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ABSTRACT
The last decade has witnessed an increasing focus on cities as they grow in population and shift in their function. Alongside, has

been the emergence of the social movement of biophilic design. This approach to city design and the built environment is nature

based and encourages the incorporation of nature, including plants, in a variety of principles called ‘biophilic design’. Biophilic

design is being rapidly adopted globally as the multiple benefits are consistently revealed and reinforced. This is presenting new

opportunities for the horticultural industry as the use of plants in cities increases in evolving and creative ways. This paper outlines

the evolution of the social movement of biophilic design, the principles of implementation that have emerged and the multiple

benefits that ensue.
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1. INTRODUCTION

Cities around the world are growing dramatically. More
people now live in cities than in rural areas (LEHMANN,
2015, p. 1). “By 2030, 60 percent of the world population,
or 4.9 billion people, are expected to live in urban areas”
(GIRARDET, 2015, p.4). Human settlement has not
occurred in such a way before. High fossil fuel and resource
consumption has enabled this expansive urbanisation while
contributing significantly to global warming and climate
change (GIRADET, 2015; LEHMANN, 2015; HAAS
and OLSSON, 2014). Yet, cities are not only expanding,
they are changing in their roles and in their function. De-
industrialisation, increased mobility and a growing service
sector have seen urban areas transform into post-industrial
knowledge based economies of consumption rather than
production (HAAS and OLSSON, 2014). Emerging from
this shift in focus of cities’ function is an evolving change
in form: a change in the way buildings are being designed,
constructed and landscaped.

2. BIOPHILIA

Typically, industrialised cities, with their focus on
function, became harsh, engineered landscapes of paved
surfaces and inner city urban canyons. Fromm (1964), and
more recently, Salingaros and Masden (2008), recognised
this, proposing that contemporary cities can be viewed
as mechanistic, sterile, industrialised, commoditised
and devoid of nature. Fromm (1964) also argued that
urban dwellers were facing a disconnect from nature
and loss of the psychological benefits that can ensue
from a healthy human-nature relationship. To follow a
positive, progressive pathway in life Fromm proposed
that a love of life was necessary. He coined the term
‘biophilia’ to express this human-nature connection, with
‘bio’ meaning life and ‘philia’, the opposite of ‘phobia’,

meaning attraction or love (Fromm, 1964). Significantly,
years later another scholar, prominent sociobiologist,
Edward Wilson, utilised Fromm’s term biophilia to
describe emotions which were provoked in a period of
immersion in nature (WILSON, 1984). Wilson defined
biophilia as the “innate tendency to focus on life and
life-like processes” (WILSON, 1984, p.1). His book,
Biophilia, presented a similar perspective to earlier
conservationists such as Arne Naess (1989), though with a
perception of the human connection to nature as an innate,
biological need, not solely an inherent interdependence.
Traditionally there have always been thinkers who have
recognised human connection and interdependence with
nature and encouraged others to do the same (LEOPOLD,
1949; NAESS, 1989). Illustrative descriptions of nature
and ecosystems were set in the forests, rivers and natural
areas, not in the cities. People travelled outside of the city
to have a nature experience. Conservation, environmental
or deep ecology movements tended to be ‘anti’ cities,
focussed on protecting the nature that remained outside
urban areas. Yet the shift in the function of cities,
globalisation and the emergence of compact city theory
(LEHMANN, 2015) is paving the way for a redefining
of urbanites’ relationship with nature, utilising the term
biophilia introduced by Fromm in the 1960s.

3. BIOPHILIC DESIGN

Fromm’s, and later Wilson’s, suggestion of a biological
need fornature which influences behaviour provoked interest
and led to the assemblage of a group of interested scholars a
decade later to discuss the concept which included Stephen
Kellert, a socio-biologist. From this gathering, a hypothesis
emerged, ‘the Biophilia Hypothesis’, with a book of the
same name edited by Kellert and Wilson (KELLERT and
WILSON, 1993). The hypothesis formalised Wilson’s
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ecarlier theory and proposed that biophilia, a love of life,
is inherent and part of our species evolutionary heritage
(KELLERT, 1993, p.21). The Biophilia Hypothesis
received a positive reception amongst scholars but it was
not until some years later, in 2007, that Kellert brought
together a diverse group including academics, industry
representatives and real estate investors who had shown
a shared interest in increasing the opportunity for nature
to find expression in urban design. Many ideas were
discussed and design principles emerged. These resulted
in a book called Biophilic Design (KELLERT et al., 2008)
which introduced the concept and rationale for nature no
longer being minimised in cities but recognised as having
much to offer. Biophilic design is “the expression of the
inherent human need to affiliate with nature in the design
of the built environment” (KELLERT and HEERWAGEN,
2008, p.viii).

With technological advancements supported by
academic research and literature, the inclusion of nature
in cities has, in many cities, been rapidly, and globally,
expanding. What began with a term coined by Fromm
has attracted further investigation and development by
interested people with common goals and a desire to enable
a greater opportunity for urban dwellers to affiliate with
nature, and all the benefits this provides, within the built
environment. The focus on the human-nature connection
is no longer relegated to conservationists and natural areas
outside of cities; it is coming from urban inhabitants. A
social movement based on biophilic design has evolved.

The movement appears to be supported by increasing
urban population and changing city function which has led
to a mutable dynamic and interplay between urban places
and spaces. This recent and expanding transformation
in human urban settlement is requiring a new approach
to building cities. Cities need to be designed, planned,
built and retrofitted to be sustainable and liveable
(STOREY and KANG, 2015). Higher building density,
urban canyons and paved surfaces modify local climate,
particularly temperature, leading to a phenomenon
known as the urban heat island effect (MILLS, 2015).
This correlation between increasing global urban
population, climate change and urban heat island
effect, and the need for liveable, higher density cities is
repeated throughout sustainability literature discussing
cities and design (NEWMAN and JENNINGS, 2008;
OWEN, 2009; STEINER, 2011). Within this framework,
nature and biophilic design are finding a renewed status
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and recognition as essential components of a healthy,
sustainable city (LEHMANN, 2015, p.20).

Global examples of biophilic design demonstrate that
in many instances the initiative is not purely a functional
response to a city’s sustainability challenges. There is a
motivation beyond the function. Indicators are there that a
shift in the approach to the human-nature urban connection
has occurred. The principles of biophilic design represent
these newly emerging initiatives that are occurring in
cities and presenting new opportunities for the horticulture
industry.

4. BIOPHILIC URBANISM

Within the book, Biophilic Design, was a contribution
by Tim Beatley which integrated the idea of biophilia at
the urban scale as biophilic urbanism. It differs from just
designing nature into the city by including consideration of
the human- nature connection and the need for humans to
have a daily interaction with nature. Beatley suggested that
biophilic urbanism could contribute towards the creation
of biophilic cities and is actively creating a global biophilic
city network (BEATLEY, 2008; BEATLEY, 2017).

While researchers have been consolidating the social,
environmental and economic benefits, other disciplines,
particularly those related to urban design, have been
refining the attributes of biophilic design into a workable
palette for implementation.

Proponents of biophilic design have elaborated on
design concepts, finding validity through experience,
intuitive knowing and historical examples (HEERWAGEN
and GREGORY, 2008; WILSON, 2008; KELLERT,
2008a). Authors in the book, Biophilic Design: The
Theory, Science, and Practice of Bringing Buildings to
Life (KELLERT et al., 2008), recognized the need to define
the dimensions of biophilic design as the beginning of a
tool kit for urban designers and developers. Heerwagen
and Gregory (2008) categorized seven major attributes
whereas Kellert (2008a) listed six elements with seventy
design attributes.

Ryan et al. (2014) refined these design elements of
biophilic design with supportive qualitative and quantitative
research in both the physiological and the psychological.
Ryan, together with Browning, recognizing previous design
attribute lists were unwieldy and potentially confronting
for urban designers, consolidated the design attributes to
the following fourteen patterns within three categories.

A recent publication by Beatley, Handbook of Biophilic
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Table 1. Patterns of Biophilic Design
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NATURE OF THE SPACE

incorporation of plants, water and animals
into the built environment, especially with
movement.

1. Visual connection with nature —
plants inside and out, green roofs and
living walls, water, nature artwork

2 .Non-visual connection with nature
— sun patches, textured materials, bird
sounds, weather, nature scents

3. Non-rhythmic sensory stimuli —
clouds, shadows, nature sounds, water
reflections

4. Access to thermal and airflow
variability — shade, radiant heat, seasonal
vegetation

5. Presence of water — rivers, fountains,
water walls, ponds, daylighted streams

6. Dynamic and diffuse light — light
from different angles, ambient diffuse
lighting, circadian lighting

7. Connection with natural systems
— seasonal patterning, wildlife habitats,
diurnal patterns

(Adapted from Ryan et al.,2014)

City Planning and Design, drew on global initiatives of
biophilic urbanism to inspire and demonstrate practical
examples of biophilic design and design attributes
(BEATLEY, 2017).

As seen in the Table 1 above many of the design
attributes involve plants. Pattern number one, ‘Visual
Connection with Nature’, contains innovative architectural
and design features such as living walls and living roofs.
These innovations are providing creative and expanding
opportunities for horticulturalists around the world.
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one degree of separation away from true
nature; patterns and materials that evoke
nature.

8. Biomorphic forms and patterns —
organic building forms, structural systems

9. Material connection with nature
— wood, earth and stone construction,
natural colours

10. Complexity and order — fractal
patterns, sky lines, plant selection and

the way humans respond psychologically
and physiologically to different spatial
configurations.

11. Prospect — views, balconies, 6 m and
above focal lengths, open floor plans

(savannah effect)

12. Refuge — protected spaces, overhead
canopies or lowered ceilings, places
providing concealment

13. Mystery — winding paths, obscured
features, flowing forms

variety, material textures and colours

14. Risk/Peril — floor to ceiling windows,
water walks, high walk ways

Green roofs have a historical place in urban design
with the early sod roofs of European architecture, but
new engineering techniques have developed to enable
green roofs to become a major architectural feature of
innovative buildings (TAN, 2013). Vertical greenery has
also progressed from vine covered facades to vertical
living walls since the aesthetic designs and constructions of
innovative French botanist Patric Blanc (BEATLEY, 2011;
TAN et al., 2009). As a result, a wide range of designs and
methods for integrating nature into the built environment
have emerged and continues to evolve.
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5. LIVING GREEN WALLS AND
GREEN FACADES

Vertical living walls are adding a further dimension
to cities around the world. Innovation and improved soil
media are increasing the opportunities for inclusion of
living walls both indoors and outdoors. Many of these have
been stunning creative art works which draw attention and
contribute to the aesthetics, while also bringing multiple
social, environmental and economic benefits as outlined in
section 7 below.

NEW OPPORTUNITIES FOR THE HORTICULTURAL INDUSTRY

Patric Blanc is considered a pioneer of the contemporary
living wall utilizing a panel system that is semi-hydroponic.
These systems have the advantage of being light weight
and able to be installed in large extensive panels on the
outside of a building. Modular systems which are heavier,
thicker and contain more growing medium can support a
greater variety of plant species, be more robust and survive
irrigation failures. Planter boxes with trailing plants, such
as beautifully exhibited at Singapore’s Park Royal Hotel,
are also effective in creating a wall of living green and the
associated benefits.

Figure 1. Park Royal Hotel, Singapore (source author)

Green fagades are close to, but not attached, to the
building. These tend to incorporate vines and creepers
which deliver many of the benefits as attached living
walls, but tend to be less expensive to install and easier
to maintain. The creeper is typically grown from the
ground at the base of the fagade. Through the necessity of
having to grow the green fagade in situ, it can take longer
to achieve the full benefits, particularly the insulating
potential.

Indoor living walls can significantly improve air quality,
particularly if utilizing technology pioneered by NASA and
developed further by Guelph Humber University in Toronto.
These walls are known as ‘biofilters’ and filter air through the
soil medium where root rhizomes filter pollutants. The walls
have been extremely effective, and popular, in improving
indoor air quality in Toronto buildings. Similar research and
outcomes are now happening in other cities such as Sydney,
Australia, with the ‘Breathing Wall” installed at Barangaroo.

Figure 2 Biofilter indoor living walls, Toronto, Canada (source author)
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6. VEGETATED (GREEN) ROOFS

As the benefits of green roofs become more widely
known and understood, there is a rapidly increasing
number globally. North America is discovering that they
are a very effective and popular option for managing
storm water and reducing urban heat island effect. Basel,
in Switzerland, has been installing green roofs for the
past sixteen years with a focus on increasing biodiversity.
Where there may be a sole initial driver for the green roof
installation, the multiple benefits are discovered which
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then tends to lead to a ripple effect of further green roofs
being installed in the surrounding area (SODERLUND
and NEWMAN, 2015).

Chicago, for example, first conducted a green roof trial
on their City Hall whose success led to incentives and
regulations to encourage further green roofs in Chicago.
The driver for this was the need to cool the city and reduce
the urban heat island effect. By 2010, Chicago had 359
green roofs totalling 51 hectares and the Chicago City Hall
green roof has become an icon for Chicago’s sustainability
movement (SODERLUND, 2016).

L g =

Figure 3. Chicago City Hall green roof in late autumn (Source author)

Extensive and intensive

There are two types of green roofs, intensive and
extensive. Extensive tend to be larger with a shallower
substrate and are the type most commonly referred to in the

Figure 4. Extensive and intensive green roofs (source author)

Millenium Park in Chicago is an extensive 10 hectare
green roof built over parking lots and an end of line train
station that has resulted in increasing tourism and further

Gnam. Houtic. (Campinas)

research. Intensive green roofs are smaller with more varied
plant species in heights and function and are generally built
with social amenity in mind rather than an environmental
driver.

development bringing $3-5 billion economic benefit to the
area (SODERLUND, 2016).
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Figure 5. Millenium Park green roof Chicago (source author)

Green roofs need not be flat but may be sculpted for responses they bring revealed that ‘wilder’ roofs may
aesthetics or significance. The extensive green roof on lead to increased creative thinking. It also showed that
the California Academy of Science in San Francisco responses varied with cities and personal experience
has seven mounds modelled on the seven roofs of (LODER, 2014) with some people preferring more
the city and planted with sedums. Studies by Loder sculpted sedum plantings over the wilder prairie style
(2014) on varying types of plant species and the social such as the Chicago City hall roof.

i

Figure 6. Comparison of prairie (left) to sedum (right)
(source author)
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Policy has been successful, particularly in the
implementation of green roofs in global cities, by
incorporating the option for a green roof in sustainability
standards, or by providing incentives and rebates and by
regulation.

Germany began with incentives in 1983 followed by
Basel, Switzerland, in 2000. Both countries currently have
a high number of green roofs and it is now an accepted form
of practice. Washington initiated a green roof rebate program
in 2005 and, as part of their Sustainable DC strategy aims to
have 20 million sq ft green roofs by 2020. Many cities have
initiated some form of incentives or regulations encouraging
green roof construction in their cities. Globally, there is a
growing tool kit of options for policy.

As implementation of vegetated roofs rapidly expands
around the world, the opportunity for research on these
roofs in various climatic conditions also increases. What
the research is revealing is the multiple benefits which can
result with installing vegetated (green) roofs. Decreased
biodiversity, urban heat island effects and pollution
have become current and urgent environmental issues
that challenge the resilience of cities, alongside social
problems such as high stress and obesity. Green roofs can
offer mitigation to some of these current city ills as well
as increase a city’s aesthetics which in turn can trigger a
greater sense of connection to place in city dwellers.

In the last decade, research on the outcomes of biophilic
design, combined with improved monitoring technologies,
has enabled benefits to be both qualified and quantified.
Of particular interest has been the human and nature
connection and the benefits of human exposure to direct
greenery.

7. THE MULTIPLE BENEFITS

Environmental benefits

In the last decade green roofs, and to a lesser extent
living walls, have attracted a lot of research on the benefits
that they can bring, particularly the environmental benefits.
As both of these have technologically developed, a range
of environmental benefits have been evaluated including
improvements to water, air, biodiversity and heat.

Water management: ability to retain storm water
onsite, slow runoff rates, filter water (ANDERS and
WALKER, 2011; GREGOIRE and CLAUSEN, 2011; [1].

¢ Including reduction in water pollution: (GREGOIRE

and CLAUSEN, 2011; SEIDL et al.,, 2013; ROWE,
2011).

Air pollution: (LEVIN, 2014; PEGAS et al., 2012;
WOLVERTON et al., 1984).

e carbon reduction: (AKBARI 2002; CAREY, 2013;

LEUNG etal., 2011; MIYAWAKI, 1998; OTTELE et al.,
2011; SHEWEKA and MAGDY, 2011)

e phytoremediation: (CAREY, 2013; LEUNG et
al.,, 2011; OTTELE et al., 2010; PUGH et al., 2012;
SHEWEKA and MAGDY, 2011).
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Biodiversity: both ecosystem services and species retention
and regeneration: (BAUMANN, 2006; BRENNEISAN,
2006; COOK-PATTON and BAUERLE, 2012; GRANT,
2006; MADRE et al., 2014; NEWMAN, 2014)

Reduction of urban heat island effect (AKBARI,
2002; KONTOLEON and EUMORFOPOULOU, 2010;
WONG et al., 2010)

Reduction of energy consumption (AKBARI, 2002;
CHENG et al., 2010; JAFFAL et al., 2012; HONGMING
and JIM, 2010; LEUNG et al., 2011 SHEWEKA and
MOHAMED, 2012; SPROUL et al., 2014; SUSCA et al.,
2010; ADHIKARI et al., 2016)

Social benefits

Access to greenery, or even a view of a vegetated roof,
can bring social benefits. These have been recognized by
corporations such as Google and the Bank of America.
The Manhattan branch of the Bank of America paid for the
greening of the surrounding rooftops with the understanding
and economic results of high quality employees, greater
productivity with decreased absenteeism and higher
employee retainment. In the last 30-40 years technological
advancements in both psychological and physiological
testing have enabled further exploration and testing on
whether there is an innate human relationship with nature
which is the fundamental rationale for biophilic urbanism.
This has led to a substantial quantity of global research
revealing significant social benefits for humans with some
access to nature such as increased well-being and health,
faster healing rates and faster attention restoration. These
are summarized below:

Improved mental health: (ULRICH, 1979; ULRICH et
al.,, 1991; BERMAN etal., 2012; TYRVAINEN et al., 2014).

Reduced stress: (LI et al,, 2011; BERMAN et al.,
2012; MATSUNAGA et al., 2011; PARK et al., 2010;
TYRVAINEN et al., 2014; BERMAN et al., 2008; IKEI
etal., 2014; HAGERHALL et al., 2012; TAYLOR, 20006).

Attention restoration: (KAPLAN, 1995; BERTO,
2005; TENNGART et al., 2008; RAANAAS, 2011).

Increased wellbeing: (LI etal., 2011; BERMAN etal.,
2012; TYRVAINEN et al., 2014; BERMAN et al., 2008;
IKEI et al., 2014; HAGERHALL et al., 2012).

Decreased violence and crime: (KUO
SULLIVAN, 2001).

Faster healing rates in hospitals: (ULRICH, 1984;
PARK and MATTSON, 2008; MOORE, 1981).

Greater altruistic behaviour: (GUEGUEN and
STEFAN, 2014).

and

Economic benefits

The socio-psychological and environmental benefits
are likely to combine to contribute to significant economic
benefits as set out in the figure below. If humans are
functioning better and their environment is working better
then the human economy is going to be more productive
and efficient.

V.23, N°. 3, 2017, p. 221-233



228

Research has provided the quantifiable data that has
enabled the economic case to be made, yet the research
has tended to focus on the economics of either an
individual benefit or a few connected benefits. Yet there
are multiple benefits. The economic gains to be made

NEW OPPORTUNITIES FOR THE HORTICULTURAL INDUSTRY

from environmental benefits such as reduced energy costs,
extended building life, and decreased water management
costs are apparent. Extrapolating the quantitative figures
to support this is particular to location and local costs, but
presents an area of research needing further attention.

Biophilic
Architectural
Improvements

Human-nature
Connection
Improvements

Socio-psychological
Improvements

Environmental
Improvements

Economic
Improvements

Figure 7. Biophilic architectural benefit flow (source author)

Economic benefits are summarized:

- Reduced energy costs: see previous

- Extending building life: see previous

- Decreased water management costs: see previous

- Increased worker productivity: (BROWNING et al.,
2012; ERWINE and HESCHONG, 2000; HEERWAGEN,
2000; HESCHONG, 2002).

- Health and healing benefits: (BEAUCHEMIN and
HAYS, 1996; BENEDETTI et al., 2001; HEERWAGEN,
2000; MATSUNAGA et al., 2011; PARK and MATTSON,
2008; SINGH et al., 2010; ULRICH, 2006).

- Increased retail potential: (BRENGMAN et al., 2012;
ERWINE and HESCHONG, 2000; JOYE et al., 2010;
WOLF, 2005)

- Decreased violence and crime: (BROWNING et al.,
2012; KUO and SULLIVAN, 2001).

- Increased property value and employee attraction:
(BEATLEY, 2011; BENSON et al., 1998; BROWNING et
al., 2012; EICHHOLTZ et al., 2010; HEERWAGEN, 2000).

Ownam. Houtic, (Campinas)

- Increased liveability enabling higher density and
reduced footprint: (NEWMAN and KENWORTHY, 2015).

8. CONCLUSIONS

The emergence of biophilic design has been timely.
It is the outcome of a confluence of discoveries and
events driven by the need to respond to urban crises.
Coinciding with this have been technological discoveries
and advancements that have enabled the progression. Not
only have there been advancements in roof membranes and
green wall technologies, there have also been technological
advancements for designers, providing the capacity
for computer modelling and graphics to interpret and
visually display their designs. Horticulturalists, engineers,
architects can then utilize computer modeling to translate
these designs into working plans.

Again technological innovations and scientific
discoveries have contributed to the expansion of
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the knowledge base of people’s physiological and
psychological responses to nature. From early biological
and biochemical discoveries, there has been a continual
improvement in the ability to measure human responses
to biophilic design and in knowing what the responses are
and what to measure. These technological advancements
and improved measuring capabilities have enabled the
quantifiable economic rationale to begin to be compiled.

The ability to increase nature in our cities through
creative thinking, innovative technologies and the
principles of biophilic design, driven by the need to address
urban issues such as urban heat and increasing density, is
providing not only new opportunities for the horticultural
industry, but the necessity for horticulturalists to embrace
these new opportunities, contributing their knowledge and
expertise in creative new ways.
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