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“The sun is fundamental to all life. It is the source of our vision, our warmth,
our energy, the rhythms and rituals of our lives. Its movements inform our
perceptions of time and space and our scale in the universe. Assured
access to sunshine is thus important to the quality of our lives.”

Ralph Knowles, Ritual House

Light Pollution

Over the course of the last century, there has been a programmatic shift in the role
that skyscrapers and high-rises play in urban settings. While primarily seen as icons
of finance and spaces for business, high-rises are now, more than ever, being used
to house the urban population of cities. Global urbanization coupled with the ever-
increasing population of the earth is driving the vertical densification of major urban
centers to new heights. In 1900, only 220 million people occupied urban centres .
Today, according to the United Nations, 3.2 billion people currently inhabit urban
centers, and it is expected that, by 2050, this number will nearly double to 6.4 billion
people — almost 70% of the projected global population for 2050 .

Vertical densification is causing the ground plane of cities to be covered in perpetual
shadow, with cool and lightless voids produced as a result. The experiential impact
of architecture is in question as light quality greatly diminishes at the ground plane,
where sunlight is unable to penetrate the landscapes of high-rises. This condition is
leading to a growing disconnect from the sun that is being experienced today and will
continue to grow in years to come. Thus, vertical densification is a form of destructive
light pollution.

The impacts of vertical densification can be seen in the subtleties of behavior as the
pedestrian walks on the sunlit portion of the street, or felt in the coolness of a walk
through the business district. While the future projections of city growth promise to
compound this issue, a site for operation and consideration is presenting itself in the
voids of vertical densification.

The New Ground Plane

Advancing technology perpetuates the problem of vertical densification in two ways:
city skylines grow to new heights, casting larger shadows, while artificial illumination
acts as a substitute for sunlight. A typical 100 meter tower can cast a shadow almost
250 meters long at noon in December in Toronto. In certain concentrations the far-
reaching shadows of high-rises not only shade those living at the base of such
structures, but those living within the neighboring high-rises as well. While modernist
architecture used the reflective properties of glazing to mask the visual appearance of
towers in the sky, it is the sheer mass and materiality of these structures that affect the
quality of sunlight and is thus the subject of concern. While the modern high-rise may
have arguably achieved its ambition to disappear, its presence is made real by the
shadow it casts.
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Diagram 1

Diagram 1 explores the relationship
between the skyline and what is being
referred to as the lightline — the line
where sunlight is undisturbed. The
relationship between the skyline and
the lightline can be summarized by the
effective lightline, or The New Ground
Plane, which has been illustrated in
Diagram 2. The effective lightline is
an important metric for measuring the
average depth of light penetration in
an urban setting. Below this threshold,
sunlight begins to lose its potency and
those who reside below this line begin
to feel the negative impacts of vertical
densification. The effective lightline is
proportionally related to vertical density:
as vertical density increases so too does
the effective lightline move upward. This
upward displacement indicates that an
increasing amount of urban population is
facing poorer natural lighting conditions
as the effects of the sun are pushed
farther away. It is this changing threshold,
the increasing delta, being experienced
between the old and the new ground
plane that is of primary concern. It is
precisely this relationship that must be
reconsidered in order to promote positive
change and less reliance on artificial
illumination for those living in high-rise
concentrations within our cities.

Light Substitute and Light Health

Though it may be construed as one
of the greater inventions of our time,
artificial illumination cannot be thought of
as an adequate substitute for the light of
the sun. While it allows us to control our
living and working environments, it lacks

the temporal quality that the sun offers,
particularly the natural rhythms that
define our days and seasons. To grow
away from these rhythms threatens our
biological relationship with nature and
our natural social reality. The negative
impacts of being separated from the
sun’s rhythms are far reaching from a
health perspective. The most common
association with lack of sunlight is
seasonal affective disorder that is used to
explain the tendency towards depression
and mood disorders, especially during
the darker and cooler winter months
. A further study by the World Health
Organization has indicated that shift-
work may be classified as carcinogenic
as there may be a link between breast
cancer and those who work through
the night - a result which is made
possible by artificial light . Exposure
to the sun is also important for vitamin
D production in skin that, if deficient,
may lead to depression, various forms
of cancer , and even premature birth
More urgently, our growing reliance on
artificial  illumination undermines the
return to more sustainable means of
living, generating larger burdens on our
electrical grids, and thus compromising
our relationship to natural rhythms.

Light Stratification

Vertical density causes light and social stratification to occur. Those who live below
the new ground plane rely more heavily on artificial illumination to live day-to-day,
while direct natural light will only be available to those who live and work at more lofty
heights. In a sense, those living in high-rises are paying for access to natural light;
that is, the quality of light received varies with the amount one is willing to pay for
their living conditions. Those living below the new ground plane are also subject to
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potential issues that may threaten their long-term health and well-being.
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City Light

The problems of light pollution and air quality that high-rise architecture introduced
was recognized not too long after the first structures began to line the streets of New
York, just prior to 1900. Up until this point there was very little regulation to inhibit the
growth of skyscrapers, and buildings maximized their potential heights and footprints
as much as possible. It wasn’t until the introduction of the 42-storey wall-like Equitable
Building in 1915 that the first major zoning by-law was introduced in 1916. Setbacks
were defined and heights were controlled, shaping the slender towers of New York
at the turn of the century . Artist and architectural renderer, Hugh Ferriss, studied
these by-laws with great detail, fashioning some of the most iconic and enigmatic
renderings found in architecture today. His high-rise depictions were monochromatic
and only took on meaning through the portrayal of light and the relationship between
solid and void.

The current urbanization trends of global cities indicate that countries like China and
India will be leading urban growth for the next few decades, while urbanization in North
America is slowing down . In China, it is projected that by 2050, over 1 billion people
will live in an urban setting and it is projected that 20,000 to 50,000 skyscrapers
will be built in order to house its rapidly urbanizing population until 2035 . The voids
between high-rises will invariably become a place of growing interest.

Prior to the advent of the skyscraper, density was primarily accommodated in cities
via horizontal means. In the context of equal light distribution and the ailments of
vertical densification, it may seem that a return to horizontal methods of densification
may be warranted. But although vertical densification may degrade the quality of
natural light in its immediate surroundings, the gains of energy efficiency offered in
cities may outweigh this concern. It can be shown, for example, that the per capita
energy consumption in major urban centers is lower than that of the suburbs , as
transportation distances decrease, and scales of economy are experienced through
compact infrastructures. If vertical densification does present certain advantages
from an energy perspective, then what options remain for the sunlight ailments of the
vertical city?

Case Study: Water Infrastructure

Technology and engineering have allowed people to live farther and farther from their
water sources. Increasing the distance by which people can live from their water
sources has played a significant role in allowing global and urban populations to grow
virtually uninhibited. Water supply technology dates back to the Romans and their
use of aqueducts and pipes, and since that time, water supply infrastructures have
become quite complex. Our reliance and dependence on these infrastructures for
the gathering, transporting, purification, storage, and distribution of potable water has
become apparent.

One cannot contest that in an urban setting everyone should have equal right to clean
potable water, Given that artificial illumination allows for life farther from the source of
natural light, should not sunlight be treated with similar importance? Everyone should
receive equal exposure to sunlight. If disconnect from the sun may be inevitable due
to global urbanization, then what light infrastructure will be required for the supply of
light to those in urban settings where vertical densification is dominant?

Light Infrastructure

Light Infrastructure can be defined as the pursuit of the equivalency between the
skyline and the lightline. It accepts that vertical densification is a projected trend into
the unforeseeable future, but must deal with the byproducts of vertical densification:
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light pollution, the loss of the sun’s
temporal  qualities, and unequal
access to light. The primary focus
of light infrastructure is to reconsider
the relationship between a building’s
mass and sunlight — to challenge
the structure that contributes to the
production of shadow. Quite simply, if
light can be bent around the mass of a
building, then it may be able to defeat
its shadow. This notion is based on
the concept of invisibility. Theoretically,
if one could bend light around an
object with zero transmission loss,
then invisibility could be achieved. The
bending of light can be accomplished
by numerous materials and methods
such as light pipes (fiber optics,
flowing water), or as light travels from
one medium to another. Numerous
products already exist which employ
fiber optic cables to transfer natural
daylight to basement levels in buildings.
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In nature, the silica structure of the Venus Flower Basket acts to harvest ambient light
from above and transport it to the ocean floor below, creating a dwelling place for
seahorses - an example of light contributing to symbiotic relationships.

Diagram 3 demonstrates the conceptual long-term goal of light infrastructure; that is,
to return the ground plane to a more humane condition by the redirection, or bending,
of light. This proposal, illustrated in Diagram 4, is an architectural intervention that
attempts to bring natural light to the inhabitants below by dissolving the threshold of
The New Ground Plane. This is an intervention that addresses the very problem of
shadows cast by vertical structures, as it works to Harvest, Transport, and Distribute
the light of the sun to urban inhabitants living within the vertical concentrations. Light
is harvested from the roofs of buildings and partially from their faces receiving direct
sunlight (i.e., the tallest of the high-rises) and transfers this light to the inhabitants
below. Distribution points exist at various levels, not only distributing light to the public
at grade, but increasing access to sunlight to those who live in the constantly shaded
faces of surrounding high-rises. By channeling sunlight, this intervention reduces the
need for artificial illumination and energy consumption. It also returns the temporal
qualities of the sun - the rhythm of our lives. As daylight waxes and wanes on a
cloudy day, so too shall the transmitted light.

Considerations

Light infrastructure is an attempt to find the balance between urban vertical
densification and access to sunlight for urban inhabitants. It is motivated by the desire
to redeem the ground plane to a more humane and sustainable condition. While
city zoning by-laws have been enacted to address this issue, the sheer height and
quantity of towers in urban centers today - and those projected for the future - create
a demand for more innovative solutions for the dark voids of vertical densification.
How can zoning be more sensitive to the natural light needs of its inhabitants and how
may it be influenced by new materials and innovations to bend and channel light? As
technology has allowed us to live farther away from our water and light sources in
order to meet the demands of global population growth, where does it leave us in the
event of catastrophe? These questions and other issues become a part of our societal
and architectural dialogue for our advancement and well-being.
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