Preface

What Have | Golten Myself Into?

ON A WINTER NIGHT in January 1993, by opening a doorway we experi-
enced a stunning physiological revival. We left a world with an oxygen level
around 14 percent; equivalent to being on a 15,000-foot-tall mountain. In
fact, we were at a 3,900-foot elevation in southern Arizona, Oxygen had been
slowly disappearing for sixteen months. No one knew where it had gone. We
were slowly climbing a mountain but going nowhere. Mission Control had
pumped oxygen into a chamber on the other side of the door. Our atme-
sphere suddenly contained 26 percent, which was 5 percent higher than
Earth's air. In minutes, we felt decades younger. For the first time in many
months, [ heard the sound of running feet.

So many strange, disturbing, marvelous, powerful, and profound expe-
riences unfolded during our two years as “biospherians.” The eight of us
felt extraordinarily lucky to be the initial crew to live inside a miniature
biosphere. We had to learn how to be its first natives,

Biosphere 1 (Bl) is our Earth’s biosphere. Biosphere 2 was a three-acre
world. Bl houses the global ecosystem, which includes all life. Bl is our
planet’s life support system. Biosphere 2 was built to study how biospheres
work, creating a laboratory for global ecological processes, to help ecology
become an experimental science. It could also provide baseline information
to design long-term life support systems for space.
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The facility included people, farming, and technology. Earth’s biosphere
has supported life for four billion years. Only quite recently have billions of
people and modern industries been added. Living in Biosphere 2 might give
new perspectives on whether—and how—harmony can be forged between
humans and the global biosphere,

Our two-year experiment began on September 26, 1991, Wed have two
seasonal cycles to studv how Biosphere 2 functioned. For comparison,
a human spaceflight to explore Mars would also take two years. No one
knew if we could stay inside for two years; so many things could go wrong,
The facility was optimistically designed for a one-hundred-year operation.
The first closure experiment was the “shake-down” mission; a trial run to
find flaws, bugs, what we had to correct or change. We were also determined
to collect as much data and to do as much research in collaboration with
outside scientists as possible.

The odds, even from project insiders, heavily favored an early exit. Too
many challenges— known and unknown—could end the experiment early.
Some thought we wouldn't even last three months. The world record in a
closed ecological system was six months set by two-person crews at a Sibe-
rian research institute. Their basement facility powered by artificial lights
was the size of a small apartment, their only companions were food crops.
Our own sunshiny world contained a rainforest and a coral reef in a towering
structure with seventy-five-foot-tall roofs. Every day we were able to stay
alive inside, we would amass reams of research data.

We entered an untested facility in almost totally uncharted territory.

We included small chunks of Earth's diversity inside the biosphere; bonsai
rainforest, tropical grassland (savanna), desert, mangrove marsh, and coral
reefl ncean co-existed under one roof. Some of the world's top ecologists and
most innovative engineers worked to make this possible; no one knew how
these biomes would develop. Ours was cutting-edge science, the greatest
experiment in ecological self-organization ever conducted. To maintain bio-
diversity, we biospherians would intervene when we could. Our fog desert
decided to go its own way and transformed during the experiment; main-
taining the others took hard work and ingenuity, the coral reef in particular,
was a nail-biter to the end.

In our nearly airtight world, we would experience the highs and lows
of living intimately with seven other people. Outside politics and power
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struggles polarized and exacerbated in-fighting, though we entered as the
best of friends and colleagues. I wouldn't permit a bitter “To the traitors” as
toastmaster at a Sunday night dinner where we enjoyed a precious bottle of
home-brewed banana wine. There were no fistfights, but one crew member
complained years later that she had been spit at. Twice. But we continued
working unselfishly with one another. Whenever we feasted, partied, or
enjoved a rare delicacy like a cup of coffee from rainforest trees, tensions
magically melted away. Weld relax and enjoy a temporary truce from group
tensions, We acted mindfully in Biosphere 2, understanding that its teeming
life was keeping us alive and healthy. We took care of her needs with tender
loving care. She was our third lung and lifeboat. Some of us thought Bio-
sphere 2 was the ninth biospherian.

Eight Americans and Europeans suddenly became subsistence farmers.
We lived off the land, eating what we grew, though we farmed in a high-tech,
5150 million facility. Our small farm exceeded organic standards. We used
nothing that might pollute our air, water, soils, or crops. We recycled our
water and soil nutrients. Even our sewage was treated and recycled. We cared
for our farm animals with affection, but they were slaughtered as needed.
Our diet consisted primarily of fruits, grains, and vegetables.

We experienced hunger throughout the two yvears and plates were always
licked clean, Almost all of us became much better cooks. Peer pressure for
delicious food was a great motivator. I and many others ate our roasted pea-
nuts whole, shell and all; we would eat anything to fill the stomach void. We
were guinea pigs, the first humans extensively studied on an “undernour-
ished but not malnourished” diet. This paralleled the pioneering research of
Biosphere 2s in-house doctor, who claimed a person could live 120 years on
a calorie-restricted diet.

Periodically, project managers reminded us we were volunteers; the air-
locks were unlocked, and we could leave anytime wed had enough or if there
were health dangers.

For safety, we had our resident doctor and a team of specialists on call at
the nearby University of Arizona College of Medicine, and a fully equipped
medical facility and analytic laboratory were inside the biosphere. Auto-
mated systems could detect potentially toxic substances in our air and water.
We started with a biosphere as clean and unpolluted as possible. Chemical
deodorants and cleaning supplies weren't allowed because our world was so
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sensitive to pollution. Even a small fire would mean evacuating, so we didn't
light candles, even on a birthday cake. At winter parties, a monitor played a
video of a wood-burning fireplace—we felt warmer sitting near it.

Though we didn’t intend it, the toes of dominant analytic, small-scale
science were seriously stepped on. The reductionist approach seeks to ana-
lyze everything at the micro level, each variable being tested separately.
Biosphere 2 used both analytic and holistic science approaches. The proj-
ect violated unspoken taboos. Include humans and our technologies in the
experiment? Heresy! We knew one thing for certain: Biosphere 2 would
ignite plenty of controversy.

Systems ecologists and veterans of NASAs Apollo Project 1960s glory
days were allies from the beginning. To achieve the goal of putting a man
on the moon by the end of the 1960s, NASA abandoned component-by-
component testing and went to “all-up systems testing” We followed a sim-
ilar strategy to create this complex miniworld; it couldn’t be done piece by
piece like Lego.

The six years from project conception until completion were exciting.
Scientists, engineers, and hundreds of construction workers were very moti-
vated. They were making history, doing the near impossible. Some doubted
at every stage whether Biosphere 2 could be built, operated, or used for
advancing human knowledge. Who were these mavericks behind the proj-
ect? Despite many world-class scientists and institutions consulting, the
whole endeavor was way too ambitious, too daring, Even some friends and
colleagues of the project thought it was fifty years ahead of its time.

Biosphere 2 was radical and revolutionary—a challenge to "business as
usual” The entire “technosphere” had one overarching goal: serve and pro-
tect life. Our engineers had to design technology to make waves, rain, winds;
they had to control climate and mimic geological processes. And they had to
use machinery and equipment that wouldn't poison and pollute. Life ruled.
Technology knew its place and obeyed and served, a radical notion. What
would happen if we did that everywhere?

The engineering goal was about 1 percent per month air exchange (leak-
age) from the biosphere. That's thousands of times tighter than the most
tightly sealed buildings and homes, far tighter than even the International
Space Station. But, if this air-tightness was achieved we might wind up with
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a horrific “sick building syndrome” from a buildup of trace gases. We needed
a way to ensure that those trace gases didn't build up in a structure with two
acres of farm and wilderness areas, hundreds of pumps, motors, and other
equipment, and miles of piping. Our solution was to use our farm soil and
plants as a biofilter to clean the air. We hoped it would work.

Carbon dioxide was called the tiger of Biosphere 2. We continually mon-
itored its levels in our atmosphere since it could destroy our world, and it
would be difficult to keep the levels from rising too high. Every cycle goes
hundreds to thousands of times faster than normal in a tightly sealed, small,
and life-packed miniature biosphere. Our ocean and atmosphere were tiny
compared to Earth’s; we had entered a time machine.

Would all the life inside Biosphere 2—with us humans doing everything
we could to help—be sufficient to prevent a runaway rise in carbon dioxide,
our tiny version of climate change? If CO, levels got too high, our coral reef
might die, all the plants (including our food crops) might slow their growth,
and our health might be directly threatened.

By closing the airlock behind us and starting our two-year experiment,
we pushed the limits and stepped into the unknown. It would be a roller
coaster, with despair and sadness and euphoria and achievement. Every day,
we worked to keep Biosphere 2—and ourselves—alive and healthy. For the
eight of us, it was a profoundly personal and life-changing journey.

Biosphere 2 Revisited: What Lessons
Does It Have for the World?

1 exited Biosphere 2 more than twenty years ago.

Humans have caused the ongoing planetary crisis. Can we learn to live
sustainably and happily within our own biosphere? Lessons and insights
can be gained from a fresh look at how our small team handled our minia-
ture hiosphere. Our life and well-being depended on maintaining a healthy
world.

Biosphere 2, in my opinion, is widely known but little understood.
Close to one billion people around the world followed our experiment as
it unfolded. The story has mostly been superficially and incompletely told.
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In retrospect, some headlines that were noteworthy at the time now seem
insignificant: Jane Poynter severed a fingertip in a threshing machine acci-
dent three weeks into our experiment. She brought with her a duffel bag of
computer parts when she returned from surgery, not food as some alleged.
Whether we grew 100 percent of our food, if everything was perfect and
balanced on the first try are superficial ways of evaluating Biosphere 2.

Biosphere 2 was an experiment. An experiment fails if it doesn't reveal
something unknown and unexpected. Needing to inject oxygen sixteen
months into the closure was one of the most surprising things that hap-
pened. Losing atmospheric oxygen so slowly showed we achieved near total
airtight sealing. We learned so much solving the mystery of where the oxy-
gen had disappeared. Despite Biosphere 2's complexity, using the tools of
science, its dynamics could be deeply investigated. Another surprise was
how well the engineering and ecological design meshed together. But these
topics don’t make for sensational or viral news stories. The real news was that
what was learned in Biosphere 2 has increased its importance to our global
ecological challenges.

The Overview and Innerview Effects

Pondering our relationship to Biosphere 1 led me to recall how space explo-
ration changed human consciousness. Photos of Earth from the darkness of
space stunned the world. For the first time, humanity saw the planet, this spin-
ning blue and white world that contains everything we value, Apollo astronauts
enjoyed “Earthrise” over the horizon of the moon. Space voyagers' unique
experience was called the Overview Effect.! It was a thrilling, life-changing
perspective; they were the first humans separated from Earth’s biosphere,

Rusty Schweickart flew on Apallo 9, testing the Lunar Lander. He served
on the Biosphere 2 project review committee and became a friend.

Rusty eloquently described standing on top of a spacecraft orbiting the
Earth:

You look down there and you can't imagine how many borders and boundaries

you crossed again and again and again. At that wake-up scene—the Middle
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Figure 1. Conversing with Rusty Schweickart ar a Biosphere 2 design workshop, 1987,

East—you know there are hundreds of people killing each other over some
imaginary line that you can't see. From where you see it, the thing is a whole,
and it’s so beautiful. And you wish you could take one from each side in hand
and say, “Look at it from this perspective. Look at that. What's important?™ . _.
And you realize . . . that you've changed. That relationship is no longer what
it was . . . Do you deserve thist This fantastic experience? You know very
well and it comes through to you so powerfully, that you're the sensing ele-
ment for man . . . [t's a feeling that says you have a responsibility. It's not for
yourself . . . And when you come back, there’s a difference in that world now,
there’s a difference in that relationship between you and that planet, and you
and all those other forms of life on that planet, because you've had that kind
of experience. It's a difference, and it's so precious . . . it's not me, it’s you, it's
us, its we, it's life that had that experience. And it’s not just my problem to
integrate, it’s not my challenge to integrate, my joy to integrate—il's yours, ir's
everybody's.?

Those images and words from the first voyagers beyond Earth were rev-
olutionary. Now, they’re part of the fabric of reality for younger generations.
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The Overview Effect, which the astronauts shared, was the crucial beginning
of a realization that the whole Earth is our home.

But biospheres are still a different matter. The joint venture company
behind Biosphere 2 was Space Biospheres Ventures, and I usually had to spell
the middle word to people. Times have changed, and biosphere is used more
often. [ wonder though what people think when they say “Earth’s biosphere”
It is a hard concept to comprehend. Our biosphere is extremely complex; its
cycles of air, water, and food enable human life along with all other life. We
humans are an integral part of it. The biosphere is not some alien outside
environment. These realities mean the current assault on and degradation of
our biosphere pose almost unimaginable risks. Astronauts who deliberately
damage their life support system would be considered suicidal nuts.

The fifteen who lived inside Biosphere 2 in missions one (1991) and two
(1994) and others who lived inside even smaller closed ecological systems
had the kind of life-altering experience that spacefarers report. But ours is
not an Overview Effect, but an “Innerview” We lived with, took care of, and
were nurtured by a living system —a miniature biosphere. All the while, we
received communications and listened to news of developments between the
rest of humanity and the planetary biosphere. As our connection with our
world deepened, we became acutely aware of the jarring contrast between
how we lived inside the biosphere and what was happening outside it. Weld
hear of ecological degradation, mindless pursuit of technological advance,
and short-term profit, regardless of the damage inflicted. We inwardly echoed
what Schweickart wanted to say to people fighting over national boundaries:
“Look at our biosphere from this perspective. What's truly important?”

I want to share this amazing experience that my colleagues and | were
so fortunate to have—on behalf of you, the reader, and all life. I'll tell this
story from a very personal viewpoint because I was one of eight humans,
eight sensing elements in a new relationship to a biosphere, experiencing the
Innerview Effect. The joys, struggles, and insights of that inner journey need
to be communicated and integrated with one very large challenge: learning
to take care of our global biosphere.




