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ABSTRACT

Throughout the history of human existence, the connection to ecology

and — more specifically trees — has been central to human survival

and tradition. But over several recent centuries of industrialization,
urbanization, sprawl and the rise of technology, this central and symbiotic
relationship has been lost. A trend has been established in which much of
the developed — and developing — world now places a greater emphasis
on the technologies and environment of the built realm and less upon the
natural amenities provided to us for free every day.

The single most effective — and urban — remedy for extreme
environments, increasingly stressful urban conditions and declining
connection between humans and nature is the reemergence of the tree.

We are entering a new “Age of the Tree” where we must reconsider
our relationship to the tree, as one of the focal elements in this emerging
urban reality. Simply stated, creating a healthy, robust and mature tree
canopy must become a critical focal point for all future development
— without exception. Our future generations will thank us as they reap

tremendous dividends for our collective efforts today.
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1. Chloroplasts in a leaf
2. Cross section of a
cottonwood tree branch
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3. The Sacred Peepul
Tree at the Mahabodhi
Temple in Bodh Gaya,
under which Buddha
was said to have reached
enlightenment
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The Productive Splendor of the Tree

The life of a tree begins 93 million miles
from the place where it eventually grows,
at the Sun. Each day, the sun powers

the entirety of natural phenomena on
our planet by delivering an abundance
of solar energy to the earth’s surface.
Despite this incredible gift, humans have
yet to fully understand how to efficiently
use the endowment of energy delivered
to us, for free, every day. But trees have
known how to use this energy.

In 1648, the Belgian scientist Jan
Baptista van Helmont planted a five-
pound willow in a pot containing 200
pounds of dry soil. Over a five-year
period, he added nothing to the pot
with the exception of water and after
five years, he weighed the willow again,
finding it now weighed 169 pounds
while the soil weighed only two ounces
less.

His logical conclusion was “164
pounds of wood, bark and roots arose out
of water only.”'™ Of course, he was not
aware that elements in the atmosphere
were also contributing to the growth of
the tree. This experiment was, however,
the first insight into the incredible
productive splendor of the tree, that the
beautiful forms that grow all around
us do not grow only by absorbing
material from the ground. Rather
they are generated through complex
chemical processes utilizing elements and
compounds such as water and carbon
dioxide that fall from the sky.
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At the heart of this story is the
process of photosynthesis. During
photosynthesis, sunlight energy reacts
with carbon dioxide taken in through
the stomata of the leaves and water
brought in through the roots, triggering
a reaction in the chloroplasts that
disassembles the molecules, converting
them into sugars and oxygen. The
excess oxygen is then released into the
atmosphere while carbon and hydrogen
are transformed into glucose, and
eventually cellulose, the building blocks
that become the bark, branches and
roots of the tree.

The leaves of a tree are naturally
engineered to be incredibly efficient
energy absorption tools: flat and thin,
with a high surface to mass ratio which
ensures that the ratio of energy potential
to the mass of the leaf is optimal. Their
flat profile yields to wind and rain
and most plants replace their leaves
periodically as the old ones become
damaged or eaten.

The beautiful branching gives
a tree its distinguished form, but is
primarily a tool to reach out wide
to maximize the exposure of leaves
to the sun and increase the potential
of the tree to produce energy, release
oxygen and sequester carbon through
photosynthesis.

The trunk provides strength and
stability in all conditions yet, beneath
the outer bark, employs a complex,
pressurized vascular system of tissues
that moves water, nutrients and cellulose
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The Neijing Tu, a
Chinese illustration of
the inner landscape of
the human body

The urbanization of the
Pearl River Delta over
40 years, between 1976
and 2016

El Paseo de la Reforma,

a major avenue in
Mexico City with a
diverse tree canopy.
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throughout the entire tree via the xylem
and the phloem.

The roots of the tree serve as its
anchor, spreading underground from
the trunk as wide as the canopy above
to grab as much water and minerals
as possible. Each root is covered with
thousands of root hairs to maximize the
absorptive surface area.

As opposed to the consumption
based lifestyle of modern humans, the
three-trillion trees growing on our
planet” consume only a fraction of
the sun’s energy to produce oxygen,
sequester carbon, grow in stature and
reproduce’. Their growth, production
and survival is an incredible feat of
efficiency, evolution and beauty that
rivals any story contained in nature.

Human Relationships with Trees

Our ancestors understood the
splendor of the tree in a different, more
reverential way. The tree was an integral
part of the anthropology of countless
groups, central to their norms, values
and traditions. The best of these have all
shared one common notion: the tree as
an element to be respected.

The Native Americans of North
America enjoyed a deep connection with
the trees, depending on them for shelter,
nourishment, navigation, spirituality
and many facets of everyday life. To
be clear, they enjoyed an advantageous
relationship with the forests of their
lands, utilizing all that the vast stands of
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Pine, Willow, Beech and Chestnut had to
offer. However, they recognized that for
them, the preservation of the trees meant
life and therefore utilized the gifts in a
sensitive way enabling them to grow on
as a gift to future generations.

Walnut, Pine, Pecan and others
provided year-round nourishment in
the form of their nuts. Flour made from
the acorns of Oaks was a staple for the
tribes of Northern California. In upstate
New York, the “Adirondack” tribe
derived its name from the Iroquois word
for “bark eaters” due to their habit for
consuming Pine bark, which they did by
stripping the bark so as not to kill the
tree.

Most medicinal remedies of Native
Americans were derived from the leaves,
bark and other parts of the tree. Willow
Bark Tea contained salicylic acid and
was used to bring down fever and relieve
pain. Water collected in the hollows of
the Beech Tree was used to treat skin
problems and its boiled leaves were used
to make a salve for burns. White pine
and Red Cedar was used for respiratory
ailments and Maple Syrup was a sweet
offering for digestive troubles.

Practical elements also came from the
trees, such as Oak bows for hunting and
Red Cedar frames for houses, favored
because of its durability, resistance to
insects and unique smell. Tree bark was
stripped from Birch trees and used like
shingles for roofing. Even the tree roots
were used to weave basket for carrying

objects.™



At all costs, the Native Americans
avoided cutting down trees, preferring
to harvest different parts of the tree
in sustainable ways. When they did
cut down trees or branches, elaborate
rituals were performed to ensure that
the practice of felling trees was done
respectfully, out of necessity and not
haphazardly.

Native Americans also enjoyed a
strong spiritual connection to the trees
bestowing identity to them such as “The
Tree of Peace” and “The Sacred Oak”
amongst many others. This assignment
of spiritual identity and symbolism to
trees of special significance has been
shared by many groups throughout the
history of human existence.

One such example is the honor paid
to the Peepul Tree (Ficus religiosa) in
the Buddhist and Hindu religions. At the
Mahabodhi Temple in Bodh Gaya, India
sits what is likely the most spiritually
recognized tree in the world, the Sacred
Peepul Tree. It is said that Buddha seated
himself beneath the original Peepul
Tree growing at the site and meditated
for seven days without moving until
he had attained perfect enlightenment.
Afterwards, a shrine was constructed
there and has since been the most
important pilgrimage site for Buddhists
worldwide. Though the original tree has
long since died, each successive tree at
the site is said to be propagated from
the original, including the magnificent
specimen growing there today. In fact,
saplings of the Sacred Peepul Tree have
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been transported and planted in Sravasti
and Chennai in India; Anuradhapura, Sri
Lanka and Honolulu, Hawaii. All have
become sacred sites in their own right.

People of all cultures have also
found enlightenment, spiritual healing
and relaxation by the act of simply
engulfing themselves in natural settings.
In the 1980s, Shinrin-yoku, a relaxation
technique was developed to take
advantage of the lush forests located
near the dense urban environments
of Japan. Shinrin-yoku, translated to
“forest bathing,” is the act of walking
or lingering in the forest or lush natural
environments. The thought behind this
practice is that by simply engulfing
oneself in nature, stress recovery, cell
recovery and many other health benefits
are obtained. The practice requires
complete immersion and has evolved
such guides that are now leading
participants on “Forest Therapy” walks
throughout the globe.

Created by the same laws governing
nature, the connection between humans
and the trees is inherent even in our
biology and physiology. This has been
the subject of much scholarly study
and documentation. The Neijing Tu
or “Chart of the Inner Warp” is a
Chinese depiction associating the inner
workings of the human body with the
constellations and natural elements
of our planet, mountains, rivers —
and trees. Or consider a modern
medical Bronchogram, which clearly
demonstrates the likeness the human
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before and after the
onset of Dutch Elm
Disease
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vascular and bronchial system shares
with the root system of a tree.

As humans on this planet, we are an
integral part of nature. We are made up
of and rely on the elements given to us
by the earth: carbon, oxygen, hydrogen,
nitrogen, calcium and phosphorus.

Our food is generated by its natural
processes, our lungs breath the air of its
atmosphere. We exist because of it, not

outside of it.

Building Away from Trees

Yet, human activity has over the
centuries and millennia created a
disproportionately large effect on nature
when considering that we occupy only
a small part of this cycle. Habitat,
ecologies and wildlife have all seen the
impacts of our domineering approach to
nature, and to the trees.

Over the past century, humans have
cleared massive tracts of forests to
build settlements. Whereas in the not so
distant past the trees cut down were used
to build shelter in their place, we are no
longer building with this 1:1 relationship
in mind. Our new development patterns
clear forests and replace them with
vertical structures of steel and glass,
and connective passageways of asphalt
and concrete, without any serious effort
to replace the footprint of chlorophyll
production or carbon sequestration.
Deforestation is the second largest
human-caused source of carbon dioxide

to the atmosphere, ranging between 6
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percent and 17 percent of annual global
greenhouse gas emissions.” We have
thrown the planet’s equilibrium into a
tailspin.

Advancements in building
technologies have insulated us from
natural extremes, providing incredibly
comfortable dwellings and allowing
us to build taller, lighter and more
efficiently. While these advancements
have drastically improved our everyday
comfort, we have also begun to favor
built materials and engineered solutions
over the free benefits that our natural
environment provides. Ultimately, we
cannot engineer ourselves into a resilient
future in balance with the planet. We are
in need of a realignment with nature to
achieve the next level of sustainability.

Where we have sought to incorporate
trees and vegetation into our cities,
we have often provided solutions that
do not allow these natural elements
to reach maturity and perform to
their biological potentials. Whether it
be providing tree pits with too little
or inappropriate soil, allowing soil
compaction beneath unsupported
pavement systems or simply selecting the
wrong tree, many urban trees have not
been given a sporting chance to survive,
and thrive. The average life of an urban
street tree is somewhere between seven
and twenty years, a mere fraction of the
life expectancy of one planted in optimal
conditions. With a bit more thought,
and design savvy, we can ensure that the

investments made in urban trees are able
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to grow to maturity, ensuring that the
next generations will enjoy the benefits.

Our urban environments have
also become high-stress and extreme
places focused on rapid transportation
and information on-demand. We have
lost the connection to the birds, to
the comfort of a large tree canopy
billowing overhead, to the warmth of
the sunshine on a long mid-day stroll.
Over 100 studies have shown that
stress reduction benefits are achieved by
spending time in green areas, as opposed
to urban areas that do not contain trees
and vegetation.'” Our mental health
depends on the environments we are
now creating for ourselves. It is time
for us to design for both physical and
psychological comfort in the city.

A recalibration of these present-day
issues is not beyond our current abilities.
In fact, in just one generation our cities
will be completely different than the way
experience them today. For although
many of our technological advancements
have contributed to our straying
from the gifts of nature, our design
capabilities, including advancements
in material science, also allow us to
integrate nature into our lives in new,

exciting and one could argue vital ways.

The Way Forward — Re-prioritizing
Trees in Urban Societies

We must now utilize the gifts of trees
in different ways. In an increasingly

urbanized world, they have become less



critical for shelter and nourishment.
Emerging science is elevating large
canopy trees and vertical forests as
the single most successful element that
cities can incorporate to relieve urban
heat island effect, enhance stormwater
retention and delay, recover stress
and enhance human comfort, while
improving neighborhood identity,
property value and habitat for wildlife.
If we agree that humans can, and
should prioritize the urban forest as a
more prominent element in urban places,
below are several suggestions to begin
shifting the narrative toward lush, green

and living city environments everywhere.

Plant Diverse Urban Forests

As we have witnessed countless times
over the last century, mother nature is
both a beautiful creator, and a merciless
destructor. Whether it be disease,
pests or changes in weather, all species
of trees are susceptible under these
extreme circumstances. Monocultures,
or plant communities made up of the
same species of tree, are particularly
susceptible to destruction.

Founded in 1638, New Haven,
Connecticut was incorporated as one
of the first city plans in America and
subsequently created the first public tree
planting program in the country. Planting
an overwhelming majority of American
Elms (Ulmus americana), the town
earned the nickname of “The Elm City.”
Until the 1920s, the Elm Bark Beetle,
carrying the fungal agent Ophiostoma
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ulmi, was transported to New York via
lumber shipments from the Netherlands.
Quickly it began wreaking havoc on
the Elm Trees planted throughout the
Northeastern and Midwestern United
States, spreading from New York to
New England, Detroit, Chicago and
beyond. In New Haven, the fungus was
able to spread seamlessly, destroying
entire streets, parks and neighborhoods
once full of mature American Elms. By
1990, Dutch Elm Disease had destroyed
approximately 75% of the American
Elm Trees in the US, devastating entire
districts of Detroit, Chicago and other
major cities and killing close to 60
million trees!”.

Currently, the United States is again
under siege. The Emerald Ash Borer
is gradually spreading throughout the
Northeast and Midwest and has killed
approximately 60 million Ash Trees
in its wake. This second plague in one
century has decimated another American
monoculture and is now the largest
pestilence to affect American trees in
modern history.

The best way to ensure that our
future investments in the urban canopy
do not fall to catastrophic events is to
plant hardy new urban forests with
a calculated diversity. Incorporating
several species of trees of similar form,
scale, habit and aesthetic qualities
along streets, in parks and throughout
neighborhoods will ensure that our
urban areas are both beautiful and

resilient, allowing future generations

to enjoy them. This does not mean that
every street should be an arboretum, or
a mishmash of dissimilar trees, rather
each street can both incorporate trees
of a similar habit and canopy, that

also add interest via varied seasonal
aesthetics, bark texture, branching
structure and insect, bird and animal
habitat possibilities. Rarely do we see
monocultures exist in nature for long
periods of time, why should we expect
our urban streets and open spaces to
behave differently?

Classify Trees as Urban (Green)
Infrastructure

Consider for a moment the impact
that more stringent stormwater

regulations have had on the design,

materials and marketing perception of
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new projects and communities over the
past ten years. Regulations that prioritize
green infrastructure to conserve, re-use,
hold and return water to the aquifers
have been established in major cities,
forcing the development, design and
engineering communities to incorporate
innovative solutions into every project.
The results have been substantial.
Stormwater is now a focal point of every
major development project and water is
often a defining element in the form and
performance metrics of projects. Water
efficiency is being used to create market
advantages for developers and being
required for all public buildings.

Imagine if cities and the development
community took this next step,
committing to more stringent design
codes that required a high percentage of
tree cover on-site or on-building to slow
water infiltration, provide vegetated
views for all and reduce ambient
temperatures throughout the 24-hour
day. For instance, imagine the design
opportunities that would be created if a
city required 50% tree canopy coverage
on sites where 60% building coverage
is allowed. Immediately, the attitude
towards trees on the site would shift,
from being a tacked-on item that finishes
off a project to an integral landscape
infrastructure system conceived as part
of the design genesis.

It is not out of the question that
we would begin to see heavily treed
sites, treed terraces in the sky and the
preservation of existing quality trees

LANDSCAPE ARCHITECTURE FRONTIERS / VIEWS & CRITICISMS

as part of every project. Perhaps we
would begin to see more creative ways
of using trees in architecture, such as
Milan’s Bosco Verticale by Stefano Boeri,
completed in 2014", Within years, we
could conceive that forested buildings
and urban blocks would become the
new normal, completely transforming
our cities from spaces dominated by
man-made materials like steel and glass
to places where a harmony between the
strength of alloy and cellulose forms a
beautiful urban realm. Vertical urban
forestry professionals would take the
place of window washers. Groups of
buildings designed in concert would
create microclimates and synergistic
plant communities of seasonal interest
and specific wildlife habitats. Views of
the landscape would be available to

all, not just for those high-priced units
across from the parks. And perhaps most
importantly of all, the surfaces of our
buildings would continuously clean the

air, sequester carbon and absorb heat.

Gather Data to Inform Urban Canopy
Plans and Dashboards
While city codes and development
standards can begin the process of
transformation, data and detailed
planning efforts must galvanize the
commitment of a city and its citizens to
the stewardship of the urban canopy.
Recently, New York City has
undertaken an incredible urban
forest data collection program, called
TreesCount!. In 20135, the program
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assembled 2,300 local volunteers to
document over 684,038 individual
city trees consisting of 215 species.
The species, size, health, location and
attributes of each individual tree were
then loaded into an interactive online
database and assigned a unique ID
number. By interpreting this data, a
series of values were then assigned
for each tree’s impacts on stormwater,
solar exposure and pollutant
removal. TreesCount! has assigned an
“Ecological Value,” in dollars, to each
tree documented. Overall benefits

are also broken down by species, size
and benefits achieved in individual
boroughs.” Further analysis may also
lead to a more informed understanding
of potential increases to real estate
values based upon the size, spacing,
species and health of large, proximally
located canopy trees.

The online database is accessible to
the public, allowing citizens to search
interactively throughout the city, report
problems with individual trees, view
maintenance reports and assign favorite
trees or tree care groups in their own
neighborhoods to learn more about
them or be notified when issues arise.

Eventually, TreesCount! and
other tools like it can bring a deeper
awareness to the environmental value
of the urban canopy, allowing us all to
become stewards of the city forest and
mobilizing millions of local actors in
the effort to curtail global warming and
its negative impacts on climate change.



Collaborate with the Experts at Project
Inception

Trees’ growth is dependent on the
right combination of air, water and soil.
Therefore, the conditions that we create
for urban trees beneath the surface are
just as important, if not more so, as
those visible above ground. Landscape
architects, nursery professionals,
arborists, soil scientists and other experts
specific to the region should partake in
a collaborative design exercise at the
inception of every project to ensure that
our initial investments result in mature
and lush urban canopies.

As part of this collaborative
investigation, several aspects must be
accounted for when designing the below
ground environment of built up areas:

* How large will the tree be when it
reaches maturity?

* How much soil volume is necessary
for the tree to reach maturity?

* What type (composition) of soil
is optimal for the tree in its specific
location?

* What methods can prevent soil
compaction from sidewalks and plazas
above?

* How does water reach the trees
roots?

* Where will infrastructure be
located and how can these systems co-
exist with the trees?

Armed with these answers, design
professionals can identify the methods
needed to help trees thrive and make
powerful economic and quality of life
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arguments to advocate for increased
investment up front that will pay off
down the road. Perhaps then the urban
canopy, that which is often the last
element considered, will become a
primary consideration and formative

element of every project in the city.

The Tree-centric Cities of the Future

The aforementioned suggestions
identify realistic and attainable strategies
that can help to bring our urban places
more in line with a nature that suits
our present condition. However, all
of these strategies are predicated on
some very important questions that
we must each ask of ourselves: What
kind of environment do we as humans
— biologically and psychologically
inseparable from nature — want to
inhabit? Are we satisfied and encouraged
with the current hyper-active cities of
this world? Or do we find ourselves
wishing for more, a world more in
balance with our environment —
something greener, more lush and full of
life of all varieties?

Imagine for a moment that you
are walking down a city street. Hear
the cars whizz by, the horns honking
intermittently, a loudspeaker announces
that the elevated train has reached a
stop, the brakes of a city bus squeal and
somewhere in the distance a jackhammer
pounds away at the concrete, with
operators shouting instructions at each
other. The exhaust vent from a fast-food

restaurant spews deep fried smells out to
the sidewalk as you pass by. These are
the scenes that play out every day in the
cities of the world, with millions of us
playing the part of bystanders and often,
participants. It is an environment that
beckons for headphones, head-down
walking and social isolation.

Now step back and imagine the same
environment, but with an additional
layer. A layer of mature and stately
canopy trees lining each street in the
city. The rhythm of the trucks breaking
the monotonous stretches of gridded
roadway, providing immediate visual
interest while separating pedestrians
from the whirring automobiles. The
canopies of the trees absorbing much of
the sound that normally echoes in the
the urban street. When the wind billows,
it wafts the fresh scent of leaves, buds
and bark. The sound of birds singing
and chirping is ever-present. Insects
flutter in and out of view, activating
the space immediately overhead and
beckoning pedestrians to remove their
headsets, engage all of their senses and
interact with their environment, and
other people, as they move through the
city.

Every single tree that engulfs us to
create this new urban zen is performing
multiple invaluable services for the
city: capturing and slowing water
bound for an overburdened stormwater
infrastructure; providing shade to keep
us cool; reducing building energy costs

and minimizing urban heat island effect;
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filtering in carbon and releasing oxygen
to clean the air in the places it is needed
the most; providing living and breathing
infrastructure for all our cities, towns
and communities. This is an environment
that is completely possible everywhere, if
we once again prioritize our relationship
with trees as an inseparable part of our

lives, our minds and our survival.
“The best time to plant a tree was 20
years ago. The second best time is now.”

— African Proverb™

The Age of the Trees is now. LAF
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