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To my son Roman.
You are my greatest blessing (and my favorite Earthling).
I can’t wait to see the good you do in the world. You are the reason I wrote this book.
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For we Earthlings, we human beings, are the only life form that we know of that can dream, then plan and work together to achieve that dream. We are extraordinary in the universe in that our only limits are those we place on ourselves.


—Alan Bean (1932–2018), artist and Apollo Moonwalker
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Astronaut Bill Anders became the first person to photograph our planet rising above the Moon. He took this iconic image, Earthrise, in 1968 during Apollo 8, the first crewed mission to orbit the Moon.


















INTRODUCTION



BILL ANDERS AND HIS TWO APOLLO 8 CREWMATES, Jim Lovell and Frank Borman, were the first human beings to leave the relative safety of low Earth orbit and travel a quarter of a million miles out into space to circle the Moon. They were also the first to witness, in person, the beautiful spectacle of our colorful planet, full of life and set against the stark and seemingly endless black backdrop of space, rising in stunning contrast above the lifeless surface of the Moon.


Anders snapped a photo and became the first human to capture a photograph of this event, an iconic image now famously and appropriately known as Earthrise. Lucky for us, the astronauts did not keep this vision to themselves. Instead, on Christmas Eve of 1968, while still in lunar orbit, they shared it with all of us back here on Earth. This single image forever shifted humanity’s perspective on who we are and our place in the universe—a simple yet powerful reminder of the undeniable reality of our ultimate interconnectivity and interdependence.


We are all Earthlings.
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In 2019, we celebrated the fiftieth anniversary of the Apollo space missions that took human beings off our planet and to the Moon. I believe it’s no coincidence that 2019 also marked the forty-ninth anniversary of both the first Earth Day and the formation of the US Environmental Protection Agency (EPA). Earthrise, the beautiful image of our home planet with its naturally perfect life support system, protected by a thin blue line of atmosphere, has been a symbol of the environmental movement ever since the Apollo 8 crew first shared it. But do we still appreciate its significance?


In 2009, forty years after I watched with my family on our black-and-white TV as the Apollo 11 astronauts walked on the Moon, I flew to space for the first time and experienced my own Earthrise moment.


As astronauts, we do our best to prepare for both the planned activities of our mission and the unexpected events that might happen along the way. Included in that preparation is communicating with our astronaut colleagues to learn as much as we can from their spaceflight experiences—including what it was like for them to see Earth from space. For some reason, I thought I could prepare for that special space-bound experience by looking at pictures and videos. Wrong.


Let me just say that the perspective offered through the windows of the spacecraft was so overwhelmingly impressive and beautiful that it far exceeded my highest expectations. No picture, no video, and no conversation with others who had flown before could have prepared me for what I saw with my own eyes and felt with my own soul.


The view was crystal clear and glowing. The simplest way I can explain it to you is the same way I explained it to my seven-year-old son the first time I called him from space. I told him to imagine he had the brightest light bulb ever, splattered with all of the colors we know Earth to be, and that when he turned it on, it was almost too bright to look at. All the Earth’s colors glowed with an iridescence and translucence I’d never seen before.


My Earthrise moment came while looking out the windows of the Space Shuttle and the International Space Station (ISS). Absorbed in that view of a translucent Earth, I realized something I’d actually known all along, something I’d probably learned in kindergarten, in 1968, the same year as the Apollo 8 mission—we live on a planet!


I found it strange that this simple truth could be so revelatory. But then again, how often do any of us contemplate its profundity? While it’s cool that nearly everyone can see Earthrise every day, the downside is that we seem to have become desensitized to its significance. Since Bill Anders took that first photograph, Earthrise, images of the Earth from space have become ubiquitous. Through the wonders of technology, we see these images in lots of places every day—in advertisements, on flight tracker screens during airline travel, and through apps like Google Earth on our smartphones.


Although technology has made us more connected than ever, we somehow fail to appreciate the interconnectivity we share. We seem to forget that our interconnectivity makes all of us interdependent. Experiencing Earth as a unified whole is more than an idea for astronauts; it’s a powerful reality. It is a message from the universe, intended not for space flyers alone but for all humanity. To understand the significance of Earthrise, we have to connect with these three simple lessons: we live on a planet, we are all Earthlings, and the only border that matters is the thin blue line of atmosphere that protects us all from the deadly vacuum of space.


Astronauts want to share this perspective because we believe it has the power to raise everyone’s awareness of our role as crewmates here on Spaceship Earth. It is the key to peaceful and successful cooperation for all humanity, and to a future when all life on Earth not only survives but also thrives.


Now the question is: how can more people receive and take this message to heart? I believe that we each need to find our own Earthrise moment, and you don’t have to go to space to do it. An Earthrise moment is any moment that stands out for you and impresses you with a sense of awe and wonder that inspires you in a life-changing way. Here on Earth we are surrounded every day by opportunities to experience life-changing awe and wonder if we’re open to it. One of the simplest ways you can gain this perspective is by watching the Sun set on the western horizon and at the same time witness the Moon rise in the eastern sky. Wow! You’re on a planet!


Further, we must take responsibility for our impact on the Earth—our one and only life support system—and for how we care for it. I am not alone in this sentiment: all astronauts, including the pioneers of Apollo, have expressed their own profound feelings of Earthrise awe and our deep and vital relationship with one another and our planet.
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As a National Aeronautics and Space Administration (NASA) astronaut and aquanaut, I was blessed to experience our home planet from some extraordinary vantage points. Across two spaceflights, I spent over three months living and working in outer space on the International Space Station. On my first mission, I flew to the ISS on the Space Shuttle Discovery as part of the STS128 crew and spent three months on the ISS as part of the Expeditions 20 and 21 crews before returning home on the Space Shuttle Atlantis as part of the STS129. On my second mission, I was part of the STS133 crew; we flew the final flight of the Space Shuttle Discovery, spending two weeks on the ISS (not long enough!). In preparation for spaceflight, I spent eighteen days living underwater on the Aquarius Reef Base, an undersea habitat in the Florida Keys. It was during these experiences that the reality of our planet as our home, as our life support system, became crystal clear to me: we live on a planet, we are all Earthlings, and the only border that matters is the thin blue line of atmosphere that protects us all.


These three simple truths shine light on the interconnection of everything, on the significance of our relationships to one another and our planet, and on the need for each of us to focus on what we share in common. To embrace these truths as guiding principles would enable us to accomplish the seemingly impossible—to reverse climate change and preserve our life support system here on Earth. Most importantly, these truths drive the need for us to accept our role as crewmates here on Spaceship Earth—responsible to one another for our mutual survival on our one shared home.


Our ability to succeed in challenging undersea and outer space environments is dependent on a “here’s how we can” approach. Space travel would not be possible in a pessimistic world focused on “why we can’t.” Rather, space travel is based on a belief that there is a solution to even the most complex problems, and a deep respect for the possibilities opened up to us by diverse teams working together as a crew. “Here’s how we can, not why we can’t,” is the same approach we should be taking to work together to save our planetary life support system.


The most important lessons I learned as a NASA astronaut were not about science but about people.


I felt compelled to write this book because I believe everyone should have the opportunity to benefit from what we’ve learned from living and working peacefully and successfully during a decades-long partnership of fifteen different countries on the ISS. It’s a model for how we should be living and working together as the crew of Spaceship Earth.


As part of my research for this book, I’ve read many books and articles about the current state of our environment, about the interconnectivity and interdependence of all life on our planet (from the tiniest of insects to the cosmic expanse of our universe), and about the history of how we’ve dealt with climate change so far, the alarms that have been sounded, the looming threats to our existence, and the technology that we’ve misused and the technology we could use better.


The more I read, the more I became haunted by the question: how can I possibly do anything to help make life better? So much of what I read left me with a sense of gloom and doom, and with the feeling that it’s too late to save life on Earth, and that it’s all my fault.


Several times I’ve thought that I should just close my computer, stop working on this book, and instead spend more time with my family and friends outside, in nature, while it still exists. That I should hold my son close and apologize to him for the future that he’ll inherit.


It’s been a slippery slope. But each time I began to despair I was able to regain my senses, shouting, “Hell no!”


I refuse to believe that greed rules, or that we are incapable of choosing the right path for ourselves with respect to the long-term survival of humanity and the world we’ll leave for future generations.


Granted, our history with climate change has not been a shining example of how to rally when presented with a planetary challenge. The basic science of the greenhouse effect and the understanding of our human impact on the environment have been with us for decades. We’ve known that the more coal, oil, and gas we burn the warmer the planet gets, and the more devastation we cause to our life support system. This isn’t rocket science. Yet we’ve watched it happen and done little in the grand scheme of things to reverse it.


We can’t change the past, but we can make a better future by knowing our own past—what we’ve done, what we haven’t done, what we could have done differently, and how we can do better.


I’m not here just to bemoan the lack of action to this point, nor am I here to downplay the significance of the situation we find ourselves in. While this book is not intended to provide all the answers, I do believe that the success of our work on the ISS is a model of hope for all humanity. For in my research, and in my own experiences, I’ve found inspiring stories of individuals who have overcome seemingly insurmountable obstacles and committed their lives to making life better here on Earth, now and for future generations. The people I interviewed for this book are excellent examples of what one person can do to bend the arc of history toward our continued survival.


I’ve learned of initiatives and inventions that give us the ability right now to reduce our carbon footprint substantially, without having to revert to preindustrial-age living conditions.


I’ve witnessed what humans can accomplish together when we decide to do so. All of my work over thirty years as a NASA engineer and astronaut has been built upon finding fact-based solutions to the most challenging problems and then implementing them. At the core of our success as astronauts is acceptance of our role as crewmates as we go into each mission. The role of each crew member is important. Each of us has something to contribute to the mission of making life better on the ISS and beyond. Once we’ve accepted that we are crewmates, we have the obligation to become the guardians of our spaceship and all our fellow crewmates.


To behave as crewmates here on Spaceship Earth is perhaps the most valuable new skill that humanity could acquire. We just need more people to get on board.


My time on the ISS and the perspective I gained from spaceflight have greatly underscored for me the importance of my role as a crew member on Earth, where I have no more important mission than as a mom, the guardian and protector of my child. I want my son to embrace and carry with him, as he dreams of and strives to realize his future, the power that resides in the three simple truths of our reality here on Earth. My desire is that you too, as a reader, will make your own connection to these three truths: that we do live on a planet spinning in outer space, that we are indeed all Earthlings, and that the only border that matters is the thin blue line of atmosphere that protects us from the deadly vacuum of space.


You don’t have to be a parent to understand these truths. They apply to all humans. We all are guardians of the future. As guardians, we know that our most important job is to ensure a better future for humanity’s children. The way we care for our planet as our life support system goes hand in hand with our responsibility to care for our children. Every one of the people I spoke to in the preparation of this book shared this same thought in their own way. Mark Tercek, former CEO of the Nature Conservancy, shared it in the most direct way when he said, “I want to be able to look my kids in the eye and tell them I did all I could to leave the world a better place for them.”


As I considered the best way to present the ISS experience as a model for our mission as crewmates together here on Earth, I decided to steer clear of offering a to-do list and to focus instead on “ways of being”—to present my take on who we need to be so that we can operate as crew on Spaceship Earth as successfully as my colleagues and I have on the ISS.


The title of each of the seven chapters is worded as a directive toward one of these ways of being. Based on some of the keys to the sustained success of the ISS program over many years, they were purposefully chosen because they are equally applicable to life on Earth. I share anecdotes from my spaceflight experience to help illuminate each directive. I provide stories that illustrate the human component of international cooperation, as well as examples of successes gleaned from the science conducted through the ISS program that have been brought back to benefit Earth. Each chapter also highlights an individual who is living as a crew member here on Earth and has leveraged their own passion, expertise, and experiences in service of improving life on our planet.


I invite you to read my book with your role as a guardian in mind. I hope that, in issuing a call to action, it provides you with guidance and inspiration for discovering how you can expand your role as a crew member on a mission to protect our planetary life support system and the future of humanity.
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As seen from the Space Shuttle Discovery, our view of the International Space Station after the completion of the 133rd mission in NASA’s Space Shuttle program in 2011.


















CHAPTER 1



ACT LIKE EVERYTHING IS LOCAL (BECAUSE IT IS)




We came all this way to explore the Moon, and the most important thing is that we discovered the Earth.


—Apollo 8 astronaut Bill Anders





REFLECTING ON THE FIFTY YEARS since his Apollo 8 mission, Bill Anders said that “‘Earthrise’—the lingering imprint of our mission—stands sentinel. It still reminds us that distance and borders and division are merely a matter of perspective. We are all linked in a joined human enterprise; we are bound to a planet we all must share. We are all, together, stewards of this fragile treasure.”1


Yet, in the half-century since that first Earthrise photo, our environment has deteriorated to the point where, according to the 2019 UN Report on Biodiversity, “nature is declining globally at rates unprecedented in human history.” Sir Robert Watson, chair of the Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services, warns that “the health of ecosystems on which we and all other species depend is deteriorating more rapidly than ever. We are eroding the very foundations of our economies, livelihoods, food security, health and quality of life worldwide.” He adds that “the Report also tells us that it is not too late to make a difference, but only if we start now at every level from local to global.”2


Still, we have not responded with the urgency that the situation requires. We continue to sputter, applying patchwork solutions here and there, while the environmental conditions that ensure our survival continue to degrade.


The UN report states that humans have now “significantly altered three-quarters of the land-based environment and about 66% of the marine environment of our planet,” as a result of activities like corporate farming and industrial livestock production, which have increased the amount of methane released into the atmosphere, caused fertilization runoff into waterways, and led to the widespread use of pesticides. Other sources of environmental deterioration have been urban sprawl, overfishing, resource exploitation, and pollution generated by plastics and toxic chemicals. The UN report went on to say that “around one million animal and plant species are now threatened with extinction, many within decades.” The rate of global extinction is estimated to be tens to hundreds of times higher now than at any previous moment in human history, and sadly, it is believed to be accelerating.


Extinction. One million species. Because of us. Let that sink in.


This threat looms for all creatures, great and small. Whether we appreciate it or not, their survival is essential to our survival.3 Climate change, rising ocean temperatures, and dying coral reefs pose an imminent threat to our ability to breathe, as ocean plants are responsible for producing 50 to 80 percent of the oxygen in our atmosphere.4


Yet humans seem oblivious to the fact that what happens in my ocean is happening in your ocean. We have been so focused on maintaining man-made borders, chasing short-term gains, and demanding immediate gratification and convenience, while putting off long-term, sustainable solutions, that we have yet to embrace the most important lesson in the Earthrise photo—that here on Earth we are one community. We breathe the same air and are warmed by the same Sun. There is no “yours” and “mine” when it comes to the one thing that we all have in common: We all (including all animals and plants) share the same planet in space together. There’s nothing that speaks more simply and honestly to everything being local than the fact that we live on one planet. Your neighborhood, and mine, is Earth.
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Being an astronaut offered me many opportunities to appreciate different perspectives. In preparation for spaceflight, I completed an undersea mission in which my crewmates and I were immersed sixty feet deep in the ocean off Key Largo, Florida. That experience gave me an “inner space” perspective where the planet seemed to engulf me while from outer space I felt as if I was surrounding it. From each of these vantage points, I developed an immediate and visually stunning understanding of our interconnectivity—that all that connects us defines our relationship to and our interdependence upon one another. This understanding of our interconnectivity has become an integral part of who I am and how I feel about my relationship to everyone and everything on Earth—and to the Earth itself. I believe it will remain a powerful influence on all my actions and choices for the rest of my life.


Not only was the opportunity to be immersed in our planet deep beneath the surface of the ocean the absolute best analog to what life would be like on a space station, but it also opened up for me a whole new understanding of this planet we share. There is so much life down there that we’re not aware of in our day-to-day lives.


As a crew of six, we spent eighteen days on a mission in the undersea habitat called Aquarius.5 This school bus–sized habitat that sits on the ocean floor is about the same size as a single International Space Station module, and it’s the only undersea habitat and laboratory of its kind in the world. Unlike the ISS, all the critical elements we needed to survive (for example, air, electricity, communications) were supplied to us through cables and hoses from a life support buoy on the surface. For us as a crew, however, everything about the experience of life on Aquarius paralleled the way we would live and work on the ISS.


After an hour at depth, our bodies were saturated with nitrogen, so there was no zipping up to the surface in the case of an emergency because a quick “escape” to the surface would mean serious injury, likely death, from the bends. All our mission activities on or in the vicinity of Aquarius were analogs to the kind of work we would do in space, including the science experiments that we performed and some that were performed on us, and scuba dives to test out surface exploration techniques for future use on the Moon or Mars that would emulate a spacewalk. As we would do on the ISS, we lived and worked in isolation in an extreme environment that required us to deal with emergencies as a crew in order to ensure our survival, and we enjoyed a view out the window that was overwhelmingly impressive and difficult to describe.


On the eighteenth and final day of our mission, as we prepared to surface, I sat at the galley porthole with my dear friend and fellow astronaut Ron Garan. As we gazed out the window, we reflected in awe at the time we’d just spent as part of this undersea world, and both of us agreed that even if we never got to space, we already had been blessed to have experienced our planet from this perspective. We never had the chance to fly together in space, but we often talk about the undersea adventure we shared.


While the extreme environments of undersea and outer space provided me with the opportunity to experience our planet with a whole new sense of awe and wonder, they also allowed me to appreciate the very basic challenge associated with both—survival. To live in either of these places is a difficult proposition. Whether scuba diving for recreation or spending eighteen days doing research and training in an undersea habitat, you need special equipment to survive. The same is true for outer space. The experience made me appreciate how perfectly designed our planet is to take care of all this for us. We do our best with our undersea habitats and our spaceships to mimic what Earth does for us naturally. Earth still does it best.
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The fact that a planet is our shared home in space became real for me while I was living on a spaceship. I became keenly aware that regardless of whether I was on Earth or on a spaceship, the one thing these two places have in common is that they’re both our life support system in space.


Granted, it has been a relatively short period of time since 1961, when people first left our Earth-bound home in space to establish homes in outer space like the International Space Station, and in that time very few people have had the opportunity to make that trip beyond the protective atmosphere of our planet. (Of the approximately 108 billion people who have ever lived, fewer than 600 have flown in space.6) I consider myself blessed to be one of the few who have. Yet, whether or not we’ve lived on a space station, we all must consider how we can access this perspective of awe and appreciation of our planet’s unique ability to provide a safe, comfortable home. It’s key to our survival.


The awesomeness of this vantage point is not lost on astronauts, as most of us spend our free time gazing out a spaceship window. Everyone’s favorite pastime is taking pictures of the Earth. If you ever do travel to outer space, even if you weren’t a photographer before, you’d become one. Orbiting Earth at speeds of 17,500 miles per hour, or five miles per second, I had to develop a steady hand to capture what I saw below. If I didn’t get a particular shot on the first try, I’d have to wait at least another ninety minutes before I’d have a chance to see it again.


There is no better example of an astronaut photographer than my friend Don Pettit. A “MacGyver” in the astronaut world, there’s not much that Don doesn’t know how to jerry-rig or fix. He demonstrated this skill through his photography while he was in space, and he has shared his expertise and stunning images with the rest of us. Two of Don’s favorite subjects to photograph were city lights on the planet at night and star trails.


To capture city lights takes an especially steady hand, given the speed at which we’re traveling. During Don’s first spaceflight (ISS Expedition 6, November 2002 to May 2003), he solved the problem of clearly tracking and photographing the city lights below by “MacGyver-ing” a Makita drill into a tracking mount for the camera. In his own words,




I assembled a “barn door tracker.” It’s based on the fine gimbal movements in the IMAX camera mount for the Destiny Lab window. I figured out a way to mount a threaded screw and nut (scavenged from a Progress rocket) and drive it with a Makita drill driver.… All of these modifications clamp on to the IMAX mount and do not change its original function in any way.… I manually compensate for the station’s motion by looking through the spotting scope and running the drill at the same time. It takes a bit of practice, but you do learn to track.7





Don flew a total of three space missions, and each time he found a way to innovate and creatively photograph the Earth below and the stars in space that surround us. His star trail images have become widely popular for their beautiful presentation of the universe, and he left all other astronauts thankful that he was so willing to share his tips for taking these incredible shots. While not nearly as technical as Don’s, my own photography in space improved over time and allowed me to do a pretty good job of capturing images I could keep as memories and share with others once I was back on Earth. From space, the view of Earth is like a work of art—so beautiful that it also inspired the watercolor painting I created there.


Other crew members enjoyed their favorite Earthly pastimes as well. They sewed, played musical instruments, and even experimented with cooking. During downtimes, we called family and friends. We also participated in some of our earthly duties. During my first mission, my American crewmate Jeff Williams and I voted. I even received a jury duty summons, forwarded to me by my husband via email. I replied that I would be unable to attend owing to the fact that I was in outer space. I was excused.


I spent my two spaceflights primarily on board the International Space Station; of my 104 days in space, eight were spent traveling on the Space Shuttle to and from the ISS.


Everything about a spaceship has to take into account the survival of the crew—the humans who will live and work on it. Design teams must consider how those living on board will have clean air to breathe and water to drink, how they will be protected from radiation from outer space, and how they will maintain the air pressure necessary to keep their bodies intact. They must also consider what kind of food crew members will eat and how the food will be prepared; how they will keep their bodies strong in microgravity; how the temperature will be controlled; how they will communicate with mission control and their families on the ground; how their waste will be collected and disposed of; and how emergency situations will be managed.


There are so many challenges to overcome just to be able to survive, let alone the challenges associated with implementing the science experiments or the politics associated with a multinational program like the ISS. And yet, since the year 2000, and with the participation of fifteen countries represented by five international space agencies, the ISS program has operated peacefully and successfully with up to seven international crew members in space and tens of thousands of mission team members here on Earth.


The size of a football field, the ISS is a self-contained, orbiting habitat and laboratory. International crews live and work together in the habitable portion of the station, which is roughly the size of a six-bedroom house. It’s spacious when you consider that you’re living and working in space, but not so commodious when you realize that for three months it’s your entire world. There’s no walking out the door for a stroll, or casually hopping in your own spaceship to head home at the end of the workday.
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One of the key differences between living on a spaceship like the ISS and living on Spaceship Earth is gravity. Gravity is integral to how our planet supports life. It’s another one of those things we take for granted, but it’s pretty compelling to think that we wouldn’t have an atmosphere or oceans without it. It’s also why reduced gravity poses such a challenge to our survival in outer space. On the ISS, we operate in an environment of “microgravity,” which is sometimes referred to as “zero gravity.” When we go back to the Moon and later to Mars, we will be operating in reduced-gravity environments (one-sixth and one-third, respectively, as compared to Earth); during trips there and back, we’ll likely encounter a mix of microgravity and artificial gravity. (Artificial gravity is taking an action that creates a force that feels like gravity. One way to do this is by rotating the spaceship.)


Gravity is a force that tries to pull two objects toward each other. No matter where you are in space, there is at least a minuscule (micro) level of gravity. Gravity is also the force that keeps all the planets in orbit around the Sun, and here on Earth it’s what keeps you on the ground and what causes objects to fall. Microgravity, like what we experience on the space station, is a condition of virtual weightlessness or continuous free fall, which has always seemed so mysterious to me. The way I like to think about it is to compare it to throwing a baseball. If you throw a baseball with just a little force, it will drop right in front of you, but if you give it all you’ve got, it will go really far before it comes back down. The same happens to us on the space station, as we’re essentially in a continuous fall around the planet. We’ve put enough thrust into getting the space station to orbit around the Earth, so that we just keep falling around it instead of falling back into it. The same thing happens for a quick second when you’re going over the top of a roller coaster, except in space we just keep floating.


To be able to float and fly is one of the unique things about living in space, and the most fun, but it also brings some of the greatest challenges. When I first got to space, I was a little clumsy as I tried to get used to life in three dimensions: I’d hold on too tightly to things, push off too hard, and try to reconcile some kind of up and down that didn’t exist. But our brains and bodies are incredible. We figure out very quickly how to adapt to new environments, even extreme ones. In some ways, this ability is very helpful, but in others it’s not so good. The body figures out how to move gracefully in three dimensions, how to float and move smoothly and with a gentle touch, how to hang on by one toe instead of tightly grasping with a hand, how to take advantage of the liberating feeling of floating and flying. Our spines elongate; I “grew” an inch and a half while in space. (To the dismay of shorter astronauts, we’ve discovered that you shrink right back to normal when you get back to Earth.) Those are the good things.


The not-so-good things are that our brain and body figure out that we don’t need the same bone density or muscle mass to survive in the microgravity environment, so they expend less energy to maintain them. The result is rapid bone and muscle loss (including the heart muscle). Another physical challenge is that body fluids shift toward the head; you’ll notice that astronauts’ faces look fuller in space than on Earth. While a microgravity experience is a great overall “lift” for your body, it also has some troublesome physiological impacts. Increased intracranial pressure, for instance, is believed by the medical community to be the likely cause of the degradation of vision that many astronauts experience while in space; some do not recover their normal vision after returning home.8


Another risk with potentially serious implications for human spaceflight was discovered during an ultrasound study in 2019 that took place on board the ISS: the blood flow in the jugular veins of eleven astronauts was evaluated preflight, at different intervals during their flight, and after their return to Earth. The onboard findings indicated a surprising flow reversal in six of the eleven astronauts and the formation of a small blood clot in one, which was especially concerning. In space just as on Earth, a blood clot increases the risk of cardiac arrest and stroke. The crew member with the clot was treated with anticoagulants for the remainder of the flight, the clot shrank before returning to Earth, and it disappeared within ten days after landing. To protect the identity of the astronaut participants, the specific dates of the onboard study have not been released, but the results of the overall study were released in 2019.9 Some of the other negative side effects associated with microgravity include weakened immune systems, kidneys stressed by bone loss, cell behavior changes, and slower wound healing. As we spend more time in space, we continue to find out more about how microgravity affects our bodies.


It’s important for us to understand and counteract as many of these effects as we can, so we can return to Earth at the end of our missions and continue to live healthy lives. We address these effects in space through countermeasures like exercising two hours each day, with a mix of resistive and aerobic training, to counteract the bone and muscle loss. As a point of reference, in microgravity bone loss occurs at a rate of 1 to 1.5 percent a month, about twelve times the rate of bone loss that occurs in elderly men and women on Earth, leading to an acceleration of age-related changes similar to osteoporosis.10 So by living on the ISS, in addition to learning how to manage bone loss for astronauts in space, we can learn a lot about the process and develop ways to help prevent and treat osteoporosis here on Earth.


The research performed in the microgravity environment of the space station is important because it allows us to take gravity out of the equation, thus providing us with the opportunity to learn all kinds of new things about stuff we thought we already knew a lot about. Pretty much everything behaves differently in microgravity. Fire burns in a different shape—flames are rounder—and we can better understand how different fuel mixtures burn cleaner or more efficiently. Protein crystals, which are used by scientists to study the structure of proteins for medicinal uses, are easier to study because they grow larger and form more perfectly in microgravity. We are continually learning more about the impact of the microgravity environment on our bodies, but from a human-in-space standpoint, the ability to float and fly (and even paint with watercolors) is a wonderful part of the space adventure.






[image: image]








Having had the opportunity to live and work as an astronaut for an extended time in space, I now get great joy from following the progress of other missions through the NASA TV station, website, and social media, where I can watch other astronauts flying their missions and working on the ISS. I’ll always remember what it was like to watch astronauts in space before I flew for the first time, and how I wondered what it would feel like to float and fly in three dimensions. Now I watch my friends in space with a total understanding of the experience. It seems normal and natural. I also love to keep track of the different kinds of research being performed. I marvel at how crew members have become more like lab technicians, doing hands-on work and engaging in the actual science. And I remain in awe of the successful international partnership that makes it all possible and has endured for the benefit of life on Earth.


It’s especially exciting to watch someone I know flying her first mission to space. In 2018, my friend Dr. Serena Auñón-Chancellor spent 197 days on the ISS.


Serena and I first met when I was in Star City, Russia, preparing for my first spaceflight, and she was the resident flight surgeon for NASA astronauts training there. (A flight surgeon is a physician who specializes in aerospace medicine, the medicine associated with people who fly professionally, including astronauts.) Astronaut preparation for a long-duration spaceflight on the space station involves several years of mission-specific training, and at least 50 percent of our time is spent outside the United States with our partners at their facilities around the world. Outside Houston, Texas, US astronauts do the majority of our training time in Star City, located about thirty miles outside Moscow. The training center there, the Yuri Gagarin Cosmonaut Training Center (GCTC), is named after the first human to fly in space. (On April 12, 1961, Soviet cosmonaut Gagarin completed one orbit of the Earth.) All cosmonauts (the Russian term for “astronauts”) have trained there, as well as all international astronauts flying to the ISS. Some of the instructors who trained Gagarin were still working at the GCTC in 2020. It’s a historic place, with sculptures, statues, stained glass, metalwork, and other artistic tributes to the significant spaceflight events that have taken place over the years. It was an honor for me to train there alongside my cosmonaut and astronaut crewmates from around the world, and to get to know the people who live and work there, many of whom I know will be my friends for the rest of my life.


Each training session in Star City was usually four weeks long. The three years I spent training for my station flight went something like this: four weeks in Star City, four weeks home, two weeks in Germany, four weeks home, four weeks in Star City, four weeks home… Tokyo… Montreal… four weeks home, four weeks Star City.… So inevitably I spent some holidays away from my family.


One of my fondest holiday memories includes Serena. She and I and a group of international astronauts and training personnel from several different nations and walks of life ended up spending Thanksgiving in Russia. Shopping at the US embassy store in search of the crunchy onions for green bean casserole, Serena and I watched a woman take the last can from the shelf. We locked eyes and joked that we could take her… but decided not to. We next went to the local street market and found carrots in giant tubs of the blackest dirt we’d ever seen. The vendor pulled them up from the dirt, and it took a lot of scrubbing when we got back to our cottage to reveal the beautiful orange beneath (they were delicious); we also purchased an outrageous number of potatoes, which resulted in what seemed like the largest tub o’ mashed potatoes ever served at a Thanksgiving meal. When we discovered that the turkey was way too big for the oven in our cottage, Serena and I had to rerig the oven rack to make it work.


Even though we went a little overboard, we wanted the celebration to feel like it would have at home, with all the traditional fixin’s, and we wanted our international friends to experience it as they would if they were guests in our homes. Everyone wanted to contribute to the meal, so we had quite the assortment of the standard Thanksgiving fare along with some delicious Russian dishes too.


At one point during the evening, I looked around and was amazed at all these incredible people from so many different places around the world who had somehow come together in Star City as part of the space program, and I was thankful.


The most difficult thing to me about astronaut training was learning to speak the Russian language. The official language on the space station is English (I’m thankful for this as well), but everyone also has to speak Russian because the Russian Soyuz spacecraft has always been a rescue vehicle, and everything about its operations is in Russian, from the procedures and instrument panels to the communication with the mission controllers on the ground. One of the things I’m most proud of is getting to the point where I could actually communicate in Russian in the way that was required in support of the mission. (Ginormous thanks to my very patient language instructor, and dear friend, Waclaw Mucha!) Still, I worried whether what came out of my mouth actually meant what I intended. That Thanksgiving in Star City, I found the courage to raise a toast in Russian at the start of the meal. While I did keep it simple, I tried to convey thanks to the people in the room for the amazing things they were making happen in space, all of which was for the greater good of everyone here on Earth, and to thank them for the friendship that had created this big international family we all shared.


Because I was speaking in Russian, my friend and fellow astronaut Mike Fincke provided English translation. I was so pleased that he was able to understand and translate what I was saying (and that it actually came out as I intended). There is no doubt that the work and science we’re doing together in space matters, but to me, the way we’re doing it—as a community of humans from Earth—is more important.
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After the ISS had been in operation for about fourteen years, one of my dear friends and fellow astronaut classmates, Kevin Ford, coined the phrase “Off the Earth, For the Earth,” as the slogan for his own crew’s mission, but because it so perfectly expresses the overall ISS mission, it has been the motto of the International Space Station program ever since. It is beautifully appropriate. You’ll read more than once in this book how all the work going on with the ISS is ultimately about improving life on Earth.


Some of the questions about that work I get most often are




• Why space?


• Why can’t we do that science here on Earth?


• What has the work on the space station done for me lately?


• Why are we spending so much money in space?





These are all reasonable questions, and ones I think should be answered, in particular the question about how the work in space benefits our life support system here on Earth. (And my answer to “why are we spending so much money in space?” is that no money is spent in space—all the money spent on space exploration is spent right here on Earth.)


November 2, 2020, was the twentieth anniversary of continuous human presence aboard the ISS, which by then had hosted 239 people and more than 2,700 science experiments. The research on the space station is broken down into six broad areas of study: biology and biotechnology, earth and space science, human research, physical science, technology, and education.11 I’ve found that an easier way to get our arms around the ISS research is to think of it from either a human (personal) health perspective or a planetary health perspective.


I was pleased to have the chance to interview Serena Auñón-Chancellor for this book. Not only a friend and colleague, she is also an astronaut, medical doctor, and life science guru who spent six months on the ISS. I posed my questions to her from the standpoint of personal and planetary health. We spoke via Skype, I from my home studio in St. Petersburg, Florida, and Serena from her office in Baton Rouge, Louisiana, where she’s taken a faculty position at the Louisiana State University (LSU) Health Sciences Center. Not one to ever shy away from applying her skills and expertise where they’re needed, she was practicing medicine in the hospital, teaching at LSU, and still supporting medical-related issues for the astronaut office. (In particular, she was responsible for all COVID-19 protocols for the astronaut office.)


“I’m happy because what I’m doing right now is working in the three areas I love: medicine, aerospace medicine, and the astronaut office,” Serena said. “If someone were to ask me what’s in store for the future, I would just say, ‘Great things.’ I don’t know what those are. They tend to kind of pop up out of nowhere; opportunities just come. I try to step through that door when I see them. I know there’s a lot coming down the road, but I just love being on Earth right now.”


I was happy Serena was on Earth too, so I could speak with her, and it was nice to see her on my computer screen. With our wavy dark hair and dark eyes, we look a lot alike, so much so that when we meet I feel like I’m talking to one of my sisters. We started our conversation with the ISS motto “Off the Earth, For the Earth.” She agreed that it is perfect for describing how we live and work together on the ISS.


“It’s interesting, though, how so many people really don’t understand how the ‘For the Earth’ part is being realized.” Then Serena shared something that even I hadn’t known. “While most of the science overall that’s being done has benefit to both life on Earth and further exploration of space, in the area of life science at least 70 percent of it is being performed solely for the benefit of human health back on Earth.”


NASA and our international partner space agencies have always struggled with how best to communicate the amazing things happening every day in space. There has been significant improvement in this communication over the past few years, as social media and other creative mechanisms have helped NASA reach audiences that might not otherwise know that an international space station even exists, let alone anything about the work that’s being done there or by whom.


One of the many things that Serena did well while she was in space was to share information with the general public through YouTube videos about the science she was performing, and why it was so important.


One video she made for an experiment called “Angiex Cancer Therapy” stood out for me.12 This is research designed by a company named Angiex to study the growth of endothelial cells (the cells that line blood vessels and transport blood through the body) and the effectiveness of cancer treatment drugs in stopping the supply of blood to cancer cells and tumors. Serena explained to me that individual cells behave in the microgravity environment of space in much the same way they behave naturally inside our fluid-filled bodies.


“The cells in our body aren’t flat, they are three-dimensional, and they grow and float and move in a suspended state in our bodies. Similar to how we float and move through our spaceship in microgravity,” she said.


“When we do experiments on Earth that take cells out of their naturally suspended state and try to study them in a flat plate, then they’re impacted by gravity, and they’re stuck, and their entire structure changes. In space, we can provide the cells with an environment similar to the inside of the human body, so they grow better, and it’s a much better place for studying their behavior.”


Of course, we also spoke about how awesome it is for us to float and fly in space and the very special experience of being there and the life-changing perspective of seeing our home planet from space. Serena chuckled during this serious and philosophical conversation because it brought to mind another memory she had of working with Angiex. She explained to me how special the cells in these experiments are.


“They are the tiniest form of life—they are like little crew members living with us.” It gave me goose bumps to hear her describe them this way. She went on to say that she was remembering the first time she put these cells away in their storage compartment.


Smiling, she said, “I had just finished a media exchange [feeding the cells], and the ground [mission control] told me it was time to put them back in their stowage rack in the lab. I remember floating up to the rack and opening the door to the locker, and as I was pushing the cell cartridge into the drawer, I could feel the heat, and it just felt so nice and just so comforting. I was still on headset with mission control, and I said, ‘Oh my gosh, it feels so nice in here.’


“And they replied, ‘That’s because it’s body temperature, so it will feel like they’re home.’


“And I said, ‘It does. It feels like home.’ Everybody was laughing at me on the ground, but it just felt so good.”


Serena shared more about the life science (personal health) research she supported on station—how impressed she was to be able to see in person how those endothelial cells and protein crystals really do grow better in space, and to learn how taking gravity out of the equation provides an opportunity to better understand disease processes. By the way, major pharmaceutical companies like Merck, Eli Lilly, Novartis, and Angiex are sponsoring experiments at the space station because this better understanding will support the development of more effective pharmaceuticals.


A small start-up company called LamdaVision, based in Connecticut, is working on thin, protein-based membranes that get implanted behind the retina to replace the function of damaged cells. As explained by Dr. Mike Roberts, deputy chief scientist at the Center for the Advancement of Science in Space (CASIS), which is responsible for the management of the ISS National Laboratory, these retinal implants will help macular degeneration or retinitis pigmentosa patients recover their vision. As reported in BioIT World, a “more stable and homogenous product” can be manufactured in space than could ever be produced on Earth.13


Organizations like the Michael J. Fox Foundation are taking advantage of the ISS microgravity environment to study the LRRK2 protein, which is associated with the development of Parkinson’s disease. “Studying those crystals in space is actually hugely beneficial for scientists back on Earth,” Serena said, “since the extreme low-gravity environment actually allows the crystals to grow larger, revealing important intricacies of how the crystals are structured, which is key to devising a strategy to inhibit them. This is being done with the hope that it could help advance the development of drugs to treat Parkinson’s.”14


Serena and I recalled how amazing it is to be on the ISS as an astronaut and to be able to support all kinds of research for scientists on the ground. Often, we had no expertise in a particular research area, so we would train and learn to act as the implementer. We became the hands and eyes and ears of the scientists on the ground who had designed the experiments and trusted us to perform them. We took that role very seriously. For most of these scientists, the research we conducted on the ISS represented their life’s work, and possibly their only chance to collect needed data.


We also spoke about what good “subjects” we ourselves made for the research. Everything about our bodies changes in some way when we live in a microgravity environment in space, and almost all of these changes can be studied with respect to some parallel feature of our bodies here on Earth. So throughout our missions, we were required to collect and sample pretty much every output product—blood, urine, spit, skin, hair, and so on—and then prepare it to be frozen and sent to the ground for study. Astronauts in space make a wonderful surrogate population for studies on the impact of phenomena like bone and muscle loss, radiation exposure, immune response, aging, vision, and even cognitive changes due to the way our bodies respond to the microgravity environment.


In the area of biomedical research and human health, scientists appreciate that disease is influenced by both genetics and environment. On Earth we have discovered ways to begin unlocking the genetic part of the equation through the work of programs like the Human Genome Project; in space, scientists have access to dramatic environmental change, so they can study the influence of microgravity, intense radiation, and other aspects of the extreme environment on our genes.


Partnerships between NASA and organizations like the National Institutes of Health (NIH) have been in place since the earliest days of the human spaceflight program, in recognition of the value of the space environment for research and of the parallels and synergies of what we can learn in space to make life better on Earth. NASA’s partnership with the NIH has been reinvigorated during the ISS program, and it continues as both agencies share innovative ideas for addressing scientific and technological challenges through cooperative research that allows us to expand the scope of human exploration in space while improving life on Earth.


Echoing Serena’s description of the benefits of microgravity research, Dr. Christopher Austin explained in a Scientific American blog about the NIH relationship with NASA that “a lot of the things that slowly affect humans on Earth affect astronauts much more rapidly.” Dr. Austin is the director of the National Center for Advancing Translational Sciences (NCATS) at the National Institutes of Health. He’s also a developmental neurogeneticist, and he has served as the liaison to NASA for the US Department of Health and Human Services (HHS) and the NIH. “That’s a real problem for NASA, but it’s a real opportunity for us… to study these disorders on a time scale that would take years and years on Earth.” He went on to observe that “humans have long looked to the sky and dreamed about what lies beyond. Today, scientists are looking to that same sky in hopes of understanding what ails us on Earth.”


In a recent sci-fi-like approach to biomedical research on the ISS, a series of experiments called “Tissue Chips in Space” have been initiated through this NASA-NIH partnership. In many cases, the astronaut still makes the best research subject, but just as often, if not more commonly, it’s not safe for the astronaut to serve in that role. In those cases, the scientists must find alternative models or subjects, and they often resort to animal subjects, who are typically poor alternatives to human ones. “Tissue chips” provide an excellent and humane alternative, and that comes as a great relief to me, as I have never been a supporter of using animals for research.


Tissue chips, while still in the early research stages, are a cutting-edge system of miniature 3D models of real human tissues, such as heart and kidney cells, that are about the size of a thumb drive; they are designed to mimic functions of the human body and can be tested to see how they respond to stresses, drugs, and even genetic changes. According to the scientists, tissue chips function like a bunch of tiny astronauts they can study in space. Exposing the tissue chips to microgravity provides additional research benefits because the changes to human cells in microgravity resemble an accelerated version of the aging and disease processes, so the scientists can make observations over the course of a few weeks that might take years in a laboratory on Earth.
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In addition to the research being performed on the ISS associated with our personal health in space and on Earth, ongoing scientific research is conducted there to study the health of our planet and the condition of our planetary life support system.


Serena told me that one of the keys she’s found for communicating the importance of the work being done on the space station is to make it personal—to establish relationships important enough that the audience will care. Clean air to breathe and clean water to drink are personal concerns for everyone, so it works well to explain how the research we’re doing on the space station—and even how the station itself works to provide clean air and water for us in space—can help ensure that these resources continue to be available here on Earth.


During her time on the ISS, Serena worked on two experiments associated with algae production, one called “Space Algae” and the other called “Photobioreactor.” The “Space Algae” experiment explores the genetic basis for the productivity of algae cultivated in space and whether this requires genetic adaptations or not. Algae may perceive microgravity as a physical stress, which can trigger production of high-value compounds (for example, oxygen) that could be used to produce pharmaceuticals and other health-related products. The “Photobioreactor” is a small-scale, closed-loop system being used to demonstrate how microalgae can efficiently convert water, light, carbon dioxide, and methane from the ISS environment for the sustainable production of oxygen and biomass (food). Both of these experiments have equally useful applications in space and here on Earth.


Mounted to the exterior structure of the ISS is a science instrument called the Hyperspectral Imager for the Coastal Ocean (HICO).15 With its altitude and the inclination of its orbit, the space station crosses about 80 percent of the Earth’s surface as it travels around the planet, including all tropical and most temperate coastal regions, where harmful algae blooms have become a major threat. This makes the ISS an ideal platform for an instrument like HICO and for studies of harmful coastal algae blooms like “red tide” (something those of us in Florida are too familiar with). Other sensors on board the station have been used to monitor vegetation, ocean surface conditions, floods, coral reefs, weather systems and climate patterns, environmental impacts of natural and unnatural disasters, carbon emissions, and urban growth, addressing a wide range of humanitarian, environmental, and commercial concerns.


As I follow along with the science happening on board the ISS and its value for improving life here on Earth, I recall Serena’s comment about the best way to communicate this value. Instruments like HICO are monitoring environmental conditions that exist in my own backyard, but also anywhere on the planet that has warm coastal water. What’s happening in my backyard is happening in backyards all over the planet. What I experience as local is actually global: it is happening on a planetary scale.


The “Off the Earth, For the Earth” value of the ISS is not limited to scientific results or successful international relationships—it is also related to the way we have built the space station to overcome the challenges of the humans living there. The same mechanical systems that we use to support life on the ISS have also allowed us to think differently about how we can utilize the same technology to our benefit here on Earth. The systems developed for solar power generation, water production and purification, air quality management, and communication in space are all examples of technologies that have been brought back for the benefit of life on Earth.
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From the vantage point of the International Space Station, we clearly understand how the inventor and visionary Buckminster Fuller came to promote the metaphor of “Spaceship Earth.” In 1968—the year of Apollo 8 and Earthrise—Fuller’s book Operating Manual for Spaceship Earth was published. While the idea of Earth as a spaceship dates back to 1879, when Henry George wrote in Progress and Poverty that “it is a well-provisioned ship, this on which we sail through space,” others have since referenced it in this way as well, including US ambassador Adlai Stevenson who in a 1965 UN speech said,




We travel together, passengers on a little spaceship, dependent on its vulnerable reserve of air and soil; all committed for our safety to its security and peace; preserved from annihilation only by the care, the work, and, I will say, the love we give our fragile craft. We cannot maintain it half fortunate, half miserable, half confident, half despairing, half slave—to the ancient enemies of man—half free in the liberation of resources undreamed of until this day. No craft, no crew can travel safely with such vast contradictions. On their resolution depends the survival of us all.16





To me, though, no one pulled this idea together better than Fuller. To this day, his work may be the most comprehensive account of Earth as a spaceship flying through space with a finite number of resources. In his words, “I’ve often heard people say, ‘I wonder what it would feel like to be on board a spaceship,’ and the answer is very simple. What does it feel like? That’s all we have ever experienced. We are all astronauts… aboard a fantastically real spaceship—our spherical Spaceship Earth.”17


We travel on a planet that spins at one thousand miles per hour to make one full rotation in our twenty-four-hour day while at the same time Earth is orbiting the Sun at an almost unimaginable speed of sixty-seven thousand miles per hour, yet we simply perceive it as home.


This idea of Spaceship Earth has always intrigued me, but it was brought to life during my time living on the Space Shuttle and the ISS. Living off our planet poses a complex challenge. Everything that allows us to survive on a spaceship is created through mechanical systems that depend upon the passengers’ ability to work together as its crew. I would argue that our planet is one of the most amazing natural mysteries, but we might be very well served to start thinking of Earth as a mechanical vehicle too—with the crucial difference that Earth, unlike a vehicle, is wired to thrive. Perhaps more than maintenance, our planet requires stewardship.


Earth’s life support system consists of four main interconnected subsystems: the atmosphere (air), the hydrosphere (water), the geosphere (rock, soil, and sediment), and the biosphere (living things). Life on Earth depends on three interconnected factors: energy from the sun; the cycling of matter, or the nutrients needed for survival; and gravity, which allows the planet to hold its atmosphere and causes the downward movement of chemicals in the cycles of matter.18


A spaceship mimics Earth in that it must operate as an integrated life support system. The main components of a spaceship’s life support system parallel Earth’s natural systems by necessity; on the space station, we call it the Environmental Control and Life Support System (ECLSS—pronounced E-kliss). There are fancy mechanical subsystems that create, monitor, and keep our air and water clean; that maintain and monitor atmospheric pressure, temperature, and humidity; and that even help detect and suppress fires. Energy for all this is generated from the Sun, and all this lifesaving atmosphere is held in place solely by a thin metal hull.


In our normal daily lives here on Earth, few of us consider where the clean air we breathe or the water we drink comes from. It’s even less likely that any of us are thinking of how critical to our survival is the protective atmosphere that’s wrapped around us. And even fewer of us might ever be aware that everything we need to survive is interconnected. This really hit home for me while I was living in space.


I was mesmerized by seeing the Earth from space, and whenever possible, I floated to a window to be surprised yet again by the view. I was especially captivated by the views from the window as we passed over Earth where it was night. The glinting lights below outlined where people lived, in contrast to the deep darkness of the oceans that cover most of our planet. The ever-changing weather was especially dramatic. The lightning of a thunderstorm in Florida whipped its way around, flashing light over Earth like neurons firing across a brain.


When I was a child growing up in Florida, I had imagined that thunderstorms were happening only over my town, and that when they were gone, they were gone. It had never occurred to me that the storm was zooming around the planet.


From space, I saw that lightning never exists in one place. It’s constantly on the move. This revelation led me to see firsthand the life-changing truth that, whether we’re aware of it or not, whatever happens on one part of the planet affects the whole.


One day very early in my first spaceflight, I thought about how separated I was from Earth, and farther away than I might ever be again. However, in contrast to the physical separation, I felt more connected to everyone and everything below than I ever had when I was living right in the middle of it all. How could I be so distant yet feel so close? Then it occurred to me. It wasn’t just about the profound impact of seeing Earth out the window.


My time on the ISS enabled me to develop connections with people from several different nations, some of which were involved in serious conflicts back on Earth. Yet on the ISS, we all got along just fine. Even though we didn’t always agree on everything, the common purpose of our mission gave us the basis for resolving disagreements. Living in space with my multinational crewmates in a self-contained environment taught me that if we can peacefully and successfully live together on a space station, with all its complexities and challenges, then we absolutely can live together peacefully and successfully on Spaceship Earth. The connections and friendships we formed during our time together made each of us realize how much we all had in common. It helped us acknowledge how close we were to one another, not just in space, but also back home on our planet. We realized there is no us and them; there are no borders—these are all man-made illusions. In truth, whether on the ISS or on Earth, it is just us, all of us, traveling through space together.


Most people today figuratively hold the whole world in their hands through that extra appendage, the mobile phone. It has given us access to what seems like unlimited information. Physical distance between people matters less now than ever before because of the information we can access about one another. We know much more about the conditions and challenges that people face in all different areas around the planet. The data and information available to us now, literally at the tips of our fingers, should make it impossible to ignore the fact that not everyone has access to the same resources or possesses the same ability to thrive.


This plethora of information packaged so neatly in the palm of our hand should be reinforcing the reality that we are all in this together, that we all share this same planet in space as home, that global is local and local is global—everything is local. Yet, regardless of how much connectivity we have, we still tend to think of who we are as separate from where our problems lie.


With all that information and connectivity available to us, I believe that by raising awareness of the very positive things that are happening on the ISS as it circles our planet every ninety minutes and that are also taking place here on Earth, we can bridge the gap between connectivity and interconnectivity. The willingness to acknowledge our interconnectivity allows us to experience our own Earthrise moment—to understand the uniqueness of our habitat here on Earth, our bodies’ unique attunement to life on Earth, and the urgency of the need for all of us to work as a crew to survive on Spaceship Earth. Because everything is local. And everything we do affects everyone else, everywhere else. Politically, technologically, socially, environmentally, you name it—everything is connected. Every. Single. Thing.
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