table 4, [46]). The
GI plans for the 16 cities reviewed allowed us to identify some of these economic benefits.

Table 4. Economic benefits associated with GI adoption in the cities examined in this study.

Reduction of Reduction Increase Reduction of

Creation Reduction of Increase in Infrastructure Reduction of of Increase in Reduction of Increase in food Bills
Metropolis of Green R Property Flood and . Life Span of Stormwater in . due to Urban
. Energy Bills Cost and . Pumping . Business .
Job Values Associated Cost Infrastructure Fees Tourism P Agriculture
Treatment Cost Costs Activity .
Production
Chicago V.
metropolitan area
Cleveland
metropolitan Area v v
Greater Austin Vv
Kansas City
metropolitan Area v v v
Los Angeles
metropolitan area 4 v v
Milwaukee
metropolitan area 4 v v v
Nashville
metropolitan area 4 v v v
New York
metropolitan area v v v
Philadelphia
metropolitan area v v v v
Portland
metropolitan area 4 v v v
Seattle metropolitan
area 4 v
Birmingham
metropolitan area 4 v v v v
Copenhagen
metropolitan area v v v v
Greater Tokyo Area
(City of Yokohama)
Greater Toronto Vv Vv Vv v
South Australia
v v v

(Adelaide)

Note: * May also contribute to social benefits.

5.1. Green jobs

Philadelphia’s TBL analysis showed that GI adoption projects helped to create nearly
250 green jobs [41], estimated with a present value benefit of USD 125 million of saving on
social costs over a 40-year period [45]. Similar predictions were made for Gl implementation
plans in Milwaukee, where the creation of green jobs would reduce social costs estimated at
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USD 5.5 million with a present worth of USD 68 million over a 20-year period (Table 4, [48]).
It should be noted that green jobs are jobs that contribute to the preservation or restoration
of environment quality.

5.2. Energy Savings

Implementation of GI practices in a watershed would result in reduction of runoff
volume, leading to a decrease in energy costs for pumping and treating combined sewer
systems [7]. In Philadelphia, the TBL analysis conducted for the GI adoption plan indicated
that a net energy saving over a 40-year period in the city could approximate 370 million
kWh (kilowatt hours) or USD 34 million in monetary value [45]. Model predictions for
energy savings estimated an annual total energy saving of USD 3600 for the green roof
implemented on the City Hall in Chicago [58]. Initiatives of ecoroof projects in the city of
Portland would translate into more than 8270 kWh per acre per year, 155 kWh per year
per green street facility, and more than 11 kWh per year per tree of energy savings [20].
A reduction of 1.8 million kWh of energy use over a 20-year period in the CSS area was
estimated for Milwaukee, resulting in USD 98,000 to USD 143,000 savings [48]. In New
York City, shading from street trees provide approximately USD 27.8 million per year in
energy savings (Table 4, [51]). Similarly, implementation of the Toronto green roof plan
would result in USD 21 million per year savings (Table 4; [42]), and Birmingham in the
United Kingdom could save USD 0.7 million (GBP 0.39 million) per year in energy costs
for heathland areas (heathland refers to shrubland habitat, which usually grows on freely-
drained infertile soils), and USD 0.8 million per year (GBP 0.48 million) for grassland areas
(Table 4, [21]).

5.3. Property Values

Research showed that property values were higher in areas with trees and vegetation
compared to similar areas without vegetation [59]. With the GI adoption planned for the
city, greened neighborhoods, near park, and green areas would see 2% to 5% on average
(Table 4, [41]). In Seattle, increases in the value of properties located in close proximity
to green areas averaged 5% (Table 4, [55]). The value of homes located near green streets,
swales, and other GI practices was projected to increase by 3% to 5% (Table 4; [20]). The
CSS area of Milwaukee has also seen an increase of USD 68 million in property values [48].
A neighborhood garden implemented in New York City raised the surrounding property
values by 9% within five years of the opening of the garden [51]. It is believed that
implementation of GI practices has increased tourism and opportunities for business
activities in Birmingham and Copenhagen (Table 4).

5.4. Infrastructure Capital and Sewer Treatment Costs

Implementation of porous pavement and green alleys in the CSS area in Milwaukee
would result in 66 to 77% reduction per stormwater unit storage cost, which will ultimately
lead to a saving for constructing stormwater infrastructure (Table 4, [48]). In Toronto,
downspout disconnection saved about USD 140 million in stormwater infrastructure costs
between 1998 and 2011 (Table 4, [27], and approximately USD 279 million in municipal
infrastructure capital costs could also be saved with implementation of green roofs [27].
There was an estimated reduction in stormwater pumping costs from deep tunnels with
the implementation of GI practices in Milwaukee and New York City (Table 4), leading to
increases in public and private infrastructure life span in Austin, Portland, and Adelaide
(Table 4). Green infrastructure adoption plans for the cities of Nashville, Philadelphia, and
Portland also highlighted reductions in their stormwater fees (Table 4). In Copenhagen
and Adelaide, GI adoption is held in high regards with respect to urban agriculture, which
in turn help reduce food bills (Table 4).
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5.5. Flood Events and Associated Costs

Using a value transfer approach, a reduction in flood damage was estimated for USD
0.6 million (GBP 0.37 million) with the implementation of a 426 ha of wetland in the City of
Birmingham (Table 4, [21]).

6. Conclusions

This work focused on social and economic benefits gained from GI adoption imple-
mentation in 12 cities of the United States, Copenhagen, Adelaide, Toronto, and Tokyo.
The evaluation methods used to quantify GI adoption benefits as reported by the city pro-
grams include TBL analysis, cost-benefit analysis, life cycle assessment, cost effectiveness
analysis, business case analysis, literature review, benefit or value transfer method, survey
instrument, and computational modeling.

On the basis of the review and program examined, we found that GI adoption could
help lower heat stress, heatstroke, and heat-related death of residents. Creation of new
green spaces, by incorporating GI practices, has been shown to improve community
livability and provide opportunities to stay healthy through recreational activities. The
direct outcome for the need of a permanent workforce for GI projects is the creation of
green jobs, which would ultimately lead to income generation in a number of households.
Vegetation improves air quality by filtering airborne pollutants and toxic gases such as
particulate matter and ozone. Reduction of energy consumption in buildings with the
implementation of GI practices also improves air quality by decreasing emission of sulfur
dioxide and nitrogen dioxide. GI encourages walkability and outdoor activities, thus
discouraging crimes by increasing the probability of crime watch.

The economic benefits from GI adoption have been estimated in millions of dollars.
Implementation of GI practices in a watershed would result in reduction of runoff vol-
ume, leading to a decrease in energy costs for pumping and treating combined sewer
systems. This analysis also showed that property values were higher in areas with trees
and vegetation compared to similar areas without vegetation.
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