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ABSTRACT
Background: Climate change (SDG 13) has the potential to dramatically effect nearly all
aspects of life, including all other Sustainable Development Goals. One impact of climate
change that deserves increased attention is the increase in global violence (SDG 1, 5, 16). By
the end of the century, predicted changes in carbon dioxide emissions is estimated to increase
global violence by a median probability of 1.5-5.4% (Climate Impact Lab, 2017). Carbon dioxide
emissions raise the risk of abnormally high ambient temperatures, which is associated with
violence, aggression, and other heat related stressors (SDG, 3). These stressors are known to
affect physiologic hormonal mechanisms in the body. However, the biological mechanisms of
the relationship between climate change and violence, and potential mitigating or exacerbating
characteristics of built environments (SDG 1, 2), is understudied. The amount of living green
vegetation in a given community, or greenness, contributes to sequestration of carbon dioxide
and reduces ground level temperatures (SDG 15). In addition to mitigating temperature (along
with air and noise pollution), greenness may increase physiologic resilience of individuals and
communities exposed to violence and subsequent pathogenic stress response (SDG 11, 12).
Design and Methods: This mixed methods study examined the effect of greenness on stress
and resilience among urban African American women with high exposure to interpersonal and
community violence. Greenness was geospatially measured by remote sensing of chlorophyll
at ground level along with factors of the social and built environment. Women (n=98) in the
sample were between the ages of 18-44, living in an urban mid-Atlantic city of the United States
of America, and at high risk of interpersonal and community violence. A multilevel regression
model was used to determine the effects of greenness on physiological resilience
(operationalized as the ratio of cortisol to dehydroepiandrosterone). Covariates in the regression
model included sexual violence, crime, vacant property, traffic proximity, education, income,
perceived stress and unprotected sex partners. We also utilized the analysis of interviews with
key informants (n=10), observational field notes, historical records and images to understand
the resilience potential of key communities within the highest and lowest greenness quintile of
the sample.
Results: Multi-level analysis at the community statistical areas (n=55) revealed that one
standard deviation (0.039) increase in greenness was associated with a 34% increase (𝛽𝛽= 7.5,
p<.05) in physiological-resilience, adjusting for covariates. The analysis of qualitative data
revealed that, according to key informants, green spaces have the ability to promote feelings of
calmness. However, access to green spaces is restricted when traveling through social and
built environments that are perceived as unsafe or unpleasant, potentially discouraging use.
Conclusion: This research highlights the relationship between climate change and violence and
demonstrates the capability of greenness to support the resilient potential of communities
vulnerable to violence. The greenness of communities—in addition to being an indicator of
climate change—has significant mitigation and adaptation potential for communities affected by
violence and related stressors. Increased collaboration between community, government,
healthcare, and other stakeholders to promote urban greenness can help support safe, resilient,
and sustainable environments.

Background
Climate Change and Violence against Women
One impact of climate change (SDG 13) that deserves increased attention is the
increase in global violence (SDG 1, 5, 16). Increases in violent crime related to climate change
are predicted to increase by 3% (95%CI, 1.5-5.4) by the end of the century .1 In 2011, the
economic costs of violence worldwide were over $10.5 trillion (2018 dollars), 98% of it from
interpersonal violence and intimate partner violence .2 As climate-related disasters increase,
there is a potential for an increase in violence for individuals, families, and communities .3 This
violence may take place on a societal level as more individuals become environmental
refugees, increasing tensions among governments as resources become depleted 4 , or it may
take place on an individual level as disasters create unsafe living conditions .5 As is the case for
most outcomes from climate change, the burden of climate-related violence will not affect all
individuals equally. Already facing multiple and systemic inequalities, climate-related violence
will disproportionately affect women.
Climate change exacerbates existing conditions contributing to violence against women
in multiple ways .6 An increase in disasters related to climate change creates unsafe living
conditions for women both during the event of a disaster and also during recovery phases.
Under these circumstances women are at a high risk for sexual violence, sexual exploitation,

Solomon Hsiang et al., "Estimating economic damage from climate change in the United States," Science 356, no.
6345 (2017), https://doi.org/10.1126/science.aal4369,
https://science.sciencemag.org/content/sci/356/6345/1362.full.pdf.
2 Anke Hoeffler, "What are the costs of violence?," Politics, Philosophy & Economics 16 (11/01 2017),
https://doi.org/10.1177/1470594X17714270.
3 Úrsula Oswald Spring, "Gender, Climate Change and Sustainable Development Goals," in Pioneer on Gender,
Peace, Development, Environment, Food and Water. Pioneers in Arts, Humanities, Science, Engineering, Practice.,
ed. Úrsula Oswald Spring (Switzerland: Springer, 2019).
4 Barry S. Levy, Victor W. Sidel, and Jonathan A. Patz, "Climate Change and Collective Violence," Annual Review of
Public Health 38, no. 1 (2017), https://doi.org/10.1146/annurev-publhealth-031816-044232,
https://www.annualreviews.org/doi/abs/10.1146/annurev-publhealth-031816-044232.
5 UN Women, Climate change, disasters and gender-based violence in the Pacific (n.d.),
https://www.uncclearn.org/sites/default/files/inventory/unwomen701.pdf.
6 Oswald Spring, "Gender, Climate Change and Sustainable Development Goals."
1

and physical violence. Additionally, climate-related disasters limit women’s access to crucial
medical services as a result of violence .7 Further, everyday violence, such as intimate partner
violence or sexual assault, can impede women’s ability to prepare and respond to disasters. 8
Systemic inequalities related to violence that women face impact their ability to cope with
changes in their environment. By advancing efforts to support women’s resiliency, development
programs can help reduce inequalities and mitigate the impacts of climate change for diverse
groups of women.9
Climate Change, Urbanization, and Violence against African American Women
Almost 52.2 million women (43.6%) in the USA will experience sexual violence in their
lifetime.10 Of those who experience sexual violence, 18.3% are by an intimate partner, and over
thirty percent of women are survivors of physical violence by an intimate partner. 11 In 2010,
reported life-time prevalence of partner and non-partner rape among Black women (22%) was
3.2% higher than White women (18.8%) and 7.4% higher than Hispanic (14.6%).12 Reports of
the experience of sexual abuse as a child by Black or African American women have been as
high as 65%.13
African American women living in urban areas disproportionately experience threats to
their health and wellbeing, including climate-related stressors from their social and built
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environmental stress. These stressors include violence 14, access to ecosystem services that
mitigate the health effects of noise pollution15, air pollution16 and extreme weather events,
including heat-related illnesses.17 The relationship between climate change and violence may
be exacerbated in urban areas from the urban heat island effect that stems from concentrated
areas of concrete, asphalt, brick and stone that contribute to higher temperatures as compared
to areas with more vegetation. 18
The urban built environment can be hostile to humans, especially as global temperatures
rise.19 Urban heat island effect, the absorption of solar thermal energy by concrete and asphalt,
increases the ambient temperature, and stores heat throughout the day releasing it at night,
maintaining elevated temperatures.20 The physiological result of the urban heat island effect
impacts people in different ways: increasing the general discomfort, respiratory difficulties, heat
cramps and exhaustion, non-fatal heat stroke, and heat-related mortality. 21
Resilience and Greenness
The presence of environments that promote a healthy stress response may boost both
individual and community resilience to the increasing heat related impacts of climate change in
urban areas.16 Resilience is defined as the capacity of an individual or community to prepare
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for, avoid and adapt to negative social, psychological, and biological consequences of extreme
stress or shocks that would otherwise compromise their wellbeing.22 Yet resilience has seldom
been used to refer to community and environmental processes.23 Both individual and
community resilience are needed to mitigate the causes of climate change, adapt urban
environments to increases in the associated violence, and reduce the body’s chronic stress
response.17,24
One potential method of community resilience and mitigating the causes of climate
change may be from the presence of plant life, or green spaces, in a built environment. 25 Plant
based CO2 sequestration has the co-benefit in urban environments of facilitating adaptation by
the shading of heat absorbing materials (concreate and asphalt), and through plant
transpiration.26 In urban areas, green spaces’ ability to sequester CO 2 and reduce the urban
heat island effect is significant, given the mediation of positive associations between raising
average temperatures and aggressive behaviors over time.27
Green spaces are essential to human life, both in urban and rural environments. We
interact with green spaces and depend on them too. The greenness of trees and other plants
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can be remotely measured from space via satellites. By comparing the difference between near
infrared (NIR) and visible red (RED) wavelengths of light, a validated measure of greenness can
be measured and is known as normalized difference in vegetation index (NDVI).28 Greenness
has recently been associated with decreased health impacts from climate change, including
physiological (e.g., respiratory illness and heat-related illness29 and psychological (e.g.,
depression and stress) health impacts.30 Greenness has also been associated with resilient
mental health among adults and children.31
Exposure to higher levels of greenness has been associated with lower incidence of
cardiovascular disease32, respiratory illness, liver cancer, kidney disease24, and lower rates of
violence and crime.33 Furthermore, greenness has been linked to increased physical activity 34;
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decreased obesity35 , improved birth outcomes36 , decreased urban heat islands 37 and its
effect on heat related illness 38, and decreased air pollution. 39 Trees, in particular, provide shade
and evapotranspiration, mitigating the impacts of the urban heat island effect on human
health.40 Tree shade decreases the amount of thermal energy from the sun absorbed by
concreate, asphalt and other surfaces. 41 In combination with evapotranspiration, trees can cool
the air and ground level temperatures as much as 4°C.42 Cooler ground surface temperatures
and tree shade may also prove to mitigate violence associated with increased abnormally high
temperatures.43
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These health conditions and outcomes associated with greenness are also areas of
health inequities between African Americans and white Americans .44 Despite some initial
findings on an association between greenness and resilience 45 , little is known about the impact
of greenness on emotional and physiological resilience within the context of the built and social
environment of African American women who live in urban neighborhoods. Potential
biomarkers of physiological resilience are the ratio of cortisol and dehydroepiandrosterone
(DHEA).46 Exposure to higher levels of greenness has been associated with lower levels of
cortisol47 and allostatic load, and positively associated with DHEA.48 Research on physiological
resilience, or the body’s ability to physiologically adapt to stress, including maintaining allostasis
, suggests that DHEA has immuno-modulatory effects on the cortisol response to stress. 49
Urban amenities, including parks, green spaces, street trees and urban vegetation that
provide ecosystem services currently are inequitably distributed, where African Americans are
twice (epp=2.31, (95% CI 2.09, 2.55) as likely to live on streets with no tree canopy, and at least
50% impervious surfaces. 50 Interventions to increase the amount of vegetation, including street
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trees, parks and other green spaces disproportionately benefited areas with higher incomes and
levels or income and potentially contribute environmental gentrification .51
Despite some initial findings of an association between greenness and resilience (e.g.,
mental wellbeing) among children and non-Hispanic whites to stress 52 little is known about the
impact of greenness on emotional and physiological resilience within the context of the built and
social environment of African American women.
Since most studies on the impact of greenness on stress have used actual immersion
(e.g., forest bathing) , or measured greenness as percentage of tree canopy53, this study aims
to understand the complex interactions of total greenness (NDVI), stress (cortisol awakening
response) and physiological resilience within contextual factors of the social and built
environment (experience of trauma) of the neighborhoods and lives of urban dwelling African
American women.
Therefore, this study uses quantitative and qualitative methods to examine the effect of
greenness on stress and resilience to stress among African American women in Baltimore,
Maryland.
Methods
Setting and Sample
Quantitative
Recruitment of participants for the quantitative portion of this study took place at two
public health sexually transmitted disease (STD) clinics in Baltimore City, Maryland as part of
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the ESSENCE project (NIH R01HD077891, PI: Jamila Stockman). Baltimore is in the 90th
percentiles of the country for traffic proximity. In 2016, 226 pedestrians were hit by cars and 17
died.54 Violent crime rates were seven times the national average, with 343 homicides in
2017.55 Inclusion criteria for the quantitative data analysis included: self-identification as a Black
or African American woman, between the ages of 18-44, living in Baltimore City, Maryland, in a
sexual relationship with a man in the past six months, and at high risk for HIV. For the
quantitative analysis of the current study, participants were required to self-collect saliva
samples for two days at waking and 30 minutes post-waking, to measure cortisol and
dehydroepiandrosterone (DHEA).
Participants from the parent study were divide into two groups: previously exposed to sexual
violence and previously unexposed to sexual violence. The exposed informants all reported
sexual trauma including adult forced sex, gang rape, adult stranger rape, and partner sexual
abuse. The exposed informants were between ages of 20-30, similar to the study as a whole
(mean=26.7, 95% CI [25-28]) (see Table 1). The median number of sex partners was two, and
partner risk behaviors were 1 (max=4). The median numbers of crime within 100 meters was
22, and traffic proximity and vacant properties were both in the highest quintiles.
Qualitative
Key informants (n=7) were purposively sampled from the same community statistical areas
(CSA) including Penn North-Reservoir Hill (highest quintile) and Madison-East End (lowest
quintile).
Measures
Resilience

54
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55
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Physiological resilience is the body’s ability to physiologically adapt to stress. 56 The
physiological resistance to stress is a complex interaction among systems that support
response to environmental changes. 57 As the ratio of cortisol and DHEA has been suggested as
a potential biological marker of physiological resilience and will be operationalized this way for
this study.
Violence and the built environment
Covariates included cumulative experience of sexual violence, unprotected sex, income,
education, crime, traffic proximity, and vacant property. Cumulative experience of sexual
violence was a categorical variable representing those unexposed to sexual violence (58%),
those exposed as adults only (9%), and those both as adults and children (33%). Income was a
binary variable representing those making above (33%) and below (77%) 200% of the US
Federal Poverty Level.
Public records (crime, vacant properties and traffic proximity)
Crime data was collected from the City of Baltimore as in a CSV file. 58 This file included
the Global Positioning System (GPS) latitude and longitude of each crime. These latitude and
longitude data were added to the layer with the existing participant data.
Additionally, longitude and latitude of vacant properties in 2016 was downloaded from
the City of Baltimore in a CSV file59, geocoded, and added to the participant point pattern data.
Data on traffic proximity were gathered from the Environmental Justice Screen and downloaded
as polygon shape file at the statistical block group for Baltimore City (n=653) The traffic
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proximity and population data were added to the existing participant. The community statistical
area (n=55) data was used for cluster analysis. 60
Greenness
Remote sensing of chlorophyll (greenness) from satellites, a validated measure called
normalized difference vegetation index (NDVI) 61, were additional quantitative data sources.
Additionally, to contextualize the quantitative findings, data from multiple sources was used: 1)
aerial and ground level images for specific areas of the city were analyzed in combination with
2) in depth qualitative interviews of purposively sampled key informants (KI) and “exposed”
informants (EI), 3) field notes, and 4) historical records of Baltimore. “Exposed” informants
(n=3) were primary study participants who reported sexual violence and lived in neighborhoods
within community statistical areas from the highest quintile (NDVI scores between 0.15 to 0.21)
and lowest quintile (NDVI scores between 0.043 to 0.078).
Data analysis
We analyzed data with univariate analysis by looking at the means, medians, standard
deviations, skewness, kurtosis, histograms, frequencies, stem and leaf plot, and scatter plots.
Due to a positive skew and curvilinear distribution of the ratio of cortisol to DHEA, a Gamma
(Family) and logarithmic (log) transformation distribution in the model was used. 62 After initial
exploratory analysis including bivariate associations and multivariate regression, a generalized
linear model (GLM) of the association of greenness (NDVI) with physiological-resilience (ratio of
cortisol to DHEA) was built. Qualitative findings resulted by exploring interviews with informants
that began with initiation of a conversation through a grand tour question.
Results
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Quantitative
Greenness (NDVI) ranged from 0.044 to 0.214 (mean=0.11, SD=0.039) at 100-meter
buffers (about the size of a typical city block) around participant’s homes (see Figure 1). The
ESSENCE Research Team also analyzed salivary biomarkers: cortisol, ranging from 1.3795 to
312.843 nmol/L (mean=13.162, SD=36.36), and dehydroepiandrosterone (DHEA), ranging from
0.305 to 6.874 nmol/L (mean=2.446, SD=1.41). The ratio of the two biomarkers ranged from
1.9 to 190 (mean=11.87, SD=22.43, 95% CI [7.38, 16.37]).
The ratio of cortisol to DHEA was calculated using the two-day averages of each
biomarker at waking. The biomarkers were averaged across the two days of cortisol
(mean=0.48, [2.1,7.4]) and DHEA (mean=414.0, [366.1, 461.9]. The mean of cortisol (mean in
ug/dl * 27.59=13.2nmol/l) and DHEA (mean in pg/ml *0.0028=1.2nmol/l) were transformed into
nanomoles per liter (nmol/L) to facilitate comparisons with the literature 63 and for calculating
their ratio. Then we divided cortisol by DHEA to create a value representing the ratio (M=11.9,
SD=22.4) of the two values (Cortisol/DHEA)) and our defined measure of resilience. Post-hoc
analysis included calculation of the rise in cortisol from waking (M=13.3, SD=36.4) and at thirty
minutes (M=10.5, SD=5.1) and the difference in the two as a measure of the rise (M=2.45,
SD=4.4).
The null model of the association between greenness and resilience (cortisol/DHEA)
while positive was not significant (𝛽 =4.72, p=0.26). To account for spatially correlated data, for
the rest of the analysis we used clustered robust standard errors, though the null model was still
not statistically significant in its association of greenness with physiological-resilience
(operationalized as the ratio of cortisol to DHEA (𝛽 =5.54, p=0.26).
Greenness was non-significant (𝛽 =7.5, SE=4.9, p=.124, 95% CI [-2, 17]) in the full
adjusted model; however, when we clustered with community statistical areas (CSA) (n=55), we
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found one standard deviation (0.039) increase in greenness associated with a 34 % increase (𝛽
= 7.5, SE=3.39 p=.026, 95% CI [.89, 14.2]) in physiological-resilience (operationalized as the
ratio of cortisol to DHEA) (see Table 2). In other words, increased greenness was associated
with increased capability to respond to physiologically-anticipated waking stress adjusting for
the community and societal level factors. The final variance inflation factor to test for collinearity
was acceptable (VIF=2.11).64
The significant negative associations of greenness at 100-meters with population
adjusted crime (𝛽 =-0.246, p<.01) was also found with population adjusted traffic proximity (𝛽 =0.011, p<.01) and vacant properties adjusted for population (𝛽 =-0.19, p<.01). In other words,
the more greenness there was, the less crime, less traffic, and fewer vacant properties there
was. Age had a small but significant negative association with greenness (𝛽 =-0.001, p<.05),
suggesting in our sample that the higher in age someone is, the less greenness on their block.
Seventy-eight percent (n=32) of the women in the quantitative analysis who reported
sexual violence sexual (n=41) also reported sexual violence as children. Neighborhoods where
participants live have rates of crime 4-12 times higher than the national average.65 In terms of
community level or built environment, traffic proximity was in the 70-90th percentile of the nation,
and vacant property rates 2-3 times higher than the Baltimore city average. Even with all of
these stressors, the physiology of this vulnerable group still strives to maintain resilience,
anticipating stress, and responding in a resilient manner.
We found significant (p<.05) economic differences between those who reported sexual
violence (88%) and those who did not (68%), and for individual income less than $30,000
(200% of the Federal Poverty Level). Furthermore there were significant differences in the
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number of unprotected sex partners for those reporting sexual violence (mean=3.9, 95% CI
[2.31, 5.63]) and those who did not (mean=2.45, 95% CI [2.1, 2.8]). When looking at
unprotected sex partners, those living below 200% of the federal poverty level were more likely
to report sexual violence (mean=4.1, 95% CI [2.28, 6.1]) and had 1.7 more partners (p=.068)
than those who did not (mean=2.46, 95% CI [2, 2.9]). While this does not show causality, it
does speak to the potential of income as a factor in negotiating sex and safe sex practices.
Post-hoc analysis comparing women exposed (n=41) and unexposed (n=58) to sexual
violence revealed non-significant differences in cortisol (difference=1.18, p=0.87), DHEA
(difference=0.4897, p=0.49), and the ratio of cortisol to DHEA (difference=-0.28, p=0.9).
Experience of sexual violence exposure as a child and adult to sexual violence as a categorical
variable (unexposed, exposed as adult, exposed as adult and child) in bivariate analysis of
cortisol, DHEA, and the ratio of cortisol were all non-significant. We did see trends in the
comparison of these categorical groups in linear predictions clustered at the community
statistical area. There were non-significant differences in greenness (difference=0.01, p=0.2)
between women exposed and unexposed to sexual violence.
The non-significant but positive association between the greenness of where people
lived with cortisol (𝛽 = 9.3, p=.097), DHEA (𝛽 = .71, p<.61) and the ratio of cortisol to DHEA (𝛽 =
4.7, p<.33) were in the direction expected. This sample of women was highly stressed related
to their low income, lack of employment, living in neighborhoods characterized by crime and
vacant houses, and relationship characteristics putting them a risk for HIV whether or not they
had also experienced sexual abuse. As a group they had average waking cortisol (mean=13.2,
SD=36.4) higher than at 30 minutes (mean=10.5, SD=5.1) similar to other stressed groups. 66
Slightly higher levels of cortisol and significantly higher DHEA levels in this study

66

Ricardo J. Pinto et al., "Cortisol awakening response among women exposed to intimate partner
violence," Psychoneuroendocrinology 74 (2016/12/01/ 2016),
https://doi.org/https://doi.org/10.1016/j.psyneuen.2016.08.024,
http://www.sciencedirect.com/science/article/pii/S0306453016306096.

(cortisol=13.6nmol/L, [5.8, 20.5], DHEA=1.15 (95%CI [1.03, 1.29) compared to those in Prall
and Muehlenbein (cortisol=12nmol/L SD=4.94, DHEA=0.35, SD=0.25) 67, as well as being
similar to teachers in a long term stress experience 68 suggests anticipation of stress and
compensatory action . We found a non-significant association of greenness with log
transformed cortisol (𝛽 =9.3, p=.097), DHEA (𝛽 =.71, p=.61) and the ratio of cortisol to DHEA (𝛽
= 4.7, SE=4.1 p=.255, 95% CI [-3.4, 12.8]). What is not captured in these findings is the quality
of the green spaces, how well they are maintained, and how accessible they are to vulnerable
populations.
Qualitative data
Key informants included young (n=4) and middle-aged adults (n=3). Key informants
were not asked about sexual violence, and none disclosed any experience of sexual violence.
However, in the USA over thirty percent of women report physical violence by an intimate
partner, including sexual violence 69, with African American women being at disproportionately
higher risk, so there is the potential that at least two of the Key Informants experienced violence
from a partner. The themes about barriers to access to green spaces came directly from
participant quotes, including Boarded Houses, High Speed, A lot of Crime, It’s beautiful…it’s
green, It has a calm to It, Maintained, Community Builders, and You do know when people don’t
care about you. Potential benefits of green spaces from passive engagement are in competition
with active engagement of potential and experienced threats including sexual violence and a
high prevalence of vacant property, traffic, and crime. Vacant property attracts “rats and trash”
and serves as a constant reminder of neighbors who have lost their homes. When maintained
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by the city or the community, green spaces were described as “community builders” and spaces
that have “a calm to it,” similar to findings in literature. 70 NDVI scores among qualitative
participants ranged from 0.041 to 0.217. Where some might have a garden or park on their
block, others have to walk “A mile” through neighborhoods with “High Speed” (𝛽 =-0.011,
p<.01), “A lot of Crime” (𝛽 =-0.246, p<.01), and “Boarded house” (𝛽 =-0.19, p<.01). These
barriers to green spaces determine how much individuals are able to enjoy the potential
benefits.
Discussion
This study analyzed the complex interactions of total greenness (NDVI), stress (cortisol
awakening response) and physiological resilience within contextual factors of the social and
built environment (experience of trauma) of the neighborhoods and lives of African American
women living in urban Baltimore, Maryland. Women’s exposure to crime was inversely related
to green space, supporting findings elsewhere. 71 We also examined the association between
greenness and traffic, finding women living in spaces with more greenness were also less
exposed to traffic. As far as we know, there has been no direct analysis describing the negative
relationship we found between greenness and traffic density or vacant properties.
Our findings suggest the importance of nurturing existing green spaces, especially in
neighborhoods living with systematic institutional oppression, segregation, and disinvestment,
resulting in communities who struggle to leverage influence over their environment. 72 Creation
of green space by community members out of vacant lots creates space for people to come
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together and build community. The negative correlation in this study between greenness and
crime (𝛽 =-0.246, p<.01) supports the hypothesis that greener communities are safer .73
More broadly, we found inequity in environments, including levels of greenness, traffic
proximity, vacant property, crime, violence, income and education, similar to what has been
described in the literature.74 These inequities may be the result of neglect 75, historical power
imbalance76 and the ability of communities to leverage influence over their environment. 77 All of
these threats exist where people live and cue individuals into a built and social environment that
causes stress. Green spaces may offer the opportunity for passive engagement of nonthreatening stimuli, facilitating decreased mental fatigue. 78,79
There were non-significant differences in greenness (difference=0.01, p=0.2) between women
exposed and unexposed to sexual violence. While this finding has not explicitly described in the
literature, greenness has been negatively associated with income 80 and positively associated
with residential segregation. 81
Increased greenness was associated with increased capability to respond to
physiologically-anticipated waking stress adjusting for the community and societal level factors.
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To our knowledge, the measurement of cortisol and DHEA at waking has only been studied
twice before.82,83
Age had a small but significant negative association with greenness (𝛽 =-0.001, p<.05),
suggesting in our sample that the higher in age someone is, the less greenness on their block.
To our knowledge there is has been no study exploring the relationship between age and
greenness.
We did see trends in the comparison of these categorical groups in linear predictions
clustered at the community statistical area. We hypothesize that the non-significance stems
from our inability to account for the frequency and ages of the experience of sexual violence for
which participants were exposed to over their lifetime. 84 There were non-significant differences
in greenness (difference=0.01, p=0.2) between women exposed and unexposed to sexual
violence. While this finding has not explicitly described in the literature, greenness has been
negatively associated with income85 and positively associated with residential segregation.86
Limitations and Strengths
The non-probabilistic sample for the quantitative salivary and survey are not
generalizable and the nature of the sampling introduces selection bias since all of the sample
are more likely to have experienced sexual abuse and other traumatic events compared to
women living in other communities. As described above, the collection of waking saliva should
be compared with caution to other studies using saliva as a biological measure. The data were
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from a cross sectional study and causal inference cannot be determined. In spite of the
limitations, to our knowledge this study is the first to examine at the association of greenness
using remote sensing with physiological-resilience operationalized as the ratio of cortisol to
DHEA among African American women at high risk of HIV.
Implications for Sustainable Development
The findings of this study provide foundational data for the development of targeted
health interventions to mitigate climate change by increasing the modifiable factor of community
greenness. These findings provide development policy makers, health professionals, and health
systems a clear understanding of greenness as an instrument for the promotion of health of
communities. Development efforts would be benefit from increased funding for the creation as
well as protection of parks and forests as part of supporting health. This study expands
knowledge on the factors contributing to morbidity and mortality from violence among those
most vulnerable to environmental injustices.
The finding that one standard deviation (0.039) of greenness above the mean (0.11) was
associated with increased physiological-resilience (operationalized as the ratio of cortisol to
DHEA) among vulnerable groups living with inequitable social and built environmental stresses
supports ongoing initiatives to increase the amount of green spaces in urban areas. Differences
in greenness is something we can actually measure and compare.
The potential co-benefits of increased greenness in urban environments through
decreased ground surface temperature 87, aggression88, crime89, depression90, and the
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promotion of resilient physiology91 are life- and cost-saving. Mitigation of the causes of
abnormally warm temperatures (plant CO2 sequestration) 92 and adaptation of urban
environments to lessen the heat island effect (i.e., shade and tree transpiration) 93 are central to
building the resilience potential of individuals and communities to the increasing impacts of
climate change.94
Conclusions
Since the dawn of the agricultural revolution, humans have been conducting a planetary
experiment in the transformation of forests into fields, which increased exponentially with the
dawn of the industrial revolution. The most vulnerable species, including the most vulnerable
humans are already feeling the stress of global urbanization and deforestation. The health of all
species, including humans and our civilizations are dependent on the resilience of the planet.
Now is the time to participate in a global transformation with trees. In order to achieve the SGD
(13) on climate change, the development community must consider the mechanisms that are
impeding successful action and increasing negative impacts. Therefore, efforts to prepare for
and respond to the effects of climate change must take into account the unique challenges of
vulnerable populations. Women are not only recipients of aid but necessary allies in creating
solutions that will directly impact them and their communities. Because women intersect with
many SDGs, it is integral to their success that actions are identified that will increase resilience
and overall gender equality for women.
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Figure 1

Table 1
Demographic data
(*=p<.05)
Cortisol nmol/L
DHEA nmol/L
Cortisol/DHEA
Greenness
Age*
Childhood Sex Abuse
Unprotected Sex part*
Stress (n=84) *
Education: High
School or Less
Income <$29,999*
Traffic proximity by
block group
population
Crime by block group
population
Vacant property by
block group
population

Exposed (n=41)
Mean [95%CI]
12.47 [3.03, 21.92]
1.10 [.89, 1.33]

Unexposed (n=57)
Mean [95%CI]
13.66 [2.88, 24.44]
1.19 [1.02-1.36]

Total Sample (n=98)
Mean [95%CI]
13.16 [5.8, 20.45]
1.5 [1.03, 1.29]

12.2 [6.2, 18.2]
.109 [.097, .120]
29.9 [27.7, 32.1]
n=32 (78%)
3.9 [2.31, 5.63]
0.35 [.049, .66]
n=30 (73%)

11.6 [6.2, 18.2]
.118 [.108, .129]
24.4 [22.9, 25.8]
n=0
2.45 [2.1, 2.8]
-0.033 [-0.62, -0.034]
N=37 (65%)

11.9 [7.3, 16.4]
.114 [.107, .123]
26.67 [25.34, 28.01]
n=32 (32%)
3.09 [2.37, 3.18]
-.051 [-2.04, 1.86]
n=67 (68%)

n=36 (88%)
1.08 [.709, 1.46]

n=39 (68%)
1.13 [.85, 1.42]

n=75 (77%)
1.11 [.89, 1.33]

.0233 (.018, .028)

.0197 [.0149, .0244]

.0211 [.0177, .0246]

.015 [.0081, .0224]

.0109 [.0048, .0168]

.0127 [.0081, .0173]

Table 2
Full Model
Physiological-Resilience

Unadjusted
Coef
pvalue
4.72
0.26

Model 9

-0.11
0.09

0.88
0.83

Coef
7.55
-0.27
0.38

Unprotected sex
Perceived Stress
Income
Education
Crime

0.02
-0.06
-0.30
-0.44
-0.24

0.69
0.69
0.49
0.24
0.98

0.04
-0.12
-0.09
-0.56
6.11

0.08
0.42
0.67
0.02*
0.43

Vacant property
Traffic

-0.21

0.98

0.00

0.99

4.55
0.03

0.16
0.79

Greenness
Sexual
Violence

Adult
Adult & Child

pvalue
0.03*
0.27
0.29

