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For Concetta


Though I sometimes wander off to far reaches of the solar system, you are the sun that pulls me back.
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Prologue


One day in May, a few weeks after I retired, I turned left out of our Maryland driveway and rode my bicycle to Oregon. Three months would pass before I’d see home again. The hardest part of the ride was, surprisingly, Kansas. I had assumed that riding across the great ocean of the Plains would be where the miles would rack up, where eighty- or hundred-mile days would be the rule. I hadn’t counted on the big winds. For a cyclist, they are almost identical to hills but less predictable, and, unlike a hill, you cannot see the top. To further drive home my underestimation of the prairie, temperatures on the ride across Kansas hit 105°F that June, enough for dehydration to be a real concern. My legs began to feel hollowed out. It was a struggle to stay upright. I broke the ride into three-mile stretches those days, and after each I would stop and pour water down my throat. I longed for a break in the blast-furnace conditions—a hole in the wind.


What I also found on my way across the country, along with heat and wind and mountains and snow, were stories. Land stories, to be more precise. I spent four years at sea during my career, and on board ship there is a fine tradition of the sea story. It is said that the difference between a fairy tale and a sea story is that one begins “Once upon a time . . .” and the other “This is no shit . . .” In this sense I accumulated more than a few land stories, and you may choose your own preamble.


For me, though, there was more to the ride than the collection of stories. As a climate scientist, I can see a hard time coming, for our country and our world, as climate change continues to unfold. For some things the effects are quite clear and predictable, as in the case of temperature change. While there will be interludes, the warming trend is both relentless and easy to see from the long-term records. Sometimes things are less predictable, like insect outbreaks and frequency of storms. What I seek to do in these pages, along with telling land stories, is connect the predictions of the science community with the people and places I’ve seen from the seat of my bicycle. I’d like to consider what the future might look like, and what we might do about it. To look for where there might be a hole in the wind.


After my time on research ships, I worked in climate science for over twenty-five years at the National Oceanic and Atmospheric Administration (NOAA). Three of those years were in Geneva, Switzerland, as director of the UN Global Climate Observing System office at the World Meteorological Organization (WMO). After driving ships, this was my best job. WMO is headquartered in a beautiful glass building looking out over Lake Geneva and the French Alps. My task was coordinating the global network of land, atmosphere, ocean, and space instruments that we use to track climate change. Though WMO can be slow moving and bureaucratic, there’s something genuinely inspiring about people coming from around the world to work together. Soon after I arrived, I had a meeting upstairs with one of the vice presidents, who was also the head of the Iran Meteorological Organization. Going up the stairwell, I was both nervous and excited. I remember thinking, The Great Satan meets the Axis of Evil. How cool is this? Of course, they were gracious and professional, good folks, concerned about the same things I was. Climate doesn’t know anything about national boundaries.


Along the way, I also ran the U.S. Global Change Research Program office in Washington, D.C., the coordinating body between the various federal agencies involved with climate change research. In the early part of my career, climate change was pretty esoteric science, though one with many universities and government agencies fully engaged. With time, climate became a full-fledged political issue, replete with spin and distortion. But fundamentally, the questions about climate haven’t changed. They’re still about the science, about what quantifiable observations tell us about how the Earth is changing and what our best understanding can tell us about what changes lay in store. As the years went on, I grew frustrated with the dismissal of climate change or any possibility that humans could have a role in it. This notion has come to be known as climate denial, and it’s prominent in the popular and political discussion.


Climate’s not really that complicated, and I thought that I could explain it if given the chance. As I approached retirement, the idea came that maybe I could just ride my bike across the country and talk with people. My inspiration came from the movie Animal House: “This situation requires a really futile and stupid gesture on somebody’s part, and we’re just the guys to do it.”


So on the ride across, I gave seventeen presentations in eight states about the science of climate change, mostly to school groups, typically high school or college students. The short version of the talk: it’s for real. More on that later. Showcasing the cross-country bike rig in the process, well, the medium was a bit of the message. Or maybe it was dislike of airline food taken to the extreme.


But the journey really started a decade before. I had been commuting to work by bike for some time. I gradually came to be aware of this thing called bicycle touring, the idea that there were people who cycled across states, countries, or even continents. At about the same time, I became fascinated with the tragic story of the 1877 Nez Perce War, when the US Army pursued a Native American band for 1,170 miles across the Northwest, with the Nez Perce caught just forty miles from refuge in Canada. The two ideas connected, and it occurred to me that the route of the Nez Perce was probably paved and rideable today. So for my first tour, in 2000, I attempted the Nez Perce trail. What I didn’t realize was that I would be riding into one of the great fire seasons in the West, seasons that have grown increasingly severe as the climate has warmed. That story is told in chapter 16.


Other bicycle journeys followed. After a while, the kids would begin to ask where Dad’s next adventure would be. Following the ride across to Oregon, I went from riding the Iroquois Warriors Path down the Appalachians to an Underground Railroad route, to a search for the site of the Lakota Ghost Dance. All of these form part of the story to come, and are shown on the map on first page of the image insert. The main route, and the thread of this book, leads across the country, east to west, Delaware to Oregon. But as in life, there are a few detours along the way.


The main cross-country ride was almost ruler straight across the middle of the United States until Colorado, when I jogged north into Montana to avoid the deserts, as shown on the map on here of the image insert. For the numbers, my 2011 cross-country ride was 4,208 miles, averaging fifty-six miles and two thousand feet of climbing per day (though averaging climbs between Kansas and Colorado seems a little odd). It took three months. I carried about fifty pounds in four panniers (bicycle packs) and split my evenings between campgrounds and motels. Usually in the campgrounds, I stayed in the “Primitive Area” (no RVs). One might expect that this would be Where the Wild Things Are, but in fact tent camping was fairly sedate.


I also rode solo most of the time, less from some grand philosophical decision than from the difficulty of recruiting someone else with the time and inclination to do such a quirky thing. My mother wouldn’t have approved of solo riding, but it was a lot less dangerous than one might think. It was a bit of an internal journey as well. Thoreau wrote, “Be a Columbus to whole new continents and worlds within you. Explore the private sea, the Atlantic and Pacific of one’s being alone.” And I certainly had plenty of time to think.


Despite years of planning and romantic notions from winter readings in coffee shops, a fair part of the journey involved not simply getting outside but living wet. Lewis and Clark, the explorers whose 1803–06 path I would follow for much of the cross-country route, provided some inspiration. They traveled this way two hundred years ago without benefit of Gore-Tex and survived. So between rain and sweat, I spent most of May soaked. Coming up on Cincinnati on a wet Sunday morning, I drew some looks walking into the Dunkin’ Donuts, where I proceeded to monopolize the bathroom by hugging the World Dryer. My motto was modified from Viking Cruises: “Exploring the World in Discomfort.”


Yet there is a certain magic in having to spend a moment upon waking figuring out just where you are and realizing, despite the best planning, that there will be something remarkable and unexpected coming at you before the sun sets: a person, a town, a thunderhead, a red-winged blackbird. After the passage of several years, I find that even now, I can remember where I was that summer, almost hour by hour.
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DELAWARE: THE SEA APPROACHES


The Doppler radar showed a perfect pinwheel of storm clouds off Cape Hatteras, drawing energy from the warm waters of the Gulf Stream. A nor’easter was spinning up, a classic East Coast winter storm named for its ferocious winds from the northeast. Down on an asphalt shoulder on Maryland’s Eastern Shore, I could feel the storm growing. I wondered if perhaps March was a little early to start.


My bicycle was fully loaded for the cross-country ride, with four bright yellow bags, a tent, and a headlight that I reflexively switched on. The ride across to Oregon was westbound, the direction of the pioneers. But for a true coast-to-coast journey, I needed to ride east three days from my home in Maryland to symbolically dip my tire in the Atlantic. I stopped in Annapolis at the Naval Academy Museum, simply to warm up. On the wall was a quote from John Paul Jones, father of the American navy: “I wish to have no connection with any ship that does not sail fast; for I intend to go in harm’s way.” Except that my bike was slow and I rode timidly, J.P.J. and I were pretty much on the same page.


By the next day alongside the highway’s rumble strip, the east wind was dead into my face, light rain starting to sting. Low, gray, scudding clouds streamed over the horizon. I was warm enough with legs spun up into a steady riding rhythm, but if I pulled over, I would get very cold, very fast. Stopping wasn’t an option. This wouldn’t be a fun night to camp out, and the first of many recalculations had me headed to a motel in Denton. The wind was picking up. Ten miles from the motel, I was making 10 MPH. Six miles out, I was at 6 MPH. No matter how hard I worked, I was an hour away. This was getting irritating.


On Maryland’s Eastern Shore that day, the only choice was to slug it out. As the rain began to sweep across the road, I balled up, got low on the bike, and powered through. This was only the short eastbound prologue, with another four thousand miles west yet to go. I began my road tradition of a designated Song of the Day. With rain dripping off my nose, the song was “Surfin’ Safari.” I forced myself to be hyperconscious of traffic, knowing that my rig was a yellow dot on someone’s streaky windshield. Cold gray miles inched past. Then, paradise in red plastic:


PIZZA HUT


BEST WESTERN


The Denton exit came into view. I got under the motel’s white aluminum awning and shook the water off like a spaniel. The lady at the front desk peered over her glasses and watched as I dripped puddles on the check-in counter. Later, in the room, I left a sopping pile of clothes on the bathroom floor and let the shower dump steaming water over my skin. I decided to lie down on the bed for a moment. Three hours later, dinnertime was almost past. It was with some pleading that a last-call pizza appeared.


After a pure black night’s sleep, I awoke feeling battered, aching, stiff. Heading down the corridor for breakfast, the odor was hard to place at first, but there it was: hair spray. Clouds of it. And giggles and screeches coming from the theater-sized meeting room up ahead. Little girls in sparkly dresses and shiny shoes were scooting by, with jittery moms in tow, cans of hair spray poised, ready to fire. I was walking through a toddlers’ beauty pageant. They sure do dress funny, thought the old guy in spandex.


Outside, the morning was brisk and clear, the sky washed clean after the storm. I flew across the flat fields of Delaware, driven by a tailwind toward the ocean. Concetta had come to meet me for the weekend at a bed-and-breakfast in the coastal town of Lewes. In the coming season, my bride of thirty-four years would be alone for a Mother’s Day, a Memorial Day, and a Fourth of July. She’d learn to use a chain saw for the tree branches down in the back yard after a storm. With our son Andrew, Concetta would meet me in Yellowstone National Park and, on a later ride, trail me in a car over the Going-to-the-Sun Road in Glacier National Park. And she’d be on the other end of a phone line each night before bed.


The B&B was sweet and cozy, with our room done up in bright Key West colors with a blue four-poster bed. Big soft quilts and a bottle of wine were just what I needed. The next day we rode together through the salt marshes and scrub forests of the state park at Cape Henlopen. Over the last dune, Concetta and I pedaled into a bright, cloudless vista at the shore. Off that same coast some years before, storm waves had almost capsized a ship I was on. This day it was quiet, shimmering. On a chilly early spring day, no one else was in sight. Only horseshoe crabs crowded the beach, some flipped on their back in the surf. In the distance stood Cape Henlopen Lighthouse. Outbound tankers crawled along the horizon. The Atlantic. I walked into the wet sand carrying the bicycle and dipped the front tire in the water. It was westbound from here.


I thought of John Steinbeck’s Travels with Charley. He left on his cross-country journey at the same age as me—fifty-eight. Our sentiments were similar: “I had conveniently forgotten how incredibly huge America is.” The Alleghenies and Rockies and Cascades awaited, not single mountains but dozens of them. Concetta picked up a shell and put it in my handlebar bag. She told me to drop it in the Pacific.


We took a side trip not far up the Delaware coast to a place where climate and the rising sea are on display, a pretty little beach community called Prime Hook. There isn’t much there—a small store, an ice cream stand, a park, and some beach houses, from bungalows to multifamily rentals, strung along the shore. It’s the kind of place where you’d imagine spending a barefoot summer. But it has a problem. Prime Hook is a barrier island, a long, sandy strip of land fronting the sea, typical of oceanfront land on the East and Gulf Coasts. And it’s a little lower than most. The high-tide line comes just below the dunes. The access road to the island is just inches above the level of the surrounding water on both sides.


We stopped behind the island at Prime Hook National Wildlife Refuge. It’s a sunny, quiet salt marsh, a major stopover for migratory birds on the Atlantic Flyway. But like many places along the coast, things are changing. In 2008, a storm cut several inlets through Fowler Beach, an uninhabited barrier island north of Prime Hook Beach. I was looking for someone at the refuge to speak with about how things had changed since that breach.


“That would be Annie,” the man at the desk said. “You need to talk to Annie.”


Annabella Larsen, the staff biologist, wore sunglasses and a parka, with white hair tucked under a Fish and Wildlife Service baseball cap. She’s blunt, sometimes crusty, eminently knowledgeable, with the impatience that comes from watching the sea chew away at her refuge for twenty years. Before the breaches, the refuge was fresher and shallower, attracting what Annie called dabbling ducks, like pintails and mallards.


“We’re just going through huge change here. Colossal. It used to be we were the pintail capital of the East Coast in the winter,” said Annie. “We would have thirty thousand to forty-five thousand pintails in a season. Now those numbers are way down. Sea level rise is happening faster than the flow of new sediment. Now what’s happening is mainly benefiting wading birds. Last August we had five thousand to ten thousand of them in here. I don’t think we’ll ever see the numbers of ducks that we used to have.”


Nearby, there was a lady in a blue sweatshirt with a knitting bag who was a volunteer at the refuge office. I asked if she lived on the island. She did.


“Must be a beautiful place to live. What’s it like during a storm?”


“It can get pretty nasty, but we’re not here year round, so we usually miss the bad weather. But sometimes we watch the weather on TV and have to hold our breath. Then we take a ride back out and clean up afterward. It’s a lot of work, but we don’t mind it.”


“Are you seeing sea level rise?”


“I don’t know about that, but the bay has certainly moved in. What’s killing us is the flood insurance. They keep jacking up the premiums, year in and year out. Getting harder and harder to stay.”


I’d heard this before. A friend in Florida with oceanside property complains often about flood insurance costs. In Florida, Delaware, and along the coast, people get coverage from the National Flood Insurance Program, underwritten by the federal government. A 2012 law, passed after Hurricane Katrina had bankrupted the program, provided that insurance premiums would be recalculated to accurately reflect risk. In reaction to complaints from homeowners and builders after the premium increases, Congress passed a 2014 law rolling back many of those increases and reinstating discounted rates. Private insurance companies, who make it their business to assess risk, won’t touch flood insurance by the sea. Do they know something we don’t?


Prime Hook Beach’s predicament came into better focus with a visit to the uninhabited Fowler Beach. Fowler once had beach houses, but they’re long washed away. It’s now part of the refuge. The access road led to a small parking lot, with shards of asphalt strewn about. A section of guardrail from the road hung out into space over the beach. On either side of the crumbling lot were breaches in the island, new inlets formed by the 2008 storm. Clearly there used to be much more land here. The bay behind Fowler was freshwater a few years ago, but now salt water moves in with the tides through the many inlets. Much of the marsh has been replaced by four thousand acres of open water—salt water—and an entirely different ecosystem.


The barrier island problems aren’t limited to Delaware, or the Atlantic coast, or North America. Dealing with sea level rise is common, from Miami Beach to Bangkok. London has built the Thames Barrier to protect it, while in Egypt, the Nile Delta is eroding rapidly. It is all very much tied to the warming climate. Global sea level is rising steadily virtually everywhere. Warmer temperatures are melting glaciers, and satellites record the melting of the great ice sheets of Greenland and Antarctica. Their meltwaters account for better than half of global sea level rise. Satellites can actually measure the weight coming off the land as the ice melts. In addition to this ice melt, as the ocean warms, it expands, which also adds to the sea level rise. Again, satellites have shown the distinct increase over the last twenty years. Since 1992, the rate of global sea level rise has been roughly twice the rate observed over the last century.1 The rate of increase is increasing. In other words, sea level rise is accelerating.


It wasn’t an easy subject for the Prime Hook homeowner to discuss with me, but people with beach houses aren’t the only ones to avoid the topic. In Virginia in 2012, a study on the response to sea level rise only passed the General Assembly because its title was changed to “recurrent flooding.”2 In the same year, North Carolina passed a law banning the state from basing policies based on the latest predictions of how much sea level will rise.3 And in Florida, the state most threatened by sea level rise, Department of Environmental Protection officials were instructed to replace the phrase sea level rise with the term nuisance flooding.4 As with other aspects of climate change, many people just don’t want to talk about it.


During my time at sea, I developed an appreciation for the ocean’s power in this part of the world. Back when I was still working aboard research vessels, my ship once rode out a November storm off Delaware’s Atlantic coast. We were waiting for the waves to die down enough for us to pick up some scientific instruments. For three days, the ship would head straight into the twenty-foot seas, sometimes burying her nose, then surging up from underwater. Everyone was nauseous and exhausted. Simply standing on the rolling deck required constant balancing, shifting from side to side. To return to the same position, after eight hours the ship would need to turn around and go back the other way. The maneuver, known as coming about, put the ship broadside to the waves during the turn.


I was a 25-year-old junior officer, driving the ship that morning as we readied to come about. There is a descriptive nautical phrase for the conditions we were facing: confused seas, meaning the waves were coming at us from all directions. I was pacing the bridge deck, anxiously looking for some calm space in the confusion. The captain watched from behind, hands gripping the armrests. By tradition the skipper is the only one on the bridge allowed to be seated. Seeing what looked like an opening, I threw in all the engines and all the rudder we had. Halfway through the turn, a massive wave rose up to our right. I had a flashback to a dry chalkboard lesson on nautical architecture, about how far over a vessel can roll before the point of no return. Capsizing is how ships disappear without a trace. If you turn turtle, no distress call goes out, and chances for survivors are slim.


I caught a glimpse of the clinometer, a bubble level that measures the ship’s angle of roll. We were at 40 degrees. In the moment we were heeled over, the ship had a sickening hang. Then, agonizingly slowly, we began to right. The skipper, gray-haired and stoic, had no shortage of years at sea. He was a pretty unflappable guy.


“Let’s not do that again, Dave,” he said as he straightened himself in his chair.


Speaking unscientifically, the ocean is a relentless and indifferent thing. Boxcar-sized waves from the Atlantic turned seaside New Jersey mansions into matchsticks during 2012’s Hurricane Sandy. Those monsters were built on a sea level that was rising and continues to rise. The ocean doesn’t care whether it’s called “sea level rise” or “nuisance flooding.” By any name or no name at all, the waves will come.


The future doesn’t look good for Prime Hook, or for other low-lying barrier islands of the East and Gulf Coasts. Although Sandy only gave Delaware a glancing blow, it was brutal for Prime Hook, severing the access road and flooding dozens of houses, as well as creating new inlets in Fowler Beach.


Annie Larsen, the Prime Hook Refuge biologist, had seen it before. “On the refuge our biggest climate-related habitat changes came way before Sandy. Our major storms have always been nor’easters. We used to get a big one every five years or so. Around the mid-nineties, we started to get them every year instead of every five. They tore apart the base of the dunes. Sandy was just the last blow. People with beach houses do not want to hear about climate change and rising seas. Probably the refuge will be underwater by the end of the 21st century.”


There’s been an attempt to help the Delaware shore community. In the wake of Sandy, Congress approved a $39.8 million federal project to fill the island breaches, build a new elevated road to the beach, and rebuild the marsh. Annie says, “What we’re trying to do is buy some time—fifteen to thirty years max—and get the salt marsh to recolonize, to act as a shock absorber for the next storms that will be coming along. We were excited to get the money after Sandy. You don’t get money like this for marsh restoration. But after thirty years, all bets are off as to where the water will be.”


I love the beach. Who doesn’t? If I had a house on the beach, I would do everything I could to protect it, including camping out in my senator’s office. Alas, it will take one more big storm to wash over any of our remaining low barrier islands, leaving new channels for the ocean. Those storms are coming. From climate model projections, it is not clear that a warming climate will necessarily generate more storms. But our best estimate is that the storms that are generated will be more severe, fed by the warming ocean waters. Observations bear this out. The intensity, frequency, and duration of nor’easters and North Atlantic hurricanes have all increased since the early 1980s.5 And it jibes with what Annie sees firsthand at the refuge.


But what to do about it? There are many good reasons to stop our loading of the atmosphere with carbon dioxide, and not the least is to begin to put the brakes on sea level rise. The link between carbon dioxide, global warming, and sea level rise is quite firm. Carbon dioxide, the principal greenhouse gas, warms the atmosphere, which melts the glaciers and expands the water. This rise, superimposed on stronger storms, means that events like Hurricanes Katrina and Sandy are bound to become more familiar and more destructive. People will tire of rebuilding structures only to have them washed away again, and eventually these communities may be abandoned.


There are hundreds of Prime Hooks and dozens of Miamis and Bangkoks, vulnerable seaside locales around the world. For some densely populated places and high-value real estate, coastal protection involving sea walls and pumps is possible. The Netherlands has been doing this for some time.


But protection on the scale of the entire Atlantic or Gulf Coast isn’t feasible. Ultimately there will be some kind of withdrawal from large stretches of low coast. In some places, a planned retreat is already happening. At Cape Cod National Seashore in Massachusetts and Assateague Island National Seashore in Virginia, popular beaches are being relocated to higher ground. Of course, it’s easier when private property isn’t involved. But the ocean doesn’t care who owns the property. Michael Oppenheimer, a Princeton professor who studies the intersection of climate change and policy, put it this way:


The concept of retreat, which is sort of un-American, has to be normalized. It has to become part of the culture. Because there are some places where we’re really going to have to retreat.6


Consider Sharps Island in the Chesapeake Bay, mapped by John Smith in the 1600s and home to a grand hotel with six gables in the early 20th century. Now the hotel is gone and the island itself long washed away. A leaning rusted steel lighthouse is all that remains, presiding over a three-foot shoal. Regardless of our best efforts, this is the fate of our low barrier islands. Ultimately, we must face that there are places like Sharps, like Fowler Beach, that we have abandoned, and others will follow. The manner of retreat, whether catastrophic or planned, is a choice for us to make.


Leaving the Delaware beaches behind, Concetta and I loaded the bikes in the car and headed back to Maryland. March had been a little raw for my taste. But I’d shaken down the equipment and tested my legs. The main event, the journey west, waited in May.
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MARYLAND: THE WAY TO GET TO OREGON


April was a month of preparations for the journey that would start on the first day of May. The first decision I had to make was which way to go: starting from Maryland or from the West Coast. Westbound wasn’t necessarily the best direction. If I rode west, the prevailing westerlies meant I would be fighting the winds more often than riding with them. The ride would get exciting in Kansas, where the full force of the howling Great Plains winds would come to bear. But my reasons for a westbound route were both romantic and practical. It was the direction of the pioneers and of European settlement. I would follow much of Lewis and Clark’s Corps of Discovery route from 1804–06, and the notion of retracing some of their path to the Northwest was appealing. Heading west meant that the morning sun would not be in my eyes or those of drivers passing me. From the other direction, starting east in early May from the Oregon Coast would put me on the high passes of the Cascades and Rockies in late May to early June, when snow could still close the roads. If I cleared the passes, the heat of the East in July would be waiting. Embarking from Oregon would be the worst of both worlds. So I prepared for a few thousand miles of headwinds.


In addition to the physical challenge of the ride, one of the goals for the ride across the country was to talk with people about climate. Before leaving, I took the month of April to try out my presentation to groups near our home. By far the most fun was the talk at Bradley Hills Elementary School, where Concetta was the media specialist and librarian. Her class group would be following me on Skype during the first part of the ride west, and we would have a memorable encounter in Kansas. The climate change parts of the discussion were easy for the kids, unburdened by politics, to understand: climate change is for real; things people do are largely responsible for the global warming trend; and there are solutions.


But their real interest was focused more on the bike parked at the front of the room. Typical of any group of third-graders, the question session tended toward expositions on their bike, their trip, or their dog. But a few of their questions were on point.


“I love to bike ride, too. Where do you change clothes?”


“Where do you sleep?”


“I think that what’s most important is that you eat a good breakfast.”


The prizes were in the kids’ thank-you notes. Alison said, “I would love to ride across the conty to but I don’t think I wuld ever make it.” Sam had drawn a detailed outline of the United States with a thick black line across it. The legend: Black—Follow. White—Don’t Follow. It was titled “Map to Help You Get You to Oragan.”
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Sam’s route to the West Coast





Upper-level school presentations were tested out well before the ride, too. I spoke at the State University of New York at Cortland and George Mason University in Virginia, and at several Washington, D.C.–area high schools. In each case someone I knew worked inside the school. Setting up high school presentations during the ride itself was more difficult, and I came to realize that in many places climate is a controversial topic. Usually the “cold” email to a science teacher along the route was ignored.


One exception was at Gateway High School in Monroeville, Pennsylvania, south of Pittsburgh. Marc Gigliotti is an energetic science teacher who’d been to American Meteorological Society meetings and on the Greenland ice sheet helping with research projects. He arranged a presentation in the school auditorium. The stage was set up for that night’s production of “Horton Hears a Who.” Horton the Elephant was peeking out behind the podium. The students had a wide range of questions, from climate change in Pennsylvania to life on the road.


As I was leaving, Marc mentioned that he was showing a film entitled The Great Global Warming Swindle to his classes the next day. I assumed that he wanted to avoid appearing to be on any one side of a political issue in case of flak from parents. It’s not surprising. The default way of presenting climate change, including in the media, is to depict it as a debate, “fair and balanced.” Except that on one side are the National Academy of Sciences, the international science community, and 97 percent of climate scientists.1 On the opposite side are the other 3 percent of climate scientists and a lot of loud, well-financed pundits. For a student seeing such a “debate,” a reasonable conclusion is that all is uncertain. The fog machine works. As I came to realize, high school science classes looked less like the science community and more like the country at large: polarized.


The first place I’d taught and done research was in my home state of Maryland. Coming back from dipping the tire in the Atlantic, we had driven across the Chesapeake Bay Bridge. Concetta doesn’t let me drive across that bridge, as I have a bad habit of looking out across the water. At the beginning of my career, I spent two years on a National Oceanic and Atmospheric Administration (NOAA) ship on the bay and wrote my dissertation on currents and wind there. The Chesapeake, one of the largest estuaries and richest in the world, splits Maryland down the middle. H. L. Mencken called it “the great protein factory,” and few around the bay have missed out on its crabs and oysters. It’s part of the state’s identity. But it has a long-standing problem, one with its origins outside of climate change but which stands to be strongly influenced by it in the future.


Our job on the NOAA ship in the early 1980s was to measure the currents, maintaining the instruments in the water. From time to time I was on a dive team assigned to replace these current meters with recharged ones. On a flat, calm, hot summer day, we took a small open boat out and tied off to a buoy, in sight of that same Bay Bridge. Below us was the string of instruments suspended up from the anchor by a subsurface sphere, basically a big steel balloon. Our task was to unbolt the old meters and replace them with new ones.


This would be an easy dive. It was like jumping into bathwater, but we couldn’t go in with only bathing suits. We wore coveralls to keep stinging jellyfish off our skin. As we descended, we saw that the wire of the mooring was covered with algae and sea grass, grown over the months the instruments had been in place. Fish darted in and out. Pulses of our air bubbles drifted up toward a bright, rippled surface.


At about fifteen feet down, there was a striking change. The growth and the fish disappeared. By the time we reached the bottom at eighty feet, the anchor, which had been covered with rust when it went in the water, was shiny clean. We had entered the dead zone.


For divers, there was no risk, since we carried air tanks. But nothing moved or grew. Life in a coastal estuary is usually a busy, jumbled, murky thing, with the water full of plankton and fish. The dead zone is remarkable for what’s not there. It’s strikingly clear. At the bottom of the Chesapeake in summer, the deep water of the bay is stripped of its dissolved oxygen. This happens because excess nutrients run off the land in rivers and into the bay, leading to a spring bloom of algae. As the algae fall to the bottom, bacteria consume them, using up the oxygen. At that point in the summer, nothing that uses oxygen can survive. Even the rust on the anchors is chemically broken down.


Climate change didn’t cause this dead zone, but humans are still responsible. These dead zones happen because of excess nutrients from sewage treatment plants and agricultural fertilizers. A significant part comes from chicken manure from the Eastern Shore’s poultry industry. Development of this dead zone has become more frequent and severe since the 1960s, as warming temperatures act to reduce the amount of oxygen that can be dissolved in the water. Think about how quickly a soda loses its fizz on a hot summer day. Warmth also increases the rate of respiration, using up the oxygen faster. In addition, the higher future river flow into the bay projected by most climate models will mean that the lighter, fresher, and more oxygenated surface water will be less able to mix with the heavier, saltier bottom water.2


Blue crabs, the bay’s most famous bounty, and the watermen who catch them know all about the dead zone. They avoid it. In the summer, at the peak of the oxygen loss, buoys marking crab pots would be in the shallows, where oxygenated water could still be found. When the fall storms would break up the dead zone, the crab pots would move, with the crabs, into the deep water.


I saw the crabs during the winter in a very different setting. During January in Norfolk, my dive buddy and I waited for two weeks for that one day calm enough for a dive on the instruments from a small open boat. It became a ritual that winter. Each morning we opened the hatch and stepped out on deck. Some kind of weather would be going on.


“Looks nasty,” he’d say.


“Yep,” I’d say. “Have to scrub the dive.” And we’d go back into the nice warm galley.


Then came the day we dreaded: calm, cold, perfect. Our sixteen-foot boat roared out through Hampton Roads, past the aircraft carriers at the navy base, past where the Monitor and Merrimac had fought, out to the edge of the ocean, the mouth of the Chesapeake Bay. Frigid spray coming off the bow would cut like a knife. We tied off to the buoy with the current running strong, air and water temperature in the low forties. My buddy and I were in dry suits, designed to keep the cold water out, but they always leaked. A leak in the winter was exactly like getting a glass of ice water poured down your back. Only neoprene gloves covered our hands, so we filled them with water as hot as we could stand. In the bay in January, we had about fifteen minutes of usable hands; after that, the cold would render them numb and stiff.


We held our face masks on and rolled backward off the boat and into the water. Hitting the cold left me breathless, but there was no time to be shocked. The current was immediately sweeping us from the boat out to the open sea. We swam hard, got to the array wire, and got into the deep as fast as we could, out of the strong surface current. We were close to the ship channel, and in my chest I could feel the lum-lum-lum of the house-sized container ship propellers. At the bottom, we followed a well-practiced choreography: grab wrenches, unbolt instruments, slap in new ones, tighten them down. I dropped a bolt from my thick gloves, but no matter; spares were stuck in the sleeves, as numbing hands got increasingly clumsy. Then all done, with plenty of air left and not yet in the cold’s grip. Time to be a tourist.


Tiny starfish littered the sea floor, and I stuffed a couple in my pocket for my son. Down in the mud, two eyes on stalks were gazing at me. I reached to dig them up. The eyes belonged to a female crab, buried for the winter. She made a sleepy attempt to pinch me, but the cold had slowed her down, too. I laid her back down and she slowly dug herself back into the mud. I followed my bubbles to the tiny boat far over my head, up to the place of air and life and a thermos of coffee.


Climate is slowly changing the ground rules everywhere, from the high Arctic to the bottom of the bay. As the bay warms, we can expect that the crabs will no longer dig into the mud for the winter. In warmer bays and estuaries farther south, this isn’t part of the crabs’ winter behavior, so they likely would adapt in the Chesapeake as well. Another effect of climate change is that increased carbon dioxide in the atmosphere is making the oceans more acidic. That sharp taste of soda water on your tongue is carbonic acid, from the dissolved carbon dioxide. The ocean’s acidity has increased at a rate faster than any known change in ocean chemistry for at least eight hundred thousand years.3 As the ocean grows more acidic, there is less carbonate ion available in seawater. Thus the ecosystem will tend to shift away from species that build calcium carbonate shells, like diatoms, coral, and crabs. We’ll see the effects of ocean acidification more clearly when we reach the Pacific coast. For Chesapeake Bay crabs, it’s difficult to isolate one threat—acidification—from others like ocean warming, overfishing, or habitat loss. But threats there are.


I have waded through eelgrass in the bay and watched crabs skittering away past my feet. I’ve seen the way they dance around pilings under the cone of a dock light at night, and realized how they got their Latin name, Callinectes sapidus: beautiful swimmer. I’ve dived through more than one bushel basket of red spiced steamed crabs. The blue crab is as iconic to the Chesapeake Bay as the salmon is to the Columbia River. Its decline would be a truly sad thing.


For the Chesapeake watershed, the bordering states and the EPA have made a multidecade effort to reduce the nutrient pollution coming into the bay, with some success. It would seem that the summer dead zone that I dove into should have gotten smaller as a result. It hasn’t.4 But the statement implies that the bay has at least stayed the same over those decades. It hasn’t either. Warmer temperatures, altered wind patterns, and rising sea level have all changed the bay. Like the rest of the planet, it’s in a different world.


Crabs need oxygen and people need land. For low-lying coast, the battle against the sea isn’t limited to barrier islands. It goes on in earnest in Chesapeake Bay. Out in the bay is a waterman’s isle, a low place of salt marshes and crab shanties called Smith Island. Residents still speak a dialect of Cornish, tracing back to the English colonists of the 17th century. It’s a slow, timeless place, cut off from the world. But the island is low and rapidly eroding from sea level rise. Many residents have relocated to the mainland, with population down from a peak of 700 in 1960 to 176 today. One elementary school closed in 1996; the remaining school has eleven students. Marshes are all that remain of flooded, abandoned nearby islands with names like Holland, Bloodsworth, and South Marsh. The lighthouse, the leaning tower of Sharps Island Bar, sits not too far up the bay.


Smith Island, like Prime Hook Beach in Delaware, faces the fate of these lost islands. It was recently granted something of a reprieve. With post–Hurricane Sandy funds, a new $9 million jetty is being built along the Martin National Wildlife Refuge on Smith Island, with another $2.4 million coming from Somerset County to build a second jetty near the town of Rhodes Point. These jetties will slow some of the dramatic, rapid, wave-driven erosion of the island. But they will do nothing about sea level rise. There are soaked, spongy back yards on the island, with salt water near the surface. Land is in the process of turning into salt marsh.


Down the bay, problems involve far more people and infrastructure. Along with sea level rise, land in the Chesapeake region is also subsiding, making the situation more difficult. Projections from the Virginia Institute of Marine Science are that the sea in Norfolk will rise by three to five and a half feet by the end of the century, with “recent trends suggesting we are on the ‘high’ curve.’”5 This was the same study that the Virginia General Assembly insisted be on “recurrent flooding” rather than “sea level rise.”


Norfolk is home to the largest naval base in the United States. I often used to drive my ship past the fleet back when I worked on the bay. The base has begun raising its piers. But by 2040, Hampton Boulevard, the main road into the base, will be impassable every high tide, two to three hours a day, according to Larry Atkinson, an oceanographer at Norfolk’s Old Dominion University. There are a few other problems. At five feet of sea level rise, the National Mall, all the way in Washington, D.C., 120 miles from the ocean, will be flooded.6 Of course, the story has multiple endings. Sea level at the end of the century depends very much on the level of greenhouse gases that we put into the atmosphere today.


Though it had been poignant to reflect on the changing Chesapeake, a ride to Oregon was in front of me now. April brought the training days. It’s possible to start a long ride in poor condition and ride into shape, but it involves a week or more of pure misery on the road, something I wanted to avoid. So I went to my friend Jan’s house south of Syracuse, New York, in search of hills. Except for rain, snow, sleet, wind, frost heaves, and roadside sand, training conditions were ideal.


The rides around my Maryland home were less dramatic. There is a nearby neighborhood awash in speed bumps, all with 15 MPH warning signs. Part of my riding routine was to pour it on and hit every bump at over 15 MPH, just to be on the wild side. Stopping for lunch on the cold days was usually counterproductive. Sweat on the inside of the clothes would cool me down so fast I’d be shivering by the time I got back on the bike. In the middle of my ride I would break out of the trees into a flat, windswept stretch of farmers’ fields. In my mind, that stretch had a name reminding me of what was to come: Little Kansas.


Along with the Lewis and Clark route, much of the cross-country ride would be on cycling’s TransAmerica Trail—the TransAm—a route pioneered in 1976 as part of a celebration called Bikecentennial. Old photos from those rides of guys in too-short shorts and girls in perms adorn the website of Adventure Cycling, the Montana organization that grew out of Bikecentennial. Adventure Cycling’s exquisite maps would guide me across.


On my route, the truly nasty mountains for a cyclist rise up early in the ride. The Rockies can involve two-day climbs on a bike, but generally the roads don’t have an extreme grade thanks to extensive switchbacks. But the Appalachians, particularly the Alleghenies of Pennsylvania, pose a more formidable challenge. The climbs are not high but very steep, and they come one after another in quick succession. A single day can bring as many as four thousand-foot ridge ascents.


I sought out advice on the internet from people who had made the crossing before. Rich Vertigan, a lean engineer, had ridden across solo the prior year. His detailed, well-thought-out packing list is in the appendix. It features a perfect tool kit with spares for breakdowns in the middle of nowhere, balancing the substantial weight of metal tools with the indispensable items for getting back on the road. Rich even figured out how to keep camping gear on one side of the bike, to avoid unpacking completely on motel nights. He also contributed a last bit of advice for a long bike trip: “Keep the rubber side down.”


The days before starting west began to drop away. The contents of the bike bags were strewn across the bedroom floor, my personal Everest Base Camp. Much of the weight on the bike would be tools. The guiding principle of packing was the Crowheart test. I wanted to be able to fix the majority of problems on the most remote roadside: Crowheart, Wyoming. There is a 125-mile stretch of central Wyoming with no motel, so I needed camping equipment on the bike: tent, sleeping bag, pad, stove, cook kit, and a stash of food. More weight came from water. I had racks for three bottles for the West’s open spaces, though with refills some days I would go through five.
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