
Research Question & Hypothesis

The Bronx is an ecosystem composed of interactions between 
humans, wildlife, plants, and the built environment. COVID-19 has 
formed part of this ecosystem. The Bronx has experienced one of the 
highest infection and death rates from COVID-19 in New York City [1].
The borough has a long history of environmental injustice during 
which minority communities have been plagued by an uneven 
distribution of health outcomes, air pollution, and access to parks. 
Despite being the second greenest borough in NYC, The Bronx’s main 
greenspaces are concentrated in the northern and easternmost parts
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Using the map, we looked for the presence or absence of different truck routes, 
industrial business zones (IBZs), and whether there were routes where commercial 
traffic was not allowed in each zip code in The Bronx.
Greenspace Data: We collected this data using Braun-blanquet survey methods with 
intervals of 5% by zip code and then converted this percent to a number on a scale 
from 1-20. We utilized Google Earth Pro to estimate the percent green cover within 
the boundaries of each zip code. While calculating the percent of greenspace per zip 
code we only accounted for greenspace that is free to the public. 
COVID-19 Data: We sourced this data from New York City Health COVID-19: Data 
by Zip Code of Residence, which reports percent of people tested with a positive 
result[6].
Survey: We surveyed Bronxites (n=31)  to evaluate their perceived relationships with 
greenscapes and their perceptions of risk from air pollution and COVID-19. Subjects 
had to be at least 18 years of age and current Bronx residents. Our survey used 7 
point Likert scales (and a not applicable option).

Question: Is the impact of the novel coronavirus pandemic tied to 
the distribution of air pollution and greenspace in The Bronx?
Hypothesis: Areas in The Bronx with greater exposure to air 
pollution sources and fewer greenspaces, related to Heat 
Vulnerability Index (HVI) environmental and urban vulnerability 
factors (Fig. 1), will be more affected by the novel coronavirus 
pandemic.

Figure 2.  Average % positive in presence or 
absence of source of air pollution from traffic 
and industrial areas.

Figure 3. Average greenspace rank in 
presence or absence of source of air pollution 
from traffic and industrial areas.

Figure 4. No correlation between percent positive 
and HVI. Percent positive from COVID-19 was 
fairly the same across Heat Vulnerability indices. 

Figure 5. Notable negative correlation between 
Heat Vulnerability Index and greenspace rank.

Figure 6. Survey responses to the statement 
“People in my community are more at risk of 
severe illness or even death from coronavirus 
compared to people in other communities.”

Figure 7. Survey respondents response to the 
statement “The health of people in my community 
is more negatively impacted by pollution than 
people in other communities.” 

Methods
We constructed a profile for each zip code in The Bronx, consisting of 
four categories of data collection: demographic information, sources 
of air pollution, greenspace, and COVID-19.

Demographic Information: We collected these data from U.S. 
Census Bureau, United States Postal Service, Yahoo, Google, 
FedEx, and UPS, to identify key demographic information from zip 
codes within The Bronx including population size, population density, 
zip code area, and other socioeconomic factors [4]. We used the 
information to interpret additional data we collected regarding 
greenspace and COVID-19. We sourced heat vulnerability data from 
the NYC Environment & Health Data Portal Map [3] (Fig. 1) and its 
boundaries were used to assign a Heat Vulnerability Index (HVI) to 
each zip code in The Bronx. HVI is based on 13 environmental and 
socio-demographic factors that evaluate how likely a person is to be 
harmed during hot weather and is used here as a predictor of harm 
from COVID-19.
Sources of Air Pollution: We collected this data from NYC 
Department of Transportation’s NYC Truck Route Map [5]. 
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Figure 1. Heat Stress: Heat 
Vulnerability Index - Score 
(Lowest 1  - Highest 5) Map [3].

of the Bronx near more affluent 
neighborhoods. This limits the 
ecosystem services and health benefits 
of greenspaces to the rest of the 
borough. The use of The South Bronx 
(the area south of the Cross Bronx 
Expressway) as a commercial and 
industrial hub has harmed air quality 
and is linked to adverse health 
outcomes [2] including medical 
conditions that can put people at 
increased risk of severe illness from 
COVID-19.

Our hypothesis that areas in The Bronx with greater exposure to air pollution 
sources and fewer greenspaces would be more affected by the COVID-19 
pandemic was not supported in our analysis of the distribution of these three 
dimensions in The Bronx. However, survey responses captured strong 
relationships between Heat Vulnerability Index (HVI), perceived risk from 
COVID-19 and air pollutants supporting our hypothesis that residents in areas 
vulnerable to heat, which factor in environmental and urban vulnerability such 
as greenspaces and highly developed areas, had strong attitudes regarding 
their perceived increased risk to COVID-19. Additionally, respondents with 
greater HVI showed greater dissatisfaction with the greenspaces in their 
communities. 
Our data rejected our hypothesis, showing that there was generally the same 
average percent of people that test positive from COVID-19 in all zip codes 
whether sources of air pollution were present or absent (Fig. 2). 
Our data demonstrates that there is a lower greenspace rank for zip codes 
where high traffic and industrial zones are present (Fig. 3), meaning in The 
Bronx there is a lack of greenspace in areas where air pollution sources are 
present limiting the overall benefits from regulating ecosystem services on 
health and well-being of residents. In the same vein, there was a noteworthy 
negative correlation (Fig. 5) between average greenspace rank and HVI 
(R2=0.455), meaning that individuals in areas with lower greenspace rank may 
be more vulnerable to urban environmental factors.
Although our data shows that there is poor distribution of greenspace in The 
Bronx, our data further rejects our hypothesis by showing a weak correlation 
(R2=0.091) between HVI and percent of population to test positive for 
COVID-19 (Fig. 4). This shows that across all Heat Vulnerability indices, 
meaning that anywhere in The Bronx, there was little variation in the percent of 
people that test positive from COVID-19 across all zip codes. 
Our survey responses showed that there were strong trends between HVI and 
perceptions of risk, which support our hypothesis. The greater the HVI, the 
more respondents agreed with the statement “The health of people in my 
community is more negatively impacted by pollution than people in other 
communities” (Fig. 7), showing that respondents strongly attribute poor health 
outcomes with pollution in their communities. This helps explain why our data 
also demonstrated a strong trend between greater HVI and agreeableness with 
the statement “People in my community are more at risk of severe illness or 
even death from coronavirus compared to people in other communities” (Fig. 
6). Respondents may perceive greater risk from COVID-19 in their community 
because they also perceive adverse health outcomes from unsatisfactory 
environmental factors such as pollution. 
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Our research had some notable limitations. To start, we only accepted responses for a short 
period of time. This hindered our ability to recruit more participants or include a larger 
sample in our study. Another limitation would be our method of measuring percent 
greenspace by zip code. The Braun-Blanquet survey methods relied heavily on estimation 
and perception and there was likely human error in our estimations. 
Many communities in the Bronx live in areas with environmental and urban factors that can 
be tied to a greater perception of risk from COVID-19 that can be directly indicated by Heat 
Vulnerability Index (HVI). Using HVI as an indicator, future research should assess how to 
minimize perceived risks from pandemics, as risk perception can be tied to stress[7], and 
should be further investigated in the context of COVID-19. This study stresses the 
importance of cultivating resilience in urban environments because they are especially 
vulnerable to pandemics as global population trends show people are increasingly living in 
cities.
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