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FOREWORDWilliam R. Lowry



I first got to know Mike Yochim back in the 1990s, when I was doing research on national parks and he was working for the National Park Service (NPS) in Yellowstone. When we met, he was helpful and friendly, encouraging of my project. I also learned that his family lived just outside of St. Louis, so our communications and interactions increased over time. Whenever he was back in St. Louis, we would get together, usually for lunch, although he also occasionally stayed with me and my wife, Lynn. Whenever I was in Yellowstone, or later in Yosemite when he worked there, I would visit and sometimes stay with him or catch a meal at some local place like K-Bar Pizza in Gardiner, Montana. We had several things in common in addition to our midwestern roots, the most important being our love of natural places, especially the national parks.


By saying that, I don’t mean to suggest that I knew the parks nearly as well as Mike did. Yes, I worked in them, visit them when I can, and have enjoyed some of the experiences Mike discusses in this book, such as rafting the Grand Canyon. But Mike, he lived them. He worked in Yellowstone for twenty-two years, Yosemite for another five, Sequoia for two seasons, and Grand Canyon for one off-season. He was a planner for the NPS, and quite good at it, to the point where he served as the deputy project manager for completion of the Merced Wild and Scenic River Management Plan and the project manager for the Tuolumne River Management Plan in Yosemite in the early 2010s. But the parks were more than a vocation for Mike—they were an avocation. He was the epitome of what the famous author Edward Abbey said all wilderness advocates should be: He did what he could for these wonderful places, but he also savored any chance to enjoy them. He was a legendary hiker, an avid backpacker, and a world-class cross-country skier. His wilderness companions also swear that Mike was a gourmet backcountry cook.


So you can only imagine our shock when he flew into St. Louis in 2013 and told Lynn and me that he had ALS. At the time, we knew little about the disease and reacted slowly to his disclosure. But he knew enough about it to start sobbing as he said something I will never forget. “I wish I had cancer,” he told us. “If I had cancer, they would at least know what to do.” I, we, have all since learned a lot about ALS (amyotrophic lateral sclerosis), more than we ever wanted. In short, as Mike told us, few victims of ALS survive even five years. And survival is nearly all that most ALS patients can hope for, as it destroys the ability to control one’s entire body.


The disease intensified. I saw Mike half a year after his 2013 visit to St. Louis at his home in Gardiner. Before he was diagnosed, he and I had agreed to cowrite a paper for a conference in Bozeman. Mike’s health had already started to decline by then, so I stopped by his house to see if he could come with me, and met his folks, Jim and Jeanne, for the first time. Mike was in no shape to go to the conference, so I delivered the paper without him and we subsequently worked on it until we got it published.1 Mike moved back to the house near St. Louis, where he grew up, so his parents could take care of him. Lynn and I started to visit on a regular basis and do what we could to help. We went on a few hikes with them and took Mike on a few with just us. But much as Mike loved getting out into the natural areas of Missouri, it got harder and harder to do so. Within a couple of years, Mike, the man who led so many others on hikes into the most remote parts of the country, couldn’t even stand on his own. He then used a wheelchair to go on hikes, but even those adventures reminded us of how challenging life can be for disabled people, especially those with ALS.


Ultimately, Mike could barely move at all on his own. He lost the ability to swallow or drink. His parents had to perform all self-care activities for him. I got a sense of their sacrifice one spring when Jeanne had surgery and I assisted by going over to their house early in the mornings to help get Mike up and dressed. He always wanted to look presentable for any visitors, asked to keep having a shower every other day, and, using his eyes, picked out his clothes for the day. That’s just one example of how he never gave in to the disease. Neither did his parents. And they never complained or made him feel bad about their sacrifice. Not once.


Over the last few years of his life, the only thing Mike could control were his eyes. So he used them. He wrote. Boy, did he write. Mike wrote two other books and nearly finished this one, all after getting the disease. Using just his eyes and an eye-tracking machine, he would pick out letters to make words and sentences. He would sit at his computer screen every morning and afternoon, with a nap in between, and write about the parks and the forces, like climate change, that are affecting them. This entire book was written with his eyes. It was exhausting work and took him full hours to write a single paragraph.


Why did he do it? Because he cared. Like I said, he loved the parks—and he was doing what he could for them, in gratitude for what they did for him. Mike conveys those memories in his writing with such beauty that it will make just about anybody want to go for a park adventure. At times, his writing makes me think of John Muir, since, in at least some ways, Mike was to Yellowstone what Muir was to Yosemite. Just as Muir embraced every part of Yosemite, Mike embraced every part of Yellowstone. One of his claims to fame is that he hiked all 1,200 miles of trails in the park; he knew it intimately. At other times, his writing is like that of the aforementioned Edward Abbey, full of passion for the natural world and anger at those who are abusing it. And finally, this last book of Mike’s reminds me of Norman Maclean, who was trying desperately to stay alive long enough to understand and write about what happened during a forest fire at Mann Gulch, Montana, in 1949—and produce the legendary Young Men and Fire.


Mike also used his eyes in conversations, particularly when he told a joke. That may sound strange, but he never lost his sense of humor. His eye-tracking machine, like the one Stephen Hawking used, allowed him to type in words that could then be spoken. And although he couldn’t smile, his eyes seemed to do just that whenever he made a wisecrack or teased one of us. Sometimes he had his lines already keyed up in the computer and would inject them at opportune moments in the conversation. For example, we had this running joke he made just about every time we visited. He would tell us what he had been writing lately and then ask me pointedly, “So, my fine, tenured, full professor friend, what have you been working on?” Whatever work I had been doing seemed trivial compared to his efforts. Until the very end, he could always make others laugh, even when his active mind was trapped inside a body that was deteriorating. I have never seen such courage before and likely won’t again. I can only hope that I show nearly as much in any challenge I ever face.


Mike died on February 29, 2020. The fact that it was a leap day did not surprise us—a rare day for a rare person. I was honored to serve as a pallbearer at Mike’s funeral, along with his brothers and a nephew and a cousin. Indeed, my wife and I had become very close with his family, especially his parents. They are strong and stoic people, always ready with a smile, but the funeral was tough on all of us, especially when his brothers delivered heartbreakingly poignant eulogies that revealed just how much they and we had lost. We were reminded of Mike’s code, the advice he gave to himself shortly after getting the disease. He wrote it out on a piece of paper, stuck it to his refrigerator, and used it to finish one of his books, A Week in Yellowstone’s Thorofare.


Seek wildness and beauty


Enjoy the love of family and friends


Find joy in the here and now


Be strong, live well, and love deeply


When Mike died, he was working at his desk in the afternoon, like he did most days. His parents noticed that he was writing an email to me, perhaps with a gentle reminder that he had asked me, in the event of his death, to complete this manuscript and turn it into a book. I had of course agreed to do so. Not only could I not say no to Mike, but as I said, I too love the parks and want people to understand the important things happening to them that Mike describes in this book. In addition, I had indeed learned about ALS and want others to do so as well. I worked with Mike’s brother Brian Yochim and Mike’s friend Eric Compas—we made some edits, compiled the photos, wrote some captions, created some maps, and added this foreword, but nearly all the words you will read are Mike’s.


It was an honor to be part of this work. Mike was, simply put, the most inspirational person I’ve ever known. He dealt with his fate with grace, humor, and a concern for things larger than himself that was truly remarkable. All three of those qualities are evident even in the passage that follows. As far as I know, it was the last one he ever wrote.




I enjoy being outside, sitting and reading in the extensive gardens my folks have around their house. The property next door is thickly wooded, so we see deer on a regular basis, and an occasional red fox or raccoon. Birds like it here too, finding feeders and houses scattered about. One afternoon, I was sitting beside a birdhouse that was busy with house wrens bringing food to their chicks. I thought I saw one chick fledge, and soon its nestmate did as well—right onto my armrest! Its maiden flight wasn’t long and came with a rough landing, for it was on its side with its claw around my finger. It righted itself and then looked right at me, then flew away. Such a neat encounter with nature’s wildness, right in the backyard. Will we act in time to give future generations the same experiences?
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INTRODUCTION


If nature’s musicians are birds, the canyon wren is the premier soloist of the Colorado Plateau, that deeply dissected area of southern Utah and its neighboring states. Such a simple, yet evocative birdsong, composed of six or eight descending trills or whistles, without the warbling that some of its cousins inject into their melodies. The plaintive song seems to float down from the heavens, as if it were the auditory accompaniment to the grand visual symphony everywhere on display there. This three-inch-tall musician, the color of the dusky red sandstone prevalent in the region, is seldom seen but regularly heard in southern Utah canyon country. True to its name, the wren prefers to live in canyons, building its nest in small recesses in the canyon walls and eating insects it finds in cracks and crevices in those walls. The bird has never been observed to drink water, getting what it needs from the bugs it eats.1 It’s well adapted to its environment, ranging throughout the American West, almost anywhere there are canyon walls. However, I’ve rarely encountered it outside of the Colorado Plateau, so the canyon wren’s lilt evokes the beauty and feel of the Southwest for me. With its descending notes, the song could be sad to some, but with its melodious simplicity, it’s also a celebration of the plateau’s haunting beauty, a lyrical welcome to the wren’s world of sandstone and cliff.


One of the more memorable times I heard the wren’s lilt was in 2013, on a weeklong hike through the Narrows of the Escalante River in Utah. There the canyon walls close in, enveloping the river—thought to be the last one explored and mapped by contemporary Americans—in five-hundred-foot-tall walls of red sandstone. The river itself pales in size to rivers almost anywhere else, barely deserving the same moniker we give to the Colorado or the Mississippi, just ten or twenty feet across and six inches or a foot deep. But such terms are relative to the others around them, and the Escalante is the biggest show around, so it’s a “river” in a Utah sense of fulfillment. Boots and kayaks are the means of exploration today, neither one perfectly suited to the task: the one gets trashed walking in and across the river, the other grounds out in the ever-present shallows. The wren, of course, doesn’t concern itself with such matters, choosing the airways above the bipedal mammals and their transportation travails.


But the punishments are worth the rewards as the river leads the explorers downstream, deeper into the wren’s country. Cottonwood trees, shrubby willows, and sticklike horsetails line the stream, gracing it with textures and color. Smooth cottonwood leaves flutter in the afternoon breeze, and chest-high willows bend permanently downstream as if recalling the floods of yesteryear. The knee-high horsetails that sequester silica in their cell walls provided frontier settlers with a different name for the abrasive stalks—scouring rush. As this landscape embodies, water is the font of life in the desert: step away from the river and you’ll find Gambel oak and juniper; step farther away, dryland grass and prickly pear. Above the greenery rises the ubiquitous red sandstone, a contrast to the linear oasis it enfolds. Here are sheer cliffs streaked with dark-gray iron and manganese oxides—known as desert varnish—deposited by rainwater dissolving the mineral out from layers above and leaving it where it evaporated. Around the bend are huge, overhanging alcoves formed by rocks falling away along concave jointing in the bedrock. Towering above it all are waves and beaches of rock, frozen in sandstone and time. It’s a landscape like no other in North America; indeed, the canyon wren is quite discriminating in its choice of landscapes to serenade.


On that trip in 2013, the wren’s song seemed more restive than celebratory, as I told my hiking companion Josh on the second-to-last night. I had been noticing odd changes in my body for the previous two or three months, like seemingly endless muscle twitching, slurred speech when I was tired, and an enhanced tendency to cry. Still subtle, these symptoms weren’t noticeable to others, as Josh soon confirmed. But they were worrisome enough to send me to my doctor, especially after I plugged the two most pronounced symptoms into a Google search and got a long and exclusive list of websites about ALS—amyotrophic lateral sclerosis. This is probably the most feared neurological disorder, because there is no cure or even effective way to slow the disease progression (at the time; there is a treatment now that slows the rate of decline by about 33 percent). Instead, the disease’s victims see their muscles gradually weaken and waste away as the neuronal connections linking them to the brain are incrementally destroyed. Sufferers gradually become imprisoned in their own bodies, their muscles becoming too weak for the person to care for themselves, eat, drink, speak, or even breathe. Eighty percent die within five years of diagnosis, usually of respiratory arrest. But, in my case and at that point in time, I had just begun the process of determining the cause, and the doctors I’d seen assured me that it was probably something different, something more common and treatable. They referred me to a neurologist, who I would not see for another month. So Josh added his reassurance to the doctors’, and our conversation moved on to other things. In the back of my mind, though, the Google search lingered, never really going away. As we continued our journey the next day, I found I could only really suppress it with the thought that, whatever was responsible for the changes I was experiencing, I would be glad I had danced once more to the song of the canyon wren.


The next day, we came across a sign that the future of the Colorado Plateau could be as uncertain and tumultuous as my own. Like my symptoms, its decline was subtle, just a few horizontal lines on a rock wall where Coyote Gulch joins the Escalante. They are high-water marks from Lake Powell, from 1999, the last time it was full. Before the Glen Canyon Dam was built, the Escalante flowed into the Colorado River, which today supplies most of the water to the lake. Since 1999, the Colorado’s flows have been anemic, the river’s headwaters beset by the same long-term drought affecting the Colorado Plateau when we did that hike. Lake levels have fallen accordingly, bottoming out in 2005 at 145 feet below full pool. They have recovered some since then, but the highest they’ve been since 1999 is about 60 feet below full.2 When Josh and I turned to go up Coyote Gulch, the lake level was almost 100 feet below full, and there was no sign the lake had ever been seen there other than the high-water marks. Riverside vegetation was undisturbed and cottonwood trees were full grown, both suggesting the lake had been out of sight for a long time, enough for the vegetation to get reestablished from the high lake levels and corresponding inundation of the 1980s and 1990s. Long-term droughts like the one gripping the region at the time are nothing new for the plateau, though, so it might be a while before the lake is back to full, with consequent impacts on the vegetation at that confluence.


Ordinarily, the climate here would switch to a wetter regime after a few years, or even decades, of drought (megadroughts lasting fifty to a hundred years, or more, can be found throughout the archeological record there), but this time could be different. Like most of the American West, the Colorado Plateau is warming up due to climate change. Already, the plateau has warmed about 2 degrees Fahrenheit, with the first decade of the twenty-first century being the warmest in the record books, and the era since 1950 being the warmest in the last six hundred years. By the end of this century, another 5.5 to 9.5 degrees Fahrenheit of warming is expected, assuming the currently increasing rate of CO2 production continues (which seems a reasonable assumption, given humanity’s inability to meaningfully address this threat).3 Precipitation changes are harder to predict, but it is certain that there will be less available moisture due to the evaporative effects of such warmer temperatures. Under these conditions, the current drought is likely to become the new norm for the region—or a pleasant memory, as global warming takes the region into uncharted climate terrain.4 It’s unlikely Lake Powell will ever fill again, and small streams like the Escalante may dry up completely, with associated effects on the nearby riparian vegetation. If the canyon wren could understand the changes coming to its lovely home, it would surely sing a funeral dirge—or move to cooler climes. Whether the bird will persist as its native climate unravels is unclear.


The Escalante, here part of Glen Canyon National Recreation Area, is part of our national park system, managed by the National Park Service, which oversees most of the country’s national park units.5 Escalante is hardly alone in seeing its climate beginning to change, or in facing massive changes to that climate in the future. Just about any of the country’s western national parks is already seeing warming occur. Glacier National Park has lost over 80 percent of its glaciers since park establishment in 1910, while glaciers in North Cascades National Park in Washington now occupy less than half the area they covered in 1900. National parks in general are warming almost twice as much as the rest of the country, 1.3 degrees Fahrenheit per century, compared to 0.7 degrees for the country as a whole.6 The country’s other wild places, especially its wilderness areas (federal lands protected in a roadless, natural state in perpetuity by the Wilderness Act, often on US Forest Service lands) are seeing the same impacts. Sometimes the evidence is readily discernible, such as wildfire and its increasing frequency and severity, while other times it is more subtle, such as the failure of a songbird to take up its annual summer residency. Whatever the effect, the National Park Service (NPS), US Forest Service (USFS), and Bureau of Land Management (BLM) are concerned about the future impacts to the lands and treasures they protect. The list of resources at risk of damage by climate change is long indeed, encompassing just about anything the agencies safeguard. Instead of providing an overview of them here—who could stomach such a list?—this book will take an in-depth look at a few of the most iconic parks and some of the resources at risk in them. That’s the first of three major purposes of the book you’re holding: to examine the climatic, ecological, and hydrological changes the parks are already seeing, along with the projected changes in those same attributes for later this century.


Just as wild places throughout the West are being affected by climate change, there are invalids everywhere being affected by debilitating illness. Close to 40 percent of us will be diagnosed with cancer in his or her lifetime, and 22 percent of us will die of it. Heart disease, the most common affliction in America today, kills one in three of us.7 Every one of the millions of us who have a life-threatening disease has a story to tell of our experience with the illness, of its onset, of our day-to-day struggles to deal with it and perhaps overcome it. These are stories of the human experience, stories that evoke emotion and community in those who read or listen to them. They inspire and motivate us, giving us strength to face our own challenges and adversities. This book is the story of my own struggle with terminal illness, a journey that took me away from my adopted home—Yellowstone National Park, and more recently, Yosemite, both of which employed me as a park ranger—and back to my native land, Missouri. It’s a story with many parallels to the escalating climate change in the national parks. Both are stories of urgency: just as I don’t have much time left, we don’t have much time left to protect the parks from the worst of climate change. But they are also stories of contrast, for as much as my affliction is of unknown origin, the other is very much self-inflicted. Ultimately, both are stories of loss: the one inexplicable and inexorable, the other unnecessary and still preventable. This story is the book’s second purpose.


Radical change links the parks, threatened by global warming, to the human experience, threatened by terminal disease, but there is something far more powerful joining the two. It’s the power of inspiration that wild places possess, merely by virtue of their existence. This attribute of parks and wilderness areas has long been known; indeed, it’s one of the reasons they were established in the first place. Some of the national parks were, in fact, used by the military for this express purpose during World War II.8 But it bears repeating that, in this era when people in government are often indifferent or even hostile to environmental causes, those of us facing life-threatening illness need wild places for respite, inspiration, and imagination. Even if we can’t visit wild places, even if we have never been to the parks, even if we don’t have pictures of the wilderness areas, wild places inspire and confer peace of mind. Just knowing they exist brings calm—the knowledge that somewhere there are beautiful places where the shackles of disease do not bind, where we can be free to roam and explore. They provide grist for the imagination, motivation to hope, and food for the soul. In a word, they provide resilience. Exploring some of the inspirational meanings wild places have for me, and by extension everyone, is the book’s third and final purpose.


The book has five chapters, each focused on one national park, the phase of my disease progression, and climate change discussions that are embedded within a long backcountry trip I took in each park. Parks include Olympic, Grand Canyon, Glacier, Yellowstone, and the Sierra Nevada national parks in California (Yosemite, Sequoia, and Kings Canyon, combined due to their similar resources). All chapters consider what unbridled climate change will do to the parks under discussion by the year 2100—a time well within our grandchildren’s lifetimes. All of the chapters chronicle my search for comfort and inspiration as disease overtook me. The climate change discussions are based on the most recent information available, as found in over two hundred published research papers and books (almost all of them published since 2000), reputable internet sources such as national park websites and a nonpartisan climate modeling website, materials provided to me by park managers, and personal knowledge and experience. In some cases, the narrative looks to historical events to provide a glimpse of a possible future for a park. The book is not a dry, academic tome, but rather a conversation about the effects of climate change, present and future, on a few western national parks, presented within an extended visit to each park. This approach brings to life the tremendous resources preserved in the parks, resources never more threatened than they are now. In short, there are many books on climate change and many on national parks, but few on the intersection of these two topics, and none that presents their confluence in this manner—and that also discuss the importance of the parks to disabled people.


Celebrated western writer Wallace Stegner once proclaimed, “National parks are the best idea we ever had. Absolutely American, absolutely democratic, they reflect us at our best rather than our worst.” Yet today, a radically different force, also of our own making, is threatening that noble idea, changing the parks as irrevocably as terminal disease changes me. Glaciers are melting, forests are burning, and animals are disappearing from habitats they once found adequate for their needs. To prevent the worst from happening—extinctions, ecosystem collapse, continuous summertime heat wave and wildfire—the book closes with a call to action, demanding change from our elected officials, our church leaders, and ourselves. Ultimately, if the book is an elegy for our premier national parks, it’s also a plea to take action now. Only in so doing will our children and grandchildren be able to experience these fantastic places as I have been fortunate to do, to create their own cherished memories, to celebrate wild places and the life they impart to us. The canyon wren’s future is in our hands. Will future generations be swooned by its evocative lilt? Will our actions reflect us at our best—or our worst, as it currently appears?
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MAP 1Map of Olympic National Park.

Sources: NPS, USGS, Natural Earth
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OLYMPIC NATIONAL PARK


Olympic National Park in Washington State is a land of towering mountains, old-growth rain forest, rugged seacoasts, and exceptional diversity. The tallest coastal mountains in the coterminous states rise to almost eight thousand feet, just a couple dozen miles from the Pacific Ocean, capturing bucketloads of its moisture in the form of rain and snow. Some of that snow transforms into glaciers—184 of them at last count, a number bested (outside of Alaska) only by another Washington national park, North Cascades. Down from the mountain peaks, the rain nourishes temperate rain forest, forests so lush that seeds struggle to find bare soil upon which to germinate. Water seems to be everywhere, from rivers roaring with a foot of winter rain to rivulets gurgling quietly under fallen branches, and even summer brings just a fleeting experience with aridity. The streams and rivers bringing the moisture back to the ocean sustain some of the country’s strongest salmon runs (again, outside of Alaska); one of them, the Elwha, may soon see its historic runs of all five types of Pacific salmon return, thanks to the recent removal of two dams that had impeded them for decades (see plate 1). Overlooking the salmons’ maritime home is the last of Olympic’s magnificent landscapes, seventy miles of rugged, undeveloped coastline. Within these landscapes is a wide variety of plant habitats, from wet to dry, submerged to frozen, and tall to diminutive—together sheltering over 1,450 species of plants. The Olympic landscape is, indeed, a place of diversity, beauty, and boundless wonder.


And roads just scratch the surface of this million-acre preserve, leading one to the edge of its sprawling wilderness. No roads cross the park’s mountainous interior, so most visitors skim the edges, driving up to Hurricane Ridge for its mountain panorama, walking the nature trails in the Hoh Rain Forest, and getting their feet wet at one of the park’s Pacific coast beaches. Few venture beyond the roads and into the park’s wilderness, where the richest rewards are found. In 2013, I did just that, meeting my friends Jeff Pappas and Brenna Lissoway there for a five-day, forty-mile hike that brought us within shouting distance of the park’s largest glacier. It was a personal, sometimes arduous introduction to several of the park’s most celebrated resources—and, by hike’s end, a frightening indication that my body was under attack from something powerful and insidious.


Our adventure began with a full day of hiking through rain forest, following the Hoh River upstream from the popular nature trails. It’s hard to imagine a place in the temperate zones of the planet more brimming with life than Olympic’s rain forests, found in its western valleys. Open to the full strength of Pacific Ocean moisture, the Hoh gets 140 to 167 inches (that’s twelve to fourteen feet) of rain every year, making it the wettest place in continental America. The Hoh also enjoys the moderating influence of ocean proximity on its climate, rarely seeing freezing temperatures or summertime highs above 80 degrees Fahrenheit. This wet and temperate climate, along with fertile, alluvial soils, makes for an explosion of greenery, in size, diversity, and competition. Sitka spruce, western hemlock, and Douglas fir dominate the canopy, attaining heights of two hundred feet or more, circumferences of thirty to sixty feet, and ages of hundreds of years. These trees supplement summertime rainfall with the moisture from fog condensing on their needles, getting up to 30 inches of additional moisture this way—and giving the lie to summers that are surprisingly dry, for a rain forest. Below the heights, big-leaf maple adds deciduous beauty, with 130 species of ferns and other epiphytes festooning every branch, some of them hanging down in living draperies. Some of the epiphytes fix nitrogen (convert atmospheric nitrogen into a form plants can use), so the maple puts roots into them—aerial roots identical to those underground. No open ground (other than the trail) is present, with over a thousand species of mosses, lichens, and liverworts competing for every square inch of living space. So coveted is that space that fallen logs become tree nurseries, lines of saplings whose roots eventually belie the once-nurturing log, now rotted away. In some areas of forest, every last tree got its start on a log.1


Finding the moist, vibrant conditions to their liking is an assortment of wildlife, including thirteen different amphibians, one of which, the Olympic torrent salamander, is endemic to the park, found nowhere else in the world. Entomologists surveying a similar rain forest on nearby Vancouver Island in British Columbia found fifteen thousand species of insect, including five hundred new to science—in just the canopy alone. At the other end of the size scale are Olympic’s Roosevelt elk, five thousand of them park-wide. Although we would not see any on this hike, we certainly saw evidence of them in the open forest and in the dominance of Sitka spruce. Elk prefer the needles of western hemlock and Douglas fir in winter (along with other more tender plants) to spruce needles, which are hard on the elk tongue, giving the advantage to the spiny spruce. Not only are these forests bursting with life, but they are also overflowing with age—and the living things that depend upon centuries-old conditions. Many of Olympic’s rain forests have not seen fire, the most common disturbance in most western forests, since 1308, when fires burned half the forests on the Olympic Peninsula. Other fires burned in the mid-1400s, up to 1538, but there are many Douglas firs approaching their seven hundredth birthday (Douglas fir is the first tree in these forests to reestablish after a fire). Also celebrating antiquity (proverbially) will be a lichen that is only found on trees over four hundred years old, and forty different animals that depend on old-growth forests to such an extent that their needs would not be met otherwise. Olympic’s rain forests are indeed a profusion of life and age; hiking in them is like walking through a cathedral, conversing in hushed voices and feeling like anything faster than a reverential stroll is an impertinence.2


After ten miles of hiking through the rain forest cathedral, we reached the Olympus Guard Station, which was our signal to set up camp in the nearby campsite. We pitched our tents on the banks of the Hoh River, a premier spot with views of the High Divide, a lofty ridge we would climb three days hence. We passed a pleasant evening watching to see if a persistent cloud would separate itself from the highest crown of the ridge; it did not, so the High Divide’s full identity would remain a secret to us for another day. The gurgling river, here the size of a large creek, was as much a presence as the divide; its clear water was bounded by banks of gravel and alder saplings, the tree of rivers throughout the West Coast. With the route promising a 3,400-foot climb the next day, we turned in, the better to get a full night’s rest.


Except for me—waking up refreshed would be unlikely, since I had been unable to sleep deeply for a week or so. I would sleep for an hour or two, then wake up, feeling tense and on edge. That would be the pattern for the entire night: sleep for no more than two hours, wake up, turn over, wait for sleep to overcome my tension. I was beginning to suspect the antidepressant medication my neurologist had prescribed; actually, I was beginning to suspect the doctor himself, for several reasons. He’d been dismissive of my concerns from the start, ignoring the two-page patient history I’d prepared and telling me after a cursory physical exam that I didn’t have either MS (multiple sclerosis) or ALS. Instead, he interrupted me—as I went through the patient history anyway—to tell me I just had general anxiety disorder and then put me on an antidepressant. A month later, when I called his office complaining that the medication was not doing anything to alleviate my symptoms, he had his aide tell me to come in. But then, when I did see the doctor, he asked me why I was there, as though I were wasting his time. After telling him he told me to come in, he put me on Cymbalta, another antidepressant. It didn’t seem to be doing anything to remedy the symptoms either, though it was too early to tell for certain. Much like our ignoring the signs that the climate is changing—with some (perhaps many), willfully ignoring the evidence—the neurologist chose again to ignore the indications that my body was actually in the early stages of something big, perhaps life changing.


My symptoms had begun six months earlier. I had bought a house near Yosemite, where I worked as a project manager overseeing the development of a major management plan for the Tuolumne River. Work was stressful enough, but adding house buying (long known to be one of life’s most draining events) to the mix made for an exceptionally stressful time. I was handling it okay, noticing only an odd feeling in the back of my throat. That went away once I moved in, but a couple of months later I began noticing many other strange things. In addition to the symptoms I’d told Josh about four months earlier (slurred speech, twitching muscles, and crying easily), my left leg seemed slow, and both legs would spasm and shake involuntarily just before I got out of bed in the morning. Also, just before I left for this trip, I had resorted to using toenail clippers to trim my fingernails, my fingers becoming too weak to drive the shorter-handled fingernail clippers through their intended targets. I had put weakening fingers on the patient history as a possible symptom, noticing that my handwriting seemed a bit messier than normal, but I wasn’t sure about it. Now it was certain—and I would soon be telling that to a different neurologist. Fed up with the insensitive neurologist, and listening to my family’s urging me to get a second opinion, I had scheduled an appointment with the neurology department of Stanford University Hospital. It would be shortly after this hike—and weakening fingers wouldn’t be the only update to the patient history I would be making.
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Back in Olympic, we had a two-day side trip to make. Once we climbed the 3,400 feet that had sent us to bed early on the Hoh, we would be in Glacier Meadows, the closest a person could get by trail to Mount Olympus, the highest peak in the park at 7,980 feet above sea level. When we had decided to go to Olympic and do an extended hike, I had volunteered to choose a route. We wanted a good cross section of the park, and I wanted to get as close as possible to the mountain, having failed to see it on a previous hike there due to cloud cover (a not-infrequent occurrence in Olympic). That meant we’d be hiking the Hoh River Trail, but it comes to an end just past Glacier Meadows. To give ourselves some variety on the way out (instead of retracing our steps all seventeen miles along the Hoh River Valley), we would hike up and over the High Divide, coming out the Sol Duc Valley to the north. This would make for a rugged five-day hike, but we were all fit and the route had plenty of rewards for our exertions.


As we climbed along the upper Hoh, the forest gradually changed, with Sitka spruce dropping out and silver fir and western hemlock taking its place. We crossed the river on a bridge high above (so high we looked down on mature trees), and then began ascending Glacier Creek, a tributary with a fitting name, as we would soon see. We stopped at Elk Lake, a pond surrounded by old-growth forest that made for a pleasant lunch stop and refreshing dip. Resuming the climb, we soon arrived at a steep ravine at which the trail ended abruptly, reappearing on the other side. The ravine is in an area of fragmented rock that is inherently unstable, making it difficult to build a trail that lasts more than a year or two. To facilitate crossing it, the park service installed a cable and wood ladder, laid onto the sloping side of the ravine to the bottom, and another such ladder on the other side. Once across the ravine, we soon broke out of the trees and had a view that was a down payment of sorts for what we were soon to see, up close and personal. Across the valley, no more than three miles away, was White Glacier (see plate 2). This river of ice begins in a large snowfield on the western shoulder of the mountain and sends a seemingly delicate snout, for so big a snowfield, down toward Glacier Creek, stopping a mile and a half from it. Audible from the trail, though, and linking the glacier to Glacier Creek, was the glacier’s meltwater stream, tumbling down the steep side canyon the glacier had carved out in cooler times. The sight whetted our appetites for what lay ahead.


Soon we arrived at Glacier Meadows and set up camp. I was disappointed by the lack of a view from the meadows; I had envisioned an expansive meadow framing a massive, snowy Mount Olympus, but instead there was a small, sloping meadow, closely bounded by forest. No mountain was visible at all; we could almost have been in any state that has conifers. However, I knew there was a viewpoint a little farther up, so with a couple of hours on hand before suppertime, I asked the other two if they wanted to take the time to go to it now. They were more interested in taking a nap, but encouraged me to go there and report back to them for the next morning. I took off, and quickly found the trail was more of a climb than a flat stroll through the park. It soon emerged from the forest and began climbing toward a saddle, or a low point in the ridge whose side I was climbing. Late summer wildflowers were sprinkled among the grasses, but the vegetation soon gave way to rocks. A few drifts of snow were still present, their meltwater starting a rivulet trickling among the boulders. There was still no sign of the mountain, though it was clear I wasn’t in Kansas anymore.


The afternoon was warm, almost hot, so when I learned from a hiker descending from the overlook that a glacier was prominently visible from it, I quickened my step. A short while later, I was there, looking down on Blue Glacier and up to the three summits of Mount Olympus (see plate 3). Like its White Glacier cousin, Blue Glacier gets its start in a huge snowfield by the three summits, but Blue stands out for being every bit the size one would expect from such an expanse of snow and ice. From the broad snowfield, the nascent glacier breaks into three or four parallel icefalls that then all cascade down hundreds of feet alongside each other, complete with crevasses in the ice and arêtes (knife-edge ridges, carved by parallel glaciers) between the icefalls. Below them, the frozen streams gathered together as one mighty river of ice, flowing down—and filling, wall to wall—the valley below the overlook, turning left as gracefully as the icefalls spilled chaotically. The overlook itself is actually on a lateral moraine, a ridge of boulders, sand, and gravel deposited alongside the melting glacier. All told, Blue Glacier is about two and a half miles long, descends about three thousand feet, and is the longest and one of the largest glaciers in the park.


Glaciers form anywhere that receives more snow than can melt in the summertime. Blue Glacier receives more precipitation than any other glacier in the forty-eight contiguous states (240 inches annually, compared to 30–40 inches for most states east of the Great Plains), largely because it’s so close to the Pacific Ocean and because Mount Olympus is tall enough that the moisture in the clouds freezes as they move inland—and up—from the lowlands like the Hoh Rain Forest. Some fifty to a hundred feet of snow falls on the mountain every year, producing so much ice that the four largest glaciers in the park are all on Mount Olympus (Blue, White, Hoh, and Humes; the latter two we would not see); there are nine glaciers in all, containing 80 percent of the park’s ice.3 If a glacier receives less snow than melts annually, though, it shrinks or retreats. All of Olympic’s glaciers have been retreating since the late 1800s, with Blue Glacier’s terminus receding 0.7 miles since then. The glacier is also getting thinner, losing 178 feet of depth in its terminus, and 32–48 feet in its snowier upper portion between 1987 and 2009 (which explains why the lateral moraine and overlook are above the glacier: it was once as high or higher than them). Park-wide, the surface area of glaciers shrank by 34 percent between the 1970s and 2009, with the actual number of glaciers dropping from 266 to 184. Glaciers in the drier northeastern part of the mountain range (such as Lillian Glacier, which is gone) or on south-facing aspects (such as Anderson Glacier, which has lost 77 percent of its area) have been the hardest hit. Finally, the rate of melting is increasing; the rate since 1980 is double that of the previous eight decades, and the rate since 2009, quadruple that (with another 36 glaciers melted out since 2009).4 Since 1986, Blue Glacier has been retreating 50 feet per year, and precipitation at its terminus (which is about 4,500 feet) now falls more as rain than snow.5 In sum, glaciers may appear massive and unchanging, but they are sensitive barometers of changing climates.6 Moreover, their retreat is the most incontrovertible evidence that our climate is changing—worldwide, for Blue Glacier isn’t the only one retreating. Most other glaciers in the West and, indeed, around the world are also retreating, clear evidence that the global climate is warming.


Global warming begins with carbon dioxide and methane, two relatively rare gasses in Earth’s atmosphere, known collectively as greenhouse gasses for their effects on Earth’s climate (there are other greenhouse gasses, but these two are the most important). They allow the sun’s visible light in, but trap most of the infrared radiation that Earth radiates back to space. This is the “greenhouse effect,” whereby some of the sun’s warmth is retained on Earth. Greenhouse gasses are powerful drivers of the climate we enjoy; without them, life on the planet would be much more difficult, because most of the sun’s warmth would be lost, especially at night. Problems arise, however, when we add more greenhouse gasses to the atmosphere, largely by burning fossil fuels like coal, oil, gasoline, and natural gas. With more heat-trapping gasses in the atmosphere, the planet warms a little more, and this process continues to accelerate the more carbon dioxide and methane we contribute to the atmosphere. Since the Industrial Revolution, the carbon dioxide concentration in the atmosphere has been increasing (from 280 parts per million to 409 parts per million in 2018), and the global temperature has followed in lockstep: globally, we’re now 1.8 degrees Fahrenheit warmer than we were in 1880.7


Before moving to a discussion of climate change in Olympic, let’s define a few terms. First, because this is a book about national parks in the United States, and will primarily be read by Americans, the temperatures will all be given in degrees Fahrenheit. Second, the book is about changes in the climate, not weather in the parks. If the two were the same, one might conclude that International Falls, Minnesota, has a warm climate because it recorded the nation’s high temperature one July day in the early 2000s (the date escapes me, but it’s not important): a torrid 99 degrees. It’s common knowledge, though, that the city is one of the coldest places in the coterminous states, regularly setting the nation’s low on any given winter night. Weather is what we experience on short time frames, from hours to days, weeks, and months, while climate is the precipitation and temperatures that characterize a place over years, decades, centuries, and millennia. Finally, the terms “climate change” and “global warming” are essentially synonyms today. Climate change was originally used in discussions of how humans were altering the climate, because some areas were not warming or even cooling, such as the American South. By the end of this century, though, there will be few—if any—such places. Consequently, global warming is more descriptive of the anthropogenic heating that is expected to occur everywhere in the coming decades. Even this term seems to understate the changes to come; I think “global heating” or even “global scorching” would be more fitting, but we’ll stick with the common term, synonymous with “climate change.”


Now let’s go to the changes that Olympic has already observed. Given its proximity to the Pacific Ocean, which somewhat buffers the park from the warming that more inland parks have seen, Olympic has only warmed by 1.2 to 1.8 degrees since 1900, the least of the five parks in this book. Still, the frost-free growing season is getting longer, spring is beginning earlier, and the coldest night of the year is getting warmer.8 Temperatures in the higher elevations have risen more; those at Blue Glacier, for example, are 5 degrees warmer since 1948.9 These changes may seem trivial, but they have been enough to melt off some eighty glaciers, along with causing a host of other changes. The water content of the winter snowpack, known as its snow water equivalent, or SWE (as measured on April 1), is now 15 percent less than it was when measurements began in 1968, with some lower-elevation sites declining markedly more.10 Spring runoff is also happening earlier and soil moisture is being recharged earlier, both the result of advancing springs.11 Precipitation patterns are changing in other ways, too, with spring precipitation increasing while summer and fall rainfall are declining.12 Storms are becoming more intense (because heat is energy and warm air can hold more moisture than cool air), producing more, and higher, floods.13 The floods have led to river-channel widening downstream on at least four rivers draining the park, including the Hoh.14 Overall, though, annual streamflows are declining, and dry years are becoming drier.15 Perhaps as a result of this drying trend, background mortality rates of most western forests have increased since 1955, including those in Olympic.16 Finally, one group of researchers has demonstrated that human activity (burning fossil fuels) is the primary driver of many of these changes, while another group showed that the same activity made a recent drought year (2015) up to 33 percent worse than it would have been if natural factors alone were at play.17 The human signature in causing these changes is clear.


Already, some plants and animals may be responding to the changing Olympic climate. Trees have been moving into subalpine meadows and alpine tundra for decades, indicating that the temperatures there have warmed enough to make the climate tolerable.18 Songbirds, too, may be benefiting from a changing climate; a recent population survey of thirty-three songbirds in Olympic found all but one either stable or increasing in density. Reduced snowfall is the likely reason for the increasing densities, a finding of other songbird-monitoring efforts nationwide. The one species that declined, the Olive-sided Flycatcher, did not show a corresponding increase at higher elevations in Olympic, though it did in Mount Rainier, where there is more high-elevation habitat.19 The counterintuitive finding of increasing songbird density, while welcome for now, is unlikely to persist as our emissions continue to warm the planet. Likewise, the warmer climate facilitating the movement of forests upslope will probably not be so friendly to the forests left behind at lower elevations. In other words, we should not be sanguine about the unexpected results, for they are just a hint of the warming and environmental disruptions yet to come.
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Back at the Blue Glacier overlook, I thought about the prognosis for Blue Glacier: more, and probably increasing, melting and retreat, perhaps culminating in its disappearance. I kept the thought in the back of my mind as I looked, awestruck, at Blue Glacier and Mount Olympus that warm afternoon, and again as I shared the view with my two backpacking partners the next morning. The three of us actually got a predawn start so we could watch the sun rise over the mountain and its icy progeny. We had the overlook to ourselves, and arrived just after the sun had begun to highlight the mountain’s arêtes, upper glacier, and conical summits. The first rays were orange, the air was calm and quiet—a profound stillness, such as even the wilderness rarely provides—and the temperature was cool but not cold. The three summits were a deep umber, with a number of lesser, pointy false summits also catching the sun’s first rays, the lot of them looking much like a frosty castle of the abominable snowman. Below the yeti’s minarets sprawled the snowfield, an unbroken blanket of peach-colored snow serenading the morning sun. The snowfield’s smoothness was an indication that the summer sun had not yet melted last winter’s snow, despite the fact that the summertime melt was more than half over. Rupturing the snowfield’s continuity were the icefalls, their crevasses and the reunified glacier below appearing a neutral gray in the still shadows, the natural complement to the shades of orange above. The icefalls and reunified glacier showed a more typical mix of old and new snow, with the new, clean snow hanging on in sheltered, shady areas, while the ice in more open places was dirtier, with the accumulation of rocks and other debris throughout. The mountain and glacier were an evolving show of colors, so we absorbed the show and its energy through coffee and breakfast, surely one of the more memorable meals of our lives. It felt like a scene out of place, for until arriving at this overlook yesterday, I personally had not associated Olympic National Park with glaciers, let alone glaciers big enough to look like rivers of ice. I knew the park had tall mountains along with its rain forests and rugged coastline, but the scene was a revelation, an obvious statement that this park preserves many resources of significance.


Glaciers are not just barometers (thermometers!) of a warming planet—they’re also treasure troves of information about past environments on Earth. Perhaps the best example of this is their record of past greenhouse gas concentrations, which have varied over time, along with the warming Earth has seen, as revealed in ice cores from Greenland and Antarctica. As snow falls and accumulates over time, it traps bubbles of air and preserves them as it is compressed into ice. By drilling out a vertical column of ice, cutting it into thin cross sections corresponding to years (determined via a number of methods), and then melting the layers and trapping the air liberated from the bubbles, scientists can determine past greenhouse gas concentrations. Six hundred fifty thousand years of ice are preserved in the two ice-bound places, an exceptional window into past climates (not to mention a great form of job insurance for the people who analyzed all those cross sections!). The results were sobering though: today’s concentration of greenhouse gasses is the highest in the last 650,000 years. The ice cores also tell us that the contemporary rate of change for the two gasses is the fastest in that same time period. Roughly ten times faster than the warm-up that melted the huge continental glaciers of the last ice age, the current rate of warming will outstrip the ability of many plants and animals to follow their preferred habitat northward and/or upward in elevation. Finally, the ice cores also tell us how warm or cool the planet was over time, based on the relative concentrations of two different oxygen isotopes. Like all elements, oxygen molecules have electrons circling around a core of protons and neutrons. In the case of oxygen, most molecules have eight protons and eight neutrons, but a small percentage of them have ten neutrons, making them heavier than the other molecules. The relative abundance of the heavier molecules correlates with the relative warmth of Earth, with higher concentrations indicating a warmer planet and lower concentrations indicating a cooler time period, such as an ice age. By correlating this timeline of relative planetary warmth to the record of carbon dioxide levels in the same time period, scientists see a one-to-one match: when greenhouse gas concentrations were high, the planet was warm, and vice versa. The ice cores, then, not only validate the premise of the greenhouse effect, but they also illustrate that the human signature on contemporary greenhouse gas concentrations is remarkably clear.20


Scientists communicate such findings to each other through articles in various technical journals, books, and reports, including government documents. All such literature is peer reviewed, which puts the research to the scrutiny of the scientist’s professional peers (usually two or three) before the publisher accepts the manuscript. The reviewers, chosen by the editor for their expertise in the relevant field(s), look to see that the methods are appropriate for the question being studied, that they are repeatable, that the results support the author’s conclusions, and that the research makes an original contribution to the body of knowledge in the applicable field. Once the reviewers provide their comments to the editor, the author is expected to address them or rebut them with justification, or go back to the drawing board. As contentious as any climate science is today, such research is subjected to an even higher level of critique, thereby ensuring that the published research is accurate and relevant. Almost all of the climate science research upon which this book is based has been peer reviewed, along with this book itself, ensuring that the information presented here is as accurate as possible.


The peer-review process is intended to prevent erroneous, flawed, and junk science from being published. For example, once my book Yellowstone and the Snowmobile was published in 2009, a few editors asked me to review articles about other facets of motorized winter recreation and its management. One such manuscript was little more than a xenophobic screed against federal attempts to control unbridled snowmobile use on federal land, so it was obvious I should recommend against its publication. Like any system to ensure quality, peer review can sometimes allow problematic research to find its way into print. Here again, personal experience illustrates how the system corrects itself. In the 1990s, Yellowstone National Park’s managers faced ongoing criticism over their management of ungulates (hoofed animals), especially elk. One critic, a Utah State University professor, was particularly persistent, publishing several articles asserting that prehistoric elk numbers were much lower than contemporary ones, owing to humans. I followed his paper trail, finding most of his claims baseless or exaggerated. Once I published my critique of his claims, his criticism no longer held much water.21 In these and other ways, the peer-review process assures that all climate science is accurate as possible and incorporates the information and research techniques of the era.


Based on many lines of such peer-reviewed evidence (like the ice core information, and other evidence to be discussed later in this book), scientists are virtually unanimous in their assessment that human activity is the primary driver of the increase in carbon dioxide levels. Since 2004, a number of researchers have gathered as many peer-reviewed papers as they could find reporting research into climate change and global warming, and assessed the percentage of authors accepting humans as the primary driver of global warming, having no opinion on it, or rejecting the human role in global warming. In every case but one, the percentage of scientists accepting that humans are at least partly responsible for global warming was 100 percent, or extremely close to it. Even the outlier, whose methodology overestimated the number of skeptics, still found that 97.1 percent of scientists were in agreement about the human role in causing climate change. The most comprehensive of these papers is a 2017 inquiry that looked at 54,195 papers published between 1991 and 2015, finding just 31 papers rejecting the human role in global warming, representing 0.06 percent of the total. Tellingly, the 31 rejecting papers have only rarely been cited by other scientists—even other skeptics—and several have never been cited, indicating other scientists distrust them. While many of the 54,195 papers expressed no opinion on the subject (many of them reported on methodology or other topics relevant to the debate), it’s hard to find a subject on which scientists are speaking with one voice—99.94 percent!—more uniformly.22 Indeed, the case for humanity’s burning of fossil fuels as the primary vector of global warming has been thoroughly vetted, reviewed, and accepted in the scientific community. For that reason, no national or international scientific organization rejects the premise that humans are the main cause of global warming.23


[image: Image]



Meanwhile, at our wilderness breakfast table, we savored the silence and scenery till the sun reached us. That afternoon, we retraced our steps to the guard station and campsite on the Hoh River. I took a short side trip on the way down to the glacier’s terminus, its snout. Sloping downward as the ice approached its end, the glacier gave way to rock, both bedrock and loose rocks. The bedrock was smooth in places, polished by the ice no longer there, and the glacial debris varied in size from sand and gravel to cobbles and two-foot-diameter boulders, all plucked from Mount Olympus and brought here by the glacier. No meltwater stream was present there, meaning it’s subterranean, flowing through the glacial debris and emerging a short distance downhill. That stream, along with the other Hoh River tributaries draining the Mount Olympus glaciers, gets a sizable portion of its summertime water from melting ice, especially in August and September, when up to a third of the Hoh River’s water is glacial meltwater. It’s easy to see how the glacial melt-off could affect streamflows and the aquatic life dependent on them.24


Water isn’t the only thing that the Hoh and its tributaries receive from the Mount Olympus glaciers; they also pick up sediment, so much that when the river’s downhill gradient lessens near our guard station campsite, the river begins to braid. When a river carrying sediment reaches flatter terrain, the river no longer has the kinetic energy to continue transporting its larger sediments. The sediments settle out, which raises the riverbed a little. The process continues until the riverbed is as high as the surrounding land, at which point the river moves to one side or the other, whichever is lower. In so doing, the river will take out the trees growing on the lower riverbank, while other trees will germinate on the newly abandoned streambed. The Hoh braids more than any other river in Olympic (because 65 percent of the park’s glaciers are in its drainage), giving it a unique profile in the Olympic Mountains, one that will probably disappear when the glaciers melt out. At that point, the river will transform into the more typical, mature form that characterizes most of Olympic’s rivers, with stable banks and mature vegetation. This will result in a loss of riverine diversity, along with the loss of any aquatic insects and microflora and -fauna that prefer the open and warmer conditions found in braided streams.25 In these ways and more, glaciers and their meltwater (natural and human caused) can have ripple effects far downstream.


As noted previously—and on a far bigger scale—glaciers around the world are melting, including those in Greenland and Antarctica, contributing to sea-level rise. The oceans are warming as well, further contributing to rising ocean levels (because water expands as it warms). So far, though, the Olympic coastal strip has seen the opposite occur, because the coastline of both Oregon and Washington is rising as the Juan de Fuca Plate is forced under the two states. Olympic’s stretch of magnificent, rugged coastline is one of just two places on the Pacific coast where a person can take a multiday backpacking trip, walking on the beach, and not see a human structure (the other is California’s Lost Coast). I was fortunate enough to make such a trip in 1998, immersing myself in the marine air for three days of glorious solitude. But for a few short stretches, my trail was the beach, and my only companions were the deer I saw wading into the surf at low tide to nibble on kelp and the plants growing in tide pools—oh, and the banana slug I inadvertently rolled up with my tent when I broke camp before dawn on the last day (to get around a headland before high tide). Squished slugs aside (my tent is still stained), the memories from those three days are images of wildness: the tempestuous Pacific, the sea stacks, the tide pools, the marine deer, all without a road, motors, lights, or vehicle noise.


It won’t be long, though, before sea-level rise begins to outstrip the rising land, removing a bit of the wild nature I’d found there. By 2030, scientists estimate the ocean will be two inches higher, and by 2050, six inches, differences that are mostly within the present-day variations in sea and tide level. But by 2100, the projected sea level, assuming business continues as usual, will be twenty-four inches higher in Oregon and Washington. That would be enough to cause significant erosion of the shoreline and, in flatter areas, flooding, especially during king tides (the highest high tides). Rising seas will affect dozens of cities and hundreds of millions of people worldwide; for example, both the San Francisco and Oakland airports will begin to see their runways go under when sea-level rise gets to sixteen inches. Without a subducting continental plate, California’s coast is expected to see a three-foot rise in sea level by 2100—a foot by 2030—so the airports may be elevating their runways within our lifetimes.26 Elevating runways will probably be the least of our worries when the oceans really rise, given the numbers of people who will likely be displaced by rising waters, with as much as eight feet of more global sea-level rise projected by 2100 (on top of eight inches we’ve already raised global sea level, and again assuming continued business as usual).27 Compared with the widespread impacts on humans worldwide, rising-ocean impacts on Olympic’s coastal strip may seem trivial; even within the park system, there are parks like Everglades National Park and Cape Hatteras National Seashore facing complete inundation due to unchecked sea-level rise. That does not diminish the effect on one of Olympic’s treasured resources though: a two-foot rise in the Pacific Ocean would remove that which makes the coastal strip worthy of protection in the first place—its wildness.
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After some downtime and a lovely evening on the Hoh River, it was time to tackle the second major ascent of the journey, a four-thousand-foot climb to the High Divide, the lofty plateau overlooking the Hoh River Valley. Not long after beginning the climb, we entered a burned area. In the summer of 1978, lightning started a fire on this steep, south-facing slope that just smoldered for two weeks until some dry east winds arose, increasing fire activity and enabling it to get into the canopy. For two days the wind blew, and for two days the fire grew, raging across 1,050 acres by the time firefighters contained it on August 14. It then went back to smoldering, not going out fully until that December.28 By the time we passed through it thirty-five years later, the burned area was thickly vegetated, though I don’t recall many trees. They were probably there, but likely not that tall, for I do remember abundant sunshine and wanting to get out of it. Seedling establishment has probably been slow, hampered by a lack of seed sources and competition from faster-seeding shrubs. Soon enough, though, we climbed out of it and were taking our packs off for a welcome break at Hoh Lake, a scenic tarn marking the beginning of the High Divide. From there it was just another thousand feet of climbing to the backbone of the divide.


Fire is a natural part of most western forests, including the ones we hiked through on that hike—even the temperate rain forests (if infrequently). It’s so much a part of them that the trees tend to adopt one of three strategies to cope with it. The first is to survive fire, usually by producing bark thick enough to insulate the cambium (their growing tissue) from the heat of the flames. Trees that see periodic, low-intensity fires, such as fires every three to twenty years, tend to show this adaptation. Giant sequoia trees take this strategy to its limit, producing bark that is one or two feet thick! Other trees like Douglas fir and ponderosa pine produce two-to-four-inch-thick bark (a more common thickness). The second strategy is akin to life insurance, and is typically found in forests that see stand-replacing fires every one to three hundred years: serotinous cones. These are cones that don’t open to release their seeds until the tree is burned. Lodgepole pine is a good example of this strategy, with crown fires that kill the trees but open the serotinous cones, starting a new forest. The third strategy—to anthropomorphize the tree—is to hope fire doesn’t hit, and that if it does, it will be patchy enough to skip over you so you can reseed the area. This strategy tends to be found in areas that burn so infrequently that producing either of the other two adaptations is not a productive use of the tree’s resources. Western hemlock, the primary tree here before the fire, employs this strategy, as does Sitka spruce. There are other adaptations to fire, such as sprouting from the stump of the burned tree, but these are the three main strategies that trees in the western coniferous forests tend to display.


Fire-return intervals in Olympic are thought to be as much as nine hundred years in Sitka spruce forests, and can be very powerful and destructive when they do occur.29 A look at the Tillamook Burn in Oregon, which occurred in a similar forest, provides a glimpse into what a fire in Olympic’s rain forests could look like. In August of 1933, logging operations in Gales Creek Canyon fifty miles west of Portland ignited a fire that burned about forty thousand acres over the next ten days. Then, on August 24, a strong east wind arose, pushing the fire across an additional two hundred thousand acres in just twenty hours, one of the fastest rates of wildfire spread in the twentieth century. Flames exceeded a thousand feet in height, and heat from the fire was so intense that smoke rose into the stratosphere, forming a thunderhead approximately 40,000 feet tall, visible from as far away as neighboring Washington. What’s more, the area burned every six years after that until the 1950s, in 1939, 1945, and finally, 1951. All three of the subsequent fires were also started by logging operations, and reburned much of the same area. Dead lumber may have stoked the reburns, but the brush and grasses that typically revegetate burned areas before trees get established probably provided most of the fuel for the subsequent fires. With the reburns killing the few seedlings that had germinated after the original fire, seedling trees were scarce in the later years. After the last fire, the state of Oregon took a more active role in reseeding and revegetating the area, to the point that today the area is a state forest, though signs of the fiery past remain if you know where to look.30


Olympic’s rain forests are wetter than the Tillamook area’s, but the similarities are otherwise striking. Some of the trees are the same, the climate is similar (with cool, wet winters and warm, dry summers), and east winds can be desiccating. Could such a fire or fires happen in the Hoh drainage or Olympic’s other lush forests, and how will global warming influence the likelihood and severity of such fires? To answer questions like this, scientists turn to climate models, which are computer programs that climatologists devise to predict the future climate under different scenarios. The models employ the various quantifiable relationships between the various components of the climate (think of sophisticated mathematical formulas like the laws of physics) to create Earth’s climate in digital form. With climate consisting of the atmosphere itself and the various ways that it interacts with the land, oceans, ice caps, sunlight, and human activities, and with climate evolving over more than a century, beefy computers are generally necessary to run the models. Once a scientist has a basic model set up, they fine-tune it by going back in time and adjusting the formulas to make it predict the past climate accurately. For example, the 1992 eruption of Philippine volcano Mount Pinatubo affected the world climate for three or four years, giving scientists an opportunity to tweak the model in response to such events. Once the model is successfully “hind-casting,” as it’s known, the model is assumed to be accurate and the researcher can turn to future projections.31


Human activities, one of many factors in climate modeling, come to play pivotal roles in modeling the future, especially when we’re predicting the climate several generations from now. Because there are and will be myriad choices we’ll make that affect the climate between now and the end of the century (the typical end point of the projections), climatologists model a suite of different scenarios. However, to simplify the ensuing discussion, they usually just present two scenarios that present the extremes of possible outcomes, a business-as-usual option where we do little to address global warming, and a concern-for-the-future option where we proactively take steps to reduce our carbon footprint (the sum total of the per capita greenhouse gasses we emit). Projections are often broken down by seasons of the year, which provides a more complete picture of likely effects. Winter projections reveal probable effects of climate warming on snowfall and phase of precipitation (snow versus rain), while springtime changes affect snowmelt and plant emergence. Summertime changes affect forest drying and the likelihood of wildfire, while fall extends the effects of both summer and winter changes. This characterization is generalized; for example, changes in winter snowpack have a direct effect on summertime fire risk. Also, models typically have strengths and weaknesses, given the assumptions that go into them, the purpose in creating them, and the complexity of the actual climate. One model may do a better job predicting summertime extreme high temperatures while another one is better with winter snowfall. For this reason, researchers typically use an ensemble of twenty or more models, all run with the same assumptions about human activity, in projecting the future climate.32


Climate modeling has been growing in sophistication and specificity, becoming more and more accurate and allowing us to predict the future climate in specific locations. There are several websites that allow one to derive the projected climate for a location of the user’s choosing, using the same models that research scientists use. One of them, the Northwest Climate Toolbox, is sponsored by a group of government agencies and climate change research consortia, and includes a variety of climate monitoring applications and climate change projection tools. Using the Hoh Rain Forest and Mount Olympus as our two locations (because they best represent the focal points of our discussion, rain forests and glaciers), we see that both locations will warm by about 10 degrees by the year 2100. This warming is fairly consistent across the seasons and metrics (such as average annual temperature, average overnight wintertime low temperature, average summertime high temperature, etc.). However, two metrics deserve specific mention, and both occur under the business-as-usual scenario (in most cases, the concern for the future scenario limits the temperature increase to only about half of the other). The first metric of interest is on Mount Olympus, where the typical winter day and night will move from below freezing to above (average low temperatures going from 22 degrees in the 1950s to 33 degrees in 2100, and high temperatures moving from 32 degrees to 41 degrees in the same time period).33 Snow will still fall in that climate, with some research indicating that, when snow is falling heavily, it can effectively drag the cloud’s colder temperatures with it, overcoming warmer surface temperatures.34 However, once the storm moves on, temperatures would revert to those of business as usual, so the melting would return.


The winter of 2014–2015 provided a glimpse into a future in which these projections become an uncomfortable reality. That winter brought temperatures 4 degrees above average, and the months of January to March (the heaviest snow months) were all 6–7 degrees warmer than average. The winter saw close-to-average precipitation (93 percent), but most of it was rain, and the pitiful snowpack that did accumulate melted off completely in the face of February’s warmth. It never measured more than six inches of SWE, in a place that ordinarily sees forty inches of SWE by winter’s end. The influence of temperature is crucial; just two winters earlier, temperatures averaging 0.8 degrees warmer than average brought 106 percent of average snowpack, with over fifty inches of SWE by April. Three degrees has a powerful influence in snow country, as we’ll see time and again in the western landscape—and that’s just a third of the projected increase by the end of the century. Three degrees also had an outsize impact on the Olympic landscape, with Hoh Lake remaining ice free most of the winter, dropping from 226 days frozen in a typical winter to just 81 days iced over amid the warmth of winter 2014–2015. More affected were the park’s remnant glaciers, which lost about thirty feet of ice that sneak-peek winter, especially the lower ones.35 The future of Olympic’s glaciers appears bleak indeed.


The other metric is in the Hoh Rain Forest, where the summertime average high temperature projected by the Northwest Climate Toolbox will increase from a cool 69 degrees in the 1950s to almost 80 degrees by 2100. Such increased warmth will promote the growth of any fires that occur, assuming rainfall totals are near today’s amounts.36 Unfortunately, that assumption is probably not a safe one. Summers in Olympic are surprisingly dry, receiving less than a tenth of the year’s precipitation (about 10 of a total 140 inches). Global warming will increase the disparity, with annual precipitation projected to grow by a foot while summer rainfall shrinks by almost 3 inches (to 7 of 153 inches).37 More of the annual precipitation will fall as rain, leading to smaller snowpacks that melt out earlier in the year, and more precipitation will arrive in short-term, intense, flood-producing events.38 Climate models don’t handle precipitation projections as well as temperature, but even if the precipitation projections are wrong and summertime rainfall increases, the substantial increase in temperatures will most likely negate the added moisture. This is because the sun has more evaporative potential on warmer days, and because plants transpire more—earlier in the year—as temperature increases, soils dry out earlier in the growing season, taxing plants the more.39 Indeed, one group of researchers specifically projected soil moisture levels throughout the West using ten climate models, finding an 81 percent reduction in the April 1 SWE in the Cascades by the 2080s, with a concomitant reduction in soil moisture levels.40 Another team used twenty models to project that lower-elevation drainages in western Washington would essentially see their snowpack disappear by April 1, and that significant reductions (38–46 percent of average SWE) would be widespread by the 2040s.41 Given these facts and the climate projections, researchers expect fires to increase significantly both in number and severity in Olympic. Also, drought-stressed trees have less resistance against beetles that burrow into them, eating the cambium (the tree’s growing tissue) and usually killing the tree. Consequently, such beetles will likely increase in Olympic, furthering the climate for fire.42


Using these projections and a global vegetation model, another group of researchers projects that, by century’s end, many of the forests in western Washington State would switch from cool conifers to warm mixed forests. Large fires, which have been rare in the region, will become more common, suggesting that fire will be the catalyst of dramatic ecological change. In so doing, fire will change from being a minor factor in forest ecology there to a major one.43 With fires already increasing at a higher rate in the Northwest (though from a lower base) than in the northern Rockies, these changes have likely already begun. Tellingly, both the number of new, large fires and their duration are linked with early spring melt-off.44 That causal relationship is probably true in Olympic as well, where the acreage burned annually has been growing since 2000, with the largest single fire occurring in 2015 and the most acreage burned the following year.45 The Tillamook Burn may well give us a window into the future, one that is uncomfortably charred and austere. Given current trends, we should prepare ourselves for the day when the Tillamook Burn becomes the Olympic story.46


[image: Image]



Back on our hike along the High Divide, we enjoyed an invigorating swim in Hoh Lake, followed by a relaxing lunch on its shore. Drying off in the glorious sunshine, I studied the vegetation on the opposite shore. There, the ground sloped steeply upward about three hundred feet, almost all of it covered with the vibrant green of vegetation trying to capture the sun’s golden light while summer still dawdled. Only about a fourth of the slope directly across from us was forested, and all the mature trees grew in six or eight clusters, all of them areas of rocky ground. Outside of those forested islands, few mature trees grew, probably trimmed every few winters by avalanches. I pondered what made the rocky areas such good arboretums: Did they somehow shield the trees from snowslides, or offer a more tolerable soil-moisture regime for conifers? I suspect it’s more the latter, with the rocky ground offering the well-drained soils that most conifers prefer. To the right of the steep slope, though, more typical, unbroken forest grew, from the ridgetop down a gentler slope to within thirty or forty feet of the shore. That forest didn’t appear rocky, so why do trees find tolerant the presumably wetter soil there if that’s what confines them to rocky islands on the steep slope? Avalanches don’t shear trees off the gentler slope, but the rocky islands seem insufficient defense against avalanches for the trees growing on the steep slope. And why don’t trees reach the shore at the bottom of the gentler slope? Maybe it’s too wet there too, but with several miles still to go and a thousand feet to climb, we didn’t have the time to investigate these mysteries further. Hoh Lake and the slopes above it remain wondrous, places of beauty with many layers of meaning and interrelationship to unlock. Whatever the exact answer may be, though, it’s ultimately governed by climate; snowfall, rainfall, groundwater, and the temperature regime all play pivotal roles in determining what plants are found in a given location. The needs of the individual plant species and soil characteristics play important roles. In short, all species have their own performance limits due to their own traits that make them suited to certain kinds of soils and need for moisture. But climate is what delivers the most fundamental resource for any plant—water—which is the most crucial determinant of vegetation anywhere. Thus, as climate changes, so too will forest patterns.


Another hour of ascending and we were on the rim of the world: the top of the High Divide. The trail stayed on the ridge crest or just left of a line of scattered trees dotting it. To the north (and on our right) rose Mount Olympus, guarding a yeti’s dreamland of sprawling snowfield and stone parapets. Between us and the mountain, and filling the view east and west, was the Hoh River Valley, four thousand feet below us. Except for the braiding on the Hoh, the green forest was unbroken, extending for ten miles up- and downstream, and for thousands of feet up the mountainsides, to within a few hundred feet of the mountaintops. Trees by the millions reached skyward, some on the valley floor pushing two hundred feet or more in height while their cousins at treeline strained to reach an order of magnitude less. Rimming the valley five or ten miles east of us were the peaks of the Bailey Range, six- and seven-thousand-foot mountains that turn the nascent river westward. Again, though, it’s the forest that dominates the eastern and western views: not a dead tree anywhere in sight, be they killed from fire, beetle, or logging. It’s becoming rare these days to see such a vast green forest in the West, with forests in the Rockies showing widespread beetle infestations and associated fires,47 and with forests elsewhere in the Coast and Cascade Ranges of Washington, Oregon, and Northern California being heavily logged48 (note that the Hoh Fire was out of view, but even if it had been in sight, it would have been a minor interruption of the green canopy). It was a view into a world that climate change has not altered much—yet—and a poignant reminder of the treasures at risk of being lost a la Tillamook.


Meanwhile, to the north (and on our left), the land fell gently away to Seven Lakes Basin, an open, thinly vegetated land of hummocks and sky ponds that seemingly gave us a warm welcome. Snow—thirty-two feet of it in a typical winter!—is almost as much an influence on the High Divide as it is on Mount Olympus, even though it had largely melted off by the time we hiked through. The divide is around five thousand feet in elevation—treeline in Olympic, the line above which conditions are too harsh for trees to grow. It’s warm enough for trees, but so much snow falls that, in combination with the ridgetop’s north-facing aspect, it takes until July or August to melt off in a typical year. That leaves too little growing season for trees to make it there, unless they happen to germinate in a location that melts out early, like the very crest of the ridge, which doesn’t face north.49 Additionally, the snow here is heavy and wet, so it crushes any trees that do try to make a go of it. In place of trees was a profusion of wildflowers, with the blues of lupines dominating and mimicking the sky above us. Other slopes were bare or nearly so, likely because they had just melted out—in mid-August. It was hard not to be enchanted with the High Divide, especially since it gave us some “rocks” to put our scotch on that evening (snow, from a remnant drift I had stuffed in a water bottle). We enjoyed a frosty toast as we made camp at Heart Lake, another scenic tarn (see plate 6).


Shaped somewhat like a valentine, the lake could have been the twin to Hoh Lake, with a similar size and similar green slopes above. If indeed they were twins, they must be fraternal, because the slopes across Heart Lake were mostly without trees, large or small. Just a few grew near the top of the slope, where the snow had blown away. To the right, though, a familiar pattern prevailed: trees in clusters, on rocky ground. This time, however, the landscape had a possible clue explaining the clustering: a remnant patch of snow, high in the bowl containing the lake and in an area not forested. Perhaps, then, the causal factor is that snowmelt drains away faster in the rocky areas, giving trees an advantage there that they don’t have outside the rocky islands. In the forbidding treeline environment, trees can’t handle many stresses, and the drier conditions on the islands give them just enough of an edge to survive. Once again, climate plays the most pivotal role in determining vegetation patterns, delivering so much snow and snowmelt that trees struggle to cope. The prodigious snowfall forces them off the landscape except where they can mediate the climate by growing where soils are well drained. Nature’s mysteries are fascinating to the observant—along with its beauties. Adding to the subalpine beauty here were three shades of green covering the land. The conifers were a dark forest green (appropriately), while the sea between the islands were two shades of green, the basic green in any child’s crayon box, and a bright, almost chartreuse green covering the flatter meadows. It was a transfixing delight, Heart Lake and its surroundings, the perfect closing of a glorious day, both intellectual and beautiful. However, as with my symptoms, the winter of 2014–2015 is an ominous sign of a troubled future, one that will affect all things influenced by the climate, including the vegetation patterns at the two exquisite lakes we passed on that memorable day.
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In fact, I had another unsettling reminder that very evening that something was going wrong in my body. When I inflated my air mattress, I found that I could not blow into it without holding my nose to keep the air I was blowing from escaping nasally. Whatever part of my soft palate that closes the nose off when inflating something could no longer seal it effectively, even though I hadn’t had this problem the night before. That was actually the lesser of two significant omens; the other was that my speech had become noticeably slurred by that point in the hike, all the time. Until then, the only time it had been slurred was when I was really tired, and normal speech had always come back as soon as I got a good night’s rest. Not this time though. The insomnia was still a problem, and as arduous as the two climbs of the trip had been, I needed—but was not getting—good, restful sleep. Slurred speech was evidently here to stay, and I could only hope it would disappear once I got a good night’s rest after we got to the car and slept in a comfortable bed.
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