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Abstract
The Earth currently faces many threats to its biosphere including mass-extinction.
Architecture is implicated in the problem but also in the history of searching out
ways to live sustainably. If our species has any hope for long-term survival, we need
to rapidly find ways to support the complexity and biodiversity of our world to
increase resiliency and adaptability. The architecture of closed worlds offers interesting examples of the ways we try to recreate nature inside the built environment. The line between what is natural and artificial is increasingly questionable
and closed worlds provide a realm to explore emerging theories around synthetic
ecologies. The design of multi-species synthetic worlds within our cities may provide a type of space for humanity to become entangled in a process of generating
healthy new worlds and countering extinction through architecture.
The response of a design project is to combine natural and artificial systems that
work symbiotically as a form of synthetic ecological refuge that protects the residents of Vancouver, British Columbia in times of climate crisis. A new typology of
synthetic world engages with issues of existential risk and the enclosure of nature
as a way to design towards a resilient and biodiverse future.
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Thesis Statement
The design of multi-species synthetic worlds within our cities may provide a
type of space for humanity to become entangled in a process of generating
healthy new worlds and countering extinction through architecture.

viii

Introduction
At it’s very simplest this graduate project is about putting nature inside. The interior worlds that architects
create are often human habitats that exclude much
of the non-human. This is done for our comfort, wellbeing and survival but often comes at the expense of
other species and the impairment of our ecosystems.
Human development is a main cause of habitat loss
for many species and thus we pose a risk to the other
life on this planet that we rely on for our survival. At an
even broader scale, the planet faces existential risks
in the form of low-probability but completely catastrophic events that have the potential of eliminating
most or all life on Earth. Research indicates there is
a lack of discourse on the topic of existential risk and
that the danger of extinction is significant in the next
few centuries.1 Our species possess an ever increasing
ability to impact the earth’s biosphere through our
technology, increasing population, and global reach
which makes us in large part responsible for the future of life. For the first time, we live on a planet where
there is more artificial mass then living biomass (Fig
01). We are rapidly converting the organic and inorganic matter of our planet to directly serve our needs.
As long as terrestrial life remains confined to earth, a
single closed world, the way we design our world is of
great importance.
What power does architectural design have to address the challenges of biodiversity loss or the possibility of life beyond earth? If our species has any hope
for long-term survival, we need to rapidly find ways to
support the complexity and biodiversity of our world
to increase the resiliency and adaptability of nature as
a whole. It may also be the case that we need to accelerate our understanding of the many complex biotic
and abiotic interactions of nature and act ethically

1
2
3
4

1

with this knowledge as we quickly increase our ability
to affect the environment.
The initial themes of this research investigation started in the theoretical territory of the relationship between the natural and the artificial (Fig. 02). Nature
may be generalized as the non-human world, seen
to exist outside our built environment. The artificial,
that is the human-made, constitutes the constructed
world for the most part. The relationship between the
natural and the artificial is a pertinent issue. Two architectural typologies that challenge the dichotomy
of nature and artifice are ecological architecture and
closed worlds. Architectural projects in these categories attempt to integrate with the form and functions
of nature. These topics point towards the question of
whether we can design artificial natures or synthetic
ecologies.2
Closed worlds offer rich experimental grounds for better understanding ourselves and the nature we choose
to include in our design. We craft environments for
ourselves and choose the materials, air, other beings
that make up the spaces we spend the majority of
our time in. Jannette Kim and Erik Carver claim that
“all buildings... are closed worlds — ‘atmospheric enclosures that define collectives.”3 This ties in interestingly with Donna Haraway’s calls to form collectives
with other species to generate a sense of caring and
mutual preservation as well as expand our biological
and ecological knowledge.4 In the design of a better
future we need more buildings that act as refuges
and re-imagine ecological relationships. That is why
the design of multi-species atmospheric micro-refugia may provide one type of space for architecture to
become entangled in a bio-techno-cultural process of
generating new worlds and countering extinction.

Nick Bostrom. “Existential Risk Prevention as Global Priority.” Global Policy 4, no. 1 (2013)
Ursula K. Heise, “Martian Ecologies and the Future of Nature.” Twentieth Century Literature 57, no. 3-4 (2011): 447-471.
Janette Kim and Erik Carver. The Underdome Guide to Energy Reform. First ed. New York: Princeton Architectural Press, 2015, 11.
Donna Haraway. “Anthropocene, Capitalocene, Plantationocene, Chthulucene: Making Kin.” Environmental Humanities, vol. 6, (2015),
160.
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The following report begins with several sections that
expand on some of the main topics that became important to the project through the research. Existential Risk outlines the ethical dilemma humanity faces
and an avenue for resisting extinction. The section
Beyond Nature delves into why nature may no longer
exist and the need to design ecologies that synthesize human and non-human environments in more
generative ways. Closed Worlds focuses on analyzing
historical and speculative projects that demonstrate
reproductions of nature. In the final section attention is turned to a design project that offers an architectural response to the complex issues presented.
Throughout the research there are suggestions that
multi-species life beyond Earth is possible and even
necessary in the long-term. Architecture can offer a
re-imagining of life on earth and elsewhere through
the creation of unique contained worlds.
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A functional reproduction of nature is a complex, technical, multi-disciplinary undertaking far beyond the
scope of an individual thesis project. However, in the
interior world of a synthetic environment, the ways in
which human habitation interacts with, around, and
for a biodiverse landscape are questions that can be
addressed. It also brings up questions of what cultural
and natural processes should be preserved or discontinued in a limited environment and how to integrate
our technologies.
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Fig. 01 - Estimates of anthropogenic mass and biomass. Adapted from chart
by Elhacham, Emily, Liad Ben-Uri, Jonathan Grozovski, Yinon M.
Bar-On, and Ron Milo. “Global Human-made Mass Exceeds all Living
Biomass.” Nature (London) 588, no. 7838 (2020)
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Existential Risk
“An existential risk is one that threatens the
premature extinction of Earth-originating
intelligent life or the permanent and drastic
destruction of its potential for desirable future
development”5
“...the great bulk of existential risk in the
foreseeable future consists of anthropogenic existential risks—that is, those arising from human
activity. In particular, most of the biggest existential risks seem to be linked to potential future
technological breakthroughs that may radically
expand our ability to manipulate the external
world or our own biology.”6
				-Nick Bostrom
In a recent opinion article for Scientific American,
Henry Gee an evolutionary biologist and editor at
Nature points to several conditions of extinction that
Homo Sapiens are experiencing.7 Rapid population
growth in a short amount of evolutionary time has
led to a lack of genetic variation within our species.
Additionally, 25-40% of all the biomass created by nature (referred to as net primary productivity) is consumed by our one species. This percentage will likely
increase into the near future (Fig. 03). Our incredible
consumption of this organic matter causes competition for these resources with other species. Much of
the carbon that is stored in this matter is also released
back into the carbon cycle when we transform it. Gee
warns of an “extinction debt” that is coming due for
humanity and urges a hastening of writing (and perhaps design) around the subject.8
5
6
7
8

5

Bostrom, “Existential Risk Prevention as Global Priority,” 15
Bostrom, “Existential Risk Prevention as Global Priority,” 16
Henry Gee, “Humans Are Doomed to Go Extinct,” Scientific
American, (Nov 30, 2021), https://www.scientificamerican.com/
article/humans-are-doomed-to-go-extinct/
Gee, “Humans Are Doomed to Go Extinct”

Philosopher Nick Bostrom has also noted this lack
of discourse around the subject of a possible human
extinction. Existential risks can seem to be the musings of science-fiction. However, Bostrom warns that
the risks of asteroid strikes, runaway global warming,
the misuse of nanotechnology, ecological collapse, or
a global pandemic — while low in probability — are
catastrophic enough to warrant much more planning
and effort to alleviate them.9 The global pandemic
of 2020 has only underscored the interconnectedness and fragility of our species. Bostrom points out
a misalignment in our collective technology, insight,
and coordination that properly combined may be the
only way through the many possible crises.10 It is clear
our explosively combustive and consumptive technologies have given us the ability to dangerously alter
the global environment: carbonizing the atmosphere,
polluting the oceans, and increasing global climate
volatility. We have yet to develop our collective insight
and cooperation to recognize the issues and take coordinated action. Our increasingly artificial world indicates that we are not slowing down in our drive to
transform the planet and make it much less equipped
to support the biodiversity we experience today.
One problem with losing species at a rapid rate is a
lack of knowledge about what long-term effects that
a missing species might have on complex food chains,
nitrogen or carbon cycles, or on our own psychology.
Generally more biodiverse ecosystems are more resilient to change. It is a dangerous experiment to reduce
worldwide biodiversity and hope that we will be fine.
How are we to react in light of the uncertainty and
seeming inevitability of a world on the brink of environmental collapse and immeasurable loss? Dona
9
10

Bostrom, Nick. “Existential Risks: Analyzing Human Extinction
Scenarios and Related Hazards.” Journal of Evolution and
Technology 9, (2002)
Bostrom, Nick. “Existential Risks: Analyzing Human Extinction
Scenarios and Related Hazards,” 25
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Fig. 03 - Estimate of global Human Appropriation of Net Primary Production
charted with human population estimates. Adapted from chart by
Krausmann, et.al. “Global Human Appropriation of Net Primary Production Doubled in the 20th Century.” Proceedings of the National
Academy of Sciences - PNAS 110, no. 25 (2013).
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Haraway warns of two problematic responses. First
she warns against a naive faith that technology will
come to our aid and remedy any problem we create.11
Peder Anker and Nina Edwards Anker point out that
the architecture of the Anthropocene is increasingly
“techno-centric”.12 They see a trend towards the use of
technologies in architecture that are touted as solutions to the global environmental issues we are facing.
Yet within this Haraway acknowledges there is still a
place for appropriate technological interventions in
the process building inter-species collaboration. The
second reaction Haraway pushes against indifferent
or defeatist attitudes that stems from the feeling that
an apocalyptic future is already written.13 Her suggestion of how we might meaningfully move into the future is to “join forces to reconstitute refuges, to make
possible partial and robust biological-cultural-political-technological recuperation and recomposition,
which must include mourning irreversible losses.” 14
Creatively embracing the ecological processes that
constantly remake our world seems to be a hopeful
proposition. However, it may not be enough of a solution in the face of risks that threaten the whole planet.
It is suggested that we also need to make new worlds,
or at least make other worlds viable for supporting
life, in order to counter the threat of extinction.15, 16
Once again this proposition seems to be the realm
of science fiction. To inhabit other planets, or craft
habitats in space is currently just a dream for some
and a nightmare for others. However, a species with a
11
12
13
14
15
16

7

Donna Haraway, Staying with the Trouble: Making Kin in the
Chthulucene. (Durham: Duke University Press, 2016), 3
Peder Anker, and Nina Edwards Anker. “Anthropocene Architecture: Design Earth’s Geostories,” in Geostories, ed. Rania
Ghosn and El Hadi Jazairy, 211.
Donna Haraway, Staying with the Trouble, 4
Haraway, “Anthropocene, Capitalocene, Plantationocene,
Chthulucene: Making Kin,” 160
Abney, Keith. “Ethics of Colonization: Arguments from Existential Risk.” Futures 110, (2019): 60-63.
Fogg, Martyn J. “The Ethical Dimensions of Space Settlement.”
Space Policy 16, no. 3 (2000): 205-211.

sustainable population diversified across the solar system is far safer from species-annihilating risks in the
long term (Fig. 04).
From the ethical perspective of ecocentrism, life is
the basis of value.17 In this view every living being is
valuable for its unique expression biology. If we are
the only species with the agency to propagate life
beyond our planet then we may have a moral obligation to pursue the act of transplanting life elsewhere.
Terraforming earth-like habitats might teach us more
about our planet and how to live responsibly within
the cycles of transformation that make it. Yet we face
a strange paradox. Finding a way to spread the biodiversity of earth to other planetary bodies might be
the only way to reduce the risk of extinction we face
on earth but developing the technology to make that
possible may accelerate that very risk. More and more
of our innovative, and likely well intentioned, actions
have the far-reaching consequences in our globalized
world. Having one interconnected world we are at
greater risk of our nature altering experiments such
as genetic modification and geoengineering, going
wrong and having global effects.
This project wonders if there is an architectural response to extinction that looks for ways to craft environments for survival that might inform a possible
future in space yet at the same time “stay with the
trouble,” in the words of Haraway, and make multi-species habitats as refuges here on earth.

17

Fogg, “The Ethical Dimensions of Space Settlement,” 208.
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Fig. 04 - Risk reduction diagram, Bartsch, 2021.
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Beyond Nature
“In this work, we may become the seed-vectors
and pollinators of the universe, carrying life
beyond the fragile eggshell of the planet, so
exposed to sterilization by a stray asteroid strike
or an extra-large comet. We should do this not
only because it is a noble thing to do in itself, but
because we will not ever know with any confidence how our own planetary ecosystem works
until we ourselves have created one on another
planet.” 18
		

- Fredrick Turner on Terraforming

The proposition of creating robust ecosystems is a
bold one. The work of nature often happens at scales
difficult to perceive and represent. From the evolutionary timescale to cellular metabolisms it creates
organisms that are incredibly complex and efficient.
This efficiency is self-serving but sometimes benefits
humans through reciprocal relationships. It seems
part of the human condition that we continually strive
to understand, conquer, transform, ignore, care for,
destroy, and remake the non-human.
At what point does the amount of human intervention in nature make the whole system artificial? What
amount of human alteration makes an object artificial? For John Stewart Mills nature is “not everything
which happens, but only what takes place without
the agency, or without the voluntary and intentional
agency of man.” 19 In his 19th century perspective Mills
has no problem expanding on the idea of intentional
human agency upon nature. In his view nature is not
to be held up as a model for us to follow but should be
18
19

9

Frederick Turner, “The Invented Landscape.” In Beyond Preservation, ed. A. Dwight Baldwin et. al. (New ed., 35: University
of Minnesota Press, 1994).
John Stuart Mill, Nature, the Utility of Religion, and Theism.
Vol. 1.1.3986. (London: Longmans, Green, Reader, and Dyer,
1874), 12.

augmented and acted upon. Another interpretation
of nature is the view of a frontier free from human
intervention. Ursula Heise borrows the arguments of
Bruno Latour, Ulrich Beck, and Bill McKibben to make
the claim that the untouched environment that constitutes nature no longer exists. She goes on to claim
that in fact the modernist project of dividing the human and the natural has been an unrealized fiction all
along.20 Heise brings up the concept of synthetic ecology in the speculative writing and designing around
futures on Mars in particular. The idea is that synthetic
ecologies “combine human and nonhuman, animate
and inanimate, planetary and extra-planetary, biological and technological elements in such a way that
these distinctions themselves gradually cease to perform meaningful cultural work.”21 This seems an odd
future but perhaps the distinction we build into our
world where the interior is the human realm and the
exterior is the natural realm is only reinforcing a future
where we are at odds with the non-human.
A radical inclusion of the non-human into our living
environments is not without issue. Our current built
relationship to nature is one of pushing out other spe20
21

Heise, “Martian Ecologies and the Future of Nature.” 450.
Heise, “Martian Ecologies and the Future of Nature.” 468-69.

cies, from our individual homes and our collective cities. Architectural historian and theorist David Gissen’s
book Subnature: Architecture’s Other Environments
questions our cultural understanding of the undesirable forms of nature in the built environment. Gissen uses common antagonists like smoke, mud, and
weeds to illustrate the ways we culturally construct
and physically exclude species and phenomena that
are not readily useful to modern humans but nonetheless contribute to ecological metabolisms and diversity.22 Subnature includes projects that look for creative opportunities to expand the natures included in
the built realm. Certain subnatures may be necessary
to exclude for our survival (viruses, hurricanes, VOC’s)
but it is worth questioning whether we can truly live
without all that we have come to dislike in our built
environment.
Christopher Hight suggests a mode of operating in
the direction of synthetic ecologies. He calls for resilience in design through the acts of “enfolding what
yesterday seemed alien, creating new collaborations,
experimenting, and improvising.”23
22
23

Subnature: Architecture’s Other Environments. 1st ed. (New
York: Princeton Architectural Press, 2009).
Christopher Hight, “Designing Ecologies,” in Projective
Ecologies. ed. Chris Reed and Nina-Marie E. Lister. Second

“Moreover, a projective ecology in design concerns the development of new synthetic hybrids
that entangle natural processes with social/
cultural process, through the mediating domain
of the subjective and affect. Here the aesthetic
is interwoven into the history of discourses of the
environment and the production of ecological
concepts, such that an ecological design ethic
is not detachable from its formal, graphic, and
spatial concepts. This does not produce harmony between Nature and Culture, but brings the
inhuman into the realm of our senses and sensation and constructs alternative assemblages
between processes and forms.”24
To progress beyond the faults of our self-centered
habitats we may be better served to allow for more
non-human biology in closed worlds. To do the work
of ‘worlding’ using a multi-species lens, as Haraway,
Aisher, and Damodaran suggest, might lead to a more
entangled existence between species.25 We need to

24
25

ed. (Cambridge, Massachusetts: Harvard University Graduate
School of Design, 2020), 106.
Hight, “Designing Ecologies,” 105.
Aisher and Damodaran, “Introduction: Human-Nature Interactions through a Multispecies Lens.”, 298
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bring greater weight to the non-human inhabitants
included in our projects and their relationships to
the technology, structure, and humans within. This
research hopes to point towards an architecture of
multi-species worlding rather than the creation of
more anthropocentrism for all our benefit.
As we transform and exploit the ecosystems of our
planet to sustain our growing population we may be
better off testing these transformations and synthetic ecologies within closed environments. If our future
may exist in environments with less capacity to support a wide range of life we should be writing and
designing for that future now. We should build for an
uncertain future on earth: A future that may be prone
to greater climate fluctuations, more droughts, more
floods, more fires, a wider range of temperatures, and
more human development. We may end up needing
more protection for ourselves and other species without a natural refuge. To illustrate this point it is worth
contemplating what Thom van Dooren calls The Ark
of Last Refuge for Endangered Snails at the University
of Hawai’i (Fig. 06).26 This configuration of refrigerators, artificial lights, and plastic containers with tubing
to provide water contain some of the last individuals
of several species of snail native to Hawai’i. This artificial habitat could be considered a micro-refuge.
The term micro-refuge is generally used to describe
a limited environment with conditions suited to the
survival of a population outside of their typical habitat.
Paleoecologist Valentí Rull suggests that micro-refugia could provide an avenue to limiting anthropogenic induced extinction in the form of ex-situ built environments.27 The Ark of Last Refuge for Endangered
Snails is not extensive or aesthetic habitat but it is a
synthetic system to observe and support them in a
world that no longer provides refuge. This and other
26
27
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Thom van Dooren “The Last Snail: Loss, Hope and Care for the
Future.” In Curating the Future, ed. Newell, Jennifer, Libby
Robin and Kirsten Wehner, 169-176: (Routledge, 2017).
Valentí Rull, “Microrefugia.” Journal of Biogeography 36, no. 3
(2009), 484.

synthetic worlds for non-human species are not necessarily solutions to an indefinite preservation of biodiversity but are still meaningful refuges. In the face
of future uncertainties we need more places to learn
how to live and die with nature in sustainable ways.
We need approaches to conservation that act in small
ways to prolong the last critters for as long as possible
like the snail ark. At the same time we need approaches that work on longer timelines for ambitious goals. It
is difficult to imagine a future where humanity slows
down, consumes dramatically less or shrinks in size.
But, to design a long term experiment in living in close
proximity with other species — completely reliant on
a nature with observable boundaries and close accounting of everything coming in out of the system —
might help to impose limits on our exploitation of our
ecosystems. Another plausible future is one where,
regardless of the state of earth, humanity searches
out ways to live extra-terrestrially. We need to imagine what expressions of nature, that is the aesthetic
and functional manifestations of the non-human, we
might organize and include in these synthetic ecosystems. The solutions require some fundamental
rethinking of how we inhabit the world. Multi-species
microrefugia offer an architectural re-ordering of a
small piece of the world with radical consequences
for the inhabitants.

Achatinella apexfulva
(now extinct)

Environmental Chamber
(air, rain, light)

Terrarium
(habitat, structure)

Snail
(decomposer)

Mold + Algae
(food)

Leaf
(sub-structure)

Fig. 05 - Axonometric diagram of Office-Lab-Kitchen. Lydia Kallipoliti, ANAcycle. 2020. Accessed from https://www.anacycle.com/Life-on-Mars

Ark of Last Refuge for Endangered Snails
Conservation Terrarium
University of Hawai’i
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Closed Worlds
“Overall, the history of twentieth-century architecture, design, and engineering has been
strongly linked to the conceptualization and
production of closed systems.”28

ple projects will be presented for how they represent
concepts and assemblages of synthetic natures. First
it is worth exploring some of the issues that closed
worlds encounter.

		

Lydia Kallipoliti’s book The Architecture of Closed
Worlds, Or, what is the Power of Shit? documents a
20th century history of architectural projects that engage in pushing the envelope of self-sufficiency in
some way.32 One major theme in the book is the key
failures of every project presented. It seems inevitable
that projects with hard limits and engineered ecologies fail due to some sort of human shortcoming, unexpected consequence, or conflict. Closed world projects are faced with problems of natural phenomena
and species that do not fit nicely into the organized
flow charts of mechanical closed loop ecological systems. Through their failure, these projects still serve
as informative prototypes into the remaking of Earthlike systems.

- Lydia Kallipoliti

“Despite the rapid decline of biodiversity in the
contemporary era, animals and plants will remain with us into the future as primary agents
in human worlding.”29
		

- Alex Aisher & Vinita Damodaran

The idea of closed worlds may spark thoughts of experiments in self-sufficiency like the Biosphere 2 project in the 1980’s and 90’s (Fig. 06). One may think of
domes encasing Manhattan or a tropical rainforest in
the English countryside (Fig 07, 08). Perhaps for some
it conjures thoughts of the four walls of a home that
became the extents of ones existence during month’s
long pandemic lockdowns. Even outside of these extraordinary places and circumstances we spend upwards of 87% of our time inside buildings.30 If all buildings are closed worlds as Kim and Carver claim there
are certain projects that conceptualize this idea to a
greater degree.31 This section explores what views on
nature some of these closed worlds represent. The discussion is best illustrated through case studies. Multi28
29
30

31
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Lydia Kallipoliti, The Architecture of Closed Worlds, Or, what is
the Power of Shit?. (Zürich, Switzerland: Lars Müller Publishers,
2018), 15
Alex Aisher and Vinita Damodaran, “Introduction: Human-Nature Interactions through a Multispecies Lens.” Conservation
and Society 14, no. 4 (2016), 301.
Klepeis, et. al., “The National Human Activity Pattern Survey
(NHAPS): A Resource for Assessing Exposure to Environmental
Pollutants.” Journal of Exposure Analysis and Environmental
Epidemiology 11, no. 3 (2001).
Kim and Carver, The Underdome Guide to Energy Reform, 11.

Another theme in the typology of closed worlds is that
they are never truly closed. They always rely on flows
of materials or energy from outside the local system.
They can also become leaky as both humans and nature tend to resist enclosure. Meredith Miller points
out that the breaches in the physical and conceptual
limits of architecture “inevitably become filters, interfaces, and sites for metabolic processing.”33 This suggests that the edges of closed systems may be where
much of the interesting ecological work occurs.
Inherent in Architecture are acts of inclusion and exclusion. Architecture is environmental design. The
design of shelter necessitates exclusion of something
for protection of another. Architecture necessarily
32
33

Kallipoliti, The Architecture of Closed Worlds, Or, what is the
Power of Shit?.
Miller, Meredith. “Spheres, Domes, Limits, Interfaces: The
Transgressive Architecture of Biosphere 2.” Where Do You
Stand: 99th ACSA Annual Meeting. (Montreal, 2011), 109.

Fig. 06 - Ark of Last Refuge for Endangered Snails. Terrarium for conservation at the University of Hawai’i. Photo: Thom van Dooren 2013.
Additional Illustration: Bartsch, 2021.

Fig. 07 - Inhabitants inside Biosphere 2. Photo: Philippe Plailly/Science
Photo Library, 1990

Fig. 08- Buckminster Fuller’s Dome over Manhattan. Buckminster Fuller,
1960.
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brings together, densifies, and delimits that which is
included. The physical bringing together of the biotic
and abiotic elements creates an ecosystem, however
functional, aesthetic, or sustainable they may or may
not be. Hortitecture is a term used by Almut Grüntuch-Ernst to describe work that seeks make living
plant material an integral part of architecture.34 Examples of this can be seen in several projects reference in
the next section of this report. The speculative visualizing work of architectural design presents an opportunity to imagine and question synthetic microcosms
for the future.
It is at this juncture that we need evolving theories of
the future of nature. The spatializing work of designers
will be particularly useful to imagine the consequences of hybridizing environments for nature, humans
and our technology. One project that exhibits this
hybridization is Lydia Kallipoliti and Jestin George’s
project LIFE ON MARS. One component of their Mars
habitat is a Office-Lab-Kitchen (Fig. 05) designed as a
closed-loop system to incorporate multiple programs
and biological actors in a reciprocal manner. Here
micro-algaes, bacteria, and yeasts can be engineered
and grown with carbon-dioxide waste from outside
the system and used to create foods, chemicals, and
even medicines for inhabitants.35 Technologies associated with factories, laboratories, and breweries are
incorporated into the human living environment in
productive ways along with many often ignored but
valuable species.
The design of multi-species closed worlds is an opportunity to explore issues that can apply to Earth and
Mars. Materiality and density are two major considerations. One of the biggest challenges of designing
for Mars is the cost of transporting matter (building
34
35

15

Grüntuch-Ernst, Almut and Institute for Design and Architectural Strategies. Hortitecture: The Power of Architecture and
Plants. Berlin: Jovis, 2018, 5.
Kallipoliti, Lydia and Jestin George. ‘Learning from Mars: Or,
Facing our Shit,’ idea journal 17, no. 01 (2020), 42.

materials, water, humans, supplies, etc.) out of earth’s
gravity well. Suggestions for solving this challenge
often center around in-situ resource utilization (examples include 3d printing using local materials and
closed loop systems). On Earth much of what we
need is provided naturally. Due to the high cost of
transportation and in-situ resource utilization, initial
habitats will likely need to be compact, multi-functioning spaces, with a high degree of waste recycling.
It will be difficult to justify interiors that aren’t utilized
for multiple purposes or provide multiple sources of
value. Building for Mars on Earth could encourage a
mindset of hybridizing our interior environments and
working towards a spatio-material culture of efficiency and lightness that can be produced in-situ through
ecological processes.
The economics of these projects cannot be ignored.
The striking juxtapositions of planted landscapes
within structures of glass and steel highlight the effort that goes into sustaining a concept of nature. The
International Space Station is likely the most expensive single object ever constructed. As well, it currently costs somewhere in the order of several hundred
million dollars just to transport a 1 tonne rover to the
surface of Mars. It would be difficult to justify bringing
soils and biomass, or a 443 tonne tree (Fig. 43) on one
of these missions. There comes a point in the dilemma of existential risks where the question of the value
of attempts to mitigate extinction becomes the question of whether we can afford not to invest in tackling
the challenge. While the financial aspects of projects
is not always the purview of the architect, efficiencies
should be pursued for the sake for many reasons including project budget, appropriate land use, and
building waste streams.

Copyright Image
Fig. 09 - Eden Project interior landscape. Photo: Perry Hooper/Nicholas
Grimshaw and Partners, date unknown

The prospect of total enclosure can be both alluring
and frightening at the same time. The potential for
total control over the natural environment is alluring yet the thought of a lack of wilderness becomes
problematic. We need new frontiers and unknown
entities to explore and study to quench our curiosity.
We also need limits, to our growth and for our own
survival. If our production of synthetic ecologies inside
our buildings goes unquestioned, whether on earth
or in space, we run the risk of creating worlds that
reinforce preferences for symbols of nature over functioning sustainable systems of existence.

16

Case Studies
Method
A number of case studies are explored through section, diagram, and a three-axis chart. Section drawings
were chosen as the primary drawing for the projects.
The cross section is an integral drawing for uncovering and generating relationships between structure,
environment, material and inhabitant.1 Diagrams help
to explain the processes and relationships occurring
within the project. The three-axis chart was created to
situate the referenced closed worlds in relation to one
another (Fig. 13). Three metrics are measured, one
fairly empirical and the others two highly subjective.
The left side measures the volume of the project. Volume is a better metric than the standard floor area
for projects that include species that don’t primarily
occupy the ground plane. The bottom axis is what I
am calling the Expression of Nature that the project
exhibits. This is defined by whether the interior world
tends towards the green (natural) or grey (artificial) or
what degree it is hybridized. This categorization is up
for much interpretation but useful for an initial comparison. The right side measures Closedness, which is
again subjective but locates a rough degree to which
the project attempts to be totally self-contained or to
what degree it is open to a distinct world outside itself.

Fig. 10 - The Blue Marble. - NASA/Apollo 17, 1972.

Fig. 11 - Natural Earth, 3-axis chart. Bartsch, 2021.

Charting Earth as a closed world illustrates the use of
the chart. Figure 11 plots one view of earth that sets
the limits of the chart. Overall volume of the earth
is compared to the natural expression of the planet
(what is more natural than the Earth?) and the complete air-tightness of the system (though it still loses
atmosphere to the vacuum of space and will run out
eventually). Figure 12 suggests an alternate view of
Earth’s expression of nature in response to the massive anthropogenic changes that now outweighs nature’s biological expression.
1
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Paul Lewis, Marc Tsurumaki, David J. Lewis, and Inc ebrary.
Manual of Section. First ed. (New York: Princeton Architectural
Press, 2016), 6.

Fig. 12 - Alternate interpretation of earth, 3-axis chart. Bartsch, 2021.

Fig. 13 - All case studies combined, 3-axis chart. Bartsch, 2021.
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Typology
Closed Worlds resist a neat categorization. The precedent projects presented here vary greatly in scale as
well all they attempt or succeed at containing. What
they do share is an enclosure that put limits on an
environment to support the survival of that which is
within.

Fig. 14 - Closed Worlds by Volume. Bartsch, 2021.
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A Piece of Nature
Haus-Rucker and Co.
1970
A Piece of Nature is a closed world at a handheld scale.
It is an art piece and not a functioning habitat but acts
as a prototype of sealed habitats. Though it is artificial
it’s expression is quite natural. Soil and organic material mimic a recognizable landscape. This suggestion
of nature makes it easier to imagine that a sort of self
contained life could exist within this jar.

Fig. 15 - Top left: Stück Natur (Piece of Nature). Haus-Rucker & Co., 1971–73.
Accessed from https://www.moma.org/explore/inside_out/2011/02/07/
stuck-natur-the-microenvironment-in-a-jar-siren/
Fig. 16 - A Piece of Nature section. Bartsch, 2021.
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The Wardian Case
Nathaniel Bagshaw Ward
London
1833
“The Wardian case is a persuasive and
wide-reaching example of how a simple technology for moving plants had a major impact
on the ecosystems we know and value today.” 1
The Wardian case is a 19th century invention to transport live plants across the globe on ships. It is a simple
technology, a miniature greenhouse that regulated
temperature and humidity but dramatically altered
ecosystems across the globe. The Wardian Case was
very much involved in what Jason Groves calls the
dislocation of nature through the “Reconstitution of
Pangaea”.2 In the 19th and 20th century primarily imperial forces transported plants across the world for
study, curiosity, and cultivation. This process of biological transportation spurred a global ecological transformation. Unique life-forms that evolved in niches
separated by oceans since the breakup of Pangaea
now mingle sometimes in competition with “native”
species. This ecological globalization is erasing the biological distinction between places across the world.

Fig. 17 - Top Left: Illustration of Wardian Case. From Nathaniel Bagshaw
Ward’s On the Growth of Plants in Closely Glazed Cases, 1852.
Fig. 18 - Section of a Wardian Case. Bartsch, 2021.
Fig. 19 - Map of some species transported Wardian Cases. Bartsch, 2021.
Adapted from written descriptions in “The Wardian Case: How a
Simple Box Moved the Plant Kingdom,” Keogh, 2017

1
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The Dendur Room
Kevin Roche, John Dinkeloo and Associates.
New York City
1978
Roche and Dinkeloo’s extension to the Metropolitan
Museum of Art in New York that houses a transplanted temple from Dendur, Egypt (circa 10 B.C.). David
Gissen uses this architectural object and enclosure
to illustrate subnatures. The 1970’s outdoor air in New
York was polluted to the point of subnature and so a
new climate controlled and purified environment was
created inside the museum where the temple was
placed to prevent it from rapid erosion.1 The stones of
the temple itself resist a natural or artificial classification. They are a complex object being formed through
natural processes of sedimentation and made artificial to some degree through human carving. The
stones are naturally inclined to return to dust but
transplanted and preserved through artificial enclosure. The temple as an assemblage of natural materials is displaced from the desert ecosystem of Nubia
and reassembled as a component of a cultural and
economic ecosystem that sustains the both itself and
the MET.

Fig. 20 - Top Left: The Temple of Dendur in the Metropolitan Museum of Art.
Photo: public domain, date unknown.
Fig. 21 - Section of the Dendur Room at the MET. Bartsch, 2021.
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Austria Pavilion
team.breathe.austria
Milano, Italy
2015
This project is physically quite open but conceptually
relates a section of forest with visitors to the pavilion
through respiration. By calculating the oxygen needs
and C02 emissions from respiration by the visitors, and
including the right amount of plant life to breathe in
that C02 and exhale 02 for the visitors, the pavilion
creates a sort of conceptual closed loop. The simple
technology of solar powered fans augments the temperature, humidity, function and perception of this
ecological system. The openness of this project allows
it to engage the ecosystem outside the structure while
still creating an augmented interior micro-climate. The Austria
Pavilion also explicitly includes
birds, insects, and soil microbes
to create as full a recreation of an
Austrian forest as possible for the
experience of the visitors.

Fig. 22 - Top Left: Interior of Austria Pavilion. Photo: Laurian Ghinitoiu, 2015.
Fig. 23 - Section and Diagram of Austria Pavilion. Bartsch, 2021.
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Biospheric Test Module
Space Biospheres Ventures
Tucson, AZ, USA
1986
The Biospheric Test Module was a precursor to the
Biosphere 2 project. These were both experiments in
creating self-sustaining closed ecosystems that were
intended to help us learn how to live in space in the future. The habitat contained equipment and plant and
animal species that were intended to create closed
food-to-waste and water and air filtration loops. The
Biosphere project is a fascinating experiment in mixing natural and technological elements to reconstitute all the natural processes by which human life is
sustained. Looking at these systems at an architectural scale begins to help one visualize the interconnectedness of the earth’s ecosystem. Biosphere created an
assemblage of species, machines, and environment
that relied on one another to maintain each other in
order to sustain the operation of the whole. This experiment was scaled up to the Biosphere 2 project
(included in Fig. 14) which sealed 8 scientists in a 1.2
hectare recreation of 5 different biomes for 2 years.
Lisa Ruth Rand calls this experiment a “tiny planetary
microcosm built upon a strange mix of eco-utopian
optimism, apocalyptic pessimism, and extraterrestrial
futurism.” 1

Fig. 24 - Biospheric Test Module. Photo: Roger Ressmeyer/Getty Images,
date unknown.
Fig. 25 - Section and Diagrams of Biospheric Test Module. Bartsch, 2021.
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International Space Station
Multiple International Government Agencies
Low Earth Orbit
1998
The ISS is an endlessly fascinating example of an engineered world that requires an extreme amount of
control over the interior environment and the inputs
and outputs in order to sustain life within. As airtight
as it must be to exist in the near vacuum of low earth
orbit it still relies on regular inputs of matter and exchange of humans. Air and water is recycled through
artificial means.
The ISS demonstrates our most expensive and technical attempt at creating a closed ecosystem to date.
Many experiments are run on the station in the fields
of biotechnology, earth and space science, and human physiology. We don’t yet know the long-term
survivability of people in such a world void of much
of the type of nature we evolved in on Earth. The ISS
contains very few plants or animals, mainly used in experiments. The current longest stay on the ISS was by
Mark Kelley who remained in this 923m3 space for 340
days. The average American home is roughly 550m3
for comparison.
Simple technologies such as the Combined Regeneration Organic Food Production system (Fig. 28) are
being developed for life in enclosed systems like the
ISS. Researchers are looking to develop easy to maintain microbial filters that bring the functionality of
natural waste filtration to space.1

0₂
plants

nutrients

biowaste
filter

waste water

C0₂
food

humans
C.R.O.P

combined regenerative organic food production

Fig. 26 - Top Left: International Space Station in Low Earth Orbit. Photo:
NASA, 2018.
Fig. 27 - International Space Station ESA Columbus Module section and
diagram. Bartsch, 2021.
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Gerhild Bornemann, “Closed Cycle Food Production,” in Hortitecture,
ed. Almut Grüntuch-Ernst, (2018), 116.

Fig. 28 - Combined Regeneration Organic Food Production diagram.
Adapted from diagram by Gerhild Bornemann, “Closed Cycle Food
Production,” in Hortitecture, 2018. Bartsch, 2021.
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Mars Science City
Bjarke Ingles Group
Dubai, U.A.E.
Proposal
Mars Science City is a project designed simultaneously for the desert of Dubai and the surface of Mars.
For Earth it is designed as a research and exhibition
centre. BIG claims that the design is developing a new
martian vernacular.1 The existing “nature” on Mars
consists of a biologically lifeless landscape (as far as we
know) of wildly varying temperatures, dangerous radiation, and thin unbreathable atmosphere. The view
of nature in this project is reduced to a single node in
a diagram of the closed system (Fig 24). The diagrammatic nature of the project, in terms of representation
and approach to synthetic ecology, attempts to turn
it into a convincing and marketable product. The diagram suggests that creating a process of building and
sustaining such a habitat on Mars is technologically
solved problem and currently achievable. This proposition is untested as the 2017 proposal for the more
plausible terrestrial version of the project has yet to
start construction.

Fig. 29 - Top Left: Mars Science City. Image: Bjarke Ingles Group, 2017.
Fig. 30 - Top Right: Mars Science City Section ecological diagram. Bjarke
Ingles Group, 2017. Additional annotation, Bartsch, 2021.
Fig. 31 - Mars Science City Section and diagram. Bartsch, 2021.
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Terrarium - Asteroid 433 Eros
Elliptical Heliocentric Orbit
2312
In his science fiction novel 2312 Kim Stanley Robinson describes a sort of recipe by which one might
transform an asteroid into a self contained earth-like
biome. The non-fictional idea of asteroid mining has
been considered as it is speculated that asteroids
could contain high amounts of rare metals that are
commonly used in the development of different
technologies and products. The process described by
Robinson involves excavating the interior of an asteroid, spinning it to create artificial gravity on the inner
surface, and then adding the chemical elements, air,
an artificial sun, bacteria, and then plants and animals
necessary to transform it into a large-scale self-sustaining habitat. This type of terrarium exemplifies a
world that is almost wholly artificial yet operates at a
large enough scale with enough complex life that it
might appear almost completely natural.
This is a logical conclusion to the idea of reducing the
risk of species extinction by replicating nature within
self-contained habitats and spreading it across the
galaxy.

Fig. 32 - Top Left: Six different views of Eros from NEAR-Shoemaker, inverted
colour. NASA/JPL/JHUAPL, 2000.
Fig. 33 - Terrarium section and diagram. Bartsch, 2021. Interior image: Still
from Erik Wernquist, short film Wanderers. Based on concepts from
the writing of Kim Stanley Robinson and Arthur C. Clarke http://
www.erikwernquist.com/wanderers/gallery_terrarium.htm
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The Project
The aim of this design response is to explore the concepts surrounding the enclosure of nature and address existential issues through a project grounded in
a more specific context.
In recent years British Columbia has faced heat waves
with wet bulb temperatures that are deadly for humans. Fires have affected millions of hectares of forest across the region and regularly cause situations of
extremely unhealthy air quality. Paradoxically, often
those most at risk of death are people confined within buildings that lack the means to artificially regulate their interior climate. If it is untenable for some
to live both indoors and outdoors then there is need
for some sort of hybrid (Fig. 41). Hybrid or synthetic
worlds could extend the architectural envelope to
make room for more life. There is a need more spaces
that allow people to spend more time outside of their
homes amongst healthy natural environments , with
more opportunities for social support, in order to mitigate the trauma of impending catastrophes.
There are latent opportunities in the climatic and
physical context of Vancouver to imagine more resilient responses to climate change. Thus the design
response to becomes about imagining a new architectural typology of community amenity space, that
integrates all the benefits of a community centre, biodiverse park, and a climate refuge for a more resilient
future.
A preliminary concept collage (Fig. 34) suggests several themes that this type of project could explore. Many
of these elements of future closed worlds are not fully
explored in this project but provide possible avenues
of research for future designs.
The remainder of the report expands further on the
specific environmental context in Vancouver and outlines an architectural design response to the issues
explored in the previous sections.
Fig. 34 - Concept collage, Bartsch, 2021.
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Fig. 35 - Community Refuge Section Perspective. Temperate community centre enclosure during emergency heat event. Bartsch, 2022.
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Climate
Forest fires from as far away as California and northern
British Columbia can cause the Air Quality Index in the
Fraser Valley to reach above 200. This level is deemed
“very unhealthy” particularly to the elderly and those
with respiratory illnesses. Periods of unhealthy air
have become a regular occurrence during the summer months which coincides with the region’s hottest
temperatures.

In a single heat wave event in 2021 nearly 600 people
died across British Columbia including 100 in Vancouver. Before 2009 the number of people that died
due to hyperthermia in B.C. was almost none (Fig. 36).
Climate projections looking forwards to 2080 are not
promising. The average number of days above 30 degrees Celsius in Metro Vancouver will increase from
an average of 2 days per year in 2021 to almost 30 days
per year in 2080 (Fig. 37). There will be 84 percent less
winter snowpack and less summer rain which threatens already at risk and sensitive ecosystems.

British Columbia Heat Deaths
British Columbia Heat Deaths

49.6°C
pre-2009

2009

2021

< 1 person/year

134

595

Fig. 36 - British Columbia Heat Deaths. Infographic. Bartsch, 2022.
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Fig. 37 - 2080 Metro Vancouver Climate Projections. Data from Climate Projections for Metro Vancouver Report http://
www.metrovancouver.org/services/air-quality/AirQualityPublications/ClimateProjectionsForMetroVancouver.pdf.
Infographic, Bartsch, 2022.
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Fig. 38 - Forest Fire Smoke over Vancouver, July 5, 2015. Satellite Image: NASA, 2015.
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Response
The current response to extreme heat and smoke is
for the city to open up community centres as places to
escape (Fig. 39). Right now some community centres
across the city are air conditioned but only a handful
are also equipped with adequate air filtration to provide relief for those who are dangerously affected by
poor air quality. In the heat wave of 2021 70 percent of
those who died were seniors, almost all of whom were
living alone and overheated in their homes, by themselves (Fig. 40). While many people are able to survive
heat waves using air conditioning, this still does not
address the alienation from nature and from our social networks that happens when being trapped inside.

Fig. 39- Map of Cooling Centres in Vancouver. Current municipal response to extreme heat events. Bartsch, 2022.
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>30°C

70%

of deaths
Seniors living alone

Fig. 40 - Deadly conditions for seniors living alone. Diagram, Bartsch, 2022.

NATURAL / OUTDOORS

HYBRID WORLD
ARTIFICIAL / INDOORS

Fig. 41 - Alternative hybrid world condition. Diagram, Bartsch, 2022.
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Ecosystem
For this project the question became what type of
nature to design or enclose and why. The Coastal
Douglas-Fir tree was chosen as a keystone species for
its contextuality here in BC as well as its high rate of
carbon sequestration and oxygen production which
makes it a good air recycler. The Coastal Douglas Fir
Forest is the bioregion in the province with the most
productivity in terms of tree growth due to high
amount of rain, and sunny days. Growth rates could
be amplified even greater in a greenhouse-like situation where CO2, moisture, average temperatures,
air pressure and lighting could all be augmented to
speed up the process. The CDF also has some of the
highest density of biodiversity in BC as well as the
highest density of species at risk of extinction. Listed
below are some species found in the CDF ecosystem
representative of the biodiversity present there.
Forests are unique and highly biodiverse landscapes.
The loss of forests and their associated species would
spell disaster for earth. They also propose a unique
challenge to architectural enclosure due to their
height. Life on another planet would well served to
include forests for their aesthetic, functional, and inherent value.

Flora

Fauna

Trees
Pseudotsuga menziesii (Douglas-fir)
Abies grandis (grand fir)
Thuja plicata (western redcedar)
Acer macrophyllum (Bigleaf maple)
Arbutus menziesii (arbutus)
Pinus contorta var. contorta (shore pine)
Quercus garryana (Garry oak)

Endangered species
Northern goshawk
Marbled murrelet
Vancouver Island screech owl
Greenish Blue Butterfly
Little Brown Myotis

Shrubs
Mahonia nervosa (dull Oregon-grape)
Gaultheria shallon (salal)
Holodiscus discolor (ocean spray)
Rosa gymnocarpa (baldhip rose)
Lonicera ciliosa (western trumpet honeysuckle)
Vaccinium parvifolium (red huckleberry)
Symphoricarpos albus (common snowberry)
Herb Layer
Rubus ursinus (trailing blackberry)
Trientalis borealis spp. latifolia (broad-leaved starflower)
Polystichum munitum (sword fern)
Achlys tryphylla (vanilla leaf)
Pteridium aquilinum (bracken fern)
Moss
Eurhynchium oreganum (Oregon beaked-moss)
Rhytidiadelphus triquetrus (electrified cats-tail moss)
Hylocomium splendens (step moss)

(kg carbon/year/tree)

Fig. 42 - Douglas Fir and Arbutus tree carbon sequestration rate. Bartsch, 2021.
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Birds
Great Horned Owl
Saw-whet Owl
Barred Owl
Blue Grouse
Ruffed Grouse
Band-tailed Pigeon
Pileated Woodpecker
Yellow-bellied Sapsucker
Downy Woodpecker
Hairy Woodpecker
Common Raven
Steller’s Jay
Western Flycatcher
Brown Creeper,
Chestnut-backed Chickadee
Red-breasted
Nuthatch
Winter Wren
Varied Thrush
Anna’s Hummingbird
Amphibians
Western Toad
Pacific Treefrog
WesternRed-backed Salamander
Ensatina Salamander
Northwestern Salamander

Carbon Sequestration Rate
Douglas Fir
(Conifer, Fast growth)

Mammals
Black-tailed Deer
Black Bear
Cougar
Gray Wolf
Marten
Townsend’s Big-eared Bat,
California Myotis
Red Squirrel
Sharp-tailed Snake
Deer Mouse

Arbutus
(Hardwood, Slow growth)

Fig. 43 - B.C. Coastal Douglas Fir Biogeoclimatic Zone
Endangered Ecosystem diagram. Bartsch, 2021.
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Fig. 44 - Vancouver percentage of canopy cover by block. Map, Bartsch, 2022.
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Site
Most community centres in Vancouver are adjacent
to some form of underdeveloped outdoor park space
with fairly low biodiversity value (Fig. 46). Community centres are generally centrally located within the
neighbourhoods they serve and facilitate valuable
social services that could be further enhanced and expanded upon. The neighbourhood of Strathcona has
the highest number of seniors living alone who are
the most at risk demographic in heat events (Fig. 45).
Strathcona is also a relatively low income neighbourhood which means many residents don’t have the
means to access clean and cool air in their homes. It
also has one of the lowest percentages of urban forest
of any neighbourhood in the city (Fig. 44).

SITE

10 min

walk

5 min

walk

Strathcona
Community Centre

Share of Population above 65y/o
<15%
Vancouver Average

100%

Fig. 45 - Strathcona share of population above 65 years old by census block.
Map, Bartsch, 2022.
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Strathcona Community Centre

SITE

Fig. 46 - Strathcona Community Centre Site. Images: Google Earth. Diagram, Bartsch, 2022.

Fig. 47 - Existing Site Plan. Bartsch, 2022.
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Enclosure Module

Forest Enclosed

Typology
A world designed to include more nature causes a rethinking of many design elements. A high-tech outer
shell might allow for less material and energy intensive
interior habitats to be designed inside. These habitats
would need to be more sensitive to the species they
displace and in fact could work to increase bio-density
and habitat space. In the present situation of climate
uncertainty micro-refuges provide a buffer from adverse conditions. Micro-refuges parallel habitats for
mars that are necessarily sealed from the outside. On
Mars the air is unbreathable, temperatures generally
uninhabitable, and radiation levels are much higher
than earth. Designing this type of synthetic world on
earth for our most immediate crises may also help to
inform the design of synthetic worlds that address
even longer term existential risks.
This project is modeled as a modular system that
City could replicate at almost any community centre
across the city on land that the municipal government already owns. The structure of the enclosure
is designed as rectilinear modules with vaulted ceilings intended to fit within the rectilinear lots of the
city and encapsulate an extensive volume of clean
air, landscape, mature trees, and programming. The
number of these modules can be multiplied to enclose as much space as desirable. The typology is illustrated at four different sites to test the scale and fit
(Fig. 48). These indoor worlds could provide shelter for
a biodiverse landscape to thrive and provide value to a
community by increasing urban forest, creating more
habitat space, and providing a unique new environment to encourage local residents to socialize while
spending more time in nature.
Figures 49 and 50 illustrate the modules creating an
enclosure attached to Strathcona Community Centre
in its largely residential context. This site is the size of
one city block which falls under the medium size category of the typology.
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Fig. 48 - Module for a new typology across four different potential sites.
Diagram, Bartsch, 2022.
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Fig. 49 - New Strathcona Community Center Axonometric Render. Bartsch, 2022.

Fig. 50 - Ground Level Plan. Bartsch, 2022.
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Hybrid World
All our buildings are closed worlds to some degree,
replacing the natural environment with a level of enclosure and artificial climate control. This design is
inspired by closed worlds like the Biosphere 2 project
and their designers attempts to compose completely
self contained, novel natures within vast enclosures.
However, this project is set within the city, unlike
many experimental closed worlds, and is designed to
be more inclusive, engaging human and non-human
inhabitants that need a level of shelter that is responsive to the climate rather than completely sealed off to
outside influence.

Fig. 51 - Closed Worlds Context Diagram. Bartsch, 2022.
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The scale of this type of project is not unprecedented,
even within Vancouver. Big box stores, Arthur Erickson’s provincial law courts, and convention centres
cover a comparable amount of square footage (Fig.
51). However, these buildings largely replace portions
of existing ecosystems and force us to go to the peripheries of the city to experience nature. In the enclosure of this project the design allows a more concentrated and biodiverse ecosystem to thrive on the site.

Fig. 52 - Canopy Walk. Restorative walk within the canopy. Interior render. Bartsch, 2022.
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Fig. 53 - Hybrid World. Dual modes of operation for a perpetually temperate
environment. Section diagram. Bartsch, 2022.
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Synthetic Ecology
Each structural column in the building contains the
mechanisms to modulate the climate in its immediate vicinity (Fig. 55). Like a tree in a forest each column
acts to support habitat as well. Together, each one
makes up a node within a larger system. The roots
of the columns consist of deep pier foundations and
vertical ground source heating and cooling loops that
are inserted into the existing landscape with minimal
disturbance and need for excavating around existing
trees. Air intakes, filters, ducts, and distribution vents
can provide cool and clean air at any elevation. The col-

Fig. 54 - Natural and Artificial Environmental Control Diagram. Bartsch, 2022.
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umns also act to transport rainwater collected on the
roof to underground cisterns which is then pumped
up to provide irrigation and more evaporative cooling
to the interior landscape.
These columns act as an artificial species embedded
in the ecology of the forest. As the ecosystem develops
and our attitudes towards nature and climate evolve
perhaps at some point in the future the enclosure will
no longer be necessary and a new synthetic ecosystem could emerge within our cities (Fig. 66).

Fig. 55 - Synthetic Ecology Section. Bartsch, 2022.
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Refuge
The hybrid space of this project can function passively
with large openings to allow the free flow of all users
with ecological connections to the surrounding urban scape (Fig. 53 - left side). Flying species can use
the clerestory openings to find shelter within. Passive
ventilation and cooling can be supplemented by a
moderate amount of artificial climate control at the
occupied levels when desired.
At the ground level, the facade can be completely
open and permeable for the free flow of people and
other ground based species access to the new temperate rainforest interior (Fig. 56). This will be the default condition for most of the year, even into the future.
In times of crises the building can be sealed offer a
more controlled environment. The dangerous outside
air is filtered and cooled and recirculated to create
healthy conditions for the humans, flora, and fauna
inside (Fig. 53 - right side). Seniors and those with respiratory illnesses are warned when forest fire smoke
and extreme heat are forecasted and invited to stay inside for as long as the conditions outside are deemed
dangerous. In this mode of increased need for refuge
flexible spaces are adaptable to accommodate extended stays. As heat waves are likely to increase in intensity and length the project aims to provide enough
space that inhabitants can live comfortably and with
enough variety of activities and destinations so as to
mitigate any negative feelings around confinement.
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Fig. 56 - Open Facade. Non-emergency situation. Render. Bartsch, 2022.
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Fig. 57 - Closed Facade - Emergency refuge situation. Render. Bartsch, 2022.
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Organization
The shell consists of a lightweight and economical
steel space frame. The space frame provides the structure for external shading, and an envelope of aerogel
insulated ETFE pillows with a low emissivity layer. This
creates an enclosure that allows for maximum natural light for the interior landscape while reducing unwanted heat gain during the hottest months.
The coastal Douglas-fir forest includes a ground plane
of underbrush with trails and campsites (Fig. 60) and
contributes to the cities goals of increasing urban forest. It is home to the tallest species in Canada and our
structure can accommodate their 40 to 50m height.
The shading and evapotranspiration of the mature
trees help to passively regulate the internal climate.
Elevated paths traverse the park high above the canopy for those who want to exercise, play, or rest above
the forest. A meandering ramp slopes up from the forest floor and connects a stack of large gathering and
recreation spaces that span between several of the
columns (Fig. 52). The changing experience of the of
the vegetation, wildlife and various degrees of shading and light at different elevations provides enough
variation that one can experience a sense of exploration and escape within the architectural boundaries
of the project. The multiple levels allow for the possibility of a soccer field, basketball court, playground,
and dog park all to occupy the same footprint tucked
inside the shaded forest. (Fig. 64).
A network of multi-purpose pods occupy the understorey canopy (Fig. 61-63). They offer intermediate
spaces, neither fully indoors nor fully outdoors, for the
myriad of programming facilitated by the community
centre. Child-care, fitness classes, and small meetings
are some of the activities that can be accommodated.
The pods are connected by elevated walkways and
the roofs of the community spaces offer spots for picnicking and more informal park activities. These pods
can be appropriated in emergency situations to offer
space for temporary shelter beds and small group
kitchen/living areas for more humane conditions for
local refugees in an emergency situation.

Fig. 58 - Exploded Axonometric Diagram. Building layers and associated
human activities. Bartsch, 2022.
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Fig. 59 - Skywalk. Elevated escape above the forest. Bartsch, 2022.

Fig. 60 - Urban Camping. Emergency and non-emergency sheltered sleeping on the forest floor. Bartsch, 2022.
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Fig. 61 - Social Pods Axonometric illustration and plans. Bartsch, 2022.
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Fig. 62 - Understory Park. Irrigation and cooling - informal activities. Render, Bartsch, 2022.

Fig. 63 - Social Pods. Diverse communal activities accommodated in emergency and non-emergency times. Render, Bartsch, 2022.
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Fig. 64 - Sports and Recreation. Stacked platforms tucked within the forest. Render, Bartsch, 2022.
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Fig. 65 - Interior Cooling Centre. Emergency refuge centre on soccer field. Render, Bartsch, 2022.
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Final Note
“We will always belong to the biosphere, which
will continue to invite itself into our artificial
world without our permission.” 1
		

- Joël Chevrier

To include the biosphere in architectural design
means trying to understand it but likely failing to predict all the consequences. There are many more imperfect projects on the way to reconciling nature and
humanity. This thesis is an attempt to wrestle with the
complexities of integrating ecology and architecture.
To design towards an existence with life, diversity, and
complexity. Humanity has a desire to explore, make
and remake the places in which we live. Can we stay
with the trouble right now and still build a future with
greater resiliency?

in this future the boundaries between the realm of
the natural world and our artificial worlds will become
less distinct. If we are to continue to transform and enclose the world to ensure our own survival we need to
learn to let nature inside with us.

Throughout the design project there are micro-climate spaces, shaded from intense heat and provided
with a purified atmosphere that may even be visible
in the form of clouds within the building. These micro-refuge synthetic worlds would provide an experience of respite that may even feel like a pleasant
camping trip with your neighbours, a sort of vacation
in your own backyard in the weird new reality of this
possible climate future.
In conclusion, This project acknowledges that we
need to construct our buildings as synthetic ecologies, where the artificial supports the natural and
the natural supports the artificial to the benefit of all.
Though the scale of existential risks stretch beyond
an architectural solution, like an ark, synthetic world
may just help the vulnerable ride out the storm and
make it to a future where humanity has either found
a solutions or adapted to the circumstances. Perhaps
1
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Joël Chevrier, “The science-fiction scenario of an artificial
planet is already here,” The Conversation, (Feb 18, 2021), https://
theconversation.com/the-science-fiction-scenario-of-an-artificial-planet-is-already-here-155574

Fig. 66 - Speculative stages of synthetic world into the future. Axonometric
section render, Bartsch, 2022.

2025

- Greenhouse Stage

2080 - Mature Interior Forest

Post-2080 - Synthetic Urban Forest

Distant Future - Synthetic Old Growth Forest
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Fig. 67 - Final project review. Photograph, courtesy of Marco Leung, 2022.
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Fig. 68 - Final project review. Photograph, courtesy of Marco Leung, 2022.
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