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For Calder,

May you always have a sense of wonder and keep that instinct 
to protect nature. Thank you for marveling with me.

And for Arden,

It took love, science, and a community of caring people to bring you 
into being—like some other great forests that I now know. 
I never stopped believing in your possibility.







When I am among the trees,

especially the willows and the honey locust,

equally the beech, the oaks and the pines,

they give off such hints of gladness.

I would—almost say that they save me, and daily.

—Mary Oliver, 
from “When I Am Among the Trees”







AUTHOR’S NOTE

About methods. This is a work of nonfiction, but the story is informed by a blend of extensive reporting and my own experience as a forest ecologist, an expert on nature-based solutions, and a mother helping to raise our next generation in a rapidly changing world. Given the sheer quantity of tree-planting efforts and related research around the planet, I could not include everyone involved. My lens was shaped, in part, by my own history; I am a white woman living in the United States and a scientist who has worked for a conservation organization with restoration initiatives on all plant-covered continents. I’ve told the story that I am equipped to tell through experience and rigorous reporting, without co-opting the knowledge of Indigenous people whose perspectives on a global reforestation movement I could not fully represent. As a graduate student and then later as a lecturer and adjunct assistant professor at Stanford University, I worked a lot with ecologists, geographers, and climate scientists whose research is highly relevant to this story. Ultimately, whom and what I chose to highlight was informed by 150 interviews that I conducted over four years with researchers, policymakers, corporate leaders, practitioners, and caring citizens who are all working toward a more forested future.

About names and titles. I haven’t changed any names. Many scientists earned various degrees and titles such as doctor or professor, but I often left those out for a more informal and conversational narrative. I also didn’t want to elevate one form of knowledge more than any other. A person caring for a forest and its ecological community in place over time, for example, offers a depth of knowledge that cannot come from any formal institution.

If I were to identify every person I interviewed or attribute all quotes to identified speakers, there would be far too many characters to follow. I intentionally selected individuals to portray the many ways that people are affected by the state of the world’s forests, as well as a diversity of people who are shaping their future. They never called themselves treekeepers, but I thought of them that way.

About travel. I tried to limit travel due to the COVID-19 pandemic and an interest in reducing the carbon footprint of my research. Some of the story draws from travels I took long ago. Other trips were recent and crafted by mixing my firsthand experiences with those I collected from people who live and work in forests near and far.

About reported estimates. Most global targets for forest protection or restoration rely on the metric system. Many scientists tend to do the same for a global standard, using hectares instead of acres. (One hectare is about 2.5 acres.) I have kept estimates in the system that scientists, media, journal articles, and global policies used but often provided equivalencies. The same holds true for tree heights, for example, with most scientists around the world using meters instead of feet. People generally report measurements of carbon or carbon dioxide as tonnes, the metric equivalent of a ton, or “short ton,” in the imperial system. (One tonne is about 1.1 tons.) In print, there are many references to tons instead of tonnes with respect to carbon, but that usage is almost always driven by the American and British spelling rather than a substantive difference in units. Scientists often distinguish metric tons from tons for this reason. Unless quoting a print source, I generally use tonnes for consistency.

Unfortunately, carbon (C) and carbon dioxide (CO2) also get jumbled in the tracking of emissions and reductions. Scientists typically use carbon because they are often assessing how it flows through the carbon cycle as mass in different forms, whereas carbon dioxide primarily appears as an emission. Using CO2 is more intuitive than C for most people who are focused on the gas emitted. Government inventories track CO2, and most businesses refer to CO2 because they’re similarly focused on the gas if they’re trying to make reductions. Some ecologists also use CO2, and in some cases that makes the most sense, like when estimating emissions from forest fires instead of carbon stored in trees or soil. All this creates some confusion and errors because 1 tonne of carbon is 3.67 tonnes of carbon dioxide. Because my starting point is the carbon that trees can sequester, I generally use C throughout this story and provide CO2 conversions when possible. I stick to the tendency of reporting the “price of carbon” as dollars per tonne of CO2, even though more people should really refer to its market value as the “price of carbon dioxide” to avoid yet another misunderstanding.

Lastly, about quotes and conversations. I recorded and transcribed all the interviews that I conducted. I sometimes edited quotes for length and occasionally for clarity. Because I wear two hats as a scientist and journalist, I went back to everyone I quoted to verify their quotes and to offer an opportunity to refine anything further. I felt that effort made for a rigorous yet more comfortable approach, particularly for the scientists I have known in other contexts. In some situations where I was reporting in a remote setting and could not follow up directly, I quoted that person verbatim.

There are also some conversations and scenes I have reconstructed from personal notes and memory. I fact-checked them as a reporter would do. When possible, I went back to other people who were present at the time so that I could describe what happened most accurately.

Many people paused their pressing work in research groups and universities, nurseries, fields and forests, companies, organizations, and governments to speak with me; their openness shaped this story.
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PROLOGUE

I had a compass buried somewhere inside my dusty backpack, but a map scrawled on a tattered piece of paper guided me instead. I was twenty-one, on a year’s leave from college, chasing a dream of exploring old-growth rainforests in southern Chile. To my surprise, I ended up tracking destruction instead—native forests razed to make way for plantations or consumed by fire. Along the coast, I encountered the remains of ancient trees that were cut in the early colonization of Chile and later covered at high tide by the rising seas of a warming world. On the map I held, drawn for me by a local conservationist I’d met in Valdivia, was a little arrow pointing to la cruz en el árbol, the cross in the tree.

Big trees had captured my attention when I was a little girl. I remember spending many afternoons playing under the maple tree in our yard. Later, as a college student, I became curious to learn about various species across the planet, the clearing of forests in American history, and the ongoing degradation of the Amazon. At some point, I’d come across Fitzroya cupressoides—the alerce—one of the largest-growing tree species in South America. The species is native to the Andes and the coast of Chile, meaning it naturally occurs in those places. The first descriptions I read of the alerce trees were almost mythic: staggering in size, distinctly fragrant, the startling color of dried blood inside. I wanted to find them.

We had already hitched a ride once that day, then hiked along dirt roads through farmlands. I was traveling with my boyfriend at the time, Stephen. He was a gentle man who went by the nickname Chickie. With his dark hair pulled back into a neat ponytail, he was often mistaken as Chilean, which was occasionally handy. This time my thumb had worked. I ran to the rusted blue pickup truck that pulled over for us and showed the driver my map.

“La cruz en el árbol,” I said. “We are looking for the cross in the tree,” I clarified in Spanish. The man driving and his partner in the front seat looked perplexed. They weren’t from the small village labeled on the paper. After chuckling over our mission, they agreed to give us a ride and see what we might find.

We jumped in the back of the truck and cruised down the bumpy road toward what I hoped was the little dot on the map for this mysterious tree. I didn’t know what to expect. The Chilean conservationist who’d told me about it had refrained from sharing much detail. He’d only said that I should go find it, and that was enough for me.

I watched the terrain shift from flat to more rugged and rolling. Then I noticed enormous tree stumps jutting out of the landscape. The astounding size of these remnants, which carried a memory of forests that once were, made for a surreal scene. Each one was far from any other. Their shades of weathered gray contrasted with the verdant landscape that surrounded us. I could not fathom how giant the forest would have been if all the trees were still alive.

We made our way up a hill and round a corner, then Chickie yelled, “Aquí!” Here! There was an explosion of cheers from the cab, as the driver and his partner caught sight of the cross too. We hollered back, asking them to stop.

It was not a thriving alerce but another alerce stump, this one bigger than any we had seen yet—some twelve or thirteen feet in diameter. Secured into its core at the heart of the giant was a cross that extended toward the sky, its arms spread wide.

We grabbed our packs, hopped out of the truck, and thanked our new friends before rushing over to the monument. I ran around its base, tracing its circumference like a child spinning around a carousel. The cross was sturdy but old and worn. Maybe it had been there for decades, its origin lost to a history of farmers coming and going to make cropland from forest. I couldn’t have climbed on top of the stump if I had tried (and I’m nearly six feet tall). Freshly cut wood from somewhere else in the distant forests was stacked in a long pile at its side.

After standing below the cross in silence for quite some time, we walked around the property and then further down the road past a couple cabins. We found another stump similar in size; a young tree was growing straight out of the chopped one’s pith. Maybe someone had planted it, or all the right conditions for another species to establish had just aligned at the alerce’s core, its oldest part. I asked a man who was hauling firewood and a couple other people we saw about the cross’s origins. No one recalled the story or had any more information to share. My interest seemed to catch them off guard. Maybe the history was to remain a secret to an outsider like me.

Twenty years later, I can still remember the sense of awe and internal conflict that the cross in the tree had stirred in me. It towered over me; yet in proportion to the stump, it appeared like a spindly twig. In the presence of the cross, I’d tried to imagine the tree in its grandeur and the forest, now fields, that had once defined the land and its people. I wondered then, and I still wonder now: When the ancient tree fell, was it a moment of triumph or despair? Who had erected the cross, when, and why? Was it in memory of, and mourning for, the life lost? A testimony to the sacredness of nature? A marker for everything that colonialism destroyed? Was it a tribute to hope or regrowth?

Perhaps it was a sign of what was to come: this idea that trees could be our salvation, or at least part of what might still make the planet more habitable into the future. I’m not referencing a faith-based or religious sort of salvation but an ecological one, based upon the reality of human and plant life as deeply intertwined.

In 2021, the United Nations launched the Decade on Ecosystem Restoration, an effort to prevent, halt, and reverse the degradation of ecosystems worldwide. It was and is a global cry to heal our planet—to restore. That same year, the Declaration on Forests and Land Use was arguably the most important agreement that came out of the UN Climate Change Conference in Glasgow, where leaders came together to address the worsening climate crisis. Over 100 countries committed to ending deforestation by 2030; billions of dollars came from public and private finance to support efforts, including restoration of degraded areas. It was as if governments and corporations across the world were finally recognizing the irreplaceable value of nature—and particularly of forests.

If we had placed markers on the Earth for all the trees in old-growth forests that have been cleared in my lifetime, our plant-covered continents would be studded with tombstones. Still, the forests that remain today continue to suck 20 to 30 percent of the global carbon dioxide emissions that result from human activity out of the atmosphere every year. That’s an enormous natural service that trees reliably offer, and it’s not their only one.1

A new movement has also emerged. At the dawn of the 2020s, many established tree-planting organizations doubled or even tripled the number of trees they planted around the world. The number of organizations and people involved also exploded. Billions of young trees are already in the ground, and billions more are coming. Whether you live in a city and know only an urban forest or you’ve traveled to see some of the magnificent relics on the far reaches of this planet, the deep draw that people have to trees has in part inspired the almost universal attraction to planting them to combat climate change.

As I watched $1-per-tree marketing campaigns for donations roll out and corporations sit up at the prospect of offsetting emissions in one place with trees in another, the call to write this book became more pressing. I wanted to investigate how our forests are changing. I wanted to explore the big and bold ideas for increasing forest cover and offer a window into the lives of the people who are now shaping the future of forests in an effort to help rescue our own.

I began researching this book in 2018 when I was thinking about these questions: To what extent can forests really save us? And how? As a trained ecologist, a conservationist, and a mother, I was responding to the loss and degradation of forests around the planet and the many impacts, felt already, of a warming world. I wanted a realistic take on what increasing forest cover might achieve for our climate system and much more.

I began by tracking down stories of people and places that have, in recent years or further back in time, reversed a trend of forest loss to one of gain. In my effort to unpack the complicated science surrounding the state of the world’s forests today and the prospects for their future, I then turned to the scientists themselves, many of whom I know personally. I wanted to understand their perspectives on the potential of forests to help make a more habitable planet. I visited foresters who were planting trees to get out front of climate change, selecting species and populations that might endure future conditions. I met with seed collectors and employees at start-up companies that are working to scale up forest restoration. Writing this book became a journey to discovery: first, in terms of a global awakening of—dare I say—the sacredness of trees to human survival and how that is manifesting in action, and second, my own as a scientist and a mother, living with the knowledge of colliding environmental crises while also learning from my son’s innate appreciation of nature.

This story weaves three narrative threads. The first is an accessible presentation of the scientific facts and controversies about the state of our world’s forests and the benefits they offer, the potential of trees to help curtail emissions (spoiler alert: planting trees isn’t a silver bullet), and the strategies people are using to restore forests or even create them where they haven’t been. The second is my personal journey: as an ecologist and expert in nature-based solutions; as a citizen living out the impacts of persistent environmental degradation in my own backyard; as a mother, discovering natural wonder with my child while feeling deeply concerned about the climate and biodiversity crises. The third focuses on the voices and stories of people who are helping to reverse deforestation trends and sustain forests into the future.

Most dictionary definitions of restoration center on returning someone or something to a former condition, place, or position. In this journey I learned that we can never go back; no action today could ever erase what happened or fully bring back what once was. But collectively, people can renovate; they can repair, impart new vigor, revive.

On one of my first reporting trips for this book, I traveled with my husband, Matt, and our then three-year-old son, Calder, to visit his British family in England before heading to Zurich, where I would conduct interviews. We had escaped the persistent cold of late winter in Bozeman, Montana, where we live. In West Sussex, we spent afternoons wandering ancient, sunken footpaths through tree tunnels and fields, while savoring the sweet smells of early spring.

With cousins and grandparents in tow, we headed to Kew Gardens in southwest London, home to one of the largest botanical and fungal collections in the world. On the vast grounds, thousands of specimens live in all their glory; millions of others are preserved as seeds and other plant matter. I watched my boy run past pink magnolia blossoms to the children’s area, which is constructed around a huge oak with a walkway through its canopy. A series of circular stones, embedded in the path, led us there. Each stone bore one word carved on its face. A question unfolded as we jumped from stone to stone, reading together in step: What—do—plants—need—to—grow?

Calder paused, took my hand, and looked up at me with his feet still touching the “grow” stone. “What do they need to grow, Mama?”

One would think, given what I do, that I would have a clear and immediate answer. Maybe I could just start with a simple biological explanation like “Well, they need sunlight and water and carbon dioxide to make sugar, and that’s food and energy to help them grow.” Or maybe I could bring his hand to the earth and talk about the soil they need, a place for their roots to take hold and a network of life underground to support the life above. Yet all the complexities of any possible answer to what they need today and will need in his lifetime flooded my mind. Sunlight, water, and carbon dioxide—yes. But so much more. The space to grow. The ability to survive a warming world and what the future climate may hold. They need to be valued and resilient. They require a community of people committed more to their long life than to any use from their death. They need each other to survive, but they also need us humans too, willing to invest in their growth and steward more sustainable relationships with nature into the future.

“They need a lot,” I said, as we skipped toward the giant oak. More than most people conceive, I thought. As we climbed the stairs into the oak canopy together, I recalled the cross in the tree, that stunning homage to what once was but maybe also to what could be.

If the cross in the tree was a cipher to me when I encountered it many years ago in Chile, today it makes me think of the much-needed rekindling of a healthy relationship between people and forests. Our fates are inextricably linked. Seeds collected and cultivated. Tender seedlings prized and protected. Hands coming together, cupping the roots of the trees for tomorrow.

This book is about the scientists, citizens, and leaders who are seeking to re-create what was lost in the degradation of our world’s forests and striving to retain and revive the lingering green. It is a story of the science behind and legitimacy of the global reforestation movement and a critical look at how people might make it better in the years to come. But it is also about learning how to live with a sense of urgency in our warming world and to take actions big and small, while still finding beauty in the present. I believe all the hope tied to this race for a forested future is for our children, if only more people could halt the degradation and support restoration instead.
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PART I

VERDANT

The trees are coming into leaf

Like something almost being said

—Philip Larkin, from “The Trees”
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BASELINE

There was a shift, a tipping point—from nobody knowing about it to everybody knowing about it,” Jean-François Bastin told me. “Then it was uncontrollable.”

I’d called him from my home in Montana. It was a chilly spring morning, with snow still falling in May. Jean-François was in Brussels, where it was evening. He was sick with a cold but surprisingly willing to talk with me, despite the initial reluctance he’d expressed over email. I understood why he didn’t want to reopen old wounds. We were discussing a study he’d led that was published in the esteemed journal Science in 2019. It was called “The Global Tree Restoration Potential,” and within days of its release, oil companies were announcing tree-planting commitments, and industry proponents had released statements asserting that the most effective way to eliminate carbon is reforestation.

The authors of the study told reporters that from their analysis, Earth could sustain another 1.2 trillion trees. The news headlines focused on planting trees: “How to erase 100 years of carbon emissions? Plant trees—lots of them.” Rolling Stone later reported that the sensational study was picked up by over 700 media outlets, an atypical situation even for research published in the best journals. It all sounded like the much anticipated and much needed discovery of the silver bullet.

I watched from the sidelines as two camps sprang up almost immediately: those saying, “Let’s plant!” and those saying, “It won’t work,” in reference to this big idea that trees could solve the climate crisis. The camps divided further as planting interest peaked. Governments ramped up their commitments and support. The outdoor clothing brand Timberland launched a campaign to support its tree-planting project, “Plant the Change.” Energy and petroleum companies like Total dedicated funding for forests.1

Meanwhile, scientists attacked the Global Potential analysis in journal articles as well as the authors themselves on social media platforms. Jean-François was unfairly made to look like a patsy for Big Oil, which is so far from the truth. Some people thought that attempting to discredit him and the science might be the way to correct the misperceptions that tree planting could alleviate the need to reduce fossil fuels. One response in Science called the study’s estimate of how much carbon these additional trees could sequester “anomalous” and detailed “incorrect” assumptions and calculations. Other ecologists expressed reasonable concerns about how and where planting would occur.

Tom Crowther, the study’s senior author, later admitted that he got the communications wrong. He had coordinated the media launch with his research lab’s in-house communications team. “It’s so naive now,” he told me, “but I truly didn’t think tree restoration would mean tree planting to the media and the public.” Tom had made a splash, a few years prior, with another study that assessed how many trees there are in the world. It estimated 3.04 trillion—about half as many as when human civilization arose.

I remember feeling conflicted at the time the Global Potential study came out and those camps emerged. I thought that perhaps the widening support for more trees could help foster a world that better supports the life within it. The ability of trees to sequester carbon would be only part of that story. I knew there wasn’t one quick climate fix, and I was frustrated by those promoting the contrary. I also felt uplifted by the booming interest in tree planting. I still feel that way. Tom told me that the misconstrued messaging was “a terrible mistake” but that it also started so much. It engaged more people. A movement grew.

In December of that year, I ordered holiday cards with a few photos of my little family and received a notice that my purchase had enabled the planting of one tree. “Together with wonderful customers like you,” the email read, “we’ve planted over 1,000,000 trees.” It was signed with the hashtag #plantinghope.

“A tree to grow strong with you,” I offered in dedication to my infant son. I wondered who would plant that tree, what tree, where, and when. Would it survive? Would it deliver whatever the person planting it or funding it was expecting? I doubt the company’s notice was intended to trigger such internal turmoil. But I also knew sustaining a forest or growing a tree is far more complex than planting one.

I wanted to get to the bottom of the debate, to unpack the ways in which growing forests could benefit life into the future and help curtail the climate crisis. I would eventually seek out the people who are attempting to re-create what was lost through many experiences of forest degradation around the world. They are our treekeepers. I would also decipher what restoration has meant in the past in relation to what is still possible today in our warming world.

As a forest ecologist, I had to start with the earliest efforts to map the surface of Earth with satellites and modern technology. “If you cannot map it, you cannot really develop any strategy to conserve it or to monitor it,” Jean-François told me. A systematic way of viewing forests around the world enabled more people to track changes. It also helped trigger the dream for more.

[image: image]
An old photograph of Half Dome in Yosemite National Park hangs on the wall of a wood-paneled bedroom in Topanga Canyon in the Santa Monica Mountains. I went to see it and to meet its owner, Virginia Norwood, on a hot, dry summer’s day. The photograph is long and narrow, a panorama of the iconic vista. Its thick wooden frame blends into the walls of the room, which has a sweet and musty smell, the kind that makes me think of my grandmother. But there’s something strange about the photograph. The colors aren’t right. The dome appears ghostly, with its striking face contrasted in dark gray, almost black. The peaks in the distance and the ground exposed beneath the trees are nearly white too. The sky is in shades of gray, not blue. The trees are dense in some places and sparse in others, and they appear like normal trees, except they are red, as if part of a forest in crimson, rust, and cranberry.

It isn’t a photograph taken by your typical camera. It was created, instead, from data collected, line by line, by sensors on a multispectral scanner system (MSS) that would soon orbit Earth for the first time ever. A dashed box outlines the word “HUGHES” in the far-right corner beneath the image—for Hughes Aircraft Company. The light reflected by that landscape was captured from 2.5 miles away, from the ground, during a trial run before the MSS went to space.

In reality, those red forests were just as real as any green ones; we’re just used to seeing trees as green with our own two eyes. The sensor captures light of different wavelengths as separate bits of data, and then scientists assign them colors. The MSS can register more light—such as infrared—than is visible to humans.

“Upper management wanted pictures,” Virginia said, seeming a bit disgruntled at the memory of the prelaunch testing requirements. She and her colleagues had run a lot of lab tests while refining the prototype. “Since the test crew were Californians, they had to go to Yosemite,” she chuckled.

“You can probably see that she didn’t think additional testing was necessary,” her daughter, Naomi (or N2, as Virginia preferred), chimed in. Nevertheless, Virginia outfitted the crew with the engineering model of the scanner, which was mounted to a turntable in the back of a truck, and then sent them to acquire pretty images. They would show what the invention could do before the 105-pound flight model was launched into space that same year: 1972.

Virginia was ninety-five years old when I visited her. Every morning she climbed a rickety step ladder to pour seed into bird feeders for the Oregon Juncos, House Finches, and Spotted Towhees that darted beneath the branches of the giant coastal oaks that shaded her home. Naomi, her family, and those who have known her well call her “Ginger.” Only recently had she become more widely known as the “Mother of Landsat,” the first satellite launched with the express intent to study and monitor the surface of the Earth.

Virginia’s high school guidance teacher, when seeing her aptitude test results, had suggested she become a librarian. She applied to the Massachusetts Institute of Technology instead, and when Virginia began her studies there in 1944, she was one of only about a dozen women in her class. She finished just three years later, and it didn’t take long for her inventions to go to the moon. When she joined the antenna lab at Hughes Aircraft, she was the only woman among some 2,700 men in research and development. By 1966, when Surveyor 1, a robotic spacecraft, landed on the moon in the first fully controlled soft lunar landing, it transmitted images back to Earth on Virginia’s transmitter. She gave us the ability to see the moon up close and then, soon thereafter, to rediscover and monitor our own planet.2

Orbiting Earth, the satellite could scan the entire planet every eighteen days. It was called the Earth Resources Technology Satellite (ERTS) before being renamed, more aptly, Landsat. Among many other things, it began producing our first global view of the world’s forests from space.

The ability to view infrared reveals more contrast between vegetation, burn scars, and other features of land cover. An image captured by the sensors may not appear as one would expect, but it can document unique attributes of the land that would not be visible otherwise.

Virginia’s scanner could capture more information than the human eye, but even more remarkably, it did so systematically. When launched into space, it followed 251 precise paths around the planet to acquire complete coverage, over and over again. It collected the light data and processed it into pixels, each one corresponding to a patch of Earth about the size of two regulation-size ice rinks.3

Virginia, Naomi, and I made our way into the living room and sat down on a couple of couches across from one another. Naomi passed me the final report from the testing mission, which documented test runs of various scenes and subjects under different light and cloud conditions. I thumbed through and stopped on a page with eight different images of vegetation up close. The labels beneath each one revealed bell peppers, grass, strawberry, brussels sprouts, dichondra, broccoli, and lettuce. Presented in a grid of rectangles, the images looked like natural color photographs, slightly faded.

“But the data!” Virginia said. “We used the plants to show that the data the sensors collected from each one was different than the others. There was a unique spectral signature for each plant.”

A spectral signature is an essential element of modern-day remote sensing, the process of detecting and monitoring the physical characteristics of a given area (a forest, in my case) by measuring its reflected and emitted radiation at a distance. There it was in its earliest form, showing that when the scanner would later orbit Earth, it could discern vegetation types and much more. A forest attacked by beetles or singed by fire would have a different signature than a healthy one. The data could reveal bare ground exposed by roads cut and carved into intact, verdant forests.

When Virginia was working to develop the MSS, she had met extensively with prospective users of the data. There were all sorts of desired uses, from assessing agricultural crop production to tracking water pollution. Tracking forest health was just one potential application among many, including military uses and national security. Yet how that scanner revolutionized forest monitoring is what had brought me to Virginia.

When ERTS was launched into space on a rocket on July 23, 1972, it was the first of what would become the Landsat Program, a series of satellites that rolled out with improvements over the years and decades that followed. Virginia had watched the launch with a crowd of observers from bleachers, along with her partner and her two boys. The next day the New York Times proclaimed that “a new era of Earth exploration” had begun, under the headline “An Earth-Exploring Satellite Is Orbited.” After a first successful year in orbit, the satellite was deemed a second “giant leap for mankind” because of its potential to improve understanding of environmental issues.4

I asked Virginia what she was thinking about when she witnessed the rocket blasting off, because to me it marked the start of everything people now know about the state of the world’s forests.

“I was just hoping that everything worked well,” she said. “It did, surprisingly.”

Virginia had been so focused on the intricacies of the invention and the various challenges she needed to resolve along the way. She wasn’t thinking about how that satellite would change the world. She didn’t know it back then; nor did she really acknowledge it years later in her living room with me. But, from my perspective, Virginia was the first of the modern-day treekeepers.

Within days of the launch, the MSS collected imagery of an 81,000-acre fire burning in isolated, central Alaska. In a single image, scientists and resource managers could assess the extent of fire damage, for the first time ever, while a forest was still burning. The data that Landsat 1 collected inspired immediate changes to practices in the fields of cartography and geography. Country boundaries were redrawn. Off the coast of Canada, an uninhabited island was discovered and named “Landsat Island.” For self-defense, the Russians had been creating false maps with cities located on the wrong side of rivers, for example, so that foreigners wouldn’t know where they were. The aim was to confuse the enemy in the event of an invasion or simply to lead anyone too curious astray.5

“Suddenly, everyone in the world had a better idea of what was happening in Russia than the Russians ever had themselves,” John Townshend, an early user of the imagery for forest monitoring and a remote-sensing specialist, later told me. “You couldn’t overestimate what an incredible surprise it was.”

The National Aeronautics and Space Administration (NASA) offered grants for scientists to put the data to all kinds of uses. Not long after the launch of Landsat 1, forest managers and scientists started using the imagery—along with images produced from data collected by subsequent satellites—to assess forest health and degradation in priority areas. Computers enabled sophisticated analyses. Sometimes researchers would also sit around light tables with the prints, characterizing what they saw in one plot of Earth after another. The burgeoning field of forest monitoring was largely dominated by scientists in developed countries who could access the competitive grants or pay for the imagery and also had the resources to analyze the data.

Later, when thumbing through a book about Landsat history, I came across a grid of four images acquired in 1975, 1986, 1992, and 2001 over Rondônia, Brazil. They were color images from Landsat sensors, bright green as one would expect for the dense Amazon. They brought me back to one of my first remote-sensing classes as a graduate student at Stanford, when we looked at satellite imagery documenting land-use change around the planet—urban sprawl, agricultural production, recently cleared forests. The Rondônia images revealed what I had learned was called a herringbone pattern. A new road appears as a thin line of cleared terrain (the spine); it’s followed by the appearance of clearings on either side of the road (the ribs running perpendicularly). Over the years, the clearings then expand from the road outward and into the forest. I could see the pattern in the series: first, the intact forest; second, the main road running north to south; third, the offshoots spanning east to west; last, large patches of forest cleared—a fish bone spine with the ribs exposed and the flesh in between getting picked away.6


[image: image]

Landsat images showing deforestation patterns (crosswise from top left to bottom right) in 1975, 1986, 1991, and 2001, respectively, in Rondônia, Brazil.

Credit: NASA/USGS Landsat



The multispectral bands, as well as the consistency and continuity of the data collection with every orbit of Earth, were breakthroughs. But the time series became even more valuable, as Landsats 2, 3, 4, 5, 7, 8, and 9 entered orbit in the decades that followed, along with thousands of other satellites.i A series can reveal change between years or months or even day to day.


“You can’t map a forest with a single image with confidence because there’s a lot of other vegetation that can look like forest at any given instant,” Matt Hansen told me over a long-awaited discussion (on my end, that is) about the state of the world’s forests. A remote-sensing scientist who is famous among those obsessed with forest monitoring, he is known for the “Hansen Dataset,” which I’ll get to soon. It revolutionized global forest monitoring and put the ability to track forest change—anywhere on the planet—into the palm of anyone’s hand.

“You need multiple looks, and then you need multiple looks to reinforce the signal. You want to see the forest repeatedly. Even just identifying forests as a thing, you need a time series, and of course you need time series to say it has been changed. The time series is everything.”

The time series is critical, but so is the baseline, the first reference point, for understanding what was present before in relation to what is there now.

Around the same time that I began researching this book in 2018, I gave birth to my son, Calder. Some hours after his arrival, my nurse, Mary, came into my room in the middle of the night. She offered me a few pain pills in a plastic cup. I took them from her, gulped them down with a sip of cold water, and then asked if she could bring them next time without the plastic waste.

Caught off guard, she agreed, then inquired, “What do you do?”

“I’m an ecologist; well, an interdisciplinary environmental scientist, really. I work mainly on climate change; you know, helping people figure out how to cope with the changing conditions—like drought or fire here in Montana.” She leaned in a bit closer, seeming perplexed but also intrigued.

“And you just had a baby,” Mary stated. She paused, then added, “So, you must have hope.”

The pain from the birth was still pulsing through my body, and the adrenaline, veiling the exhaustion from two days of labor, had begun to wane.

“Yes, I chose to bring a child into this world,” I said, now feeling a bit defensive and stunned that I was having this conversation hours after becoming a mother. “But he will come to know a far different world than the one that you and I have known,” I added.

Over the years, as his tiny hands have grown bigger in the gentle grip of my own, I’ve internalized the concept of an ecological baseline through my boy. What I have witnessed as loss and environmental degradation is but a starting point for my son, born seeing beauty in yet another beginning. We are all born into our own “normal.” We have different starting points for comparison. Change gets lost in perception, across generations and time. His normal includes smoke from wildfires seeping into our Bozeman home, water-use restrictions, and farms producing vegetables and grain where forests previously flourished.

The innate reverence for nature and trees, specifically, was there for him too. I remember the tears that fell when he’d learned, at age three, that we’d have to remove a dying Douglas fir in our yard.

If we forget, or overlook, or just don’t know what was here before, how can we ever want it back? Or endeavor to create it anew?

If 1972 marked the birth of fine-scale monitoring of the Earth, 2009 brought another breakthrough. A new distribution policy, passed in 2008, opened the entire Landsat archive to the world for free. Anyone could look back in time.

“We used to say that we use the data we can afford, not the data we need,” Matt Hansen told me. We were meeting on the morning that the first images of galaxies taken by the James Webb Telescope were released in 2022, expanding the modern gaze outward to the great beyond. “When they opened the Landsat archive, it was like, ‘What data do we need? Well, I guess all of it!’”

The internet and Google catapulted humanity into a new era of accessible Earth observation and analysis. In June 2005, Google Earth launched, bringing a full view of the planet to personal computers around the world. Anyone could travel virtually for a bird’s-eye view of the Amazon forests, a city in Europe, or their own backyard. Five years later, Google brought the ability to analyze the imagery to everyone with Google Earth Engine (GEE), a planetary-scale platform that made studying changes far easier than it had ever been.

Before the engine went public, Matt had come together with software engineer Rebecca Moore, founder of the project that would become GEE, in a timely encounter on the grounds of the National Institute for Space Research in São José dos Campos, Brazil. By the time they’d met, Matt already had a vision for the first-ever global analysis of forest cover using Landsat data. But the how was still unresolved.

“I learned of her plans for GEE, and we took it from there,” he told me.

The mission was to take all the imagery from Landsat 7, map the extent of forests in 2000, and assess any changes since. It would be a massive undertaking to learn from so many images that had been acquired long after Virginia’s MSS first took flight.

“At that time, we couldn’t do the data processing ourselves at that global scale. Our algorithm worked, but we couldn’t run it across all the images that were available. We had the image-processing and characterization expertise, and Rebecca’s team had the computing-accuracy expertise,” Matt recalled. “So, we put that together, and we ran the planet, and it was awesome.”

It took one million hours of computing time on 10,000 computers processing 654,178 Landsat scenes to characterize the forest cover on the planet in 2000 and the subsequent loss and gain through 2012.7

Forest loss, as they tracked it, meant some sort of disturbance had eliminated the trees or left them standing dead. Between one image and another, or gradually over time, the forest cover disappeared from a given pixel of data. Sure, there were other places experiencing a gain in forest—where natural forests regenerated or forestry practices took hold, greening the landscape in neat rows for another kind of crop. But in the tropics, forest loss was still increasing year to year. Analyses of the Hansen Dataset showed where the remaining forests were (in 2013), but even more revealing were the rates of loss documented around the planet. According to several targeted studies and monitoring efforts, deforestation in Brazil had slowed. However, Matt and his colleagues showed that it was increasing in other countries, such as Indonesia, Malaysia, Bolivia, Zambia, and Angola.8

In 2018, scientists came forth with a denser times series of forest change by making use of imagery with a higher temporal resolution, meaning less time between scenes captured at the same location than what Landsat offered. Due to bigger pixels, the images had coarser detail than Matt’s images, but this global effort took the baseline back to 1982.9

“We had satellite data every day for thirty-five years,” Xiaopeng Song, the study’s lead author, told me when I tracked him down. (Matt Hansen was a coauthor.) In his office at Texas Tech University, Xiaopeng’s had a NASA calendar opened to the month that happened to portray Virginia Norwood.

Xiaopeng was careful in conversation to refer to “tree canopy cover,” or “tree cover” for short, instead of forests or forest cover because he could focus on the trees themselves and not on what kind of forest they constituted together. Across the entire planet, when averaging out changes everywhere, Xiaopeng and his colleagues could see an increase in tree cover. The overall gain in canopy that the study revealed was “a result of net loss in the tropics being outweighed by a net gain in the subtropical, temperate, and boreal” regions. Forest destruction in some places was offset by creation in others: where natural regeneration could occur, where plantations were growing, where trees were planted in places they hadn’t been before.

“We could see the effect in China,” Xiaopeng told me; plantations had created a dramatic increase in tree cover.

Prior to the era of remote forest monitoring, the Food and Agriculture Organization (FAO) of the United Nations had been conducting the most comprehensive global effort. Every five years, the organization would compile data submitted by countries from their national forest inventories—data collected on the ground and other observations. The first survey was published in 1948; 101 countries responded, representing about 65 percent of the world’s forests. FAO still publishes its Global Forest Resource Assessment, although participation and the extent of coverage have varied over the years, self-reported data have inaccuracies, and differing definitions of forest among countries has also caused problems. Some experts call the early FAO figures from the country-level data hopeless for these reasons. Nevertheless, the most recent report (2020), compiled from inventories conducted in 236 countries, found that forests covered 4.06 billion hectares, or approximately 31 percent of the world’s land area; that estimate of the total is close to the one first reported in 1948. I was surprised when I made the comparisons. But the result also made sense, considering Matt Hansen’s story of forest loss and Xiaopeng Song’s version of tree-cover gain.10

Jean-François Bastin told me there are good reasons to question what countries report and to criticize satellite data. Tree or forest cover seen from a satellite can only reveal so much. In a story of one pixel shifting from loss to gain, what those forests are—under the canopy and inside the green—may have changed. Plot data and ground-based inventories can describe a local forest in fine detail, but the fieldwork required means there’s a limit to that coverage too. He said that people often like to communicate one global estimate or results from a particular study, but that has limitations as well. “If you put everything together, you can get a good sense of what you really have.”

Felix Finkbeiner was nine years old and living in Bavaria when a school assignment on Wangari Maathai touched him in a way that I imagined to be instinctual, like Calder’s reactions at Kew Gardens and in our backyard. Maathai was the first African woman to be awarded the Nobel Peace Prize. Among many other pursuits and accomplishments, she’d started a movement in Kenya to counter deforestation, to plant, and to restore. Felix challenged his classmates to plant trees, and then he went after a bigger vision. He wanted every country to plant a million trees. He founded Plant-for-the-Planet, an organization that would help them do so. Years later, with his rimless glasses and emphatic tone, like the climate activist Greta Thunberg, he was speaking before the United Nations at age thirteen and advocating for a trillion trees. That was in 2011, long before the analysis for “The Global Tree Restoration Potential” study was even an idea. Somewhere along his journey, Felix must have seen forests as more than pixels of green in a global portrait. He wanted to know how many trees there are on Earth; not just where “forest” is.

Years later, Tom Crowther was a postdoctoral fellow at Yale and living with a housemate who had met Felix in Germany and had helped Plant-for-the-Planet. Tom was studying fungi and didn’t know a lot about working with satellite data at the time. His housemate was trying to learn how many trees still existed but couldn’t find any reliable estimates. The search piqued Tom’s interest.

“I thought it sounded like a fun challenge,” Tom told me. “So, I went for it. I thought, ‘Why can’t I study the global forest system?”

In 2015, their result of three trillion trees made headlines, of course. In the analysis, Tom and the other scientists used nearly half a million tree-density measurements collected on the ground and across every continent except Antarctica. Yet so much that transpired in forest monitoring since Virginia’s scanner first launched had also made the tree count possible. Four years later, and by then a world-renowned ecologist, Tom, along with Jean-François and their colleagues, revealed how many more trees the Earth could support. They also offered another number that many people would fill with hope: how much carbon those trees could sequester.11

1

Footnote


i Landsat 6 failed before reaching its intended orbit. By 2022, around the fiftieth anniversary of Landsat, there were approximately 6,500 known satellites in orbit, observing the Earth’s surface from a variety of altitudes and angles. The US Geological Survey (USGS) Earth Resources Observation and Science (EROS) Center’s Landsat archive contained over ten million images. The image archive has continued to expand rapidly. (EROS Center, “Landsat: Celebrating 50 Years [Extended Edition],” USGS, 2022, https://www.usgs.gov/media/videos/landsat-celebrating-50-years-extended-edition; Landsat Missions, “Landsat Archive Adds Its 10 Millionth Image,” USGS, December 15, 2021, https://www.usgs.gov/landsat-missions/news/landsat-archive-adds-its-10-millionth-image.)
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THE POTENTIAL

Out of nowhere, I got invited to a conference in Beijing to present my work as a keynote speaker,” Jean-François Bastin told to me when I asked how he and Tom Crowther first met. Jean-François had very politely declined to speak with me when I’d initially contacted him about the famous Global Potential study. He’d said that he wasn’t comfortable with all the buzz it had generated; he preferred to leave the communications to the Crowther Lab, the research group that Tom had built at ETH-Zurich after his years at Yale. I wrote back begging for a chance, letting Jean-François know that the science was solid; the clickbait media and controversy couldn’t be erased, but people do move on; his perspective was important and still unheard. I’d scoured the internet for his story but found little in comparison to the hundreds of news articles that quoted or profiled Tom.

“Make sure you talk to Bastin,” Tom had told me when we met in Zurich.

In my digging, I’d discovered that Jean-François’s account on Twitter no longer existed. (This was long before Elon Musk took over and users dropped for other reasons.) Traces of the controversial backlash were still there: “No need to stop imperialism and resource extraction. Just plant trees and it’s magically fixed”; “The audacious effort to reforest the planet”; “Mainstream reporting of the ‘Plant Trees to Fix Climate’ (Bastin) study is **EXTREMELY** misleading!” Articles included a quote from Jean-François, who had apparently said, “And this is a beautiful thing, just to think that in order to fight climate change what you have to do is to plant trees, and you can do that everywhere.” The quote was from a publicity video that the Crowther Lab had released around the 2019 publication of “The Global Tree Restoration Potential.” But when I went looking for that specific clip, the links were broken. It too had disappeared.1

When I searched again, later in 2021, I found the video on YouTube. It was short and sweet, but it must have been edited and uploaded as another version at some point. That quote from Jean-François had been removed. It was a slick production with dynamic illustrations and a fun base beat to emphasize some highlights: they’d used high-resolution satellite photos from 78,000 points—each one covering one hectare—around the planet. With machine learning and artificial intelligence aiding analysis of the “big data,” they’d tied those points to more information about environmental characteristics. The study relied on a three-step process: (1) identify where trees might naturally exist in protected areas, (2) generate a global map of where trees could potentially exist in the absence of humans, and (3) subtract away the areas that we cannot restore, like urban and agricultural land. That left behind a map of the great reforestation potential. “The area for extra tree-restoration potential is far greater than we could have ever imagined,” Tom reported in the video. “Ultimately, these models reveal for the first time that we have a fantastic opportunity to manage and restore these ecosystems in the fight against climate change.”2

“I’ve always found maps quite beautiful,” Jean-François told me during my first conversation with him. I’d promised him that I wasn’t looking for flashy headlines or a brief quote for an 800-word news clip; I wanted to hear his story. He agreed to talk and then spent hours with me.

As graduate students eager to learn remote sensing, we had both studied under Eric Lambin, a Belgian geographer who, along with scientist and author Jared Diamond, won the Blue Planet Prize in 2019 for his life’s work on land use and the many factors that drive people to clear forests or to plant them again. Jean-François had worked with Eric in Belgium, so we never overlapped in person. He’d been trained as a forest engineer, applying engineering principles to maintain trees, soil, water, and other natural resources within forest ecosystems. Using satellite data for mapping became another attractive tool for him.

Despite his own surprise at being asked to speak in Beijing in September 2017, the invitation made sense to me. Experts from many countries were coming together for an inaugural conference on the use of big data to understand forest ecosystems. As a PhD student, Jean-François had spent months at a time living in the core of the Congo Basin, where he measured trees to assess the carbon stock. To estimate the amount of carbon stored, scientists like Jean-François commonly use estimates of above-ground biomass, the standing dry mass of live or dead matter from a tree. The quantity stored differs between trees and forest types. Assessing that variation at the tree-level often starts with very physically challenging work.

He’d gone to the heart of one of the most diverse, carbon-rich forests on the planet—a place also experiencing a huge impact from slash-and-burn clearing and illegal logging. There, Jean-François developed a better understanding of how much carbon storage can vary inside a diverse forest. Forested areas just 500 meters apart can have very different species compositions, structures, and wood volumes—and, therefore, amounts of carbon as well. He doggedly collected tree measurements and survived mainly off canned tuna. But his months there in a remote place where few other forest datasets exist even today also gave him an understanding of how complex natural forests are. On the ground, he could see and record so much more detail than any satellite could.

“I worked in an area about thirty kilometers by thirty kilometers. To the south, there were forests habituated by bonobos. To the north, they were inhabited by elephants. There were trees pushed to the right and to the left to make room for elephants. Without seeing them, you could feel they have been there—that they are there.” Some trees, such as the Gilbertiodendron dewevrei, had monumental trunks and grew to over 100 feet tall. At
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“Lauren E. Oakes offers an in-depth portrait of tree planting around the world—its merits and limitations, too. Treekeepers brings forests, biodiversity, climate solutions, and global communities into one critical conversation about survival and our collective future.”

—Ernest Moniz, former United States secretary of energy

“Oakes knows forests, and in Treekeepers, she introduces us to the vibrant global community working to restore forests of all kinds—and ensure our collective survival. An insightful, beautifully reported, and much-needed guide to the hope beyond the tree-planting hype.”

—Michelle Nijhuis, author of Beloved Beasts: Fighting for Life in an Age of Extinction

“Ecologist Oakes has spent years exploring the potentials and pitfalls of the modern tree-planting movement. The result is Treekeepers, a deft and compelling story about the complex realities of growing and maintaining healthy forests, told with just the right blend of hope and warning.”

—Thor Hanson, author of Hurricane Lizards and Plastic Squid
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