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The current form and pace of urbanization is an ongoing threat to sustainable urban development. As
these problems span social, environmental, and economic realms, it is imperative that any proposed
solution is able to address these problems holistically. Although a number of silver-bullet solutions
such as electric vehicle adoption have been introduced, they do not respond to the problems with an
integrated approach. Tackling this problem will require a solution that can be changed and applied
on a case-by-case basis. Therefore, the development of green infrastructure is the most efficient
solution when responding to the problems threatening urban sustainability. The purpose of this
paper is to argue for the efficacy of green infrastructure methods by analyzing the evidence provided
about factors like temperature and pollution levels in green cities as compared to other proposed
solutions, and to explore critiques of green infrastructure and discuss their potential improvements.
The research provided contains a mixture of case studies, participant surveys, and other scientific
findings and has the potential to make green infrastructure a priority in the future planning of cities.
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As cities expand, there have been particular values and principles that have drawn people to a pattern of
urbanization and densification. Under their historial guise, cities are supposed to be seen as hubs of human
innovation. Their promises of connection, expansion, and infinite possibility drew me to desire urban living
at a young age. More often than not, however, they become case studies of humanity’s worst collective is-
sues. Unchecked growth continues to threaten our societies’ environmental, social, and economic wellbeing.
For this reason, it is imperative that we draw up viable solutions to these problems that would better align
our cities with the original vision in mind as communities that will propel us into a brighter future. Green
infrastructure has proven to serve as a holistic solution to unsustainable urban development, as it tackles
a variety of interconnected problems instead of isolated approaches. Green infrastructure can generally be
defined as a system of plants and soils that have a variety of aesthetic and functional purposes, such as rain-
water absorption, natural cooling, or general beautification. The network can take many forms such as rain
gardens, urban forests, or green roofs. It has been shown to reduce the urban heat island effect as well as a
wide variety of pollution and emissions sources, address flood risk, and improve public health and wellness.
The Chinese sponge city (SC) initiative is just one example of how green infrastructure can be applied, as
it demonstrates how green infrastructure methods are applied on an appropriate scale. The purpose of this
paper is to advocate for the use of green infrastructure in cities as the best way to solve problems related to

our current systems of unchecked growth and urbanization.

Literature Review

The topic of urban sustainable development connects to both the United Nations Sustainable Devel-
opment Goals (UNSDGs) and the Planetary Boundaries model. The UNSDGs are a collection of 17 global
targets that were introduced by the United Nations in 2015, the main objective of which is to create a system
where countries are able to tackle their environmental, social, and economic problems in a checklist form.
In relation to the UNSDGs, the topic of urban sustainable development fits into Sustainable Development
Goal 11 (Sustainable Cities and Communities), which deals with urban sprawl, land use patterns, and in-
frastructure development. Additionally, the authors discuss individual ‘smart city’ initiatives that have been

created and evaluate their effectiveness.

The Planetary Boundaries model was created in 2009 and outlines nine environmental thresholds in
which humanity must remain within in order to sustain our way of life. Some of these boundaries include
factors like ocean acidification and ozone depletion. Hoornweg et al. (2016) have assessed how the issue of
unsustainable urban development has a direct impact on certain planetary boundaries including land use
change and greenhouse gas (GHG) emissions. This article’s perspective is unique because it demonstrates
how the planetary boundaries model can be applied to individual cities as well. The authors create a collec-
tion of infographics (Figure 1) with a planetary boundary chart for global cities such as Toronto and Shang-
hai. The green shade in Figure 1 represents our societies functioning within the safe environmental limits; as
the colors fade to red, the farther we are crossing the planet’s environmental boundaries into dangerous ter-

ritory. Therefore, the individual impacts of major cities can be directly compared and addressed accordingly.
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Figure 1

The Planetary Boundaries Model Used to Compare 5 Global Cities: (a) Toronto; (b) Sdo Paulo; (c)
Shanghai; (d) Mumbai; (e) Dakar

Note. Image from Hoornweg et al. (2016)

Many researchers have discussed the numerous causes of unsustainable urban development. For in-
stance, Jartun et al. (2008) discusses how the infiltration of extensive road networks within our cities is
causing large swaths of water pollution runoff. Yao et al. (2016) conducts a similar case study with the focus
of impervious surfaces such as concrete and asphalt that are prevalent in cities. These materials are known
to absorb large amounts of heat, yet cannot absorb water or other fluids, thereby increasing the risks of
flooding, chemical runoft, and higher heat levels. Zuniga-Teran et al. (2021) takes a more socially-focused
approach to the causes of unsustainable urban development, highlighting colonial histories of environmen-
tal injustice in many major cities. An example of this is the lack of green infrastructure in urban areas that
are predominantly low-income or communities of color. Although each article addresses different causes of
unsustainable urban development, there is a general consensus that the status quo of urban development

must drastically change in order to address the consequences.

Moreover, much research has been done concerning the consequences of unsustainable urban devel-
opment, the majority of which are biophysical in nature. For example, Ren (2021) defines a phenomenon
called the urban heat island effect that results from increased temperatures due to rapid urbanization. This
occurs when heat is trapped by gray infrastructure such as asphalt and buildings instead of being released
into the atmosphere. This phenomenon can be observed using a variety of climatological models such as

spatial maps and temperature graphs as tested by Ren (2021). The high temperatures can be traced to large
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concentrations of carbon dioxide (CO2) and methane (CH4) due to a variety of factors such as urban indus-

trial activity and elevated usage of internal combustion (IC) vehicles (Zimnoch et al., 2019).

In response to the causes and consequences of unsustainable urban development, a wide range of solu-
tions have been introduced by researchers. Although there is a general consensus that solving the problem
of unsustainable urban development will require high levels of disruptive action, there are disagreements
about which type of solution would be the most effective. For instance, Skipper et al. (2023) discusses the
idea of widespread electric vehicle adoption, which can easily be seen as a type of silver-bullet or one-size-
fits-all solution. Other researchers like Priya et al. (2021) and Wang R. et al. (2022) discuss different types
of green infrastructure implementations such as the SC strategy, which would address a multitude of envi-
ronmental, social, and economic problems instead of just one. Burghardt et al. (2023), Reyes-Riveros et al.
(2021), and Wang P. et al. (2022) elaborate on these strategies by adding an emphasis on human health and

wellbeing benefits like decreased stress and depression.

The main critique of the literature reviewed is that solutions have historically ignored the importance
of environmental justice and wider social benefits that are needed in order for cities to be considered more
sustainable (Zuniga-Teran et al., 2021). In this paper, I would like to present some approaches addressing
environmental justice alongside how we can further create a more integrated and inclusive approach to the

problem of unsustainable urban development.

Green Infrastructure Impacts on Temperature and Air Pollution

The continuous threat of climate change and the onset of more extreme weather events accentuates the
need for a wide range of adaptation and mitigation strategies. Two types of extreme weather events brought
on by climate change that directly impact urban areas are increased flooding and extreme heat events. Ren
etal. (2021) discusses the dangers of the urban heat island effects that have become more common in dense
cities, while Zimnoch et al. (2019) comments on the rising carbon dioxide and methane emissions. For
example, emissions from industrial activities contribute to high temperatures. These temperatures can be-
come dangerous to human health by increasing heat-related illnesses like heat stroke. The extremely high
density of urban centers as well as the methods of land use are the main contributors to these problems. The
implementation of green infrastructure methods has been proven to reduce temperatures (Priya et al., 2021)
and overall air pollution (Zimnoch et al., 2019) within urban areas. Priya (2021) highlights how changes to
a city’s microclimate via green infrastructure strategies such as green roofs and urban parks can drastically
reduce temperatures by up to 12°C. This is due to a variety of ecosystem services that plants provide such
as shading, carbon dioxide exchange into oxygen, as well as a process called evapotranspiration in which
plants transport cool water from the ground into the atmosphere. In particular, the temperature-reducing
benefits of green roof infrastructure also extend to the interior of buildings. These landscapes also reflect
solar radiation from a building’s rooftop, which helps to keep the building cooler inside (Priya et al., 2021).

These processes are illustrated in the figures below.
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Figure 2

Visual Representation of Green Roof Cooling
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Figure 3
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The research conducted by Priya (2021) also finds correlations between the density of a tree’s canopy and
the amount of sunlight reflected for cooling and shading purposes. For example, a tree with leaf coverage
of about 80 percent can reduce air temperature by 2.5°C. Each 10 percent increase in leaf coverage means
a temperature reduction of 0.3°C (Priya et al., 2021). Therefore, it can be concluded that adopting a variety
of green infrastructure strategies with the prioritization of canopy-dense tree and plant species is a highly

effective method of reducing urban temperatures and GHG emission concentrations.

Furthermore, adding green infrastructure such as green roofs and trees to urban areas leads to large
reductions in particulate matter (PM) air pollution (Abhijith & Kumar, 2020). As PM moves through the

air, large amounts of these substances are deposited on the leaves of urban greenery and removed from the
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atmosphere. The research conducted by Abhijith and Kumar (2020) concluded that the majority of PM de-
posited on the leaves of green infrastructure are PM1, which are particles that are about one micron in size.
The reduction of PM was found to range from 14% to 21% (p. 4). Utilizing green infrastructure provides a
much better solution to urban air pollution than other silver-bullet solutions such as the widespread adop-
tion of electric vehicles (EVs). According to Skipper (2023), switching from IC vehicles to EVs does lead to
significant decreases in PM, ozone, and GHG emissions pollution, with a 25% decrease in tailpipe emissions
and a reduction of PM by about 0.5 to 2 micrograms per m®. However, PM is still prevalent as a result of
EV usage due to dust creation from tires, brakes, and road wear. Therefore, green infrastructure methods

provide a more comprehensive solution to the urban heat island effect and high levels of urban air pollution.

Green Infrastructure Impacts on Flooding and Water Pollution

As explained by Yao (2022), the current infrastructure of urban areas is actually exacerbating urban
flood risk through the proliferation of impervious surfaces. This water has to flow as runoff, which can then
collect and transport harmful sources of water pollution like heavy metals and polychlorinated biphenyls
or PCBs (Jartun et al., 2008). As polluted water eventually makes its way through the water cycle, it has the
potential to contaminate drinking water and put human health at risk. Since the issues of flood risk and

water pollution are intertwined, it is best to consider them together when trying to identify viable solutions.

The green infrastructure method of SCs is effective in both reducing flood risk and toxicity of urban
runoff (Zhou & Penning-Rowsell, 2021 & Anderson et al., 2016). The intention and philosophy behind
the SC technique is to mimic nature’s methods of controlling rainwater and floods. An SC uses strategic
planting methods such as rain gardens or bioswales in order to replace impervious infrastructure such as
parking lots or concrete pavement. Elevation and topography are essential elements of planting methods,
as it is important to understand how the water flows within a given area. These plants allow for floodwaters
to filter through the soil and prevent runoft. Furthermore, Anderson (2016) discusses data that show how
bioswales can also filter out chemicals like pesticides from parking lot runoft during a rainfall event. Plants
and soils are able to store chemicals in their roots and in the ground which keeps them from reentering the
water cycle. By reducing the bio-accumulation of toxic contaminants using bioswales, humans will benefit

from decreased exposure to harmful pollutants.

Green Infrastructure Impacts on Human Health and Wellbeing

The benefits of green infrastructure extend to more than just the biophysical sphere. Urban landscaping
and forestry are linked to improved human health and wellbeing. By preventing or reducing the negative
environmental impacts as stated above, there are a plethora of negative health effects that can be avoided
as well. For example, by reducing the likelihood of extreme heat events using green infrastructure, it can be
expected that rates of heat-related illnesses like heat stroke would also decrease (Ren et al., 2021). Moreover,
Reyes-Riveros (2021) analyzes how proximity to public green spaces (PGS) are linked to human physical
health and wellbeing. The authors of this study conducted a literature review that found that 63% of articles

on this topic observed correlations between available PGS and decreased stress levels, as well as how PGS
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encourage individuals to engage in more physical activities such as individual and group sports.

In a specific case study, Pengwei Wang (2022) surveys the impact that small urban parks have on human
mental health. Time spent in small urban parks was not only linked to decreased depressive symptoms, but
was also linked to stronger social cohesion. Individuals who spend more time in PGS have more positive
social interactions with others which also improves mental health. This is in contrast to other types of urban
infrastructure such as car-oriented infrastructure, which generally discourages individuals from spending

time in nature or outside of a vehicle.

Observing the attitudes of citizens in a community towards green infrastructure is also important as
a means of encouraging the adoption of these practices. Rui Wang (2022) organized a case study on the
attitudes of Chinese citizens towards SC development. The authors of this survey found that around 70%
of survey participants had positive beliefs surrounding SCs in terms of climate solutions, social cohesion,
and aesthetic value. For these reasons, shifting to a set of green infrastructure models can have numerous

beneficial impacts on human health and wellbeing.

The Environmental Justice and Green Infrastructure Debate

A major critique of the current state of green infrastructure adoption is the dismissal of environmental
justice as an important factor to consider. A review of green infrastructure history by Zuniga-Teran (2021)
highlights how strategies to implement green infrastructure into urban areas mostly targets predominant-
ly White neighborhoods with higher income levels. Ignoring lower income and minority neighborhoods
means that these communities are at increased risk to some of the threats discussed above such as the urban

heat island effect and increased flood risk.

Although this critique is valid and has been thoroughly researched, there is current evidence that shows
how green infrastructure implementation is moving in the right direction towards environmental justice
progress and how we can further its expansion. For example, a case study conducted by Burghardt (2023)
shows how knowledge of institutionalized racism is critical for infrastructure projects, and how history can
be used to right the wrongs of the past when it comes to greening practices. This case study was conducted in
Baltimore, Maryland in the United States, a city with a deep history of race-based community segregation.
The study found that there has been a significant increase in investment in these communities as a result of

tree-planting efforts conducted by the city (Burghardt et al., 2023).

Furthermore, Rui Wang (2022) demonstrates how green infrastructure projects can be largely commu-
nity-led, which leads to stronger community engagement amongst a range of income levels. Their case study
in China monitors the success of SCs in four cities with differing levels of gross domestic product or GDP.
The SC tests were considered the most successful in Zhenjiang, the city with the highest GDP, and Pingx-
iang, the city with the lowest GDP (Wang R. et al., 2022). This study also shows how the level of monetary
investment differed in each city, proving that green infrastructure can be adapted to each city’s individual
needs (Figure 4). Visual examples of these interventions as pictured below demonstrate how green infra-

structure projects do not have to remain as costly corporate endeavors.
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Figure 4
Results of Sponge City Pilot in China
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Overall, the main points of this critique will need to be the focus of the conversation around green
infrastructure in the coming years; however, all of the previous benefits of green infrastructure mentioned
above cannot be taken advantage of if only certain members of our urban societies can experience them.
With ongoing discussions of creating more holistic approaches to environmental sustainability, it is clear

that these problems are being seen and addressed in some form.

Discussion

As the world continues to urbanize, there are many aspects of our societal norms that make the possibil-
ity of sustainable urban development a difficult goal to reach. Therefore, striving to achieve urban sustain-
ability must be done using the most efficient and holistic methods in order to tackle the range of issues. As
a response to the threats of water and air pollution (Ren et al., 2021; Anderson et al., 2016), climate change
(Zhou & Penning-Rowsell, 2021), and human health risks (Reyes-Riveros et al., 2021), the site-specific im-

plementation of green infrastructure methods provides the most effective solution.

Overall, the sources discussed in this article suggest that a majority of the causes of unsustainable urban
development can be tackled all at once. The reduction of urban temperatures by up to 12°C (Priya et al.
2021), as well as the reduction of flood risk from urban runoff (Zhou & Penning-Rowsell, 2021) are excellent
for climate change adaptation and mitigation. The deposition of particulate matter onto the leaves of urban
plants (Abhijith & Kumar, 2020) and the removal of toxic contaminants from flowing water (Anderson et
al., 2016) demonstrates how effectively green infrastructure can handle air and water pollution. The surveys

conducted on the relationship between human health and PGS demonstrate how important green infra-
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structure is to the long-term prosperity of human beings.

The critique of historical environmental injustices in the realm of green infrastructure implementation
is an important topic to examine as it holds the key to answering certain questions about the limitations of
green infrastructure as a comprehensive solution. As shown in case studies from Baltimore in the United
States (Burghardt et al, 2023) and a group of Chinese cities (Wang R. et al., 2022), these injustices are increas-

ingly being taken into consideration and being applied to new initiatives for integrated urban sustainability.

One of the best aspects of green infrastructure is the wide-variety of opportunities for implementation.
The emphasis on applying a holistic approach is essential to my analysis—holistic in the sense that a variety
of solutions and technologies must be implemented together in order to tackle such wide-ranging issues.
There are low-cost options such as community-created rain gardens and bioswales (Wang R. et al., 2022),
as well as opportunities for larger government-funded projects like asphalt conversions and city-wide tree
planting (Burghardt et al., 2023). I believe that the potential to make positive change in this area has never
been greater. Green infrastructure provides the possibility of addressing problems associated with environ-

mental justice, climate change, and human health in synchrony.

Conclusion

The way in which our societies have expanded urban living has created dire environmental, social, and
economic consequences. The all-encompassing impervious surfaces and general lack of PGS has largely dis-
connected us from nature and from each other. If we are to encourage change in order to live more sustain-
ably, we must rethink the historic methods of urban planning and landscape architecture that we have relied
upon for decades. Although green infrastructure measures are not intended as a silver-bullet solution, they
have proven to be an incredibly valuable tool for an integrated approach to sustainable urban development.
After reviewing this research, I would conclude that site-specific strategies for green infrastructure such as
community initiatives or neighborhood action are the best way to address the importance of environmental
justice (Burghardt et al., 2023). Reducing environmental and health risks for the greatest amount of people
will have the greatest benefit to society. These benefits can be enhanced through retrofitting practices for the

current urban landscape.

By ignoring the viable solutions provided, our societies will continue to expose millions to the risks
of climate change, pollution, and negative health impacts. However, the good news is that there are
plenty of viable solutions to work with. Through this research, it is clear that utilizing a range of con-
nected solutions can have a much larger positive impact rather than focusing on the creation of a one-
size-fits-all objective. By taking action based on these findings, we can take advantage of a once-in-a-

lifetime opportunity to make our urban spaces safer, healthier, and more harmonious places to live.

References

95



Abhijith, K. V., & Kumar, P. (2020). Quantifying particulate matter reduction and their deposition on the
leaves of green infrastructure. Environmental Pollution, 265, N.PAG. https://doi.org/10.1016/j.
envpol.2020.114884

Anderson, B. S., Phillips, B. M., Voorhees, J. P., Siegler, K. & Tjeerdema, R. (2016). Bioswales Reduce
Contaminants Associated with Toxicity in Urban Storm Water, Environmental Toxicology &
Chemistry, 35(12), 3124-3134. https://doi.org/10.1002/etc.3472

Burghardt, K. T., Avolio, M. L., Locke, D. H., Grove, ]. M., Sonti, N. E, & Swan, C. M. (2023). Current
street tree communities reflect race-based housing policy and modern attempts to remedy

environmental injustice. Ecology., 104(2), 1-11. https://doi.org/10.1002/ecy.3881

Hoornweg, D., Hosseini, M., Kennedy, C., & Behdadi, A. (2016). An urban approach to planetary
boundaries. AMBIO - A Journal of the Human Environment, 45(5), 1347-1365. https://doi.
org/10.1007/s13280-016-0764-y

Jartun, M., Ottesen, R. T., Steinnes, E., & Volden, T. (2008). Runoff of particle bound pollutants from
urban impervious surfaces studied by analysis of sediments from stormwater traps. Science of the
Total Environment, 396(2/3), 147-163. https://doi.org/10.1016/j.scitotenv.2008.02.002

Kutty, A. A., Abdullah, G. M., Kucukvar, M., Onat, N. C., & Bulu, M. (2020). A system thinking
approach for harmonizing smart and sustainable city initiatives with United Nations sustainable
development goals. Sustainable Development, 28 (5), 1347-1365. https://doi.org/10.1002/sd.2088

Priya, U. K., & Senthil, R. (2021). A review of the impact of the green landscape interventions on the urban
microclimate of tropical areas. Building and Environment, 205, N.PAG. https://doi.org/10.1016/].
buildenv.2021.108190

Ren, C., Wang, K., Shi, Y., Kwok, Y. T., Morakinyo, T. E,, Lee, T., & Li, Y. (2021). Investigating the urban
heat and cool island effects during extreme heat events in high-density cities: A case study of Hong
Kong from 2000 to 2018. International Journal of Climatology, 41(15), 6736-6754. https://doi.
org/10.1002/joc.7222

Reyes-Riveros, R., Altamirano, A., De La Barrera, E, Rozas-Vasquez, D., Vieli, L., & Meli, P. (2021).
Linking public urban green spaces and human well-being: A systematic review. Urban Forestry &
Urban Greening, 61, N.PAG. https://doi.org/10.1016/j.ufug.2021.127105

Skipper, T. N., Lawal, A. S., Hu, Y., & Russell, A. G. (2023). Air quality impacts of electric vehicle
adoption in California. Atmospheric Environment, 294, N.PAG. https://doi.org/10.1016/j.
atmosenv.2022.119492

Wang, P, Han, L., Hao, R., & Mei, R. (2022). Understanding the relationship between small urban parks
and mental health: A case study in Shanghai, China. Urban Forestry & Urban Greening, 78, N.PAG.
https://doi.org/10.1016/j.ufug.2022.127784

Wang, R., Wu, H., & Chiles, R. (2022). Ecosystem Benefits Provision of Green Stormwater Infrastructure
in Chinese Sponge Cities. Environmental Management, 69(3), 558-575. https://doi.org/10.1007/

96



s00267-021-01565-9

Yao, L., Wei, W., & Chen, L. (2016). How does imperviousness impact the urban rainfall-runoft process
under various storm cases? Ecological Indicators, 60, 893-905. https://doi.org/10.1016/].
ecolind.2015.08.041

Zhou, T., & Penning, R. E. (2021). Chinas “Sponge Cities™: The role of constructed wetlands in alleviating
urban pluvial flooding. Water & Environment Journal, 35(3), 1133-1146. https://doi.org/10.1111/
wej. 12705

Zimnoch, M., Necki, ]., Chmura, L., Jasek, A., Jelen, D., Galkowski, M., Kuc, T., Gorczyca, Z., Bartyzel, J.,
& Rozanski, K. (2019). Quantification of carbon dioxide and methane emissions in urban areas:
source apportionment based on atmospheric observations. Mitigation & Adaptation Strategies for
Global Change, 24(6), 1051-1071. https://doi.org/10.1007/s11027-018-9821-0

Zuniga-Teran, A. A,, Gerlak, A. K,, Elder, A. D., & Tam, A. (2021). The unjust distribution of urban
green infrastructure is just the tip of the iceberg: A systematic review of place-based studies.
Environmental Science & Policy, 126, 234-245. https://doi.org/10.1016/j.envsci.2021.10.001

97



	Sustainability in Action: Green Infrastructure as a Marker of Sustainable Urban Development
	Recommended Citation

	tmp.1715453246.pdf.wWtCK

