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            Prologue
A City Without Nature

         
         A bead of sweat trickling down the side of your face confirms that you’re still awake. You get up to peel your sweat-soaked
            sheets from the bed, removing the fresh pair you’d washed from the dryer, knowing this would be another blistering night filled
            with everything but sleep. As you tuck each corner of the new sheets around your bed, you remind yourself that you’ve survived
            worse.
         

         
         The scream of a skidding car outside ends in a shattering thud. You’ve heard that sound before—last June, when temperatures
            got so high that oil, built up from millions of tires scraping the road, seemed to rise from the pores in the asphalt. You
            peek through your curtains to find that the passengers have climbed safely out of their battered vehicles, and you dutifully
            call in the crash. It’s day eight of what’s expected to be another weeks-long heat wave, and each day has been worse than
            the last.
         

         
         Then, you remember your ninety-year-old neighbor. Did she make it through the night?

         
         It takes twelve knocks, but finally, she answers her door.

         
         “What’s the hurry?” she says, and you give her the longest, sweatiest hug you’ve ever given someone.

         
         You hop in the shower. The lukewarm water reminds you that the power has been out since yesterday, the grid overloaded by people trying to keep cool with air conditioners. With the tram down, its cables melting, you grab your bike from the basement. The gears skip, rusty from last year’s flood, but you’ve learned how to work with them. With a soft pedal and an even push on the shift, you ease it into the right gear and make your way to work. You’d started the summer biking every day, but after a truck knocked you to the pavement last month, you haven’t mustered up the courage to climb back into the saddle. With the office too far to walk to, you have no choice today. 

         
         Pedaling down Main Street, your eyes sting from the smog—the viscous air sags in your path, it’s like the pollution adds wind
            resistance. Then you remember that your asthma always acts up in the summer. The smoke rolling in from the wildfire hundreds
            of miles to the west isn’t helping. Asthma had started ten years ago with a familiar itch in your throat, then a persistent
            cough. Your doctor called it “the Beijing cough.” The name struck you as strange, with millions dying of air pollution in
            cities worldwide.
         

         
         You turn right onto a small avenue, one of the few where large, mature pin oaks tower over the neighborhood. As you pedal
            under their canopy, your throat relaxes. You stop and take a couple of gulps of the water you brought.
         

         
         Leaning against one of the trunks, you swear you can feel it teeter away from you. Stunned, you step back and notice the oak’s
            bottom branches for the first time—they’re drooping, their leaves browning.
         

         
         “Won’t take long for these to come down,” a man’s voice calls behind you. He wipes sweat from his brow, stopping to let his
            dog out on a small speckle of green. Even without a leash, the dog paces in a tight circle, like it has forgotten how to play.
            You wave and pedal on.
         

         
         You pull up to the office, the first floor of a small wooden 1970s structure. Because of the era in which it was built, before the flood maps got redrawn, it sits lower than its neighbors. The emergency generator installed five heat waves ago means the lights are on. But the AC remains broken from the flood last year. The brown mold on the walls reminds you just how high the water got. You look away before your brain replays the trauma of that day, but you know it’s too late to block the memory. 

         
         Until you saw those walls again, you would have struggled to imagine this place filled with floodwater. The looming threat
            of wildfire, blared every day by meteorologists, makes such an abundance of water seem almost aspirational—between this August’s
            extreme heat and drought, you can see the city is a tinderbox. It only took one spark to burn a neighboring town to the ground
            last week. You wince, remembering Ellis, lost to the blaze.
         

         
         Emergency counselors tried to support the families and friends of victims. But you found their advice of little help: “If
            you feel yourself getting anxious about the fires,” the kind woman had told you, “take deep, calming breaths.” When you tried
            it yourself, the smoky air made you gasp.
         

         
         You leave work early in the afternoon to escape the hottest part of the day, stopping at a small park. The last meadow left
            in a city built atop them includes the only stream that hasn’t been routed into an underground pipe. As a result, you and
            too many of your hundreds of thousands of neighbors are there, demanding more from these four acres than they can provide.
            The park resembles Woodstock, right before Jimi Hendrix came on, though the air has a tinge that your Hippie parents would
            not have recognized.
         

         
         Dragging your bike behind you, you elbow through the crowd and find solace behind a dried-up worm hotel, another failed attempt
            to engage the community in composting. You sit cross-legged, inhaling the musk of that dusty air, trying to take those deep,
            supposedly calming breaths. But as the sweat once again pools on your furrowed brow—you worry the world has changed forever.
         

         
         
      
   
      
      
      
         
            Chapter 1
Unsilenced Spring

         
         
            I believe in God, only I spell it Nature.

            —Frank Lloyd Wright, American architect

         

         The neighborhood was dying slowly—that much everyone could agree on. The nightmare had started with a celebration on October
            10, 1959, when the city opened a new four-lane highway that traversed Maastricht, a college town on the southern tip of the
            Netherlands. Neighbors gathered along the concrete walls of the new thoroughfare, admiring the perfectly smooth lanes, feeling
            the vibration of the first speeding cars thunder through their bodies. The city had promised that the new highway, with its
            100-kilometer-per-hour speed limits, would usher in a new era of mobility for the city.
         

         
         The reality was far from it. The imposing steel highway, an extension of the one that stretched across the Netherlands, quickly became a source of misery for adjacent residents. The city tore down blocks to make way for the arterial road, uprooting families and the street trees they tended. The absence of these trees, whose leaves filter and purify the air, only exacerbated the cities’ worsening air and noise pollution. The residents who were lucky enough not to lose their homes to the widened footprint of the highway found their conversations drowned out by the roar of the 50,000 engines passing every day. The day that the construction started, their onetime neighbors suddenly became inaccessible despite living just two blocks away, separated by walls of thumping concrete. 

         
         Soon, asthma levels began to spike. Then, within a few decades, the thoroughfare that had promised zippy commutes was packed
            with bumper-to-bumper traffic. Residents along the route began to notice that their parked cars and porches were coated in
            gray dust, which turned out to be the carcinogenic by-product of millions of drivers pumping their brakes.
         

         
         In just a few years, what had once been the neighborhood’s meeting place—the site of evening barbecues and pickup basketball
            games—had become a hazard. Crossing from one side to the other was a matter of life and death.
         

         
         And yet, it still was not enough highway. The country’s leaders saw the Maastricht stretch of A2 as a bottleneck, delaying
            movement between the populous Dutch coastline and its neighbors to the south. They proposed expanding the highway to ease
            the traffic that had become crippling. Thankfully it was a bridge too far.
         

         
         Maastricht’s elders, who had seen how such promises played out, resisted, rallying residents across the city to demand a better
            solution. Through decades of activism, they built a coalition between local governments and the head of Public Works and Water
            Management. Instead of expanding the highway—literally widening the city’s divide—the alliance agreed to take a different
            approach. It would tunnel the motorway underground, separating local and (inter)national traffic into a stack of lanes to
            ease slowdowns and transform the surface into a meandering park. Lined with enormous trees, rolling flower meadows, and winding
            pedestrian and bike paths, the park would help mitigate the noise, air pollution, and physical barriers that decades of bigger
            and bigger roads had unleashed on the city.
         

         
         Today, the park is known as the Groene Loper, or the Green Carpet. Its trees provide varied habitats for the area’s resurgent biodiversity, homes for the pipistrelle bat, the common swift, the house sparrow, and hundreds of species of insects, many of which pollinate the park’s flowers. Road safety has improved considerably, with significant reductions in noise pollution and vastly enhanced air quality. Maastricht met the country’s legal air-quality standards for the first time in seven decades. Surrounding communities, whose members sometimes had to walk twice as far to reach their nearest bakery, can now connect while gardening, walking, and playing in their newfound oasis. 

         
         “I used to live along a highway,” one resident told the local news station. “Now I live along a park. And I didn’t even have
            to move.”
         

         
         Building from research into the impact of urban trees on the health of their human neighbors, the massive construction project
            had one particularly ambitious goal: to increase the life expectancy of the residents surrounding it by five years. To make
            that happen, its newly planted 1,800 trees needed to thrive.
         

         
         Tjeu Franssen (whose name was changed for privacy reasons) was tasked with nurturing this new urban forest. An arborist by
            trade, he accepted the heavy burden because he believed in the mission and valued the ability to work outside, away from a
            computer, the quality that had attracted him to his career nearly thirty years ago.
         

         
         I met Tjeu one morning on one of the excursions I’d take around Maastricht to water its neighborhood trees. It was a weekend
            ritual I enjoyed, an informal way to learn about other Dutch cities while I did research for my Ph.D. in ecological engineering.
            Wanting to get to know the steward of my favorite park in the city, I eventually mustered the courage to reach out to him
            and invite him along.
         

         
         As we strolled down a sunny block in the city’s historic Jekerkwartier district, Tjeu stopped at a small beech tree that tilted
            over the road as if exhausted. He grabbed one of its dry leaves with a fist, almost crunching it to powder. “This one’s a
            goner,” he said. He wrinkled his sunburned nose and tensed his chin into a stoic pout.
         

         
         I nodded.

         
         “I’ll grab the shovel,” he said, leaving to retrieve it from his truck.

         
         I dug my fingers into the soil and pulled up a couple of roots, which snapped, confirming what we both already knew despite my unreasonable hope. There was no saving this tree. 

         
         “I’m starting to have the same problem over by the Groene Loper,” Tjeu yelled over the traffic as he walked back. He was shaking
            his head, rubbing his palm against his white stubble as he swung the shovel in his other arm. I understood the immense stress
            he must have felt. The Groene Loper was the largest project he’d ever overseen, the kind of historic undertaking that could
            not only make or break a career but could forever alter the public’s appetite for funding urban forest initiatives.
         

         
         He drove the shovel into the hard soil with a swift kick of his heel and dug with urgency as if we needed to canvass the whole
            city in a single day.
         

         
         I prepared the bag and helped him lift the tree into it.

         
         “Why don’t you try sensors?” I asked.

         
         He paused, then laughed. “Yeah, right,” he said, gathering his composure. “A sensor couldn’t possibly tell me something I
            can’t see in the field.”
         

         
         I tried to bite my tongue. I knew Tjeu’s frustration well. I’d had a long streak of terrible luck with the tomatoes I planted
            in my community garden. I was heartbroken each time I found the plants wilted and dead in the mid-summer. The last time that
            happened was over a year ago, a few months before an urban farmer introduced me to her soil sensors.
         

         
         We walked silently for a few blocks until we slowed in front of another parched tree. I couldn’t stop the thought from pouring
            out of me: “Tjeu, your trees are dying by the dozens—by the hundreds in some sites. What do you have to lose?”
         

         
         This time, he just shook his head and dug. He gave me the organic waste bag, and I held it open while he heaved the tree inside,
            its dusty root ball sticking out of the top.
         

         
         “Maybe you’re right,” he said.

         
         I was glad that Tjeu might consider the idea. Still, his initial reaction exposed a challenge I would become familiar with. As I’d discover, it haunts every ecologist who advocates for technological innovations. 

         
         My research colleagues and I worked with Tjeu to set up an experiment to reveal how the new tool could solve their problems.
            There were two sites—one on the Groene Loper and the other on the outskirts of eastern Maastricht. At the Groene Loper, we
            installed three soil-moisture sensors, and at the second, none. The soil type, drainage conditions, tree species, and weather
            were the same across both sites. To make things more interesting, we settled on a bet: if I won, he’d have to buy me a dish
            of my favorite zuurvlees, a traditional meat stew considered a delicacy in Maastricht. He’d get a week of my free labor during my next summer break
            if he was right.
         

         
         We let the tree managers carry on their duties—planting, watering, and pruning—for the rest of the summer. When the sensors
            we installed registered soil that was too dry, the tree managers received a notification on their phones, alerting them to
            water a particular tree or grove. The managers could plan accordingly in these locations, organizing their day around where,
            when, and how much to water.
         

         
         As we neared the end of August, I assembled the tree managers to see how they fared. Almost a fifth of the trees without a
            soil sensor had died. At the Groene Loper, not a single tree was lost. Though I’d learned from my tomatoes to expect a result
            like this, comparing those that survived in the location without sensors to the trees in the other site revealed a surprise:
            the ones grown with sensors were vastly larger, some of them by up to three times.
         

         
         Sitting on a bench halfway up the grove in the Groene Loper that had previously suffered perennial tree deaths, Tjeu and I
            admired the soft, gentle rustling of the Linden canopy above us. Its leaves were broad, heart-shaped, and smooth, with an
            intense green hue that shimmered below the blue sky, shielding us from the scorching sun.
         

         
         “This isn’t I told you so,” I said, unable to ignore Tjeu’s awe.
         

         
         He turned and met my gaze. “I don’t know what to say.” He stood, then laid down on the shady grass, spreading his arms and closing his eyes. 

         
         When he rose a few moments later, he said he felt humbled by the results. “I’m proud . . .” he began, “but disappointed.”

         
         I understood what he meant. I felt it, too. We sat in silence, thinking about what all those dying trees meant. The cries
            for water that went unheard. The thirsty roots that had received too much water in one pour, suffocating them with rot. The
            people who would have to go without shade. The future generations who would be forced to suffer under increasingly worsening
            urban heat island effects. Tjeu wondered out loud how many trees had died under his watch. How much money could’ve been saved
            by making a modest investment in sensors instead of replacing trees every few years? He spun, following a rumbling plane descending
            across the neighborhood.
         

         
         When he turned back to me, Tjeu pursed his lips into a narrow smile, and for the first time, I noticed the dimples in his
            cheeks.
         

         
         “Let’s install sensors all over Maastricht,” he said.

         
          

         Several years ago—thanks in part to this experiment and the chain reaction that followed—I started exploring how technology
            could help us better understand the complex relationship between urban living and the nature we rely on. It drove me to research
            all the other ways urban ecologists used technology to turn our understanding of the living world upside down.
         

         
         At the core of my mission was an understanding formed from my own experience and my interaction with dozens of neighbors: that the limited nature in our midst was an essential character in our lives. Painters and documentarians never seemed to direct their attention to pocket parks or streams bubbling under railroad tracks the way they sought to capture the beauty of a rugged mountain peak or a group of wild horses galloping across a field. But as every city dweller seemed to understand, the wildlife we interact with daily is a breed of nature that may be even more important. 

         
         I have spent the better part of a decade chasing the insights that Tjeu took to heart during the day we spent together in
            Maastricht, challenging the false dichotomy between nature and technology. Instead of treating the two as separate systems,
            locked in a grisly competition that ends with a barren city, I’ve been fighting to show that they can and should complement
            each other. And even more, if we are to restore the habitats that sustain humanity, we must teach these forces how to be friends.
         

         
         The division between “natural” and “technological” is nowhere as great as in the urban enclaves where our species predominantly
            live. For decades, the concept of a “smart city” has dominated the urban planning discourse. While technology has benefits
            in improving efficiency, safety, and innovation in our neighborhoods, we tend to forget that cities are built on the back
            of nature, becoming ecosystems that interact with the environment.
         

         
         To build a truly “smart” city, we must prioritize the health of our environment—and in turn, ourselves. This requires confronting
            the trends of modern development that have destroyed natural habitats and caused air pollution and rapid deforestation. It
            means grappling with the effects of climate change and the severe consequences of our nature-starved environments regarding
            our health and well-being. But first, it demands a fundamental shift in how we view our place in the world—recognizing that
            we are not separate from nature but a part of it.
         

         
         As my research revealed, the soil sensors that I showed Tjeu were just one prong of a new industrial revolution remaking the landscape of our cities. Innovators I’d never heard of just ten years ago are leveraging emerging technologies like artificial intelligence, automation, blockchain, and sensors to tackle the problems that routinely destroy our habitats—our homes and the natural spaces around them that make them livable. I decided to devote myself to this emerging science, first by studying it for my doctorate, then by identifying the new field. I call it the Internet of Nature (IoN) because it draws from technological breakthroughs to support habitats for humans and all other species to benefit both. 

         
         Nature takes on special significance in cities, bringing energy, life, and balance to the environment, providing an essential
            contrast to built spaces. Like a conductor leading a symphony, nature directs the flow of activity and connection between
            people, places, and creatures. It provides the oases where we can escape the pressures of work, parents, and kids. Its miraculous
            principles facilitate the treatment of our drinking water. It filters our air, reduces noise pollution and crime, mitigates
            flooding, and promotes physical activity. To live in harmony with our environment is fundamental to our survival.
         

         
         Yet, at alarming rates, urban development continues to gobble up nature in cities, leaving ever-shrinking landscapes for refuge.
            Concrete walls and new buildings rise where meadows and wetlands once provided shelter for creatures like birds, honeybees,
            and squirrels. Disappearing parks deprive us of a much-needed connection to the natural world. In this age of towering skylines,
            the landscapes where more and more of us live are increasingly devoid of life. Uprooted from the environments in which we
            evolved to thrive, it is no surprise that so many people feel lost in our hometowns—our souls thirsting for the way things
            used to be. Despite being surrounded by bustling streets, many feel disconnected from the world around them. As I have found,
            the consequences of this detachment are not just emotional: they cut to the core of our being, forcing us to question our
            very existence. It turns out that finding our place in the modern world involves reconnecting with our natural environment.
         

         
         I, like you, had questions. As cities continued to expand, deepening into the earth and reaching the skies, how could we recreate
            the rich environments in which our ancestors thrived? Could we build a cityscape where manufactured structures and ecosystems
            made each other stronger? How much time did we have before it would be too late?
         

         
         Though I would not find easy answers, my research forced me to build from a few unavoidable conclusions. Perhaps most apparent to all of us who try to thrive in our changing environment, there is no doubt that we can no longer ignore the clash between humanity and its wilder elements. Rising temperatures, extreme weather patterns, and their costly impacts on our cities’ basic services—infrastructure, housing, livelihoods, and health—are signs that our planet is in peril. 

         
         The ensuing chaos is a stark reminder that we aren’t in control as much as we once believed. In these moments of desperation,
            we must find the resolve to push forward.
         

         
         The question isn’t if we’ll change but how. We have the power to determine whether it will be by design or by disaster. Our threatened state demands that we forge a
            future that honors ourselves—creatures of civilization—and those we cannot tame.
         

         
          

         Today, more than 4.4 billion people live in cities1—56 percent of the world’s population. The United Nations projects that number will rise to 80 percent by 2050. What is less
            known is where this urban growth is happening. Yes, urban centers are growing, and they will continue to. But many of the
            4.4 billion people “living in cities” would consider their home a suburb. And this group grows faster with each passing year.
            In addition to a great urbanization, we are also witnessing a great suburbanization.2 From Chicago to Chennai, India, and beyond, populations are flocking from downtown areas and the countryside to the city’s
            margins, developing metropolises stretching further toward all corners of the globe.
         

         
         The source of this trend is one to celebrate. History has shown that the world becomes richer as science and technology advance,
            lifting millions out of poverty and thrusting them into the middle class. As wealth grows, so does the appetite for space.
            It’s a sign of prosperity that our cities have sprawled so far.
         

         
         But despite its venerable origins, the effects of the trend toward sprawl are devastating.

         
         One day, I saw them myself—in the town where I grew up. Born in the Netherlands, I moved with my family to Canada in the late 1990s: to Waterloo, in Ontario’s Southwest. The dot-com bubble was booming, and my father had been given an opportunity to be a part of it. With my mother and baby sister in tow, Canada’s tech hub became home. 

         
         Officially dubbed the Regional Municipality of Waterloo, it is a metropolitan area containing three cities in the heart of
            Ontario’s greenbelt, the location of the province’s most arable land. The population of the region was about 350,000 when
            we moved there. Now, twenty-five years later, it’s nearly doubled.3

         
         I grew up beside a small patch of woods, on the other side of which lived one of my best friends. Every morning, we’d coordinate
            our daily walks to school, communicating on walkie-talkies when we would meet on the “back path,” which connected our houses’
            backyards, separated by some 300 meters of forest. We’d walk the remaining kilometer from the old tree stump to school together.
            A first-generation immigrant struggling to learn English, I treasured our morning conversations. They were opportunities to
            try out the new words I’d picked up without risking ridicule.
         

         
         The truth was that my situation wasn’t as unusual as it sometimes felt. The city was home to diverse families from all over
            the world. It was normal for half my classmates to be born outside of Canada. And as different as we may have seemed, we all
            shared at least one thing: our archetypal suburban environment—a mosaic of cul-de-sacs with no sidewalks, woven between large
            tracts of forests and meadows that developers had had the foresight to preserve. We yelled to our parents over the hum of
            lawnmowers from atop the same species of trees, refusing to come in for dinner. We propped up sticks against the trunks, making
            small forts that dotted the woods. In the winter, as soon as the smallest flurry edged into the forecast, we prayed for snow
            days. We would borrow the lids of trash cans to sled down the snow-packed hills. There were no wailing police sirens or drunken
            fights outside our windows. Nothing ever happened there. And that’s precisely what made it so great.
         

         
         Then, I saw it all change. The house I grew up in used to be on the city’s outskirts. Some 500 meters north of my house were woods, cornfields, and farms as far as the eye could see. But in my nearly two decades there, development cannibalized the landscape. Where fields of prairie flowers and grasses once blossomed in June now stood soggy plots punctuated with identical beige homes. In the place of ancient trees had sprung saplings—meek attempts to replace what was lost under suburbanization’s swath of destruction. Just as my childhood home had helped to engulf another landscape in urbanity’s tide, it was now locked within the city. 

         
         Walking the family dog through these new neighborhoods when I visited my parents for the holidays in the years after I moved
            away, I questioned everything about the environment I’d once called home. Why do we honor our trees, lakes, and flowers in
            the names of our towns, neighborhoods, and streets but struggle to conserve those very organisms? Why do we have to choose
            between nature and development?
         

         
         A growing movement of urban planners and engineers recognizes that this age-old dichotomy is misguided. As hunters and gatherers
            that grew up in the forests and savannas, we cannot thrive removed from those spaces. Nor can we completely immunize our surroundings
            to the dangers of the wild and the earth’s vicissitudes. As we come to terms with sprawling urban landscapes and ready ourselves
            for the effects of climate change, nature within city limits is an often-overlooked asset in our arsenal.
         

         
         From forests to parks, stormwater infrastructure to waterways that nourish us both physically and emotionally, these rich sources of life can be leveraged as powerful tools to strengthen our habitat’s resilience. Early urbanites have known for centuries that nature keeps us grounded as cities evolve. Indeed, many of the parks we enjoy today—London’s Hyde Park, New York’s Central Park, Boston Common—are the same parks where our ancestors sought refuge and respite from the harsh realities of city life. As early as the eighteenth century, the phrase “Lungs of London” was coined to describe the city’s trio of Royal Parks—St. James’s, Green, and Hyde—which offered an environment that would mitigate the shortcomings of the smog-ridden Industrial Revolution and subsequent urban sprawl. Against all odds, nature thrived in these human-dominated environments, and in turn, cities became tolerable habitats for both people and wildlife. 

         
         In broad strokes, what some intrinsically understood in the eighteenth century is still true today: where nature thrives,
            people thrive. Only now do we have the evidence to back up the observation. Yet, as urban development creeps worldwide, nature
            must fight—and often die trying—for its rightful place in the city. Suffocated by asphalt, cut by utility lines, and blinded
            by the lights of our cities, nature can no longer support the burden we put on it. More than just a place to hide out from
            dirty air, we now lean on our ecosystem to cool our streets, absorb carbon emissions, and buffer neighborhoods from rising
            seas, flash floods, and wildfires. And there is no denying that it is falling short.
         

         
         Global population growth and the growing middle class is one reason nature cannot keep up with what we ask. It fulfills a
            laundry list of duties when cities and towns burst at the seams. Only 6 percent of the world lived in cities when the first
            urban parks were built. In North America, that number is now nearly 85 percent. For the urban capacity to keep up with population
            growth, nearly 80,000 km2 of land4—roughly the size of Austria—is urbanized each year.
         

         
         Nature’s inability to sustain population growth has consequences. Every week, three million people across the globe relocate
            to cities, often seeking prosperity only to find themselves threatened by challenges their new homes weren’t built for. Once
            unprecedented heat waves now routinely cripple aging infrastructure designed for a different climate. Sunny day floods teem
            out of coastal sewer systems constructed in an era when storms weren’t as big and prairies used to dot the landscape, diverting
            rainfall. Thronged natural spaces have failed to reconnect us with the wildlife surrounding humans for hundreds of thousands
            of years, threatening our well-being. Each new reality jeopardizes our mental and physical health.
         

         
         While some of these challenges only became apparent with the emergence of climate change, the germs that gave rise to them have been with us for decades, ignored by planners and municipal leaders who subscribed to an ill-fated ambition to sever our connection with the ecosystems around us. If we could manipulate the wetlands with concrete, the thinking went, create wider roads to ease a clogged commute, and insulate ourselves from the weather using air-conditioning, we could divorce ourselves from the ferocity of our environment. Nothing would be beyond our control. But as nature begins to overpower the antiquated systems that came out of this mindset, it forces us to confront the disastrous costs of the fallacy. Every day in cities worldwide, millions now swelter under extreme heat events, develop diseases such as asthma due to poor air quality, and buckle under new mental stresses imposed by urban life. 

         
         The conundrum that compelled my research into the IoN is existential: How do we restore the balance that once characterized
            human environments without losing the progress we have made? Rightly, many celebrate the urban shift that the Industrial Revolution
            unleashed. The technological explosion that began with factories springing up along rivers lifted billions out of poverty.
            It fanned across the globe, drawing people from the countryside into highly productive hubs. The vast social networks it unlocked
            accelerated innovation. And the smaller homes that urban density facilitated now enable us to reduce each person’s carbon
            footprint. But with so much focus on the miracles of the modern city, our leaders have ignored the bills coming due. Now,
            at the dawning of the urban century, a growing pile of stumbling blocks endangers the whole experiment.
         

         
          

         As we enter a new era characterized by ecosystem restoration and building nature within city walls, it may be tempting to look back at what we’ve lost. The majestic species that succumbed to their changing environment and the ecosystems overrun, the days when human meddling left nature untouched. But the journey to build sustainable, healthful habitats isn’t about “going back to nature” but about moving forward into nature. To succeed, future development shouldn’t replicate old environments for nostalgia; rather, relying on the lessons of modern life, it should import into our habitats the elements we need to thrive. 

         
         It won’t be easy. The lack of sufficient research into the impact of overlooked green spaces presents one major hurdle. Despite
            the invaluable benefits of urban nature—both to people and our planet—its economic worth often goes unrecognized. Local governments
            shoulder much of the financial burden for these benefits, while an array of beneficiaries—like property owners, businesses,
            and insurers—get a free ride to enjoy the rewards. It should therefore be no surprise that those with control over the purse
            strings often struggle to make a compelling financial case for investments that will save lives. To cultivate greater investment
            in cities’ ecosystems requires first helping nature to speak our language. We hope to turn the corner only when cities can
            properly quantify the effects of supporting ecology.
         

         
         Physically, there are other challenges. Urban environments can be downright hostile, even for stalwart organisms. Pollutants,
            soaring temperatures, and lack of adequate space above or below the ground all pose obstacles to proper growth—making plants
            liable to infections and afflictions. To overcome these challenges and foster a vibrant urban landscape, city-dwellers or
            their governments must address the often-unclear ownership responsibilities for vegetation, organizing groups that care for
            public nature. Solutions begin at the local, neighborhood level. While uncovering why some neighborhoods had made astounding
            progress while others suffered, I discovered a hidden truth embedded in their success: technology. The same technology we
            once shunned and feared as the “enemy of nature” has now emerged as its strongest ally.
         

         
         In our quest for answers, we need to explore every possible solution—from the transformative powers of technology to the timeless wisdom found in natural systems. For all the damage that human exploitation wrought, the technologies it built are now our greatest advantage for reclaiming the ecological networks that once supported us. We cannot, for instance, remove the sewer pipes webbed beneath our cities and restore the marshland beneath the street. But we can map the flow of aquifers to make our drainpipes effective once again. As the Maastricht experiment taught me, tomorrow’s cities must rely on emerging technologies—and repurposed older ones—to build durable ecosystems. 

         
         Finding harmony between nature and technology lies at the heart of the IoN. As cities grow and modernize, so must the solutions
            for protecting our natural resources. In this book, I learn from the visionaries around the world who are bringing these old
            enemies together to build a habitat where humans flourish.
         

         
         The work of these inventors and entrepreneurs also shows how to build the necessary support to unite nature and technology.
            Before city governments approve the extensive investments necessary, researchers must prove the value of the right technologies.
            For ecologists who’ve witnessed decades of human engineering that attacked nature, that’s a tall order. Many nature lovers
            have watched industrialization trample our ecosystems, developing an understandable skepticism of the latest innovations.
            The visionaries that I sought out learned from the dangerous oversights of modern development to illuminate ways in which
            technology, when subordinated to the miracles of Earth and used to support them, can unlock the value of urban nature. Their
            stories offer vital insights into building resilient, vibrant neighborhoods where the wellness of the residents and the planet
            go hand in hand.
         

         
         Ultimately, the question future generations are facing is simple: Confronted by the twin crises of urban growth and climate
            change, how can we create communities of abundant nature, utilitarian wildlife, and everyday convenience where verdant flora
            and bustling fauna seamlessly support the comforts of modern life?
         

         
         As it turns out, the answer starts with recognizing the splendor of urban nature’s most conspicuous element—its city-dwelling trees—which has been too often ignored. Only then may we appreciate and value these silent sentinels for all they provide us: shade and shelter from the sun’s harsh glare, a connection to our past, and a buffer against the storms and smog of our future. So that’s where this book begins—revealing the perils of urban deforestation, the misguided replanting efforts, and the opportunities for a new approach. 

         
         The urban forest measures the weight of careless destruction and charts the journey to renewal. Beneath every cut tree is
            an armada of missed potentials—root systems decimated by their plight and saplings that never grew. By understanding which
            technologies give us a puncher’s chance at deciphering nature’s messages, we can save this valuable resource before it is
            too late.
         

         
         To hear the cry of a thirsty tree or the wail of a river preparing to breach its levee—to truly understand their meaning—we
            must first learn how to listen.
         

         
         
      
   
      
      
      
         
            Chapter 2
Saving Trees on the Paper Trail

         
         
            Technology won’t replace arborists but arborists who use technology will probably replace arborists who do not.

            —Josh Behounek

         

         “Boston Parks Department, how can I help you?”

         
         I was standing at the tree warden’s office door, watching Superintendent Greg Mosman twirl the scrunched cord of the old office
            phone he was using, leaning back in his creaky swivel chair. He gestured to me to give him a second. I heard a high-pitched,
            almost whiny voice on the other end of the line.
         

         
         I’d walked into several of the wrong buildings trying to find Greg’s office. Though it was only steps away from Fenway Park,
            the legendary home of the Boston Red Sox, it was tucked into the corner of a small green space, the windows covered in black
            steel grates. When I finally noticed the structure, only a small sign that read “Boston Forestry Division” told me I was in
            the right place.
         

         
         The inside of the building was dark and musty, with fluorescent tube lights jutting from the low ceilings close enough to make you want to duck when you walked under them. It reminded me of the portable classroom I spent fourth grade in. That was supposed to be temporary like I imagine this shell of a building must have been. In the Canadian winter, my classmates and I sometimes wore coats to withstand the room’s spectacular draft. 

         
         The town had built those classrooms to keep up with the growing number of children in the neighborhood—what leaders at the
            time believed would be a brief growth spurt, but the trend never seemed to stop. When I walked by my old primary school last
            Christmas when I was visiting my parents, the portables stood exactly where they’d been twenty years ago, housing a new generation
            of tweens.
         

         
         A lack of municipal planning wasn’t surprising in a once small town overtaken by a tsunami of sprawl. But the fact that those
            responsible for creating and maintaining more than 160,000 trees and 2,300 acres of parkland in Boston operated out of this
            space spoke to something else: a failure to understand the value of nature as an essential social good.
         

         
         Greg’s chair cracked like an arthritic knee as he leaned forward. “Yes, no problem,” he told the caller. “Can you tell me
            which tree it is?” He wheeled over to his desk and pulled up Google Maps.
         

         
         “Let’s try the address,” he suggested. “Riiiight, okay, so, errrr, between seven and nine on Marlborough Street. “Hmmm, yeah,
            I think this is an old picture,” he said, peering over his glasses at the Google Street View image. “Okay, I think I know
            the tree—I’ll try to get one of my guys out there by the end of the week to look at it.” After a pause, he insisted that was
            the earliest option. “We’re completely . . .” he said, trailing off.
         

         
         He sighs and looks over to me, forcing a grin. “The guy hung up on me!” he said. “Anyway, sorry to keep you waiting.”

         
         I introduced myself, then a Ph.D. student looking to take soil samples of mature red maples. After some nervous fumbling,
            I got to my question: “Can I use your tree inventory to weed out the locations of red maples?”
         

         
         He cast his eyes down as if studying his shoes, muddy from so many strolls into the parks. “Unfortunately,” he said, clearing his throat, “we don’t have a functioning tree inventory, never have. But I can note trees that fit your criteria as I drive around the city if it would be helpful.” 

         
         I was incredulous. “You can identify whether or not it’s a red maple from your car?” I immediately regretted asking such a dumb question.
         

         
         Greg chuckled. Luckily, he was not offended. “After working as the city’s chief arborist for so many years, you more or less
            know where each tree is.” For a city of nearly 200,000 public trees, the claim seemed outlandish. My eyes turned to the scribbles
            on his hand, the hundreds of Post-it notes on the wall behind him, and the piles of paper on his desk.
         

         
         “I love my work,” Greg continued, following my gaze. “And I’ve never met an arborist I didn’t like. We’re die-hard tree lovers
            and know the urban forest like the back of our hands. But as you can see, that’s sometimes a problem. Many of us are keeping
            track of their trees with Post-its.” He pointed to the pen-etched scribbles on his hand. “Or worse.”
         

         
         A couple of days later, Greg emailed me a list of twenty red maple locations organized by address. If you ever come up with
            a way to better manage trees, he wrote in a postscript, call me.
         

         
         The experience got me wondering about the prevalence of tree inventories. If a city like Boston, with a park system designed
            by the celebrated landscape architect Frederick Law Olmstead, didn’t have a tree inventory. How many other cities worldwide
            were trying to manage their ecosystems in a data vacuum?
         

         
         As I would come to appreciate the astonishing talents of arborists like Greg in the coming years, I also came to see how the
            absence of municipal investment crippled their work. In lacking a tree inventory, Boston, I found out, was not the exception
            but the norm in city governments. And without the data to show the impact of the urban forest—the trees, shrubs, and associated
            vegetation across a city—officials and citizens structurally undervalued it, often dooming trees through poor planting and
            caretaking decisions. The consequence is a city either devoid of a tree canopy or dominated by an urban forest monoculture
            that is vulnerable to rapid depletion.
         

         
         Over the past few years, mass mortality events like Dutch elm disease, chestnut blight fungus, emerald ash borer, and oak beetles have taught many of us about the dangers of these monocultures: they allow the species- or genus-specific pests and diseases that global trade facilitates to destroy an entire city’s forest. The mass mortality events resulting from our homogeneous urban forests are predicted to wipe out 1.4 million urban trees by 2050, 1 requiring a staggering cost of over $900 million for replacements. Hot spots that are particularly vulnerable to this tree
            mortality include Milwaukee, Chicago, and New York City.
         

         
         We are only beginning to feel the effects of these losses. As their jarring absence reveals in cities that have failed to
            manage their forests, the benefits of having trees in cities extend far beyond mere aesthetics.
         

         
         You might be most familiar with the ability of trees to absorb pollutants and produce oxygen, thus improving city air quality.
            Trees decrease the risk of respiratory diseases such as asthma and chronic obstructive pulmonary disease (COPD) by reducing
            nitrogen dioxide, ozone, and fine particulate matter. A study by the U.S. Forest Service found that trees removed approximately
            17.4 million tons of air pollutants in the United States each year, providing an estimated $6.8 billion in economic benefits
            to Americans.2 Additionally, trees provide vital shade during the summer, reducing the need for energy-intensive air-conditioning. A Toronto
            and Region Conservation Authority study found that a single mature tree offers the same or better cooling benefits3 as five air-conditioning units running for twenty hours daily. Trees also release water vapor through a process called transpiration,
            which helps to keep the air around them cool in the same way that sweat chills the surface of our skin.
         

         
         Lush greenery is also vital in protecting cities from the growing perils of relentless rain. Trees, particularly their leaf
            canopies and roots, serve as natural sponges, absorbing substantial amounts of rainwater and curbing floods. According to
            the U.S. Department of Agriculture, a single mature tree can absorb up to 1,000 gallons of water annually.4

         
         By absorbing pollutants, releasing oxygen, and regulating temperature, trees make urban areas habitable for other organisms that support human life. They also provide a haven for wildlife that cannot survive only on the concrete and asphalt surfaces that otherwise define the city, contributing to ecological diversity. Trees offer shelter, food, and breeding grounds for these species, often in synergistic relationships that benefit both the tree and the resident species. Without trees, urban areas would lack the rich array of life that, I would learn, is necessary for the health of city residents. 

         
         In part because of the biodiversity they facilitate as well as other benefits, such as dampening noise pollution, the oasis
            that urban forests provide have been linked to improved health outcomes. Researchers have noted their calming effect on people,
            5 reducing stress and anxiety. Exposure to green spaces6 has been shown to improve cognition, increase social connections, lower blood pressure, reduce symptoms of depression, and
            improve immune function, decreasing the risk of chronic diseases and disorders.
         

         
         The incredible influence of trees on our quality of life may not be surprising when we consider the history of humanity. Throughout
            our evolution, forests have played an essential role in shaping our existence, providing shelter, the basis of our fruit-dominated
            diet, and materials for making the tools that set us apart from the rest of the animal kingdom. No wonder many people feel
            a visceral connection to these pillars of nature.
         

         
         Why, then, have we struggled so mightily to preserve the neighborhood trees that we rely on? Seeing Boston’s approach through
            Greg’s eyes, I discovered that our approach to managing urban forests played a major role.
         

         
         Tree inventories, which compile data on the number, species, age, location, size, and health of the trees in an area, are
            the most important tool for caring for urban forests. They may seem like a luxury to city governments that are focused instead
            on water treatment, building inspections, sewage, and crime. But they’re the foundation on which resilient urban forests are
            built, and a burgeoning field of research7 shows urban forests may be just as important as a city’s other essential functions for saving lives. They can help forest managers improve our cities by highlighting the areas that could benefit most from the shade, water absorption, and purified air of new trees. They can also protect our towns from decline, providing the granular data that forest managers need to protect these critical resources from negative impacts such as felling, pests, and disease. 

         
         Without adequate inventories, we cannot address the risks posed by dead limbs, which can hurt residents traveling beneath
            them or living beside them; we leave our cities more exposed to disastrous flash floods; and we lose an essential weapon against
            the threat of the urban heat island effect, exposing residents to killer heat waves. Then, in the wake of natural disasters,
            the lack of an inventory thwarts recovery efforts. Deerfield Beach estimated it lost thousands of trees when Hurricane Wilma
            violently struck South Florida in 2005. But since it didn’t have a tree database,8 the city struggled to qualify for reimbursement from the Federal Emergency Management Agency (FEMA).
         

         
         Dr. Andrew Koeser, one of the world’s foremost tree inventory researchers, recently surveyed to understand these risks. He
            found that U.S. cities without functional tree inventories9 lag their counterparts on metrics such as removing hazardous branches, prioritizing maintenance, identifying storm-damaged
            trees, charting species diversity, and estimating ecosystem services, the free benefits that nature provides us.
         

         
         Since I met Greg five years ago and began to make sense of the plight of the urban forest, one important thing has changed. After dealing with the cost of dead branches tangled up in phone lines, disposing of dozens of forgotten sidewalk saplings, which died from a lack of water, and cleaning up the destruction left by a forest of genetically identical trees overcome with a disease, many cities now understand the benefits that a tree inventory could provide them. What holds them back today is not desire but a long-held belief that keeping such a database will require a staff of hundreds. Officials imagine a swarm of arborists circulating every city street and park with pen and paper, recording what they find. In fact, this is how 60 percent of respondents to Andrew’s survey collected data, a process so slow as to render the inventory permanently out of date. Although the practice of manual tree management persists, new technologies present a much cheaper, more effective alternative. 

         
          

         Singapore is one of the world’s greenest cities.10 With seven million trees and one million more expected to be planted by 2030, Singapore’s inventory is a “digital twin”—developed
            by capturing measurements using light from a laser directed around each block and then applying artificial intelligence to
            geolocate each plant. Arborists at Singapore’s National Parks Board (NParks) can track their trees through an app and conduct
            several digital inspections, like examining overall tree stability under fierce tropical storms. It has a network of physical
            tilt sensors, which measure sudden movement and indicate risk, remote sensing to determine healthy chlorophyll levels, and
            street-level cameras for remote visual checks—all of which play a role.
         

         
         In 2000, NParks reported about 3,100 “tree incidents”11—where a branch falls, or a tree trunk snaps or is uprooted. Most notable in the years since was a 270-year-old tembusu tree,
            which fell during a concert in the Singapore Botanic Gardens, crushing a family. Concertgoers rushed to lift the massive tree—saving
            the father and one-year-old twins, who suffered injuries. But it was too late for the children’s thirty-eight-year-old mother,
            who was killed. The tragedy showed the community needed a better way to manage its forest.
         

         
         Over the next years, the city focused on continuously improving its tree database and tree care, eventually leading to the
            inventory model and its companion app. By 2020, NParks reported a nearly 90 percent decrease in annual tree incidents.12 By identifying potential safety hazards and assessing each tree’s overall health and maintenance needs, NParks proved it could address issues before they became dangerous to people and property. It restored confidence in the safety of its trees that the Botanic Gardens incident had shaken, building public support for growing the urban forest after years in which some residents had begun to question the value of trees. In doing so, it provided a model for cities worldwide, which struggle to field all the complaints from residents worried that an unkempt tree might harm them or their homes. 

         
         The movement that Singapore championed to value and manage the urban canopy properly had begun years before in New York City.
            The most densely populated city in the United States, its soil stuffed with thousands of cubic feet of “utility spaghetti,”
            New York started its tree census practice in the 1990s. Still, the project had taken on much greater significance after the
            city began to appreciate its remarkable forest anew following the World Trade Center attacks.
         

         
         The story started a few years before that, with a public effort to count every tree across the city. The city’s parks commissioner
            had delegated the action to Fiona Watt, a recent forestry graduate who had only started working for the parks department five
            days before. Though she felt completely unprepared to lead what may have been the world’s first urban tree census in a major
            city, Fiona wanted more than anything to prove that it was possible.
         

         
         Years before digital mapping systems and sensors could automate the process, Fiona knew she would need an army to canvass
            the city. So she and the longtime parks commissioner, Henry J. Stern, invited the public to help. At the press conference,
            Commissioner Stern asked anyone willing to help count trees to call a new hotline: 1-800-360-TREE.
         

         
         When people called, Fiona was on the other end of the line, madly scribbling down their names and phone numbers. Within days
            she’d amassed an infantry of two hundred volunteers. It launched a new era for NYC Parks, in which citizens were grossly more
            engaged in the trees they shared their streets with.
         

         
         Fiona used her forestry background to determine the variables to measure in the field. It started simply with the location, species, size, and condition. Everything was done by hand. Without the online maps we rely on today, Fiona had to use road atlases, which she annotated for her new community workers, laminating the paper to protect it from the elements. Each volunteer received a map highlighting the polygon they were partly responsible for and a stack of data-collection sheets on a clipboard. Later, the city contracted a company to keypunch all recorded information into a rudimentary database. It was the first technological leap for the newly dubbed “TreesCount!” campaign. 

         
         The first tree census revealed surprising truths. For starters, 10,000 dead or dying trees had gone unnoticed. The observation
            sparked new programs devoted to pruning trees and replacing the dead with stronger saplings. Perhaps even more surprising,
            the census helped to explain why so many New Yorkers felt deeply connected to the urban forest: it was far more widespread
            than anyone realized. In a city better known for its glass and steel towers, trees outnumbered the skyscrapers more than 500
            to 1.13

         
         In the weeks following the September 11 terrorist attacks, the importance of New York City’s parks only became clearer. With
            the city mourning the 2,753 fallen, parks emerged as a place of healing. In a letter to the public just two weeks after the
            attacks, Commissioner Stern wrote about people lighting candles, writing messages, leaving flowers and flags, and consoling
            one another in their neighborhood parks. “Our city has sustained a tremendous loss,” he said, “but with your help, parks can
            play an important role in the psychological recovery.”
         

         
         Fear, economic downturn, and respiratory conditions linked to exposure to the World Trade Center collapse—which would eventually
            claim thousands more lives—had residents fleeing the city. When Michael Bloomberg became mayor three months later, smoke was
            still rising from downtown. Many people wondered whether Lower Manhattan would ever come back.
         

         
         But as residents continued to filter out and the city mourned, its trees continued to purify the air. Some reminded the public of the resilience we all share within us. When the World Trade Center site was developed as a memorial park where those who had lost loved ones could reflect on the tragedy, its designers transplanted a Callery pear tree at its center. The tree had been discovered among the rubble, nearly incinerated but still showing signs of life. Workers nursed it back to health for a decade, sprouting new branches and flowering in spring; it grew from eight to over thirty feet tall. With limbs extending from gnarled stumps, the “Survivor Tree” experienced what so many New Yorkers did that day. Badly burned in the rubble, it remarkably recovered, sprouting new growth the next season. As one survivor of the attacks reflected, 14 “[it] reminds us all of the capacity of the human spirit to persevere.”
         

         
         When Fiona returned from her third maternity leave to tackle the city’s next tree census in 2005, it was clear the stakes
            had grown. Her colleagues at the Forest Service’s New York City Field Station had begun to document how New Yorkers created
            “living memorials” or green spaces dedicated to memorializing those lost in the 9/11 attacks. Her neighbors across the city
            were more tuned into their reliance on nature than ever, with new organizations devoted to nature popping up yearly.
         

         
         So she tapped into that enthusiasm, using promotional campaigns to help quintuple the tree-counting infantry. This time, she
            also hoped that better technology could make the volunteers more efficient
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