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For George A. Carson, the first scientist in my life

—M.K.C.

To the scientists at Biosphere 2 and elsewhere preparing us for climate change

—T.U.
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INTRODUCTION

INDOOR NATURE TOUR
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The Biosphere 2 scientist Joost van Haren checks the branch bag to make sure it’s sealed up tight.




 

The air is warm, humid, and smells green. Towering trees stand trunk to trunk, their leafy crowns letting in only a few thin shafts of sunlight. Near the ground the forest is especially dim and damp. Leaves of many shapes and sizes litter a slippery pathway, and noodle-like roots dangle at eye level from overhead vines. Up ahead in the rainforest is a cliffy mound of dark rock with a tall man standing on top of it. He’s holding a leafy tree branch. The man gently fits the leaves inside a squarish, clear plastic bag without detaching them from the branch. The man expertly seals the bag. “That’s why it’s called a branch bag,” says the smiling scientist in a crisp Dutch accent. A black tube attaches to the bag and shuttles air into it. Soon it’s inflated like a small see-through pillow. Why wrap leaves in an air-filled bag? The scientist wants to know what happens as the leaves soak up carbon dioxide. “We are tracking where the carbon goes,” he says.
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Not much light reaches the ground in a rainforest.




 

A loud, mechanical squawk interrupts the explanation. Then a cheery voice booms through the trees. “That’s Joost van Haren, folks! He’s our rainforest scientist!” says a tour guide through a microphone. Its speaker makes a second painful squawk. “Say hi to Joost, everybody!” Tourists in shorts and flip-flops wave from a wooden deck above the far end of the wet pathway. “Hallow,” says Joost with a quick salute. Just above the T-shirted onlookers, bits of blue sky crisscrossed with white bars peek through the greenery. A framework of white steel triangles holds countless windows.
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Tour guides lead hundreds of visitors through Biosphere 2 each week.




 


“We are tracking where the carbon goes.”



 

This rainforest isn’t in the Amazon or Asia. It’s inside a gigantic greenhouse in the Arizona desert. This is Biosphere 2, an enormous, enclosed research facility. It’s larger than three acres. There’s more than rainforest under its glass roofs. There’s also an ocean, a savannah, and three huge hillsides of newborn soil.

Experiments and research happen in Biosphere 2’s rainforest and other areas that couldn’t take place anywhere else. It has spaces big enough to support complex ecosystems similar to those in nature. But Biosphere 2 is indoors, so scientists can carefully control conditions for experiments and are able to make repeated, precise measurements over time.

Biosphere 2 is a bridge between a laboratory and the real world. It’s a place where scientists can study how our living planet is changing. And it’s open to the public. Visitors come to witness the environmental research at Biosphere 2, learn how it was built, and find out what happened twenty-five years ago when eight human beings sealed themselves inside it for two long years.
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The location for Biosphere 2 was chosen for its high number of sunny days. The biospherians wanted lots of sunlight to grow food.







CHAPTER 1

SPACESHIP EARTH
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The air inside the giant greenhouse expands as it warms, putting constant pressure on the glass panels. To keep them from popping out, Biosphere 2’s builders gave it two “lungs.” The lungs are large domes the size of ice rinks, each with a flexible rubber ceiling that rises as the pressure inside Biosphere 2 increases, and sags as the temperature cools.




 

Biosphere 2 was quite a scene on the morning of September 26, 1991. Thousands of people crowded on the lawn outside the structure’s Human Habitat building. News photographers, reporters, and camera crews swarmed near a metal door that resembled a submarine hatch. It was Biosphere 2’s air lock. Eight people dressed in identical dark blue jumpsuits were the center of everyone’s attention. Each took a turn at a microphone, saying a few words. Television helicopters flew over Biosphere 2, skimming by its gleaming pyramid, glass triple arches, and dome-topped library tower. Then at eight o’clock the eight biospherians, as they were called, entered the air lock. They stepped through the metal hatch and, with a clang, swung it shut behind them. The four men and four women would not come out for 730 days.
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Biospherians (left to right) Abigail Alling, Roy Walford, Jane Poynter, Taber MacCallum, Linda Leigh, Mark Nelson, Sally Silverstone, and Mark Van Thillo walk through the air lock on September 26, 1991.




 

It was an experiment in human survival, and the biospherians were the lab rats.

A BOTTLED-UP MINI EARTH

The goal of Biosphere 2’s creators was to build an enclosed living environment that could provide humans with all of their needed air, water, and food. Why? To prove that it could be done, and that they were smart enough to do it. The project’s funders also wanted to invent and sell technologies for living in space stations and on other planets, like Mars.

The model for Biosphere 2 was Earth’s biosphere, or what they called Biosphere 1. The biosphere is our planet’s living layer. It’s where air, sunlight, water, and soil interact to support life in its millions of forms. Seeing our planet from space starkly illustrates how separate and self-contained it is. Earth is a closed system. All of our biosphere’s air, water, and rocks are contained within that blue sphere with nothing but dark, cold space surrounding it. Biosphere 2 was built as a closed system too. It was sealed shut so no air, water, or anything else could come in. Like with Earth, only sunlight entered. Nothing could get out of Biosphere 2, either. Once the door shut, whatever wastes and gases were created stayed inside. Water swirling down drains didn’t flow into city sewers. It was cleaned and reused. That’s why bathrooms had handheld water sprayers instead of toilet paper, which would get in the way of recycling the water. The carbon dioxide we exhale and pollutants from everyday things such as glue and dyes continually go into our air. Toxic wastes like these are diluted in Earth’s atmosphere, but quickly become concentrated in the limited air inside of Biosphere 2.

The idea was to set up an ecosystem with plants, animals, and a working water cycle. Once up and running, the system was designed to keep going by itself. Planet Earth does this all the time. Plants clean the air and make oxygen, marshes purify water, and sunlight fuels plants to make food. The biospherians were meant to survive inside the sealed environment by breathing oxygen made by plants, composting all leftovers and leavings (including human waste), growing food, and recycling water.
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Biosphere 2’s rainforest is inside its stout glass pyramid, seen on the left here.
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Biosphere 2 was built as a miniature Earth, complete with five miniature wilderness biomes: an ocean with a coral reef and coconut palm beach; a rainforest with three hundred different kinds of plants and a waterfall; a fog desert with cacti and succulents adapted to dry soil but moist air; a savannah including grassland and an orchard; and a mangrove wetland with water-filtering plants and fish.




 


BIOSPHERE 2 FACTS & STATS

Biosphere 2 is a spectacular structure. Here are some of the details of what went into building it:


	3.14 acres (1.27 hectares) under glass


	7,200,000 cubic feet (203,900 cubic meters) of sealed glass


	6,600 windows, each made of two glass panes joined by a layer of strong plastic


	73,000 steel supports, or struts, to make up the frame


	22 miles (35.4 kilometers) of caulk to seal windows to frame


	500-ton (454-metric-ton) liner of stainless steel to line the ground


	91 feet (27.7 meters) tall at highest point


	$150-$250 million in private money paid by the Texas billionaire Ed Bass


	4 years to build (1987–1991)


	Constructed to last 100 years
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Biosphere 2 was constructed with more than 70,000 white-painted steel supports, or struts, that hold some 6,600 windows.
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Cleaning, maintaining, and repairing the highest of Biosphere 2’s windows requires climbing gear. Isabel Stubblefield uses ropes and a harness for her job maintaining the structure. She’s worked at Biosphere 2 for twenty-five years.




A TEMPLE TO ENGINEERING

Biosphere 2 is a true engineering achievement. Thousands of glass windows attach to a triangular frame of steel supports, or struts. The entire 3.14-acre (1.27-hectare) structure sits on a slab of stainless steel, like a cookie sheet the size of three football fields. This seals it off from the ground below. When construction ended, Biosphere 2 was the world’s most airtight structure. It leaked less air than the space shuttle!

Biosphere 2 was built with what was called a Human Habitat, as well. There were apartments, a kitchen, labs, and meeting rooms, along with a half-acre (2,000-square-meter) farming area where the biospherians gardened and raised chickens, pigs, and goats to eat. The ocean, desert, savannah, rainforest, and mangrove wetland were called wilderness biomes. They provided life support by making oxygen, cleaning water, and soaking up carbon dioxide. While natural ecosystems were meant to support the biospherians, technology provided the conditions those ecosystems need. Biosphere 2’s weather—temperature, humidity, wind, and rain—is created by machines housed in its enormous basement and powered by its Energy Center. Temperatures inside Biosphere 2 on a summer day without electric-powered air conditioning would get hot enough to damage
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HUNGRY FOR ADVENTURE
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NEW OWNERS, NEW PURPOSE
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