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Abstract: As the global temperature and rapid urbanization continue to rise, urban heat islands (UHISs)
also continue to increase across the world. Following the heat equity concept, UHIs disproportionately
impact disadvantaged or overburdened communities. Green infrastructure (GI) has been at the
forefront of UHI mitigation efforts, including nature-based solutions like parks, pervious open spaces,
wooded areas, green roofs, rain gardens, and shade trees. In this paper, we use a heat equity lens to
analyze community perceptions of the intersection of climate change, UHI, and GI in Camden, New
Jersey—a post-industrial city with a history of environmental injustices. Based on a mixed-methods
analysis of survey responses (1 = 107), 11 years of relevant X (formerly Twitter) posts (n = 367), and
geospatial data, we present community perceptions of and connections between climate change,
UHI, and GI and discuss major themes that emerged from the data: perceived heat inequity in
Camden triggers negative emotions; a public knowledge gap exists regarding climate change-UHI-GI
connections; and perceived inequitable distribution of GI and certain GI planning and maintenance
practices may negatively impact UHI mitigation strategies. We argue these themes are useful to
urban planners and relevant professionals while planning for heat equity and mitigating UHI effects
in disadvantaged urban communities like Camden.

Keywords: heat equity planning; environmental justice; heat mitigation; climate preparedness; social
media data mining

1. Introduction

In the present climate crisis, the urban heat island (UHI) effect is an increasingly com-
mon phenomenon that results in surface temperatures in many urban neighborhoods that
are disproportionately higher than nearby suburban areas. Excessive urban development
patterns in the USA are a leading cause of UHI, resulting in a rise in urban and rural
air temperatures by 0.24 °C and 0.16 °C per decade, respectively [1]. Other contributing
factors include heat re-radiating off urban structures—exacerbated by the preponderance
of non-reflective; water-resistant surfaces and a lack of vegetated moisture-absorbing
surfaces—and increased greenhouse gas emissions [2,3].

Concerns about UHI extend beyond rising surface temperatures and into the realms of
environmental justice (E]), heat equity, and public health [4]. These concerns necessitate the
development of effective mitigation measures, many of which come in the form of green
infrastructure (GI) projects [5,6]. In this paper, we broadly define GI as any outdoor formal
green spaces or stormwater management projects, including parks, previous open spaces,
wooded areas, green roofs, rain gardens, and shade trees.
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To ensure the success and understanding of GI projects as they pertain to UHI miti-
gation and climate resilience, particularly in historically disinvested and E] communities,
planners should collaborate with relevant professionals to engage community members and
understand their perceptions of the connection among climate change, UHI, and GI [4,7,8].
There is, however, little literature that highlights this connection or emphasizes the need
for this type of collaboration. Our work thus aims to address this gap by understanding
community perceptions of the climate change-UHI-GI connections and advancing the im-
portance of community perceptions in heat equity and GI planning. We ask the following
two research questions:

1.  What are the community perceptions of and the connections between climate change,
UHI, and GI? What type of public knowledge gap may exist about these connections?

2. How do communities perceive urban heat equity and the practice of GI as a UHI
mitigation strategy? What aspects of community perceptions should GI planners
consider when developing strategies for UHI mitigation?

We use a heat equity lens to frame our investigation of this study area, which is the
City of Camden, New Jersey, USA, a post-industrial, low-income, and minority-majority
community with a history of environmental injustices, including the UHI [3]. We start with
a review of relevant literature, an overview of this study area, and a description of our
methodology, which includes geospatial analysis and mapping, a community survey, and
social media data mining. The subsequent presentation and discussion of our results are
organized according to four major themes that emerged from our analysis: (1) perceived
heat inequity triggers negative emotions; (2) a public knowledge gap exists regarding
climate change-UHI-GI connections; (3) perceived inequitable distribution of GI may
negatively impact UHI mitigation strategies; and (4) GI planning and implementation
should be used as UHI mitigation strategies with caution. We conclude this paper by
delineating the limitations inherent in our study and discussing avenues for potential
future research.

2. Background

Prior research has underscored how the UHI effect has negatively impacted cities’
levels of air pollution, energy consumption, and human health, thereby endangering
humans, the environment, and the economy due to localized temperature increases [2]. In
general, the number of heat-related mortalities in the USA has gradually increased and
exceeded the deaths caused by other extreme weather events, especially for health-sensitive
and poor populations [9,10]. Other human impacts of extreme heat include irritability,
symptoms of mental depression, breathing difficulty, cramps, and non-fatal heat stroke [2].

Heat exposure, however, is not evenly distributed across built environments, in large
part because of historical inequitable urban planning policies, such as redlining and inter-
state siting, and design decisions triggering heat-related risks in disadvantaged neighbor-
hoods [4]. The concept of “heat equity” refers to the development of policies and practices
that reduce the inequitable distribution of heat-related risks across different populations
within the same urban area [11]. Disadvantaged communities aim for heat equity due to
the disproportionate impact of the UHI effect and its associated health-related risks on
vulnerable populations such as children, the elderly, racial and ethnic minorities, people
without housing, individuals with limited or no education, and those with pre-existing
conditions, especially in areas characterized by high population density and an abundance
of man-made structures and buildings [2,12,13]. The UHI effect not only exacerbates in
economically disadvantaged areas but also presents a persistent challenge in ensuring equi-
table services to these communities, especially as climate change accelerates [14]. Scholars
have thus begun demanding urban planners include heat equity within the broader EJ
agenda to ensure all members of a community, regardless of socioeconomic status, have
access to thermally safe indoor and outdoor environments [4].

In an ever-changing climate within an increasingly urbanized world, the UHI effect
and its various mitigation techniques have become exceedingly prevalent in scholarly
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literature [15]. Contemporary UHI mitigation techniques such as shade structures, reflective
materials, cool or green roofs, cool pavements, and urban greening can save energy, lower
the cost of energy, improve air quality, and counter global warming [16]. Many researchers
have identified urban greening or GI techniques as some of the most effective strategies to
mitigate UHI and decrease the impacts of global warming [6,14,17], although their spatial
distribution in cities presents important issues of equity and spatial justice [13,18-20].

Given the well-documented spatial disparity among urban GI projects, it is important
to understand how urban planners approach and implement these projects. Studies have
determined the suitability of locations for different GIs by examining the environmental,
economic, and social aspects of each location, as well as the proposed project’s ability
to address specific community concerns and how receptive the local government and
residents are to the said project [21,22]. Planners also need to deeply consider the potential
for GI projects to result in green gentrification, which threatens to displace residents from
their root communities [23,24].

Understanding public perceptions of Gl as a critical UHI mitigation technique can help
better inform the GI planning process, as these perceptions directly impact the community
buy-in, adoption, and success of GI projects [7,25-27]. Prior research suggests that residents
often have strong opinions and feelings about specific types of GI and their placement
within their neighborhoods, especially as they relate to concerns about appearance, mainte-
nance, seasonality, and perceived benefits [28]. Thus, it is also important to help educate
community residents about GI so that their perceptions are based on accurate scientific
knowledge [29].

UHI mitigation through careful GI planning, installation, and maintenance is a step
toward climate resilience, but prior research suggests that while most people know about
climate change, their degrees of concern are not proportionate. A study conducted in 2008
in both Houston, Texas, and Portland, Oregon, showed 92% and 98% of respondents were
aware of climate change, but only 82% and 90% expressed concern, and only about half
indicated the willingness and ability to change their behavior to mitigate climate change.
These findings suggest a disconnect between awareness or perception of climate change
and the need to act [30], despite additional research finding that having specific knowledge
of how climate change can impact communities and what solutions are available is more
impactful in generating concern than general knowledge of science alone [31].

Another study in 2017 emphasized the necessity of incorporating the UHI effect into
building design and performance simulation, illustrating the impact of climate change
on building performance over the past decade [32]. Considering the effects of the UHI
on predicted building energy consumption in four South American Pacific coastal cities
revealed an increase in their energy demand by 15% to 200% [32]. The UHI significantly
alters building performance, affecting energy consumption and subsequently raising heat-
ing and cooling costs, disproportionately impacting disadvantaged neighborhoods. While
the UHI may contribute to a reduction in indoor heating needs during cold months, it
substantially amplifies the demand for indoor cooling during warm months, resulting in
higher energy consumption for building cooling, which becomes costly both monetarily
and environmentally [2].

In summary, our literature review finds that understanding public perceptions of
the relationship among climate change, UHI, and GI can have an important impact on
urban greening and GI planning. Residents’ perceptions directly influence the level to
which they value/appreciate urban greening or GI projects and assume ownership of them.
Additionally, understanding the inequitable spatial distribution of urban GI projects can
help city officials and urban planners take appropriate steps to minimize any greenspace
deficiencies in disadvantaged neighborhoods. More research is needed, however, to under-
stand community perceptions of how GI mitigates the UHI effect, how GI decreases the
impacts of climate change at the local level, and how community residents would respond
to the types and placement of GI in their neighborhoods.
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3. Context, Methodology, and Data
3.1. Study Area and Context

Camden, a city of 8.92 square miles with a population of 71,791, is an “overburdened”
community (Figure 1), as designated by the state of New Jersey [33]. Its racial composition
is 42.5% Black and 20.7% White, while its ethnic composition is 50.5% Hispanic. The city’s
poverty rate (33.6%) is much higher than that of Camden County and the state of New
Jersey, and its median income ($28,623) and per capita income ($16,171) are significantly
lower than the county and state figures. Camden also experiences the UHI effect, with
minimum temperatures differing from non-urban areas by 1.5 °C, as reported in a 2005
study analyzing fifty years of climate data and Landsat thermal images [3]. A more recent
study investigating the health impact of UHI coupled with air pollution has identified
several neighborhoods as being substantially exposed to heat-air pollution and containing
the most vulnerable population [34].

Esri, HERE, Garmin, (c) 0 20 40
Open StreetMap contributors, s Miles
and the GIS user community

State of New Jersey

rl'ew City of
Jersey Camder}k r

Camden County

Figure 1. The geography of the City of Camden, New Jersey. Neighborhood keys: 1—Cooper Point;
2—Cooper Grant/Waterfront; 3—Pyne Poynt; 4—Central Business District; 5—Lanning Square;
6—Bergen Square; 7—Waterfront South; 8—Liberty Park; 9—Centerville; 10—Morgan Village; 11—
Fairview; 12—Biedeman; 13—Cramer Hill; 14—Rosedale; 15—Dudley; 16—Marlton; 17—Stockton;
18—Gateway; 19—Parkside; and 20—Whitman Park.

We have chosen Camden as this study area because of its history of environmental
injustices. After World War II, Camden’s historic shipbuilding industry collapsed, resulting
in a rapid population decline, a severe economic downturn, the rise of landfills and toxic
sites (known as superfund sites), and the rise of polluting industries such as a sewage
treatment plant, a waste incinerator, and a cement manufacturer [25]. Furthermore, the
city’s poorest neighborhoods are flanked by interstate highways that cause dangerous
levels of air pollution. Discriminatory housing practices dating back to the 1930s, known as
"redlining”, have also severely impacted black and brown communities across the city by
preventing them from gaining equal access to opportunities across racial and socioeconomic
lines [35].

3.2. Methodology and Data

We conducted three separate analyses to address our research questions: geospatial
analysis and mapping, community survey analysis, and social media data mining. Geospa-
tial mapping is the most effective way to understand current environmental conditions and
predict potential environmental impacts [36]. Community surveys are a common method
to understand public perceptions of environmental issues, including the UHI effect and its
mitigation [7]. Finally, social media data are often powerful, easily accessible, and unbiased
for the analysis of public sentiments on a specific topic [37].

3.2.1. Mapping of UHI, GI, and Disadvantaged Populations

We collected spatial data on heat severity, parks, wooded areas, green stormwater
infrastructure (GSI), and disadvantaged populations from databases at the city, regional,
and state levels and created maps using ArcGIS software. For disadvantaged populations,
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we used the regional Indicator of Potential Disadvantaged (IPD) dataset, which included
nine population groups: youth, older adults, females, ethnic minorities, racial minorities,
foreign-born, disabled, and people with limited English proficiency and low income.

3.2.2. Community Survey

We developed a 15-question online survey in English using Qualtrics and accepted
responses throughout the year, from March 2021 to February 2022. The Institutional
Review Board at the primary author’s University reviewed and approved the human
subject protocols (PRO-2020-97). A researcher and another Camden-based professional
assisted us with the survey validation process by assessing draft survey questions for their
dependability. In addition, we recruited two random Camden residents to take the draft
survey and comment on the technical terms included in a few questions. Once the questions
were finalized, we used a snowball sampling method to distribute the survey link. We
sent the initial invitation to 13 Camden-based non-profit community-based organizations
and environmental groups, which then forwarded the invitation to their own listservs and
promoted the survey on social media. Any person 18 years of age or older who either lived
or worked in Camden or visited the city often was eligible to participate.

The first two questions asked about a participant’s affiliation with Camden (live, work,
both live and work, visit often) and their neighborhood. The remainder of the survey
was organized into two sections. The first section included questions about perceptions
of climate change and UHI, and the second section gauged participants” understanding
of GI to mitigate the UHI effect. The survey included a mixture of multiple-choice and
open-ended text questions. Survey questions are included in the Supplementary Materials.

We received 126 responses, but 18 were incomplete attempts. We analyzed 107 valid
records using descriptive statistics. Next, we summarized the text responses and selected
representative quotes. We used the following reduced-form regression equation to investi-
gate the relationships between the amount of time respondents spend in the city and their
perceptions of heat in both the city and surrounding suburban towns:

PerceptionOfHeat;; = ag + aq TimeSpentCamden;; + ay NH_Characteristics; + ¢;; (1)

where i stands for survey respondents and j stands for the neighborhoods where respon-
dents lived, worked, or visited. The variable PerceptionOfHeat;; stands for respondents’
perceptions of the amount of heat in Camden and surrounding towns; TimeSpentCamden;;
stands for time that respondents spent in the city; and NH_Characteristics; stands for neigh-
borhood characteristics. Finally, ap, a1, and a; are coefficients, while &j stands for the
error term.

3.2.3. Social Media Data Mining

We analyzed data from X (formerly Twitter), one of the most widely used social
media platforms in the scientific research community. Using Xs Application Programming
Interface (API), we searched X posts about Camden from 2011 to 2021 using 50 keywords.
After downloading 2396 posts, we selected 367 original posts that were relevant to our study
topics. This process was performed by one team member and verified by two additional
members. Next, using a Python function, posts were cleaned by removing non-textual
elements such as hashtags, URLs, emojis, mentions, and symbols [38]. In the subsequent
step, the whole sentence of a post was tokenized by converting the sentence into a list of
individual words. Further, the words in each list were evaluated and converted to the
root form using the stemming process to reduce the inflection of words. Finally, the list of
words was lemmatized to reduce the different forms of words to a single form, for instance,
reducing ‘heat’, 'heats’, and ‘heating’ to the lemma ‘heat’.

We analyzed X data in three ways: (1) a time-series analysis to determine the number of
relevant posts posted in each month from 2011 to 2021; (2) a work network diagram analysis,
which illustrates both frequency and occurrence of words [39]; and (3) a text sentiment
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analysis using the Valence Aware Dictionary for Sentiment Reasoning (VADER) model from
the Python NLTK package [40]. See the Supplementary Materials for additional details.

4. Results
4.1. Mapping of UHI, GI, and Disadvantaged Populations

Our GIS analysis yielded two maps and a table. Figure 2a shows heat severity scores
overlaying Camden’s 20 neighborhoods; Figure 2b shows neighborhood-level potential
disadvantaged populations scores; and Figure 2c shows GI such as parks, wooded areas,
and GSI projects relevant to this study. Figure 3 is a map collage of the neighborhood-level
percentages of the nine potential disadvantaged population groups used in the IPD dataset.
Table 1 presents neighborhood-level values of UHI and IPD scores, areas of GI (e.g., parks,
wooded areas), number of relevant GSI projects, and areas of impervious surfaces and
vacant lots.

*
*
) Ly
)
* 13
. *f' I R #
" *
* m
3 1PD Score #* % GSI Projects
£ -
; - R ks
= B Medium \‘ Wooded Areas
— 4
I High
0 0.5 1 0 0.5 1
e Mile — Vile

(b) (c)

Figure 2. (a) Camden neighborhoods’ relative heat severity scores in 2019 (value ranges from 1 to 5,
with 5 being the most severe heat); (b) Camden neighborhood Indicator of Potential Disadvantaged
(IPD) scores converted to a relative scale of low to high; (c) Camden’s green infrastructure (e.g., parks,
wooded areas, green stormwater infrastructure).

These outputs offered valuable insights into Camden’s heat severity and its connection
to Gl and disadvantaged populations. Based on qualitative visual assessment, we observed
that heat severity was not uniformly experienced throughout Camden, with scores ranging
from the highest value of 4.495 (out of 5) in the Central Business District to the lowest value
of 2.29 in the Stockton neighborhood. We did not notice a consistent relationship between
heat severity scores and disadvantaged population scores. While some neighborhoods
(e.g., Fairview, Morgan Village, and Whitman Park) had a higher level of disadvantaged
populations experiencing higher levels of heat severity, some neighborhoods (e.g., Stockton
and Lanning Square) scored low in both categories. The rest of the neighborhoods (e.g., the
Central Business District, Waterfront South, and Cooper Grant/Waterfront) had contrasting
scores (higher UHI but lower IPD scores).
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Figure 3. A map collage of Camden’s neighborhood-level percentages of nine potential disadvantaged
population groups is used in DVRPCs indicator of potential disadvantaged (IPD) analysis.

In terms of GI, all neighborhoods had at least one park or pocket park, but their
coverage areas varied significantly. Several neighborhoods did not contain any wooded
areas. The Central Business District had the highest heat severity score but no wooded
areas, no GSI, and a low amount of parks/impervious surface areas. On the other hand,
Bergen Square had a lower heat severity score and the second highest number of GSI
projects. While this analysis was not the focus of our project, a qualitative understanding
of the existing conditions were important to interpret the results of our survey and social
media data analyses.



Land 2023, 12,2174 8 of 21

Table 1. Summary of neighborhood-wide data on UHI and other variables relevant to this study.

Indicator of
Camden Urban Heat Potential Impervious

Neighbor-  Island (UH)  Disadvan- Surface P‘(‘;lz lf:;)e“ Ar‘:’::’:cerdes) Vaf;‘;: e‘:)r ea CI;IS‘}“I‘,';’;T;C’{S

hood Name Score taged (IPD) (Acres) )
Score

Bergen 2.882 26 1151.1 02 0 55.1 11

Square

Biedeman 3.019 26 2103 145 52 39.9 4

Centerville 3.032 29 1188.1 8.8 6.4 155 4

Central

Business 4.494 21 1131.5 2 0 0.4 0

District

Cooper

Grant/Waterfront 33% 2 24922 59.4 0.9 21 10

Cooper Point 3.408 27 1142.2 1.7 20.4 51.3 3

Cramer Hill 2.346 27 1283.2 232 72.8 71.1

Dudley 2.861 30 11952 34.9 12.2 14.4 10

Fairview 3.986 27 1670.6 14.4 46.8 33.7 7

Gateway 3.373 24 2276.5 6.8 43.5 50.1 6

Lanning 2.774 21 1152.6 3.2 0 18.1 8

Square

Liberty Park 3.043 27 1124.4 16 73 43

Marlton 3.034 31 2156.7 20.1 20.6 442 5

Morgan 3.69 28 1218.2 20.1 42 152 8

Village

Parkside 2.955 24 1398.1 33.4 53 19.8 7

Pyne Poynt 2.816 27 1172.3 21.8 33.8 44 4

Rosedale 3.079 28 2090.1 325 10.2 12.8 3

Stockton 2.29 25 2049 10.4 05 18 4

Waterfront 3.424 2 13475 1 183 77.1 14

South

Whitman 3.625 28 1439.9 8.7 0 16 6

Park

Note: The UHI score column represents urban heat island ranks identified in the TPL dataset. The IPD score
represents the indicator of potential disadvantaged data identified in the DVRPC dataset (the higher the value, the
more disadvantaged). GSI projects include rain gardens, bio-swales, and other green stormwater infrastructure
projects with vegetation.

4.2. Community Survey Analysis
4.2.1. Overview

About 33% of the 107 valid survey respondents live in the city, 35% work there, 20%
live and work there, and 12% visit frequently. Of the respondents, 88% live or work in
Camden, meaning they spend a significant portion of their time in the city.

4.2.2. Community Perceptions and Sentiments Regarding UHI

About 86% of respondents felt the weather in Camden was some degree of “hot”.
When asked to identify where they felt the most intense heat, 27% of respondents mentioned
the downtown area, while 62% mentioned “near-paved areas”. On the other hand, 69%
described summer outside of Camden as hot. As seen in Figure 4, only 6% of respondents
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expressed feelings of extreme heat by answering “very hot” to the types of temperatures
felt outside the city, as compared to 50% for inside the city.

B InCamden In Camden Suburbs

Warm or Average

30.84%
35.51%
Hot
63.55%
50.47%
Very Hot
i 5.61%
0.00% 20.00% 40.00% 60.00%

Figure 4. Perception of heat in Camden and surrounding suburban towns.

Respondents” emotions related to the UHI effect were overwhelmingly negative (87%).
Some of the most common emotions include “annoyed” (1 = 10), “frustrated” (n = 14),
“defeated” (n = 5), and “vulnerable” (n = 11). One respondent commented,

“A day in summer [2021] will be in my memory forever. After visiting an office in the
downtown area, I walked about 10 min to a bus stop and waited for another 30 [minutes]
for a bus. It was unbearably hot. I felt like dying, couldn’t breathe properly. Out of water.
No shade. No trees. I looked around and didn’t see any green, only paved parking lots. I
never felt so vulnerable for not owning a car with air conditioning”.

4.2.3. Attribution of Heat to Climate Change and UHI

Figure 5 shows that 65% of surveyed individuals felt with some confidence that the
UHI effect contributed to the temperatures felt in Camden, 25% were unsure, and 9% felt it
did not influence temperatures. The majority of participants (75%) agreed climate change
was a contributing factor to UHI, although 14% were unsure and 11% disagreed. Some
respondents stated the heightened effects of UHI could be attributed to the lack of GI
in many parts of the city, while a small portion of respondents who disagreed with the
connection between climate change and UHI expressed negative sentiments toward people
in positions of power. One respondent commented,

Is UHI Related to
Climate Change? 75.34 13.70 m

Are Temperatures You
Feel Impacted By UHI? e . E
0% 25% 50% 75% 100%
Strongly Agree or Somewhat Agree Neutral . Strongly Disagree or Somewhat Disagree

Figure 5. Public perception—UHI increases temperature and is triggered by climate change.
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Perception
of Urban
Vegetation

Perception
of GI

“Don’t connect all the issues in Camden with climate change. It is a way for politicians
to make excuses and avoid responsibilities”.

4.2.4. Perception of GI Presence

Figure 6 shows approximately 70% of respondents noticed some GI projects, such as
parks, rain gardens, green roofs, or porous pavements, in their neighborhoods. Several
respondents reported the inequitable distribution of these projects across the city. One
respondent commented,

0%

25% 50% 75% 100%

ves [ No Maybe

Figure 6. Public awareness of the presence of GI and vegetation in their neighborhoods.

“I don’t think there is any equity while choosing locations for these [GI] projects.
Some neighborhoods are happily at the receiving end of one park after another while other
neighborhoods like ours don’t get any, although it’s too hot in here. It is ultimately a
political game. Always”.

It is also possible the responses partially reflect a lack of education on the matter.
Although 52% of respondents mentioned parks by name and 36% mentioned rain gardens,
some residents may not have a keen eye for picking out less common or obvious GI projects
in their surroundings, which emphasizes the importance of educating citizens about the
types and positive impacts of GI on UHI. Finally, only 52% of respondents felt there was
enough urban vegetation nearby, even fewer than the mentions of GI, suggesting nearly
half of the respondents surveyed believed their neighborhoods lacked green spaces.

4.2.5. Attribution of GI to the Impact on UHI

Figure 7 evaluates the public perception of the effectiveness of GI measures and urban
vegetation in lowering temperatures. Only 58% of respondents indicated some trust in
GIs ability to lower urban temperatures, while 89% indicated the same trust for urban
vegetation, including shade trees. Many respondents (55%) suggested shade tree planting
as a method of mitigating UHI, especially around bus stops, while 31% recommended more
parks/pocket parks, and 26% suggested green roofs.

Does Urban Vegetation
Lower Temperature? 88.79 121

Does Gl Lower G
Temperature? 57.94 I 374 38.32
0% 25% 50% 75%
ves [ No Maybe

Figure 7. Attribution of GI and vegetation to the impact on the UHI effect.
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Respondents commented on how rising temperatures could impact their homes and
businesses. Someone demanded, “Give us good air conditioners. That’s the biggest
problem. We need to cool down our homes”. Another participant offered a similar demand,

“Don’t forget the indoor condition. When it is 100-110 degrees [38—43 °C] outside,
we stay inside. But many Camden residents don’t even have fans. [GI] won't solve this
problem. The urban poor and vulnerable are hit hardest by the heat”.

Commitment to GI maintenance was another theme in some comments, as one respon-
dent stated.

“If [GI] projects are not maintained and designed appropriately, they won't serve the
purpose. Heat islands will be here forever”.

4.2.6. Relationships between Respondent and Climate Change-UHI-GI Perceptions

Columns 1-9 of Table 2 present estimated results from Ordinary Least Squares (OLS)
regression, illustrating the relationships between respondent locations and perceptions of
climate change, UHI, and GI.

Table 2. Relationships between respondent locations and climate change-UHI-GI perceptions.

(WY)

(2)

3) @ (5) (6) ) ®) ()]

Camden UHI Climate Vegetation
amce Camden Triggers Change GI GIImpacts Vegetation egetatio
. Camden  has UHI . Impacts
Variables Suburbs Negative Impacts Presence UHI Presence
Too Hot Effect T . UHI
oo Hot Emotions UHI Dummy Dummy Dummy
Dummy D Dummy
ummy Dummy
Livein 0.478 ** 0.257 * 0.317* 0.035 0.287* 0.108 0.302* 0.199 0.081
Camden
dummy (0.232) (0.154) (0.184) (0.135) (0.158) (0.153) (0.164) (0.160) (0.101)
Work in 0.017 0.197 0.319* 0.023 —0.057 0.269 * 0.286 * 0.476 *** 0.105
Camden
dummy (0.235) (0.156) (0.186) (0.137) (0.160) (0.155) (0.166) (0.162) (0.103)
Live and 0.501 ** 0.482 *** 0.209 0.078 0.207 0.284* 0.308* 0.164 0.219 **
work in
Camden (0.250) (0.166) (0.198) (0.146) (0.170) (0.165) (0.177) (0.173) (0.109)
dummy
Neighborhood 0.287 0.031 0.197 0.092 0.010 0.097 —0.072 —0.101 —0.124
UHI score (0.182) (0.121) (0.145) (0.106) (0.124) (0.120) (0.129) (0.126) (0.080)
Neighborhood ——0.004 —0.027 0.048 —0.004 0.040 0.001 —0.008 0.032 0.000
IPD score (0.038) (0.025) (0.030) (0.022) (0.026) (0.025) (0.027) (0.026) (0.017)
Log of —0.209 —0.194 —0.238 —0.489 * 0.004 —0.293 —0.120 0.340 0.051
impervious
surface (0.437) (0.291) (0.347) (0.255) (0.297) (0.288) (0.310) (0.302) (0.191)
Log of park —0.022 —0.062 0.008 0.159 ** —0.061 0.051 —0.099 —0.011 —0.058
area (0.134) (0.089) (0.106) (0.078) (0.091) (0.088) (0.095) (0.092) (0.058)
Log of 0.037 0.021 0.008 0.000 0.014 —0.040 —0.005 —0.003 0.083 *
wooded area
(0.101) (0.067) (0.080) (0.059) (0.068) (0.066) (0.071) (0.070) (0.044)
Log of vacant ~ —0.130 0.037 0.007 —0.053 —0.078 0.035 —0.103 0.013 —0.142*
area (0.188) (0.125) (0.149) (0.110) (0.128) (0.124) (0.133) (0.130) (0.082)
Log of 0.264 —0.007 0.106 0.151 0.007 0.098 0.188 —0.044 0.023
number of
GSI projects (0.216) (0.144) (0.171) (0.126) (0.147) (0.142) (0.153) (0.149) (0.095)
Log of 0.134 0.162 0.081 0.119 0.097 0.408 0.413 0.287 0.103
household
income (0.374) (0.249) (0.297) (0.218) (0.254) (0.246) (0.265) (0.259) (0.164)
Percent of 0.005 0.001 0.003 0.001 —0.001 —0.006 —0.005 —0.001 0.001
pop. under
poverty (0.010) (0.007) (0.008) (0.006) (0.007) (0.007) (0.007) (0.007) (0.004)
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Table 2. Cont.
(1) (2) 3) 4) (5) (6) (7) 8) )
Camden UHI Climate Vegetation
Camden Triggers Change GI GIImpacts Vegetation 8
. Camden  has UHI . Impacts
Variables Suburbs Negative Impacts Presence UHI Presence
Too Hot Effect . UHI
Too Hot Emotions UHI Dummy Dummy Dummy
Dummy Dummy
Dummy Dummy
C 1.043 0.693 0.173 2.359 —1.256 —1.879 —2.090 —5.452 0.096
onstant (5.551) (3.694) (4.402) (3.238) (3.776) (3.657) (3.938) (3.839) (2.430)
Observations 107 107 107 107 107 107 107 107 107
R-squared 0.165 0.163 0.106 0.138 0.208 0.115 0.117 0.180 0.177

Note: All regressions are estimated by the OLS method and include a constant. There are nine dependent variables
in the table. Standard errors are given in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1.

In most cases, in all columns, the coefficients of “live in Camden”, “work in Camden”,
and “live and work in Camden” are positive. As long as the coefficients are statistically
significant, the size of the coefficients for “live and work in Camden” is bigger than the
coefficients for “live in Camden” and “work in Camden” in all columns. This indicates
that people who spent more time in Camden felt the city was too hot or experienced
stronger UHI effects. They also noticed more GI in Camden and felt that both GI and urban
vegetation minimized UHI impact. In particular, the coefficients of “live in Camden” and
“live and work in Camden” are 0.478 and 0.501, respectively, where both are statistically
significant. In addition, there is a stronger relationship between respondents who worked
in Camden and those who noticed the presence of GI in Camden. Regarding the relation-
ships between neighborhood characteristics where respondents lived or worked and their
perceptions of heat in Camden and surrounding suburban towns, very few coefficients are
statistically significant.

4.3. X Data Analysis
4.3.1. Overview

Figure 8 illustrates the percentage of urban heat-related X posts each month between
2011 and 2021, with most users understandably posting posts between May and July in 2011
and 2012. Posts from recent years, however, indicate people experience warmer weather
in spring, fall, and even winter. For instance, a large percentage of posts talked about hot
weather as early as April in 2013, and more than 20% of heat-related posts in 2017 were
posted in both April and July. Additionally, about 25% of heat-related posts in 2019 and
29% of those in 2021 were posted in February.

Figure 9 illustrates a network diagram of the most frequent keywords, where the
relative size of the nodes represents the frequency of words and color shows the group
of related words. The most frequent words in the selected posts included “hot”, “climate

”ou ”oou ”ou

change”, “warm”, “global warming”, “outside”, and “summer”. While the word “hot”

/anTi o

was frequently paired with “outside”, “day”, “summer”, “humid”, “hell”, and “sweating”,
“warm” was mostly related to “enjoy”, “weather”, “today”, “park”, “run”, and “going”,
indicating people generally prefer warm weather for outdoor activities. “Global warming”
and “climate change” were mostly connected to “reality”, “think”, “people”, “believe”,
“scientists”, and “weather conditions”.

The relative width of edges (the connection between nodes) shows the co-occurrence
of two words. The top ten co-occurrences were related to hot weather in the urban areas,
including “hot-outside”, “hot-day”, “hot-summer”, “hot-humid”, “warm-weather”, “hell-
hot”, “hell-outside”, and “warm-day”. The most frequent pair was “hot-outside”, which
appeared 96 times. Five of the 10 frequent co-occurrences were related to the word “hot”.
The co-occurrence of “climate change” and other words was mostly related to political

debates on climate change and global warming, discussing whether they were real or not.
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Figure 8. Time-series of urban heat-related X posts in Camden, 2011-2021.
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Figure 9. A network diagram of keywords. The relative size of nodes represents the frequency; the

thickness of edges shows the co-occurrence of two words; and color shows the modularity.
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4.3.2. Community Perception and Sentiment around Climate Changes, UHI, and GI

Figure 10 shows the sentiments related to individual keywords in three broad cate-
gories: climate change, urban heat, and GI. About 40% of posts that contained any word
related to global climate change expressed neutral or very weak positive sentiment. About
37% of posts about global climate change showed weak to strong negative sentiment.
Similarly, most posts related to urban heat were neutral. About 16% of posts related to
urban heat expressed moderate negative sentiments, followed by neutral sentiment (37%).
Unlike climate change and urban heat, posts related to GI mostly expressed strong and
very strong positive sentiments.
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Figure 10. Public sentiments in major keyword categories: climate change, urban heat, and GI.

Based on our initial scans of relevant posts, we observed that many users tweeted
about climate change and its impact as a joke. Table 3 showcases sample posts. While posts
1 and 2 were simple expressions of the connection between climate change and heat in
winter and summer, posts 3 and 4 complained about 90 or 110 degrees (32 °C or 43 °C)
but also included phrases like “it’s so nice” or “I like it”. In addition, posts such as 5 and
6 described outdoor warm temperatures but within the context of summer festivals or
concerts and therefore had positive connotations. On the contrary, posts like 7 and 8 were
very specific about the heat-related struggles indoors or outdoors. We found no posts
related to both climate change and GI, and only a few posts related to urban heat and GI.
Therefore, we conclude that Camden Area X users do not connect climate change issues
with GL.
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Table 3. Sample X posts on climate change and urban heat in Camden, New Jersey.
ID Sample X Posts Time
1 “It’s 60 degrees in January but climate change isn’t real?” January 2018
2 “Going to be a rough summer. Climate change is here to stay.” June 2021

“... [I] stopped of the plane and felt like I walked into a 90° hot house. It
3 has not cooled. No breeze. I am sweating down my back. And Iloveit. ~ June 2019
It’s so nice. Instinctively I want to complain, but i can’t.”

“It’s a very comfortable 110 degree heat index today. Swampy. Just the

way I like it.” July 2011

“It is warm, sunny, and breezy, and I get to spend my day with this

[festival] lineup...” July 2018

“Made it out this evening to finish up the miles that I couldn’t complete
6 in the heat yesterday. It was still pretty hot this evening, but not as August 2018
humid. No running, just a two mile [walking].”

“damn, it’s going to be extremely hot. My heart can’t do this let’s hope I
7 don’t have a heat stroke [because] my school is 1000 [times] hotter than =~ May 2014
outside”

“Heat index of 105 today working outside . .. gotta get rid of this farmers

tan somehow” July 2017

5. Discussion

From our study results, we discerned four key themes that address our research
inquiries. The ensuing discourse is rooted in these themes and adds to the body of knowl-
edge on heat equity and EJ, with a specific emphasis on the interconnection of climate
change, UHI, and GI as perceived by members of the E] community. Moreover, these
themes hold significance for urban planners and public health officials in their efforts to
plan for heat equity and alleviate the impacts of UHI. Effective participatory planning
necessitates a consideration of the needs of both current and future residents as expressed
by the residents themselves.

5.1. Theme 1: Perceived Heat Inequity in Camden Triggers Negative Emotions

Based on the survey and X data, Camden community members faced heat inequity
at both macro and micro levels. At the macro level, a majority of our survey respondents
felt the weather in Camden was relatively hotter than in the surrounding suburbs, which
suggests the impact of UHI affects Camden residents disproportionately and thus more
investment is needed toward heat mitigation and resilience efforts. At the micro-level,
disadvantaged population groups in several Camden neighborhoods experienced a dis-
proportionately higher level of heat severity, most probably due to a higher percentage
of impervious surfaces, less vegetation, a lower percentage of tree canopies, as well as
traffic and industrial emissions, thereby making them more vulnerable. This heightened
vulnerability should be noted in citywide heat equity planning and mitigation efforts.

Public acknowledgment of the presence of heat inequity is an important first step
toward creating a heat equity plan and mitigating UHI effects, especially in E] communi-
ties [41-43]. Heat inequity exemplifies the E]J issue associated with UHI, as it dispropor-
tionately harms low-income communities located in areas with limited economic mobility
and poor outdoor environmental quality. Some of our findings are consistent with prior
studies showing that disadvantaged and vulnerable population groups such as older adults,
outdoor workers, children, infants, pregnant women, the homeless, and people with lim-
ited personal resources (e.g., income, mobility) are at greater risk for heat-related health
impacts [4,11].

The simultaneous presence of heat inequity and a legacy of E]J violations can evoke
negative sentiments among city residents, underscoring the complex interplay of social
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and environmental factors shaping their experiences and perceptions. Most of the X posts
we collected expressed moderately negative or neutral sentiments about UHI, while the
survey respondents’ emotions related to the UHI effect were overwhelmingly negative,
as many of them felt “annoyed”, “frustrated”, “defeated”, or “vulnerable”. People who
lived and/or worked in the city mostly felt negative emotions compared to those who
visited the city often. Reasons behind negative emotions included the lack of GI in affected
neighborhoods, the practice of GI implementation as a political process, a lack of trust
in GI as a UHI mitigation strategy, people’s economic inability to address heat severity
using air conditioners or fans, and the common practice of “blaming” climate change for
everything. A trend observed in the sample X posts is the tendency of people to complain
about the heat in a joking manner. This implies a sense of helplessness in the matter. With
less trust being placed in the implemented mitigation strategies, the community is shown
to be further isolated as an EJ region, disproportionately and unfairly facing the brunt of
UHI challenges without feelings of hope about their eventual resolution. In particular,
people who had to work outdoors, walk on the street to get to work or grocery stores,
or wait at bus stops without any shade or trees during heat waves felt more frustrated
and helpless. Prior studies have reported that heat stress can adversely influence people’s
productivity, judgment, emotions, and mental function [44-46]. However, to initiate heat
equity planning in E] communities, more local research is needed to understand people’s
perceptions of, and emotions related to, heat equity and their ability to adapt to heat [8].

5.2. Theme 2: Public Knowledge Gap Exists Regarding Climate Change-UHI-GI Connections

Our analysis identified a gap between people’s perceptions of the conceptual connec-
tion between climate change and UHI. The X data revealed that most posts on climate
change or heat severity expressed negative experiences or opinions, although some posts
were written sarcastically. Climate change, global warming, or other relevant posts were
mostly related to political debates, not UHI. Users posted about warm weather or heat
severity independent of climate change. A majority of survey respondents agreed UHI
contributed to increased temperatures and perceived climate change to be a contributing
factor to UHI. Many people, however, were unsure or simply denied these two arguments
(34% and 25%, respectively). As presented in the results section, more survey respondents
were able to connect the prevalence of climate change to UHI than were able to connect
their own experiences with hot weather to UHI.

This perceived disconnect could suggest a lack of confidence for some residents in
trusting the feasibility of UHI mitigation strategies for alleviating uncomfortable heat. Prior
literature suggests that education and environmental awareness may directly influence
public perceptions surrounding climate change or GI as a UHI mitigation strategy [29-31].
We argue that more public education programs are needed in Camden so residents can
better understand the true impact of climate change on UHI patterns and the importance
of local-level responses to climate change impacts. In addition, we learned from open-
ended comments that some people blame politicians and policymakers for overusing
climate change as the root cause of all environmental problems and thus demand better
explanations of the problems they face and more effective allocations of public funds and
resources to mitigate environmental threats. This sentiment resonates with researchers
who claim that people, politics, and poor planning are behind most urban environmental
problems and that politicians and non-governmental organizations are quick to blame
climate change without quoting the science [47,48]. The friction described between people
and their government causes a disconnect in the implementation of more comprehensive
GI to ultimately improve UHI-related outcomes. In the urban planning process, it is
imperative for collaboration and a sense of trust to be established between the public and
their government to improve public sentiment. Therefore, to effectively implement climate
policies and achieve mitigation, policymakers need to adopt a more strategic approach to
framing extreme weather events in relation to climate change, recognizing that garnering
citizens’ support is crucial to the success of such initiatives [49,50].
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5.3. Theme 3: Perceived Inequitable Distribution of GI May Negatively Impact UHI
Mitigation Strategies

Some survey respondents were unsure about GI and its potential positive impacts,
which means one of three possibilities: (1) they could not recognize existing projects as
GIL (2) they did not have a good understanding of the role of GI in mitigating the UHI
effect; or (3) there was a lack of GI projects in those neighborhoods. Among respondents
who understood the importance of GI, a few mentioned the inequitable distribution of
GI in specific neighborhoods and commented that GI placement strategies were mostly
political decisions.

In connection with these findings, a substantial body of literature has critically ana-
lyzed the spatial distributions of GI in urban environments [19-21]. Though each study
explores and defines the concept of an equitable distribution of GI differently, accessibility
of GI stands as a strong recurring theme and measure of equity in this study areas. In
contrast, some communities where GI has become a focus in the urban landscape have
faced green gentrification—another aspect of GI equity [13,23,24]. Researchers have argued
for a “just green enough” approach to achieve equitable greening and limit environmental
gentrification [24,51,52]. Although Camden’s GI planning strategies address issues related
to UHI mitigation, stormwater management, park access, and other environmental con-
cerns typically associated with E] communities [53], it remains unclear what measures the
city intends to implement to prevent green gentrification.

5.4. Theme 4: GI Planning and Implementation Should Be Used as UHI Mitigation Strategies
with Caution

X posts regarding heat in Camden in the last 12 years generally spiked during the
summer months, although some posts from recent years revealed people have experienced
warmer weather in spring, fall, or even winter. These trends suggest UHI is mostly
perceived seasonally, but especially in spring and summer [54]. Acknowledging the varied
effects of UHI on residents throughout different seasons is essential for urban planners, as
it enables the implementation of more seasonally appropriate and preventive GI projects
while also fostering community education on year-round maintenance to instill a sense of
ownership among residents [6,54,55].

Since GI projects remain in communities throughout the whole year, the GI planning
and implementation processes should respond to community residents’ needs, perceptions,
and preferences as often and as thoughtfully as possible. Such attention to detail in
this regard incorporates the community’s interests into the mitigation of climate change,
which is a favorable planning outcome serving the physical and emotional needs of the
community. Several studies conducted in recent years have highlighted the issues related
to the appearance, maintenance, and performance of GI throughout the year and across
diverse land uses [25,28,56,57]. Some studies even argue for blending GI with placemaking
features so communities can enjoy the aesthetic, environmental, and recreational benefits
of GI year-round [58,59]. This may help residents understand the importance of GI in
their community.

A majority of survey respondents noticed the presence of GI, vegetation, and shade
trees in their neighborhoods, and most of them acknowledged the perceived benefits of GI
in mitigating the UHI effect. However, survey data demonstrated a greater understanding
and appreciation for urban vegetation than for regular GI projects, indicating that fewer
respondents knew what GI was or believed that smaller focused measures, such as tree
planting and rain garden installation, would yield the highest benefits. This belief is
sensible given how urban vegetation is both functional and aesthetically pleasing, while
other measures included in the umbrella of GI, such as pervious pavements, would be less
obvious and impactful in terms of public perception, even if they physically lower urban
heat [60].

While many survey respondents would like to see more parks and rain gardens in
their neighborhoods, the majority would prefer more vegetation in general, especially
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shade trees. Some even gave specific suggestions for planting more shade trees along
sidewalks and around bus stops to assist the urban poor, disabled, or general users during
summer heatwaves. Public perception of trees as UHI mitigation features is consistent
with what researchers have reported about the benefits of shade trees and other forms of
urban vegetation, such as reducing the heat-related mortality rate [61], reducing energy
consumption and costs, as well as other environmental hazards like air pollution [14]. These
findings, supplemented by the idea that UHI hazards are disproportionately distributed,
indicate a need for a benefit analysis of additional UHI mitigation strategies in areas where
open space planning is not feasible, as well as consideration of public perceptions.

Shade trees as a UHI mitigation strategy, however, should be considered with caution.
Prior studies have revealed residents” mixed or even negative perceptions of street trees as
a GI practice [25,62]. Additionally, shade trees may not be equally effective for all types of
land use [63].

6. Concluding Remarks

In this study, we have captured community perceptions of the intersection of climate
change, UHI, and GI based on survey responses and social media data from Camden—a
historically overburdened E] community. Answering our research questions, community
members generally perceive that heat inequity exists in Camden and that it triggers negative
emotions. While some community members acknowledge the connection between climate
change and increasing UHI effects and perceive GI as a critical UHI mitigation technique, a
public knowledge gap definitely exists regarding the connections between climate change,
UHI, and GI. There is a community perception of an inequitable distribution of GI in
disadvantaged neighborhoods. Finally, community members also feel that certain GI
planning and maintenance practices may negatively impact UHI mitigation strategies.

These results are based on public X posts and survey responses from one U.S. city,
although we anticipate the implications would be similar in communities with similar
backgrounds and socio-economic conditions. These results, however, should be interpreted
by other communities with caution because a higher number of responses would mean
a better representation of the population. While we distributed the survey to community
organizations serving disadvantaged populations, a more direct approach to recruiting
heat-vulnerable population groups would have been more impactful.

Social media data analysis have several limitations, including the choice of appropriate
keywords during initial searches of X’s archive. In this study, we used 50 keywords that
resulted in many irrelevant posts. We removed those irrelevant posts manually since the
database was not very large for this study area; any future research that focuses on a large
study area, however, should consider developing a machine learning framework to discard
irrelevant posts. It was also difficult for our team to address feelings related to the level of
“hot” (e.g., when a person posted “hot outside like a hell”, which is actually indicating very
hot temperatures). Therefore, future research should address such expressional issues to
more effectively classify the level of urban heat in different months.

In the future, we would like to collect more responses from each Camden neighbor-
hood and focus the survey on vulnerable population groups (e.g., older adults, parents
with infants or small children, people with outdoor jobs, and people without housing)
to examine if public perceptions of UHI, GI, and climate change vary according to their
neighborhood locations and vulnerable group types. Additionally, conducting a multi-
community study would be beneficial for comparing variations in people’s perceptions.
Comparing the results from Camden with those of other cities would enhance the gen-
eralizability of our findings and unveil diverse challenges. Extending this study beyond
Camden would also contribute to a comprehensive understanding of local-global dynamics,
fostering cross-regional insights and solutions.

Despite the limitations of this study, the findings, interpretations, and implications
are valuable, contributing to constructing a reciprocal understanding between academics
and civil society. Based on this study, we imply that heat equity planning should be
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prioritized in disadvantaged and EJ] communities because “the urban poor and vulnerable
are hit hardest by the heat”, as mentioned by a community member. In addition, we
learned important lessons related to the importance of (i) understanding people’s negative
emotions triggered by heat inequity; (ii) educating the public about the connection among
climate change, UHI, and GI; (iii) involving community members in developing UHI
mitigation strategies with respect to GI and implementing and maintaining GI projects
year-round; (iv) initiating equitable distribution of Gl in disadvantaged neighborhoods; and
(v) practicing GI planning and implementation with caution. Related to the last point, any
response by GI planners or policymakers must be informed by the concerns of community
members. Gauging public perceptions can provide unique insights into the needs of a
community and ensure no voices remain unheard throughout the planning process.
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mdpi.com/article/10.3390/land12122174/s1.
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