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Abstract

By 2050, there are forecast to be 2.4 billion more people in cities, and this century could rightly be called the urban
century. This paper argues that, paradoxically, without the use of nature the urban century will fail. We review three
literatures to assess the scientific support for this proposition. First, studies from economics show that it is the extreme
potential for interaction that makes cities centers of productivity, innovation, and creativity. Second, many health studies
document the increase in stress and greater prevalence of some mental disorders in cities, and we argue that it is the
constant interaction of urban life that leads to this urban psychological penalty. Here we show that 46% of humans are
living at population densities where global datasets suggest that this psychological penalty may be an issue, a fraction
that will only grow as urbanization continues. Third, ecosystem service research shows that even a brief interaction with
nature has mental health benefits, alleviating symptoms of this psychological penalty. Global datasets suggest
that currently, only 13% of urban dwellers may be living in close enough proximity to nature to experience its
mental health benefits. We argue that natural features in cities will be an essential part of the urban century, a
way to have all the benefits of our urban, connected world yet also have that urban home be a place where
we can psychologically flourish. We discuss two specific ways governments are trying to integrate nature into

population growth

citizens' lives, through Green Prescriptions and the Biophilic Cities Network.
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The urban century

We are living in the urban century. Humanity is in the
midst of the greatest migration in our history in absolute
terms, the movement of people from rural areas into
urban ones. More than 2.4 billion additional residents
are expected in the world’s cities and towns by 2050, as
migrants join those newly born in cities [1]. One study
forecasted that a new area of 1.2 million km? by 2030,
the size of the country of South Africa, will be developed
for urban use [2]. We are designing now the cities and
neighborhoods of the future, on an epic scale (Fig. 1). By
one estimate, more homes will be built in the next two
decades than have been built over several centuries in
Europe [3].
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This unprecedented urbanization is affecting many
aspect of human society and profoundly shaping our
global civilization. Urbanization has brought with it eco-
nomic growth and vitality for some sectors and groups,
while others feel left behind [4]. Urban growth has been
associated with political change and sometimes instabil-
ity, as a new social order arises in cities [5]. And of
course our urban lifestyle has had and will have deep
implications for the environment [6]. Urban growth will
directly affect natural habitat through land expansion,
while the urban form and consumption patterns will
affect greenhouse gas emissions, natural resource use,
and water security. Cities also depend on a healthy
environment for proper functioning in many ways.
Throughout this review paper, our focus is on the eco-
system services urban natural features provide for hu-
man health, rather than examining the many ways urban
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growth will affect biodiversity and ecosystem function
per se [6-9].

In Quito in 2016, representatives of the world’s gov-
ernments at the UN Habitat III Conference agreed to
the New Urban Agenda [10]. The document continues
the focus of past UN Habitat agenda on the provision of
adequate housing for all, and especially on upgrading
the housing of the close to 1 billion people living in in-
formal settlements or “slums”. But recognizing the broad
links between urbanization and other aspects of human
society, the New Urban Agenda also discusses many
other issues, such as equity, sustainable economic devel-
opment, gender, and affordable housing. This includes
the environment, where the document focuses on com-
mitments to minimize the impact of cities on the natural
world while also ensuring a safe and clean environment
for those in cities. There is also discussion of the role of
properly designed cities in ensuring urban stability and
resilience. Most importantly for the goals of this paper,
there is one mention of ecosystem and environmental
services as a potential tool to reach resilience.

This review paper assesses the scientific evidence for
the proposition that natural features in cities like parks,
remnant natural habitat, and street trees can play a
broader role than merely reducing risk and increasing
resilience, that they are essential to solving one of the
central paradoxes of the urban century: cities are
quintessentially human, yet often shockingly inhumane.
Our review focuses on three literatures. First, we review
the literature on the positive economic and social
benefits of cities, focusing on the way cities promote

interaction, in multiple senses. Second, we review the
literature on urban life and health, focusing especially on
the relationship between urban life and mental health.
Third, we review research that looks at the effect of inter-
action with urban nature on mental health. Finally, we
end by discussing two examples of how governments are
trying to integrate nature into their citizens’ lives, Green
Prescription programs and the Biophilic Cities Network.

Cities as quintessentially human

Why is so much urban growth happening? Demographers
sometimes identify push factors driving people from rural
areas, such as the collapse of rural economies or political
instability. Also important are pull factors, as the positive
benefits of being in a city draw people to migrate to the
city [11]. Regardless of whether push or pull factors dom-
inate, a growing fraction of people live in cities because
they are a useful way of structuring society, what one
writer has called “our greatest invention” [4]. The core in-
gredient of cities’ success seems to be how cities enable
greater proximity of people and firms [12]. Proximity pro-
motes interaction and speeds the pace of life, leading to
individual and social benefits [13—15].

Aristotle famously referred to humans as a social animal
[16], by which he meant that our unique skill and love for
interacting with one another is part of our species essence.
In cities, one could argue we are creating the perfect space
for social interaction. If man is a social animal, then cities
with their density and proximity are our ideal habitat. Cit-
ies could therefore be seen as quintessentially human, an
expression of our deep need for social interaction.
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Urban benefits to production

There is a voluminous literature on the benefits of prox-
imity to individuals and firms, which is sometimes called
agglomeration economics [12, 17]. A large fraction of
the urban economics literature focuses on the benefits
of agglomeration to production. There are many ways to
classify these benefits, but one useful classification fo-
cuses on the benefits of Sharing, Matching, and Learning
[18, 19].

Proximity enables sharing of infrastructure and re-
sources. Transportation infrastructure, such as roadways
or train lines, makes more economic sense when multiple
people can use the infrastructure. For trade, facilities like
seaport or airports are essential, and their high cost of
construction is only economical when multiple entities
can help pay for and use them [20]. Sharing benefits can
also occur within a firm, particularly one that exhibits in-
creasing return to scale in production. A firm that finds it
can produce goods more efficiently by sharing expensive
machinery among different production processes may find
that concentration of production in one or a few locations
is preferable to dispersed operations [19].

Second, the proximity of people and firms facilitate
matching [19, 21, 22]. Having multiple firms in the same
sector located in one area leads to a pool of workers
qualified to work in that sector. This thick labor market
makes it easier for firms to find qualified people for spe-
cialized jobs. Matching can also occur between firms.
For instance, when one firm’s output good is another
firm’s input good, proximity can aid in matching up
firms, reducing the transaction costs of commerce.

Third, the proximity of people and increased potential
for face-to-face interaction promotes learning [23-25].
Despite the rise of technologies that allow communica-
tion at a distance, such as the telephone and the
Internet, research shows that some kinds of “sticky”
knowledge is best transmitted through direct interac-
tions [26]. Much of the research into this topic has
focused on the development and history of certain
innovation clusters, such as the rise of the computing in-
dustry in Silicon Valley, where personal interactions
among high-tech workings has been shown to be key to
knowledge generation [27]. Empirical evidence that look
at rates of patent generation and other metrics of
innovation show that larger cities generally have higher
rates of innovation [13], consistent with the idea that in-
creased interaction leads to more learning.

Urban benefits to consumption

Historically, the focus of urban economics was on the
benefits of agglomeration to production. However, in re-
cent decades an increased research focus has been on
cities as centers of consumption [28, 29]. Living in a city
brings with it access to many amenities and services that
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are not as frequently available in rural areas: restaurants
serving all variety of food, good museums and theaters,
etc. Indeed, parks and street trees can be viewed as a
type of amenity, part of the overall attractiveness of cit-
ies [30], although later in this paper we argue that the
evidence suggests such natural features have a greater
role to play than as a mere amenity.

Some economists have taken these arguments further,
arguing that consumption benefits are now a key reason
for urbanization. A famous paper by Glaeser and col-
leagues called Consumption City [28] noted that rents in
cities have grown faster than wages, suggesting workers
interest in living in cities has grown faster than firms’.
Reverse commuting has grown as a phenomenon, with
people choosing to live in the city center for the cultural
life and consumption possibilities it offers, even if it is
farther from their job and has higher rent than a more
suburban location. While urban life has its stresses and
difficulties, it is worth remembering that a sizable frac-
tion of people prefers living in cities over the alternative
lifestyle in rural areas.

An urban world, ready or not

These various benefits of cities occur because of proxim-
ity and the increased interaction it entails. These eco-
nomic benefits from urbanization are often unequally
distributed within cities, and it is important to note that
not all sectors of society necessarily benefit from
urbanization. However, the historical record suggests
that overall these economic benefits of urban form are
strong enough that they drive most societies toward
urbanization. Over the last century, almost every country
has urbanized as it has economically developed (Fig. 2).
Research suggests that the causality here goes both ways:
urbanization brings economic benefits and hence higher
growth in GDP, while economic growth also appears to
encourage urbanization [20].

Some countries have tried to slow or limit urbanization,
out of fear of the pace or magnitude of changes it might
bring. These policies are often seen as failures, in the sense
that urbanization occurred anyway (cf.,, [31]). The demo-
graphic and economic forecasts are clear [1]. Urbanization
is coming, and we argue that it is smarter for policymakers
to plan for the coming urban century than to fight to stop
its arrival. Indeed, the urban century will bring with it tre-
mendous economic benefits.

The urban health penalty

We argued above that cities are quintessentially human,
that their form reflects a deep-seated desire for social
interaction. But cities are also shockingly inhumane. The
concentration of people leads to a concentration of envir-
onmental problems, as (among other things) local resource
use and waste generation degrade local environmental
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Fig. 2 Urbanization and economic development. The relationship between the percent urban of a country’s population and its GDP per capita.
Urbanization data taken from the UNPD for 2015. Per-capita GDP taken from the World Bank. Some small island states and nations are excluded
from this graph, as are nations with missing data

conditions [32]. Cities create a local environment with far
different environmental conditions than the ones we
evolved as a species to handle [30]. Thus, in this sense, the
urban environment is inhumane, by not being in accord
with our organism’s design and capacities.

The urban health penalty historically

Much of urban history can be seen as a struggle to make
cities more humane. This is particularly true for health, a
focus of many of the largest urban innovations over the
last several centuries [33]. Historically, urban dwellers had
shorter lifespans than rural dwellers, a phenomenon called
the urban health penalty. The term “urban penalty” origi-
nated in the study of nineteenth century English demog-
raphy [34], where urban mortality rates, particularly from
communicable diseases like tuberculosis, was substantially
higher than in rural areas. Infant mortality rates were also
higher in urban areas up until the late nineteenth century.
Studies in the United States found a similar pattern, focus-
ing in on the environmental determinants of the “urban
health penalty” [35].

One useful framework for thinking about how cities
have dealt with environmental challenges to health is the
Urban Environmental Transition (UET). Formulated by
McGranahan and colleagues [33, 36], the UET argues
that often cities have dealt with environmental chal-
lenges in a predictable temporal order (Fig. 3). First,
cities focused on acute, local (neighborhood-scale) chal-
lenges, especially providing clean drinking water and
sanitation to remove human waste. Then, cities moved
to less acute, more city-level issues, such as air quality.
Finally, cities moved to thinking about regional or global
problems, such as acid rain or climate change. At each

stage, cities often can solve a health challenge while dis-
placing the environmental burden elsewhere outside the
city center, following the famous maxim that “the solution
to pollution is dilution.” Recent papers have suggested that
cities in the developing world are not sequentially moving
through these stages, but are tackling multiple transitions
at once [37]. Regardless, while the UET may not be a
guide to the sequence in which future cities will act, we
think the UET is a useful framework for understanding

Sanitation Ambient Carbon
and drinking air quality emissions
water
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@
>
]
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Time
Increasing wealth
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cities cities

Fig. 3 The urban environmental transition. As cities get wealthier
over time, the type of environmental burdens they face change
systematically [33, 36]
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how historically many cities have experienced and dealt
with environmental issues.

Dealing with sanitation and water quality is one of the
first steps in the UET. For instance, London and other
cities in England began to tackle this problem in the
nineteenth century. These sanitation improvements,
coupled with improvements in the nutrition and diet of
the urban poor, led to an improvement in human health.
Since then, water supply systems and sanitation systems
have dramatically decreased mortality rates, particularly
infant mortality. This transition to the “Sanitary City”
[38] was the first and arguably most important step
taken by cities in removing the urban health penalty.
Obviously, however, much work remains to be done, as
an estimated 15% of urban dwellers globally lack safely
managed drinking water sources and 16% of urban
dwellers lack access to at least basic sanitation [39].
While these figures are substantially better than for rural
areas, that still means that hundreds of millions of urban
dwellers lack safely managed drinking water sources and
basic sanitation, especially concentrated in informal
urban settlements in developing countries.

In developed countries, efforts to address problems
from ambient air pollution began later. In London, for
instance, the infamous Great London Smog was still se-
vere enough in 1952 to kill close to 12,000 people in 1
week [40]. In the decades since, however, air pollution
emission controls have dramatically cleaned up many
urban airsheds. London’s concentrations of suspended
particulate matter are now less than a fifth of what they
were in the 1950s [41]. In the United States, for instance,
particulate emissions (PM;,) fell by 57% between 1980
and 2016 [42]. As with the situation with water, much
work remains to be done of course. Ambient particulate
matter pollution still kills more than 3 million people
per year, in both rural and urban areas [43].

The urban health penalty today: Obesity and mental
health
The urban health penalty has now in aggregate disap-
peared, as mortality rates are now lower for urban
dwellers than rural dwellers [44]. This is particularly no-
ticeable for the infant mortality rate: in developing coun-
tries the Demographic and Health Surveys (DHS) show
an average of 86 deaths (per 1000 live births) for rural
areas, 75 for the urban poor, and 56 for the urban
non-poor [45]. That is, even the more than 800 million
people who live in informal or “slum” settlements [46]
are generally healthier than their rural counterparts.
However, two major facets of the urban health penalty
remain.

First, one aspect of physical health continues to be
worse in cities: obesity and its associated diseases [47].
Worldwide, obesity has more than doubled since 1980,
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now affecting more than 600 million people [48]. Obes-
ity is most prevalent when there is increased intake of
calorie-rich foods and less physical activity [49]. Both
conditions are more common in cities, as greater in-
comes allow more calorie intake and a larger proportion
of jobs are sedentary than in rural settings. It is unclear
whether it is cities per se however that are responsible
for obesity. In the United States, for instance, where au-
tomobiles are available to most households, the global
average trend is reversed, and rural dwellers are gener-
ally more obese than urban dwellers. Indeed, there is
evidence that dense urban living in the U.S. is associated
with more physical exercise and lower body mass index
(BMI) [50].

Second, some aspects of mental health appear to be
persistently worse in urban areas than in rural ones,
leading to an urban psychological penalty [51]. Urban
life has been associated with higher levels of stress than
rural areas, as well as with changes in brain function
[52]. Sundquist et al. [53] studied more than 4 million
adults in Sweden, finding a significant increase in the in-
cidence of psychosis and depression among populations
living at higher densities in cities than those living in
more rural areas. Similar large-population studies have
been done in Denmark [54, 55] and the United Kingdom
[56, 57], with each study defining urbanicity slightly dif-
ferently and measuring different components of mental
health. The effect appears to occur in developing coun-
tries as well. A Chinese study of rural to urban migrants
found a positive association with schizophrenia [58], and
a study in Sao Paulo, Brazil, found higher self-reported
problems of mental illness in higher density neighbor-
hoods [59]. Interestingly, the effect of urban life on men-
tal health seems to vary depending on age. In children,
some studies have reported that urban life appears to be
associated with greater frequency of Attention Deficit
Hyperactivity Disorder (ADHD) [60], although other
studies have found no association [61]. In adults, urban
life appears to be associated with schizophrenia [62, 63],
as well as greater incidence of psychosis [53].

These studies suggest that the dose-response relation-
ship between urbanicity and the urban psychological
penalty is complex, varying by disease and by the urban
cultural context [55]. However, there is a clear empirical
trend for the higher population densities found in cities
to be associated with a greater incidence of mental
health problems. In Fig. 4, we assemble information on
the fraction of humanity living at different population
densities, using the approximate classes used in the
Sundquist et al. [53] paper. In 2000, 2.5 billion people
lived at densities greater than 800 people per square ki-
lometers (41%), a figure projected to grow to 3.7 billion
people (46%) by 2020. Note that these are the same
population density categories for which the Sundquist
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Sweden does not have many neighborhoods with population densities
above 10,000 people/km?, so the Sundquist et al. results are not directly
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et al. [53] paper showed an increased incidence of de-
pression and psychosis. If this is applied globally, it
would imply that close to half of humanity is living at
urban densities that significantly increase the risk of
mental health problems.

Causes of the urban psychological penalty

The urban psychological penalty has been explained
through three categories of causes [cf.,, 35]. First, cities
have a different mix of populations than rural areas. This
structural issue makes analyses comparing urban and
rural dwellers challenging. Those of lower economic sta-
tus are sometimes concentrated in certain cities or
neighborhoods. So sometimes are marginalized racial or
ethnic groups. Since these populations are sometimes
more prone to mental health problems, their concentra-
tion in cities make urban areas statistically correlated
with poor mental health.

Second, in certain cities or neighborhoods urban life
(urbanicity) may lead to a breakdown in social cohe-
sion, the willingness of members of a society to co-
operate with each other in order to survive and
prosper [64]. There is debate in the literature [65, 66]
about whether this breakdown in social cohesion is
due to urbanicity per se, or whether it simply is statis-
tically more likely to occur in cities. Cities tend to
have more single parents, as well as more families with
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no extended family living nearby. Cities are also com-
monly a place with more transient or temporary resi-
dents, which can also lead to less social cohesion.
Since social cohesion is linked to mental health, pro-
cesses in cities that reduce social cohesion are associ-
ated with poorer mental health.

Third, cities have numerous environmental stressors
that are associated with poor mental health [67]. The
greater ambient noise in urban environments is associ-
ated with higher stress levels and mental health issues
[68, 69], as is the greater visual stimulation and “light
pollution” in cities [70]. It appears that living at higher
densities (crowding) is associated with poor mental
health, at least when the crowding is with non-family
members [71, 72]. However, this crowding is part of
what makes cities humanity’s “greatest invention”-
higher densities and a faster pace of life are part of what
makes cities successful economically [4]. It is ironic that
the same phenomenon, cities’ capacity to increase inter-
action, is what makes cities great and what makes cities
mentally inhumane. This “urban psychological penalty”
may not be as easily engineered away with grey infra-
structure, as were other facets of the urban health pen-
alty (e.g., water-borne diseases).

Nature as a potential solution

The urban ecosystem service and urban social-ecological
approach has recently developed into several programs
exploring the scope and potential of “Nature-based
solutions” [73]. Nature-based solutions are actions which
are inspired by, supported by or copied from nature and
aim to address a variety of societal challenges in sustain-
able ways, while also contributing to green growth [74].
Nature based solutions for sustainable urbanization rely
in large part on natural areas and features (“natural
infrastructure”) in and around cities to generate essential
ecosystem services [30, 75].

There are many different ecosystem services that are
important to human well-being. A short list of ecosys-
tem services most relevant to cities is shown in Table 1.
Much of the discussion around nature-based solutions
has focused on regulating services that can reduce vari-
ous risks to urban residents. For instance, natural habi-
tats and wetland features can reduce coastal [76] and
riparian flood risk [77, 78], as well as help manage
stormwater [79]. Conservation actions upstream in a
city’s source watershed can maintain raw water quality
and improve a city’s water security [80]. Street trees and
parks within the urban fabric can reduce air tempera-
tures, thus reducing the urban heat island effect [81].
Trees also can improve air quality, by reducing concen-
trations of particulate matter and other pollutants [81].
Many of these different ecosystem services generated in
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Table 1 Ecosystem services of greatest relevance to cities,
classified according to the scheme of the Millennium Ecosystem
Assessment [75, 115]. Adapted from McDonald [30]

Ecosystem service

Provisioning services:
Agriculture (crops, livestock, aquaculture, etc.)
Water (quantity)
Cultural services:
Aesthetic Benefits
Recreation & Tourism
Physical Health
Mental Health
Spiritual value and sense of place
Biodiversity
Regulating services:
Drinking water protection (water quality)
Stormwater mitigation
Mitigating flood risk
Coastal protection
Air purification (particulates, ozone)

Shade and heat wave mitigation

the urban landscape may have impacts on health, either
directly or indirectly [82].

However, in this section we focus on a small subset of
ecosystem services that directly affect health, and can help
counteract the “urban psychological penalty”. Urban na-
ture’s relationship to health has been shown to be com-
plex, operating through numerous pathways [83, 84], with
some significant research gaps remaining in current scien-
tific understanding [85]. Note that most studies studying
the relationship between nature and health use observa-
tional rather than experimental data, controlling for other
potentially confounding variables through statistical
methods. In our review we use the term “association” or
“correlation” when describing the results of studies using
observational data.

Physical health

One major pathway by which parks and other natural
features affect health is by encouraging recreation and
physical activity. For instance, Wolch et al. [86] tracked
the health of more than 3000 children in Los Angeles
across two decades, and found that children living with
a park within 500 m of their homes had lower Body
Mass Index (BMI) and better health outcomes. Ewing
et al. [50] reviewed all United States counties and related
an index of sprawl with reported walking data and mea-
sures of BMI, finding that counties with a more sprawl
urban form had less walking and higher BMI. The rea-
sons for this correlation are a little unclear. Hartig and
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colleagues [83] described three activity domains: our life-
style while at work, which seems likely to be little influ-
enced by urban form; transport, where the availability of
bike lines and walkable streets can encourage physical
activity while commuting; and leisure activities, where
park availability may significantly increase physical activ-
ity during recreation.

Physical activity improves physical health by reducing
obesity, but also has mental health benefits, making it
hard to separate the effect of recreation on physical
health from the effect on mental health. Regardless, ag-
gregate health benefits appear significant. In England,
the benefits of urban greenspaces for physical and men-
tal health have been estimated to reduce treatment costs
by £2.1 billion [82].

Mental health

Spending time in the natural environment or interacting
with natural features (street trees, parks, and gardens) is
not only of importance for physical recreation, but has
benefits to mental health. Here too there is a large litera-
ture documenting the multiple pathways by which inter-
action with nature can affect mental health [87, 88].

Increased social cohesion

There is some evidence that social cohesion,, the willing-
ness of members of a society to cooperate with each
other in order to survive and prosper [64], may be in-
creased or at least facilitated by having greenspace. For
instance, Maas and colleagues [89] reported that access
to urban parks and green space contributed to a sense of
place and social cohesion and interaction. De Vries and
colleagues [90] showed a correlation between street-level
greenery and perceived social cohesion in the neighbor-
hood. Perhaps one of the most well-known papers on
this topic took place in Chicago [91], where public hous-
ing residents who were randomly assigned to apartments
with nearby nature had greater social contact than those
residents without nearby nature.

Stress reduction

There is now a large set of studies that show that time
in nature or residential proximity to nature can reduce
stress, whether measured through self-reporting (e.g.,
[92]) or from levels of cortisol (e.g., [93]). This effect has
also been shown in workplaces, with greater indoor con-
tact with nature correlated with less job stress, fewer
subjective health complaints, and fewer sick days [94].
There are two main theories of how this stress reduction
occurs, which are not mutually exclusive. Stress Reduc-
tion Theory [95] argues that time in natural areas is cor-
related with reduced exposure to environmental stresses
like noise and light pollution. This reduced exposure to
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stressors, as well as time in a natural environment that
we have evolved to find relaxing, allows people to reduce
their stress. Attention Restoration Theory [96] argues
that urban life is taxing because there are so many stim-
uli that require attention, and that time in nature replen-
ishes our ability to pay attention and focus, thus leading
secondarily to a reduction in stress.

Improvement in mental health

Proximity to nature or exposure to nature has also been
shown to be correlated to a reduction in some mental
health disorders. One systematic review [88] found 21
articles that focused on perceived mental health, with
some of the most compelling studies using a longitudinal
design. For instance, using data from the British House-
hold Panel Survey, Alcock and colleagues [97] showed
that those who moved from a neighborhood with less
greenery to one with more greenery showed an increase
in mental health. A related study using the General
Health Questionnaire found a similar effect [98]. A study
of data on more than 260,000 Australians [99] found
that those with greater percentage green space within
1 km had lower rates of psychological distress as well as
higher rates of physical activity, suggesting that recreation
in greenspace may be a causal mechanism improving
mental health.

Do we have enough nature in our cities?

Given this growing literature documenting the physical
and mental health benefits of exposure to nature, several
studies have begun to try to measure the dose-response
curve, understanding how much exposure to nature is
needed to receive benefits to health. For instance, Lovasi
and colleagues [100] found that a 1-SD increase in tree
density (an increase of 343 trees/km?) near homes was
associated with a 29% reduction in the prevalence of
asthma. A study in Brisbane City, Australia found that
visits to outdoor greenspaces of 30 min or more per
week resulted in a 7% reduction in depression and 9%
reduction in high-blood pressure [101]. Most recently,
Cox and colleagues [102] studied individuals in southern
England, testing how neighborhood tree cover within
250 m of a house correlated with the prevalence of sev-
eral mental health diseases. Dose-response modelling
showed a threshold response, with 50% less depression
and 43% less stress in neighborhood with more than
20% forest cover and 56% less anxiety in neighborhoods
with more than 30% forest cover.

Extrapolation of the results of these studies to other
sites must be considered exploratory and preliminary,
since other literature indicates the magnitude of the im-
pact of nature on physical and mental health likely varies
by sociocultural context and depends on complex inter-
actions between urban form, human society, and natural
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features [83]. Nevertheless, given that humanity is in the
midst of the fastest period of urban growth in our spe-
cies history, it seems worthwhile to ask: what fraction of
the world’s urbanites get enough nature now?

To address this question, we took data on neighborhood
forest cover for 245 major cities globally [81], and classi-
fied 1 km? neighborhoods into the same forest cover cat-
egories used by Cox and colleagues [102]. This analysis
therefore looked at the variation both within cities and
among cities. A full analysis of the climatic, socioeco-
nomic, political, and historical reasons for variation in for-
est cover is beyond the scope of this paper, but other
researchers have noted that neighborhoods of lower socio-
economic status, or cities with fewer economic resources,
often have less lower forest cover [103, 104].

Currently, only 13% of urban dwellers are living in
neighborhoods with more than 20% forest cover (Fig. 5),
the threshold found by Cox and colleagues to be needed
to receive a protective effect against depression, stress,
and anxiety. Our results suggest that most urban
dwellers are living in environments with low levels of
nature exposure and may thus be at greater risk of the
urban psychological penalty. Our new urban world,
while representing something quintessentially human,
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Fig. 5 Forest cover in urban neighborhoods and its impact on mental
health. The bar chart shows the fraction of urban dwellers who live in
neighborhoods with varying levels of forest cover. Forest cover was
estimated for 1-km square neighborhoods in 245 major cities globally,
as part of the Planting Healthy Air report [81]. The green lines shows
thresholds in vegetative cover and its relationship to mental health, as
identified by Cox et al. [102], who surveyed 263 respondents in three
towns in the United Kingdom. They found that the odds-ratio

of depression, stress, or anxiety being reported was significantly
higher when houses had less than these thresholds of vegetative
cover in the 250 m around their home
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also is shockingly unnatural, likely negatively affecting
mental health.

Biophilic cities

Increasingly urban planners and policymakers recognize
the potential of designing cities in ways that integrate
nature. Some planners have begun to speak of biophilic
cities or biophilic design [105, 106]. The premise of the
idea of biophilia [107] is that as a species we have an in-
nate connection to nature, that we are happier, healthier
and able to lead more meaningful lives when nature is
around us where we live and work. Biophilic designers
argue that the integration of nature into urban design
and planning is an important step toward future cities
that are uplifting, restorative, beautiful and designed
around a sense of connection with and wonder about
the natural world. A full presentation of the theory of
biophilic design is beyond the scope of this work. Below,
we highlight two ways that biophilic cities, in which na-
ture is integrated into its citizens’ everyday lives, can
have tangible benefits for mental and physical health.
While our examples are primarily from cities in the de-
veloped world, where these two types of programs are
most common, we believe that they can potentially be
applied in cities in the developing world as well.

A nature prescription

Numerous programs in cities are trying to increase op-
portunities for urbanites to interact with nature, ensur-
ing that residents receive an adequate dose of nature
into their everyday life. From “nature bathing” programs
in Korea to nature kindergartens in Scandinavia, these
diverse program each bring a different philosophy and
structure to the common task of connecting people with
nature for mental and physical health benefits.

Some of the best evidence that such programs to in-
crease nature interaction can have health benefits comes
from New Zealand, where the Ministry of Health runs a
Green Prescription (GRx) program. For every ten Green
Prescriptions written, subjects achieved 150 min of mod-
erate or vigorous outdoor activity, which was associated
with a 20-30% reduction in all-cause mortality [108].
Long-term follow-up surveys shows that this effect per-
sists over time, for at least 2—3 years [109]. Overall, the
program has been shown to be a cost-effective way to
improve public health [110].

It is worth noting that the New Zealand GRx program,
like many others that implement nature prescriptions,
has multiple pathways by which participants’ health may
benefit. Physical activity goes hand in hand with time
outside, interacting with natural features while also tak-
ing a break from stressful activities.

Page 9 of 13

Biophilic urban design and the Biophilic cities network

If exposure to nature is key to combating the urban psy-
chological penalty, that suggests that we cannot just get
our necessary dose of nature on an occasional trip to a
remote national park; rather, nature has to be experi-
enced daily, and has to be integrated into our homes,
neighborhoods, and work spaces, where we spend the
bulk of time.

Biophilic design principles and strategies are necessary
at the building scale (and in interior spaces, given the
amount of time we spend indoors), as well as at the scale
of the neighborhood, city, and region. Natural elements
and spaces must be integrated and connected across
these scales. Growing urban tree canopies, daylighting
and restoring urban streams and rivers, incentivizing
and/or mandating eco-roofs, living walls and other bio-
philic urban design features, are all increasingly common
tools used in the 15 cities that are part of the new global
Biophilic Cities Network (BiophilicCities.org).

Cities like Edmonton, Canada have adopted an im-
pressive ecological network plan to guide future
growth, where there are now more than 27 wildlife
passages to allow for faunal movement through the
city. A new initiative there called “Breathe” extends
this ecological network yet further to include rooftops
and spaces between and around buildings, connecting
the wildlife passages to places where people might
interact with the wildlife [111].

It is important that cities grow and develop in ways
that protect and grow nature, that put nature at the core
of design and planning. Singapore, for instance, imple-
ments a Landscape Replacement Policy, which requires
new buildings to at least replace 1-to-1 the nature lost at
ground level with nature in the vertical realm. New
high-rise buildings are in friendly competition to see
which can design in the most vertical nature. The new
Oasis building, recently completed, replaces ground level
by some 900%. A Skyrise Greenery division has been
created within NParks (the National Parks Board) to
support these efforts, and financial incentives, research
and development, and an annual Skyrise Greenery
award, also contribute to building this model of a com-
pact, vertical urban greening. Singapore may be the most
advanced example of a Biophilic City (Fig. 6), growing
nature and stewarding over biodiversity in many ways,
through many different planning and policy mecha-
nisms. Singapore like many cities in the Network are
profoundly redefining the role of nature. These cities are
moving from the view of nature as something to be
found only in certain places in the city--the park down
the street, the community garden a block away, for
instance--to a more nature-immersive view of cities.
Singapore has even changed their official motto from
“Singapore, A Garden City,” to “Singapore, A City in a
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Fig. 6 An example of a green roof and facade from Singapore. Photo
taken at the Royal Park Hotel. Note the abundant street trees along
Pickering Street. Photo by Timothy Beatley

Garden”. It is a small and subtle change in words, but a
profoundly different view of cities.

Creating cities where nature is integrated into the
spaces where we live will require a variety of urban
design and planning strategies. Cities must blend trad-
itional conservation of remnant nature and natural sys-
tems, with more human-designed nature elements.
Living walls and architecture can work together with
urban forests and larger blocks of habitat for instance, to
cool cities and to more effectively manage urban storm-
water and flooding. Bird-friendly design guidelines that
require bird-friendly glass and facade treatments (as in
San Francisco) will work together with more traditional
protection of bird habitat. Designing new pollinator
pathways in cities, as seen in cities like Oslo, or ambi-
tious targets for planting butterfly gardens, in cities like
St Louis, suggest the ability to understand cities as bio-
diversity havens and positive contributors to global bio-
diversity conservation.

Tensions

There are significant obstacles to overcome on the way
to this new vision of cities. While we have compelling
models of how biophilic urbanism works in cities in the
developed world, such as Singapore and San Francisco,
how this model applies in less affluent settings (the Glo-
bal South) is unclear. Where demands for addressing the
needs of poverty are great and there is a large extent of
informal housing, the kinds of biophilic design and plan-
ning that we see in cities like Singapore seem unrealistic.
We would argue, however, that many of the biophilic
tools, methods and interventions could work in cities in
the Global South, and certainly the vision of immersive
nature is just as compelling. Many elements of biophilic
design can be designed and installed at the grassroots
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level, and in ways that address local needs (landscape el-
ements that produce food, or capture potable water).
And the incorporation of nature into informal settle-
ments represents one of the potentially most powerful
ways to improve health and well-being there.

Other kinds of obstacles arise in cities in the North.
Good biophilic design runs the risk of creating unin-
tended consequences in the form of higher housing
prices and gentrification, as can be seen in the case of
New York’s High Line Park. We need further work to
develop a suite of planning tools to minimize or moder-
ate these negative impacts and to more effectively ad-
dress the need for affordable housing. The preparation
of an Equitable Development Plan in advance of building
the new 11th Street Bridge Park in Washington, DC is
one example of how biophilic design must take these po-
tentially negative effects into account and to plan for
their avoidance or mitigation.

Gaining sufficient political support for Biophilic Cities
is another challenge, especially in an era where nature
sometimes seems so expendable or of lesser importance.
Forward-looking mayors, such as Bill Peduto in Pitts-
burgh or Anne Hildalgo of Paris, seem to understand
that health and other benefits nature brings, as well as
how this vision of natureful life can enhance the attract-
iveness of their cities. The helpful synergies and overlaps
with climate change and resilience are one angle to build
support. We believe that investments in urban trees,
ecoroofs, green terraces, and other forms of biophilic de-
sign will reap great benefits both in reducing greenhouse
gas emissions and in reducing the local impacts of cli-
mate change.

Conclusions

The urban century will profoundly alter many aspects of
human society. In the past few centuries, humans have
had a good deal of practice building cities, and have
learned how proper urban planning and adequate infra-
structure can ameliorate much of the urban health pen-
alty. However, we have argued in this essay that the
urban psychological penalty will be harder to overcome
merely with more grey infrastructure. Inherent in what
makes cities such a productive way to organize society,
what one writer called our species greatest invention [4],
is an increased pace of interaction and life that research
has shown often leads to an urban psychological penalty.
Growing scientific evidence shows that natural features
in cities can counteract a significant fraction of this
urban psychological penalty. Nature in cities allows us to
have the benefits of urbanization, while also having
livable cities in which we can thrive. It is for this reason
that we refer to nature in cities as the “green soul of the
concrete jungle”, for nature can make cities more
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humane in the fundamental sense of according with the
needs of human well-being and happiness.

The New Urban Agenda [10] points to the role of eco-
system services in risk reduction and natural resource
management. These are important goals, but we believe
natural features are needed also simply to make our
urban home more humane. One central goal of the New
Urban Agenda was to “produce just, safe, healthy, ac-
cessible, affordable, resilient, and sustainable cities.” We
believe the scientific evidence shows that access to and
interaction with natural features is essential to meeting
the New Urban Agenda’s goal of health. If we do not
build some nature into our cities, we risk creating an in-
humane, grey world for ourselves. Without nature the
urban century will fail.

Yet despite the growing body of evidence that inter-
action with nature is essential for mental health, humanity
is mostly building cities without nature. Global datasets
suggest that currently only 13% of urban dwellers may be
living in close enough proximity with nature to experience
its mental health benefit. We believe that another path
could be followed, leading to a greener urban future. But
the first step is for policymakers to recognize that access
to and interaction with nature is a human right. We are
far from the first to make this call (cf., [112—114]), but our
review of the literature suggests that without a certain
minimum amount of nature, we are increasing the urban
psychological penalty for billions. We suggest that nature
in cities must be seen not just as an amenity, but as a fun-
damental requirement for a functioning and healthy city.
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