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Abstract Urban tree cover can provide several ecolog-
ical and public health benefits. Secondary datasets for
Tampa, FL, including sociodemographic variables (e.g.,
race/ethnicity), health data, and interpolated values for
features of tree cover (e.g., percent canopy and leaf area
index) were analyzed using correlation and regression.
Percent canopy cover and leaf area index were inversely
correlated to respiratory and cardiovascular outcomes,
yet only leaf area index displayed a significant associa-
tion with respiratory conditions in the logistic regression
model. Percent racial/ethnic minority residents at the
block group level was significantly negatively correlat-
ed with median income and tree density. Leaf area index
was also significantly lower in block groups with more

African-American residents. The percentage of African
Americans (p = 0.101) and Hispanics (p < 0.001) were
positively associated with respiratory outcomes while
population density (p < 0.001), percent canopy
(p < 0.01), and leaf area index (p < 0.01) were negative-
ly associated. In multivariate models, higher tree densi-
ty, leaf area index, and median income were significant-
ly negatively associated with respiratory cases. Block
groups with a higher proportion of African Americans
had a higher odds of displaying respiratory admissions
above the median rate. Tree density and median income
were also negatively associated with cardiovascular
cases. Home ownership and tree condition were signif-
icantly positively associated with cardiovascular cases.

Keywords Green space . Health . Urban . Nature

Introduction

Urbanization coupled with loss of canopy cover has
resulted in numerous ecological and public health im-
plications that are not fully understood. Assessing the
role of urban green space on the health of city residents
is a grand environmental challenge that warrants further
study [1, 2]. Hence, the importance of land cover, such
as urban tree cover, is receiving more attention in the
public health realm. For example, the World Health
Organization regards green space (i.e., vegetated areas
such as parks, forests, gardens) as a vital indicator of
sustainable cities [3]. Scholars assert that the next chap-
ter of research on sustainable cities should integrate
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insight from fields such as urban ecology with an area’s
sociopolitical [4, 5] and public health contexts [1, 6–10].
By definition, ecosystem services pertain to the health
and well-being benefits that humans receive from the
natural environment [11]. Since vegetation plays a foun-
dational role in characterizing ecosystems, a growing
body of literature has analyzed the connection between
urban vegetation and different aspects of health. Like-
wise, public health ecology is a framework that connects
aspects of the natural environment (e.g., landscape
structure and ecosystem functionality) with human
health outcomes such as respiratory and cardiovascular
concerns [12]. As Tampa adopted a 2040 comprehen-
sive plan focused on “people, places, and natural
spaces,” an improved understanding on the role of urban
tree cover and health can support strategies to enhance
quality of life. In this paper, we assess the relationship
between urban tree canopy cover and human health.
Specifically, we analyze the incidence of respiratory
and cardiovascular conditions in Tampa, FL, and hy-
pothesize that incidences of these conditions are inverse-
ly related to structural features of tree cover.

Urban green spaces provide ecosystem services that
can be beneficial to various aspects of human health and
well-being [7, 13–19]. These benefits were noted in
studies that observed an inverse association between
green spaces and health concerns such as physical inac-
tivity [20] and depression [21] as well as cardiovascular
and respiratory conditions [22, 23]. For example,
counties across fifteen US states showed an increase in
mortality from cardiovascular and lower-respiratory-
tract conditions in correlation with loss of tree cover
resulting from pest infestations [24]. On the contrary,
Richardson et al. [25] did not detect a significant effect
from green space upon mortality rates in some of the
largest US cities. Further, the results indicated that urban
sprawl and the automobile-dependent lifestyle of many
American cities may eclipse the potential benefits from
green spaces. Thus, numerous factors can affect the
relationship between green space and health.

The spatial arrangement of urban green spaces can
also interact with other factors within the built environ-
ment that support a broad vision of health [6, 26].
Several pathways can mediate the potential health ben-
efits that humans receive through contact with green
spaces. For example, improved immune function is
considered a key pathway through which exposure to
green space can enhance human health [27]. In addition,
health benefits related to social cohesion [6, 14, 19],

stress alleviation [28], and mitigation of the heat island
effect (i.e., the capture and release of solar energy by
impervious surfaces which lead to higher temperatures
in urban areas) [29] have also emerged in the literature.
The task of understanding the role of green space on
health is important to strategically designed urban envi-
ronments that promote positive health outcomes [1].

Canopy cover is a distinctive part of the urban land-
scape that is particularly important to a city’s physical
and socioeconomic environment [30]. Characteristics of
urban tree cover (e.g., amount and condition) can vary
across the landscape [31, 32] and affect the delivery of
ecosystem services [32]. For instance, leaf area index
(LAI), being the total one-side area of leaves of plants
per unit of ground [33], may be considered an indicator
for removing air pollutants [34]. However, different
stressors (e.g., urbanization and changes to land cover)
can reduce the ability of ecosystems to function at an
optimal state [35]. For example, trees in poor condition
have a limited ability to support the growth of leaves
which provide ecosystem services such as shade and the
interception of rainfall. Also, damaged trees have a
limited ability to withstand disturbances (e.g., storms)
and pressures (e.g., soil compaction from an urban
setting). Hence, degraded vegetative cover can mini-
mize ecosystem services and potentially lead to gaps
in health by socioeconomic status [7, 36] as well as race
and ethnicity [7]. Numerous studies have explored how
urban tree cover may relate to concerns in environmen-
tal injustice. Scholars describe how inequitable access to
urban tree cover maybe linked to health disparities [7,
37] and reduced ecosystem services [32] among diverse
populations. Many have analyzed this topic in the con-
text of race/ethnicity and income. For example, previous
studies found an inverse association between tree cover
and the proportion of racial/ethnic minorities [32,
38–40]. Similar observations were made for the level
of income [38, 39]. Despite research that has observed
such inequities, the results for tree cover, inequitable
access, and/or health outcomes can vary [41]. Also,
few studies have captured the structural features of tree
cover (e.g., leaf area index, tree density, and condition)
in their analysis. For this reason, there is a need to
analyze the relationship between structural qualities of
canopy cover and the health of diverse populations [42].

It is also important to note, however, that all green
spaces may not render the same health benefits and they
may provide disservices to consider [41, 43]. Some
vegetation release biogenic volatile organic compounds
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(BVOCs) that serve as precursor for ozone formation
[44] yet some report that increasing vegetation’s LAI
may significantly reduce oxygenated volatile organic
compounds (oVOC) [45].

Few studies have considered the importance of the
quality of green space in health studies [14, 23, 46] and
the collective role of individual trees in health outcomes
is rarely analyzed [1], and others encourage analysis at a
finer geographic scale to enhance future studies [22].We
explore the association between tree canopy cover and
rates of respiratory and cardiovascular outcomes using
hospital admissions data from the City of Tampa for
2007.

Methods

Study Site

Our study area is the City of Tampa which is located
at approximately 28° N latitude and 82° W longi-
tude on the mid-western coast of the Florida penin-
sula. It is the third largest city in Florida, with an
estimated population of 335,327 during the 2006–
2010 estimate which consisted of roughly 65%
Whites, 26% African Americans, and 23% who
identify themselves as either Hispanic or Latino
American [47]. Summers have a mean high temper-
ature of 32 °C and winters have mean low temper-
ature of 12 °C and most precipitation occurs in the
summer at an annual average of 117 cm [48]. The
City of Tampa performed an Urban Ecological As-
sessment which provides a comprehensive inventory
of the ecological and economic benefits from its
forests in 2007. Insight on the association between
tree cover and human health can provide informa-
tion to stakeholders and decision makers to manage
natural resources that can be beneficial to all
citizens.

Data

In this study, we utilized a combination of secondary
datasets to analyze the interactions between structur-
al features of tree cover and sociodemographic var-
iables, as well as respiratory and cardiovascular-
related hospital admissions.

Tree Cover

Tree cover was our primary exposure variable of inter-
est. Two datasets were used to characterize tree cover
across our study site: i-Tree Eco plots [49, 50] and
satellite imagery. Two hundred and one plots (circular
plot area of 400 m2) were distributed across the city
using random sampling with a hexagon grid and
inventoried between February and July 2007 [51]. Fol-
lowing the sampling protocols for the i-Tree model,
plots were assessed for structural features such as tree
condition and leaf area index. Tree condition was mea-
sured for each woody stem with a trunk diameter of
greater than 2.5 cm at a breast height of 1.5 m. Specif-
ically, categories for tree condition were based on the
percent dead tree tips in the crown of a tree (i.e., crown
dieback). We also calculated the basal area (i.e., cross
section of a tree stem at breast height) and tree density.
Figure 1 is a map of i-Tree sample plots and census
block groups within the Tampa city limits.

Structural characteristics were obtained or calculated
for each tree and averaged at the plot level. Percent
canopy cover was estimated at the census block group
level using 2006 IKONOS satellite imagery data [52].
Block groups were then categorized into quartiles based
on the percent canopy cover. Outputs for tree condition
were converted into numerical values which included
the following: excellent = 5, good = 4, fair = 3, poor = 2,
critical/dying = 1, and dead = 0. Similar to other studies
on tree cover [32, 53, 54], we utilized ordinary kriging
as an interpolation technique to determine values and
calculate the statistical probability of occurrences across
a surface where values are unknown [55]. For example,
structural attributes of tree cover such as tree density and
LAI for all block groups within the city limits of Tampa,
FL, were calculated. There was a total of 201 sample
plots including plots containing values of zero to ac-
count for locations without trees. Comparatively, there
were 372 block groups within the City of Tampa and
128 contained at least one sample plot. As the estimates
obtained from kriging can be more accurate than aver-
aging values at the community level [56], it provides an
overall estimate of variables across the city which can be
informative to this study. For example, due to the large
area and sample size, kriging can provide a more accu-
rate prediction of variables per census block group.
Kriging takes into account the distance and values of
surrounding variables to estimate locations and values
across the entire sample surface area. Similar to other
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studies on vegetation [57–59] and ecosystem services
[60], we used the spatial analyst technique of zonal
statistics to generate predicted values within each census
block group [56].

Health Data

Our primary outcomes of interest were respiratory and
cardiovascular-related hospital admissions in Tampa,
FL, during 2007. Health data was obtained from the
Florida Agency for Health Care Administration
(AHCA) for 2007 and filtered by the principal diagnosis
as designated under the Ninth International Classifica-
tion of Diseases Codes (ICD-9) [61]. Health records
were obtained from three AHCA datasets (i.e., emer-
gency visits, inpatient discharges, and ambulatory/out-
patient) and included patient’s zip code of residence as
well as the ICD-9 code. We used the following ICD-9

codes to indicate respiratory conditions: asthma
(493.00–493.22; 493.8–493.82; 493.9–493.92), wheez-
ing (786.07), bronchitis (490.0–491.9), emphysema
(492.8; 491.20), along with chronic obstructive pulmo-
nary disease (COPD) and related diagnosis (496; 495.X;
493.2X; 494.X, 491.2X, 492.X; 491.21). Cardiovascu-
lar outcomes included heart rhythm disorders (426.00–
427.99), heart failure (428.00–428.99), cerebrovascular
disease (430.00–438.99), ischemic heart disease
(410.0–414.99; 429.00–429.99), and peripheral vascu-
lar disease (440.00–448.99). Using Geographic Infor-
mation Systems, a ratio of the block group to respective
zip code areas was created throughout the City of Tam-
pa, FL. This ratio was multiplied by the number of zip
code health cases to generate a proxy of health cases at
the block group level. A sum of proxies was calculated
for block groups located in multiple zip codes. The
proxy was then multiplied by one thousand to render

Fig. 1 Map of i-Tree sample plots across census block groups in Tampa, FL
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the number of people per 1000 that were medically
diagnosed with one of these health concerns. Both re-
spiratory and cardiovascular outcomes were dichoto-
mized into two categories based on their respective
sample median and used as the main study outcome
variables. Census block groups with an incidence rate
below the medianwere categorized as “low”while those
above the median were considered “high.”

Census Data

Demographic characteristics from patients’ home loca-
tions (based on zip code) were used as control variables.
The following demographic variables were obtained
from the Census Bureau’s American Community Sur-
vey 5-year estimate for 2006–2010: race (e.g., non-
Hispanic white and non-Hispanic African American),
ethnicity (e.g., Hispanic or Latino), median household
income, population density, and housing tenure (e.g.,
owner and renter-occupied housing) at the block group
level. Specifically, a 2010 5-year estimate of
sociodemographic variables were obtained from the
US Census Bureau [62, 63]. Dominant race or ethnicity
for a block group was determined by the group that
occupied at least 50% of the block group (see Flocks
et al., 2011). A label of “no dominant race” was used to
identify block groups that were not occupied by at least
50% of a racial/ethnic group. Two block groups (i.e.,
120579801001 and 120579806001) are located on
unique land uses which do not contain census data; thus,
they were omitted from the analysis related to socioeco-
nomic variables.

While race and ethnicity are often the focus of health
disparities research in the USA [64–66], other countries

emphasize the role of income in such endeavors as well
[67–69]. In addition, Landry and Charkrborty [38] note
the importance of disentangling race and income in
equity studies, especially in Tampa. Hence, our quartiles
of median household income included the following:
group one (income < $29,726.50), two ($29,726.50 <
income < $42250), three ($42,250 < income
< $63,107.50), and four ($63,107.50 > income).

Statistical Analyses

Statistical analyses were conducted using SPSS Version
22.0 [70]. We calculated descriptive statistics (Table 1)
and bivariate analysis and a comparison of means using
Spearman correlation and chi-square, respectively. In
addition, adjusted logistic regression models were used
to assess the relationship between urban tree canopy
cover and rates of respiratory and cardiovascular-
related hospital admissions. The two logistic regression
models included respiratory and cardiovascular out-
comes as the dependent variable. The unit of analysis
was the census block group. Adjusted regressionmodels
also included the following independent variables: per-
cent home owner, median income, categories of domi-
nant race, tree density, percent canopy cover, categories
of dominant race, leaf area index, population density,
and tree condition.

Multivariate Regression

A numerical characterization for dominant race/
ethnicity (1 =White, 2 = African American, 3 = Hispan-
ic/Latino, 4 = no dominant race) was also included in the
model. For the statistical model building, first, a crude

Table 1 Descriptive statistics for variables within census block groups in Tampa, FL

Variables N Minimum Maximum Mean Median Std. error Standard deviation

Income (scaled to $10,000) 369 0 25.0 5.2 4.4 0.1 3.6

Percent owner 370 0 100 57.7 63.0 1.4 27.3

Population density per 1000 (sq. km) 370 0.1 62.9 12.1 11.4 0.4 7.7

Percent canopy cover 370 1.7 83.4 27.7 26.6 0.6 13.2

Leaf area index 370 0.9 3.1 1.9 1.8 0.0 0.3

Tree condition 370 1.4 4.3 2.9 2.9 0.0 0.5

Tree density 370 21.9 1726.5 194.0 89.2 12.7 245.5

Respiratory incidence rate per 1000 370 0 85.7 7.6 4.8 0.5 9.7

Cardiovascular incidence rate per 1000 370 0 143.8 14.6 11.0 0.8 16.2
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logistic regression models examining the relationship
between each of the two health outcomes (respiratory
and cardiovascular conditions) and each of the
sociodemographic variables and tree coverage-related
variables were fitted. In the final model, an adjusted
logistic regression model was fitted by including all
the sociodemographic and tree coverage-related vari-
ables in one model for both respiratory and cardiovas-
cular conditions (Table 2). Results were analyzed at a
confidence interval of 95% which is equivalent to p
value of 0.05.

Results

On average, the block groups in this study included a
median income of about $52, 908, 57% owner occupied
housing, 24% African Americans, 68% Whites, 22%
Hispanics, and population density of 12,167 km2. The
mean canopy coverage was about 27% of the census
block group. For the overall block groups included in
this study, approximately 66% (n = 243) are dominated
by Whites, 19% (n = 71) by African Americans, and
13% (n = 48) Hispanic/Latino. Also, about 2% of the
blockgroups (n = 8) were not designated a dominant
race/ethnicity due to the similar proportions. The major-
ity (i.e., 66%) of block groups dominated by African
Americans were located in the lowest quartile for medi-
an income. Regarding the other quartiles of median

income, the percentage of block groups dominated by
African Americans in quartiles 2, 3, and 4 were roughly
27%, 5%, and 1% respectively. About 25% of the
Hispanic/Latino population were located in block
groups within the first quartile for median income, while
the percentage for quartiles two through four were about
52%, 21%, and 2% respectively. Within the block
groups dominated by Whites, about 12% were located
in the lowest quartile for median income. However, the
frequency for quartiles two through four for median
income were 18%, 32%, and 37% respectively. One
block group dominated by Whites did not contain data
on income. Thus, these distributions imply that quartiles
with the lowest levels of median income overlap block
groups dominated by racial/ethnic minorities.

Figure 2 presents a dual axes for incidences of respi-
ratory and cardiovascular conditions in relation to quar-
tiles of percent canopy cover.

Spearman correlation was performed between multi-
ple variables included in this study. We observed that
tree density was negatively associated with rates of both
respiratory (r = − .31) and cardiovascular conditions
(r = − .19), at a statistically significant level. Tree con-
dition showed a significant positive correlation to leaf
area index (r = .33) yet it was negatively correlated with
tree density (r = − .13). Overall, the incidence rate of
respiratory outcomes is negatively correlated with char-
acteristics of tree cover such as leaf area index (r =
− .28) and tree density (r = − .31), at a statistically

Table 2 Multivariate association between respiratory and cardiovascular rates and with sociodemographic variables and other covariates

Variable Adjusted model for respiratory rates per 1000 Adjusted model for cardiovascular rates per 1000

Odds ratio 95% CI Odds ratio 95% CI

Percent owner 0.99 0.98–1.01 1.01 0.99–1.02

Dominant race

White Ref Ref Ref Ref

African American 2.84 1.28–6.29 0.22 0.10–0.47

Hispanic 1.19 0.54–2.64 0.54 0.24–1.23

No dominant race 1.22 0.16–9.04 1.04 0.12–8.79

Income 0.86 0.78–0.95 0.89 0.80–0.98

Tree density 0.99 0.99–0.99 0.99 0.99–0.99

Percent canopy cover 1.00 0.98–1.02 0.98 0.97–1.01

Leaf area index 0.16 0.06–0.42 2.28 0.91–5.74

Population density 0.79 0.75–0.84 0.77 0.73–0.82

Tree condition 2.13 1.17–3.85 1.68 0.93–3.02
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significant level. However, tree density was the struc-
tural variable that showed a significant inverse associa-
tion (r = − .19) with cardiovascular conditions.

Block groups with a higher percentage of canopy
cover showed a significant positive correlation with
median income (r = 0.21), percent owner (r = 0.29), per-
cent White residents (r = 0.11), and leaf area index (r =
0.15). Block groups with a high percentage of Whites
were also positively correlated with median income (r =
0.59), percent owner (r = 0.37), leaf area index (r =
0.25), and tree density (r = 0.11) in a significant fashion.
As the percentage of African Americans increased, a
significant decrease in median income (r = − 0.62), per-
cent owner (r = − 0.36) and tree density (r = − .17) were
observed. These observations align with similar findings
in Tampa and other articles in the environmental justice
literature [37, 38]. Block groups with a greater propor-
tion of African-American residents were positively cor-
related with respiratory outcomes (r = 0.19) and popu-
lation density (r = 0.12) yet negatively correlated to
cardiovascular conditions (r = − .12) and leaf area index
(r = − 0.27), both at a significant level. Similar to block
groups with a high percentage of African Americans,
areas with more Hispanic/Latino persons were also neg-
atively correlated with median income (r = − .19) and
tree density (r = − 0.11) at a significant level.

Adjusted regression estimates are shown in Ta-
ble 2. Higher tree density and income showed a
significant negative association with respiratory

cases. Interestingly, factors such as percent canopy
cover and the proportion of owner housing were not
significantly associated with respiratory cases in the
adjusted model. Block groups with a higher propor-
tion of African Americans have higher odds for
having above-median rate of respiratory-related hos-
pital admissions (OR 2.84, 95% CI 1.28–6.29). Leaf
area index (OR 0.16, 95% CI 0.06–0.42) and tree
density (odds ratio estimate = 0.99, 95% CI 0.99–
0.99) were significantly negatively associated with
respiratory cases. Tree condition was positively as-
sociated with rate of respiratory admissions (OR
2.13, 95% CI 1.17–3.85).

Conversely, percent African-American residents
(odds ratio estimate = 0.22, 95% CI 0.10–0.47) at
the block group level was negatively associated with
cardiovascular admission rates. Areas with greater
leaf area index were 2.2 times more likely to have
an above-median rate of cardiovascular cases. Tree
density (odds ratio estimate = 0.99, 95% CI 0.99,
0.99) was significantly associated with a lower odds
of cardiovascular cases. Tree condition was positive-
ly associated with rate of cardiovascular outcomes, in
some cases to a great degree (OR 1.68, 95% CI 0.93,
3.02); however, some negative associations were also
present and this observation was not statistically sig-
nificant. Income was found to be negatively associ-
ated with above-median rate of cardiovascular admis-
sions (OR 0.89, 95% CI 0.73–0.82).

Fig. 2 Incidence rate of
respiratory and cardiovascular
outcomes compared to quartiles
of percent canopy cover. Quartile
1 is the lowest canopy cover and
quartile 4 is the highest (bar graph
represents respiratory rate per
1000; line represents
cardiovascular rate per 1000)
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As some suggest that the evidence on green space
and physical activity has been mixed [14], one specula-
tion for this unexpected result could be that trees in
better condition or higher leaf area index can provide
shade which may encourage people to have sedentary
behavior instead of being physically active. Since trees
on private property often produce more benefits and
require less maintenance in comparison to trees on
public spaces [71], perhaps well-maintained yard trees
do not encourage the same level of physical activity as
publicly owned green spaces. Also, as trees on private
property can dominate urban forests [72], some suggest
that planting trees along roads maybe particularly ben-
eficial to health measures such as cardio-metabolic con-
ditions [1]. Previous studies have observed a lower risk
of cardiovascular concerns in some black populations in
comparison to Whites [73]. For example, another Flor-
ida study observed that initial disparities for stroke
mortality diminished in regression modeling after
adjusting for factors such as gender and insurance status
[74].

Discussion

This project extends prior studies by integrating struc-
tural factors of tree cover and exploring their relation-
ship to respiratory and cardiovascular health outcomes
across sociodemographic groups. We hypothesized that
areas with less tree cover would have a higher incidence
of selected health conditions. Although our results for
canopy cover were not significant in the regression
analysis, other structural variables of tree cover were
associated in some cases. For example, tree density was
significantly negatively associated with both respiratory
and cardiovascular outcomes. Our observations on an
inverse association between tree density and health out-
comes align with another study in Toronto [1]. Also,
previous ecological literature describes how tree condi-
tion supports leaf area index [75]. This article makes a
number of key contributions to the literature: it accounts
for the structural characteristics (e.g., tree density, tree
condition, and leaf area index) of canopy cover at a
small geographic scale and it explores public health
implications across variations in income and
race/ethnicity. In the bivariate analysis, leaf area index
was negatively associated with racial/ethnic minorities
and African Americans tended to reside in block groups
with less tree density. Higher tree density was correlated

with fewer cases of respiratory and cardiovascular ad-
missions. By assessing the amount and quality of tree
cover, we can gain additional insight on a population’s
intensity of response to canopy cover with respect to
health outcomes [76]. Also, compared to prior studies
on green space and health, it does not utilize subjective
measures of health that may be limited by personal bias
and perception [1]. Similar to other research on tree
cover and environmental justice, two factors can be
positively related in bivariate analysis yet regression
results can be negatively linked [77].

The tradeoffs between the benefits and disservices of
tree cover should be kept in mind as we interpret such
research findings. This may provide some insight as it
relates to tree condition. The same trees that support
aesthetic surroundings that encourage physical activity
[10, 78] may be related to allergic sensitivities to tree
pollen [42] which exacerbate respiratory concerns. It is
also important to acknowledge that canopy cover is not
the sole way to alleviate air pollution concerns in urban
areas. Since the role that tree cover plays in reducing
ambient pollutants may increase over time [79], this can
affect our results and conclusions on tree cover and
respiratory conditions that were analyzed for a static
point in time. Multivariate regression results imply that
tree density was statistically significant with lower ad-
missions of both cardiovascular and respiratory condi-
tions. This observation aligns with another study which
found tree density to be linked with improved percep-
tions of health [1]. However, future research with a
larger sample size of census block groups may also
enhance statistical power and other study implications.
As potential access to health insurance and preventive
care can differ among various demographic groups,
differences between the incidence and mortality of a
health outcome may have also affected the
sociodemographic findings in this study. Some note
differences in the extent of healthcare coverage and
Medicaid eligibility due to income level and race/
ethnicity [80]. Although data limitations could not cap-
ture the racial/ethnic subsets in 2007, later estimates
note that about 17% of Whites, 22% of African Amer-
icans, and 29% of Hispanic/Latino persons were unin-
sured for health coverage in 2009 [81]. Restrictions
related to income and health care coverage can affect
the willingness to seek medical attention. Thus, the full
extent of cardiovascular and respiratory cases may not
be fully captured in low-income persons. Also, the
occurrence of health cases can also be related to the type
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of the health outcome and the individual’s perception of
risk for the outcome. For example, the proxy for respi-
ratory ailments included a mixture of acute and chronic
health concerns (e.g., wheezing, bronchitis, and asth-
ma). On the other hand, the severity of cardiovascular
concerns can increase the urgency for residents to seek
medical attention for these ailments in comparison to
respiratory concerns.

Although structural features of tree cover (e.g., per-
cent canopy, leaf area index, tree density) were nega-
tively associated with cardiovascular outcomes, some
variables (e.g., leaf area index) did not show a statisti-
cally significant correlation. This observation can be
attributed to various possibilities. The presence of tree
cover does not necessarily ensure the level of physical
activity that promotes cardiovascular health. For in-
stance, during a study of neighborhood parks in Tampa,
Floyd et al. [82] observed that the majority of park users
were involved in sedentary behavior, especially across
demographic groups. Even though parks can provide
the setting to promote physical activity, personal prefer-
ences to relax in these spaces may limit the degree of
physical activity actually taking place. On the other
hand, they also noted that areas predominated by high-
income Hispanics and low-incomeWhites displayed the
highest level of energy expenditure in parks [82]. Sim-
ilar to Floyd et al. [82], we observed that many Tampa
block groups with over 50% Hispanics also contained a
high proportion of white residents. This overlap of the
White and Hispanic population can make it challenging
to delineate health disparities by race and ethnicity.
Nonetheless, there is room to promote physically active
park use in Tampa, especially in predominantly African-
American neighborhoods [82].

There are also other factors to consider in the impli-
cations of these study results. The layout and mainte-
nance of canopy cover can be affected by housing tenure
which pertains to ownership or renter status of a prop-
erty. Since renters do not own or manage the activities
on their property, they generally do not contribute to the
long-term maintenance that trees require [32]. There-
fore, programs to increase tree planting programs might
consider targeting the managers of rental properties
along with the actual residents in outreach. However,
considering sociodemographic factors in tree planting
may inform existing efforts to minimize environmental
inequities [79, 83, 84]. For instance, other scholars
recently articulated the importance of not only increas-
ing tree planting programs in low-income and racially/

ethnically diverse communities, but also providing sup-
port for tree maintenance and community engagement
[85].

On the other hand, some benefits from urban green
spaces can be derived merely through their presence.
Similar studies in Tampa reinforce the need for ameni-
ties, park infrastructure, and configuration to be consid-
ered in efforts to integrate nature-based health promo-
tion [82]. Since urban growth models foresee continued
development in Tampa into 2025, particularly the east-
ern parts of the city and its watershed [86], it is critical to
evaluate how current development activities affect pres-
ent and future layout of tree cover in urban areas [85].
Future studies can account for such factors.

One potential method to enhance the quality of
tree cover across socioeconomic boundaries is to
improve public education on tree maintenance. This
is particularly important as simply planting trees may
not be a suitable strategy to achieve sustainability and
environmental justice goals unless factors such as the
extent of coverage and quality of trees are also con-
sidered [32]. Our observations imply the majority of
trees are in fair condition. Although urban landscap-
ing preferences can vary with factors such as income,
ethnicity, preferences of neighbors, and home own-
ership [87], this study did not include a qualitative
component to assess the preference of residents.
However, observations from other studies in Tampa
can inform our findings. For example, another study
noted that some low-income residents of East Tampa
were not in favor of former tree planting programs in
the vicinity of their property due to concerns related
to storm damage [38]. Likewise, our Spearman anal-
yses indicate that leaf area index is inversely related
to block groups dominated by African-Americans
and Hispanic/Latino groups. A number of factors
can lead to this relationship such as historic ineq-
uities, inadequate planning, and sociodemographic
disparities. Although environmental indicators (e.g.,
trees) can be applied to various ecosystems, some
indicators are unique to a locations socioeconomic
characteristics, spatial design, and policy needs [88].
Since Tampa is a coastal city whose location may
play a role in the flux and deposition of atmospheric
pollutants, future research could apply this study to a
comparable inland location. Along with atmospheric
conditions, the unique climatic, cultural, geographic,
and population features of Tampa could encourage
replication of this work in other areas.
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Limitations

There are a number of limitations to note in this
study. For example, the proxy for health data as-
sumed that the human population is evenly distribut-
ed throughout the block group. While the complex-
ities of cumulative assessment can complicate the
task of establishing causal links in health research
[89], people can interact with green space through
multiple pathways [25]. Ultimately, studies that at-
tempt to capture various socioeconomic factors can-
not account for the full range of spatial, temporal,
cultural, and personal factors that collectively play a
role in human health [90]. Similar to other studies,
we were unable to capture how long individuals
resided in their respective block groups with the
associated canopy cover before they were diagnosed
with the respective health concern [68]. For example,
we did not account for the use of residential pesti-
cides and the presence of indoor mold which can also
influence the onset of respiratory symptoms is out-
side the scope of this project. Also, age is another
variable to consider in research on health disparities
in heart disease [91] yet it was not explored in this
study. Due to limited data, confounding factors re-
lated to personal lifestyle (e.g., physical activity,
smoking, or diet), and local pollution sources were
not considered. For instance, between 2008 and
2010, estimates for criteria air pollutants found that
the Tampa-St. Petersburg-Clearwater area averaged
343 days with good to moderate air quality [92].
However, another project in Tampa mentioned that
the city’s monitoring infrastructure does not ade-
quately capture the ambient pollution that burdens
minority communities since Tampa’s minority popu-
lations live closer to pollution sources and farther
from air pollution monitors [93]. In addition, private
physician visits were not captured in the health da-
tabase. The extent of healthcare coverage may also
be associated with the extent of cases that are report-
ed and diagnosed by a medical professional. For
example, census estimates indicate that 21% of the
population in Hillsborough County was uninsured in
2007 [94]. Also, since another tree equity study in
Tampa primarily focused on residential block groups
[38], other studies that include all block groups (e.g.,
residential and non-residential) within the city
boundary may affect the relationships between tree
cover and human health outcomes.

Conclusions

By understanding the spatial variation involved in
human-environmental systems, we are positioned to
identify areas of vulnerability and adaptability in sup-
port of broader strategies in sustainable development
[95]. The results of this study analyze the interaction
betweenmultiple human-environment interactions (e.g.,
structural features of tree cover, demographics, and
health outcomes) and contribute to the literature and
support previous research that urban tree cover is a
factor in human health outcomes and equity. Others
propose that integrating multiple aspects of vegetation
such as the type, density, and degree of coverage can be
included in an index to assess different characteristics of
vegetation [96]. Future research efforts can explore the
collective role of such characteristics of green space. As
urban municipalities continue to explore and develop
strategies to address inequalities in tree cover [38], such
efforts may support health promotion in numerous
ways.
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