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3.3.2 Runoff

Runoff for the state of Massachusetts is presented below in Figure 3.19 with town
boundaries. A close-up image of the runoff is presented in Figure 3.20. The results of the
baseline runoff assessment show that there is significant runoff in the Berkshire county,
as well as significant runoff in areas of the Franklin, Hampden, Middlesex, Barnstable,
lower Essex, and center Hampshire counties, as well as along the cost in the Greater

Boston region.
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Figure 3.19: Runoff for the state of Massachusetts with town boundaries
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Figure 3.20: Close up image of the baseline runoff raster to visualize spatial detail

3.4 Conclusion

The results of this study show that there are many at risk communities in
Massachusetts that should be targeted for mitigation strategies under climate change and
that it is equally important to consider future climate trends because at risk communities
are likely to change. The heat island is expected to spread into the Barnstable county
putting citizens in those communities at potential risk for climate-related health
complications. These results also show that urban forests can be an effective mitigative
strategy, however, the results need further confirmation in future empirical studies. A

non-linear predictive model was found to be better suited for explaining the relationship
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between temperature as a function of percent canopy and percent imperviousness.
However, the neural network model was able to explain only up 65% of the variability in
predicting temperature, therefore, it is critical that researchers examine other potential
moderators including elevation, population density, socioeconomic status, proximity to
green space, and other measures of canopy cover and imperviousness. While these results
provide an insight on the relationship between temperature, percent canopy and percent
imperviousness in Massachusetts urban communities, the explanatory power of our
models are low and variability is high indicating warranting further assessments for
community application purposes.

Runoff was found to be high in areas of the Franklin, Hampden, Middlesex,
Barnstable, lower Essex, and center Hampshire counties, as well as along the cost in the
Greater Boston region. Therefore, it is important that these communities are targeted in
mitigation efforts. Researchers have identified that climate change can impact many
areas of health including respiratory, cardiovascular, and developmental health and can
play a substantial role in waterborne and foodborne diseases (Portier et al., 2013). For
example, runoff as a result of extreme precipitation events, is most prominent in urban
areas where there is high impervious cover and can cause foul water flooding and
movement of chemicals and toxins to waterbodies used for daily activities and
consumption (Wilby, 2007; CITE).

To provide communities with accessible information on their local ecosystems
and their ecosystem services that is scientifically grounded and integrates adaptation
strategies, the results of this study will be made available as a spatially-explicit decision

support tool on ArcGIS online. Communities will be able to make decisions about natural
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resources at private and public levels, using this information to improve urban designs,
allocate funds, consult citizens, develop programs and work with the medical community

to create healthy and resilient environments.
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CHAPTER 4

BRIDGING HUMAN HEALTH, CLIMATE CHANGE, AND URBAN FORESTRY

4.1 Introduction
4.1.1 Climate change in urban communities

Climate change is causing devastating changes in temperature and precipitation
patterns worldwide (Luber & McGeehin, 2008, Walthall et al., 2013). Global
temperatures have increased 1.14-C as of 1880 and as a result, extreme heat events, also
known as heatwaves, have been occurring at increased rates throughout the world (Luber
& McGreehin, 2008; National Aeronautics and Space Administration [NASA], 2020).
There has also been an overall intensification of global precipitation related events
characterized by either an increase in the duration and frequency of rainfall or prolonged
periods of drought (Dore, 2005; O’Gorman, 2015).

However, the effects of climate change are not equally spread throughout. With
over 55% of the world’s population living in cities, urban communities are experiencing
disproportionate effects of climate change (Weng, 2007). Urban communities are largely
composed of built environments and impervious surfaces which affects how much solar
energy is absorbed and re-radiated and how much rain infiltrates (Groisman et al., 1999;
Milly etal., 2002; Weng, 2007; Wilby, 2007). Under changing temperature and
precipitation events, this can lead to heat waves and increased stormwater runoff carrying
contaminants, foul water, and toxins (Corburn, 2009; Hollis, 1998; Solecki &
Marcotullio, 2013; Voogt, 2002; Wilby, 2007). In addition, urban communities generally
have high dependence on resources such as groundwater, and high industrial, commercial

and residential waste production leading to city smog (Bouton et al., 2015; Dore, 2005).
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Researchers have found that as climate change intensifies, air quality worsens in urban
areas as a result of solar radiation mixing with city smog (Wilby, 2007). Similarly, as
heat events become more frequent and intense and there is more evaporation of
groundwater than recharge, urban communities are experiencing depleted water supplies
(Dore, 2005).
4.1.2 Impacts of climate change on people
While substantial research has been conducted on the environmental effects of

climate change, less attention has been devoted to how climate change is affecting people
and their health. The World Health Organization estimated that in the early twenty-first
century, 166,000 deaths and 5.5 million disability-adjusted life years could be attributed
to changing climate patterns (Campbell-Lendrum et al., 2007). Direct health impacts are
as a result of catastrophic events including floods, heat waves, hurricanes, wildfires, and
tornados (Patella et al., 2018). These are also identified as extreme weather events and
cause the displacement of populations, contamination of water resources, property
damage, stress, injuries, and death (Kirch et al., 2005; Portier et al., 2013). Indirect
human health impacts include climate change-related diseases (Patella et al., 2018).
Portier et al. (2013) aimed to identify 11 direct and indirect categories of climate change
consequences on human health critical to further research. These categories as exactly
identified by the Portier et al. (2013) publication are as follows:

1. Asthma, respiratory allergies, and airway diseases

2. Cancer

3. Cardiovascular Disease and Stroke

4. Foodborne Diseases and Nutrition
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5. Heat-Related Morbidity and Mortality

6. Human Developmental Effects

7. Mental Health and Stress-Related Disorders

8. Neurological Diseases and Disorders

9. Vectorborne and zoonotic diseases

10. Waterborne diseases

11. Weather-related morbidity and mortality

Some of the health consequences of climate change arise from complex

interactions between ultraviolet radiation, heat, humidity, precipitation and other aspects
of atmospheric chemistry that cause the formation or exacerbation of air pollutants and
thereby, worsen air quality (Portier et al., 2013). Some of the common air pollutants that
affect human health on a global scale include carbon monoxide (CO), particulate matter
less than 2.5 pm or 10 um (PM., and PM.,, respectively), ozone (O.), sulfur dioxide (SO.)
and nitrogen dioxide (NO.) (Nowak et al., 2018). For example, 3.3 million premature
global deaths per year have been attributed to PM2.5 (Lelieveld et al., 2015; Nowak et
al., 2018). The health effects that have been identified as relating to air pollution include
cardiovascular, pulmonary and neurological diseases (Nowak et al., 2018; Pope et al.,
2002). Some other health consequences arise from the interplay of temperature and
precipitation on human physiology (Buckley & Richardson, 2012; D’ Amato et al., 2010;
Lambert et al., 2002; Lee et al., 2018; Miami and Muhyi, 2019; Xu et al., 2013). For
example, it has been reported that high temperatures are associated with reported
negative emotions and asthma symptoms such as cough and wheezing (Li et al., 2014;

Noelke et al., 2016). Lastly, extreme alterations of temperature and precipitation patterns,
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portrayed as extreme weather events, can modify the composition of microbial
communities in water or soil and damage food supplies leading to waterborne and
foodborne diseases (Paul & Meyer, 2001; Talib & Randhir, 2016;) This can result in
nutrient deficiencies and neurological and developmental diseases (Portier et al., 2013).
As climate change intensifies, it is critical to identify, explore, and synthesize these health
consequences of climate change in order to 1. help guide the medical community in what
patient populations and resource demands to expect, 2. help community members
understand what climate conditions can exacerbate their conditions, and 3. help city and
program leaders understand what challenges to anticipate in order to properly allocate
funds.
4.1.3 Urban forestry as a resilience strategy

As important as it is to understand how climate change affects health, it is equally
important to examine the effectiveness of possible resilience strategies for restoring
health under climate change. One possible resilience strategy that has received minimal
attention by researchers and scientists is the implementation of cost-effective vegetation
into urban communities. This natural systems approach would enable communities to not
only extract ecosystem services that natural ecosystems provide, but also help restore the
health and safety of communities. One form of vegetation found to be aesthetically
pleasing and having high economic return is urban forests (Akbari et al., 2001;
Shackleton et al., 2015). Inan article written by Wolf et al. (2020), major health benefit
categories of urban trees were identified and sorted into three main categories: reducing
harm, restoring capacities and building capacities. The following subcategories of health

outcomes were established by Wolf et al. (2020) and are presented below:
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1.

Urban tree effects of air pollutants and respiratory conditions (reducing

harm)

2.

3.

10.

11.

12.

13.

14.

15.

Tree pollen and volatile organic compounds (reducing harm)
Ultraviolet radiation (reducing harm)

Excess heat and thermal comfort (reducing harm)

Crime (reducing harm)

Cognition and attention restoration (restoring capacities)
Mental health, anxiety, and mood (restoring capacities)
Psychophysiological stress (restoring capacities)
Clinical outcomes (restoring capacities)

Birth outcomes (building capacities)

Immune system (building capacities)

Active living (building capacities)

Weight status (building capacities)

Cardiovascular function (building capacities)

Social cohesion (building capacities)

It has been found that urban trees mitigate the direct impacts of solar radiation by

providing shade and transpirational cooling (Declet-Barreto et al., 2016; Wolf et al.,

2020). Therefore, urban trees have the capacity to help address harm from ultraviolet

radiation and excess heat (Wolf et al., 2020). In addition, the establishment of urban

forests and urban parks in urban communities can enhance quality of life for residents,

providing them the ability to engage in recreational activities and extract benefits for their

mental, physical and social health (Chawla, 2015; Kondo et al., 2018; Tesler et al., 2018;
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Wolf et al., 2020). Urban trees also play an indirect role in human health through the
removal or air pollutants such as PM.,, O,, and CO, via the leaf stomata or the plant
surface, reducing the symptoms of cardiovascular and respiratory complications
(Hirabayashi & Nowak 2016; McDonald et al., 2007; Nowak et al., 2014). Due to the
urgency of climate change, the health benefits of urban forests as they relate to changing
climates warrant further identification, explanation, and synthesis in order to encourage
city planners, urban forestry professionals, the medical community, residents, and
researchers to work together to prepare for and adapt to the health impacts of climate
change.
4.1.4 Research needs and study design

There are abundant gaps in our understanding of how climate change, human
health, and the environment are linked (Campbell-Lendrum et al., 2009; Portier et al.,
2013). Empirical studies have mainly focused on investigating the underlying
mechanisms of one of these elements or at most drawing connections between two.
However, climate change, human health, and the environment are not discrete categories,
and each are part of a highly complex interconnected system (Figure 4.1). Itis critical to
understand these multiple pathways in order to be able to advise communities about their
health in relation to climate change and the environment, establish empirical evidence
behind co-benefits of urban forestry, and determine how we can adapt to and mitigate the
impacts of climate change. Despite this urgency, investigating climate change, human
health, and the environment as one interconnected framework has not represented high
priorities in scientific literature. Therefore, the objectives of this review are to 1.

summarize recent empirical research examining climate change impacts on health 2.
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identify how health can be restored through the implementation of urban forests 3.
determine research gaps in our understanding of climate-induced diseases and restoration
potential of urban forests in relation to these diseases 4. provide a discussion on
recommendations for the medical community, city residents, urban forestry programs,
and urban planning 5. identify vulnerable populations to help communities anticipate
resource demands and enhance preparedness 6. Generate framework models for diseases
that communities can use to identify how climate change will affect their local
community and how urban forests can assist in enhancing their community’s health.
Using these frameworks and an understanding of the population distribution and climate
of their community, city leaders will be able to identify which health impacts are most
likely in their city and begin identifying cases, establishing preventative measures, and

allocating more resources to urban forestry programs and the medical community.

Climate Change

Altered

Altered

itation

Temperatures Patterns
Health Impacts:
* Symptoms of Asthma Recommendations for the medical community
= Prevalence of stress related disorders and mental health illnesses * Preventative care and patient education,
* Symptoms of cardiovascular disease and cardiovascular dysfunction * Resource distribution and preparedness planning
* Heat related morbidity and mortality * Health worker education and relief
* Prevalence of skin cancer P

Recommendations
| tailored by vulnerable |
'
populations, disease
' " '
! prevalence, location and |
climate impacts

'
o0
ion as a Mitigati
* Alleviating symptoms of asthma Recommendations for urban design and urban forestry
* Providing restorative effects on mental health * Urban planning

* Alleviating symptoms of cardiovascular disease and prevalence of ¢ ular * Restorative programs
related illnesses * Spatial tools
* Reducing heat related morbidity and mortality * Occupational, education and residential environments

= Reducing prevalence of skin cancer

Figure 4.1: Interconnected framework for the links between climate change, human
health, and the environment
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Using the health categories established by Wolf et al. (2020) and Portier et al.
(2013), five links between human health, climate change and urban forestry were
identified and can be found in Figure 4.2. Relevant empirical studies investigating
climate change impacts on, and the role of urban forestry in reducing the prevalence of
skin cancer, prevalence of mental health disorders, heat-related morbidity and mortality,
symptoms of cardiovascular disease and cardiovascular dysfunction, and symptoms of
asthma were identified using PubMed, ScienceDirect, Web of Science and Google

Scholar.

Asthma, Respiratory allergias & airway

e Feducing effects of air pollutants affecting

respiratary conditions

Skin Cancer
Reduction of UV on skin cancer

Cardiovascular disease & Stroke
Lower blood pressure, lower heart rate,

and imgrove symptoms of CVD

Foodborne disease & nutrition
Reduce risk of heat-related morbidity and
mortality

Heat related morbidity and mortality

Reduction in crima rates

Hurnan development effects

Cogniticn and attenticn restoration

Mental health & stress related disorders

Recreatienal activities and physical activity
Meurological disease & Discrders

Lower depression and anxiety rates, and

Vectorborne & zoonotic diseases assist in siress recovery
P

Irrproved birth outcomes
\Waterborne disaasas

‘Weather related mortality & Morbidity Sacial cohesion

Health Impacts of Climate Change Adapted Health Benefits of Urban Trees Adapted
from Portier et al., 2013 from Wolf et al., 2020

Figure 4.2: Conceptual framework identifying overlapping health categories in climate

change, urban forestry and public health research that should be prioritized and will be

used to structure this review. The categories were obtained from Portier et al., 2013 and
Wolf et al., 2020.
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4.2 Prevalence of Mental Health Disorders

The World Health Organization (WHO, 2019) identifies mental health disorders
as those characterized by abnormal thoughts, emotions, perceptions, behaviors, and
relationships (WHO, 2019). Some of the major categories of mental health disorders
include schizophrenia, bipolar disorder, anxiety and depressive disorders, eating
disorders, autism spectrum disorders, attention-deficit/hyperactivity-disorder, conduct
disorder, and developmental disorders (James et al., 2018). The burden of mental health
disorders is on the rise, affecting not only the health and wellbeing of people, but also
economies (WHO, 2019). In 2013, three mental health disorders (depression, anxiety
disorders, and schizophrenia) were identified among the top twenty causes of global
burden of disease (Lee et al. 2018; Vos et al., 2015). Depression is characterized by
disturbance in normal levels of pleasures, interest, sleep, appetite, concentration, and self -
worth impairing a person’s ability to function in daily activities and cope with stresses
(WHO, 2019). It is estimated that there has been an increase in the number of people
diagnosed with depression by 18.4% between 2005 and 2015 (Chen et al., 2019; WHO,
2017). Currently, depression affects 264 million people worldwide (James et al., 2018;
WHO, 2019). Schizophrenia is estimated to affect 20 million people worldwide and is
characterized by disturbances in emotions, languages, perceptions, thinking and

behaviors (James et al., 2018; WHO, 2019). Often those that are diagnosed with
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schizophrenia experiences hallucinations and delusions which can greatly affect their
ability to successfully execute daily activities (WHO, 2019). The prevalence of anxiety is
estimated to be 4648 per 100,000, making anxiety the most prevalent psychiatric disorder
(Bandelow et al., 2017; Rehm & Shield, 2019).

Climate is considered an important factor influencing mental health, however, the
scientific evidence is limited (Chen etal., 2019). Forests have been found to reduce
anxiety and mental stress when people spend time walking and viewing the forest (Park
et al., 2011; Zhouet al., 2019). This effect has been termed ‘Shinrin-yoku’ in Japan
(Stigsdotteretal., 2017; Zhou et al., 2019). This section will summarize evidence for the

climate impact on mental health disorders and the effect of urban forests, parks and trees

on restoring mental health (Figure 4.3).

Emotional and
physical 1 Prevalence of l Stress recovery,
High 4 discon;f;)trt, 'S)t.ressd Relate;l incre:‘se d pss;ive bar Toes
increased stress isorders an emotions, better
Temperature Rortrones and i et and Forests
Mental Health pacity
energy and altered It with stress
neurotransmitters nesses
Medical interventions, Urban planning,
preventative care, restorative
resource distribution, programs,
preparedness planning landownership
Policy

recommendations
tailored by vulnerable
populations, disease
prevalence, location,
and climate impacts

Figure 4.3: Framework to be used by communities depicting 1: possible climate
pathways affecting the prevalence of mental and behavioral illnesses, 2: urban tree and
forest mitigation potential, and 3: recommendations for urban and medical communities.
References for the information going into developing this framework are described
extensively in the “impact of climate on mental health disorders” and the “impacts of
urban forests on mental health disorders” sections.
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4.2.1 Impacts of climate on mental health disorders

Researchers have aimed to explore the relationship between climate change and
mental health through a combination of self-reported mental health measures and
temperature data. Obradovich et al. (2018) studied the effects of warming temperatures
on the prevalence of self-reported mental health distress in 2 million US residents.
Obradovich et al. (2018) coupled mental health data from the CDC and Prevention’s
Behavioral Risk Factor Surveillance System with meteorological data obtained from
PRISM Climate Group and National Centers for Environmental Prediction Reanalysis 2
project to explore impacts of recent meterological stressors on mental health, long-term
effects of warming on mental health, and the effects of direct exposure of tropical
cyclones. Investigating short-term exposures, Obradovich et al. (2018) found that
maximum temperatures exceeding 30°C resulted in a 1% point increase in the probability
of mental health issues. In addition, the authors observed a 2% point increase during
months where precipitation exceeded 25 days. Assessing for multiyear warming effects,
the authors found a 2% point increase in the prevalence of mental health issues with a
1°C increase in temperature. Lastly, exposure to tropical cyclones resulted in a 4% point
increase in the prevalence of mental health issues. It is important to note that this study
was conducted in the United States which is a developed nation with fairly sufficient
resources. Obradovich et al. (2018) point out that in nations that lack similar access to
resources, the observed results could be more severe. Inaddition, they note that direct
impacts of changing temperature and precipitation patterns are only a portion of the total

impact of climate change on mental health. The mere concern about climate change could
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