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Foreword
“If you glance up from this book and scan your surroundings, you’d be challenged to spy a single object that did not somehow, in some way, get there because of oil,” Chris opens Chapter 16 (Peak Oil) of this book you are now reading.
Sure enough, I was reading this chapter on a train bound for Washington, DC, and we’d just pulled up to the BWI airport rail station. Diesel . . . jet fuel . . . and all the large McMansions packed full of plastic, petroleum-based products . . . that we’d just shot past at 64 miles per hour. Thinking about our economy in this simple way, for just one second, leads to one conclusion: Right now we live like kings of old, but on borrowed money and borrowed time.
According to Chris, a gallon of gasoline performs the equivalent energy of 350 and 500 hours’ worth of work. If that’s the case, a gallon of gas isn’t expensive at $3.09—which is what I paid to fill up the family car today. If I were paying that gas a $15 wage (like I do the babysitter), I’d pay anywhere from $5,250 on up to $7,500. Really, we’re reaping what may be a once-in-a-species energy orgy that could end in 20 years or less.
That’s the genius behind Chris Martenson’s The Crash Course—direct and straightforward talk about what the next 20 years could look like. But the reason you should pay attention to what Chris has to say is not simply what he writes. It’s what he’s done.
I thought it was a big deal when, with my wife and our first child, I moved to Paris to work with Bill Bonner, which led to my role in what grew into Agora Financial. Chris has gone one step further.
He realized in 2002 that something wasn’t right in the economy of the United States. The research he began—much of which is in this very book—overwhelmed him so much that he vacated his VP seat at a Fortune 300 company just to get to the bottom of it all.
Once he had, he moved to act.
Brave and ready to side with his gut, he picked up his entire family with his wife Becca and left behind their cozy six-bedroom, five-bath house in Mystic, Connecticut. They moved into a rented house in a western Massachusetts town where farmland thrived and there were about 8,400 people.
I have some experience with that side of New England myself. I know how hard that is at first. The 1973 oil shock forced my father to shut down his building supply company. And we tried out sustainable living—he was an early believer.
We moved into a farmhouse without any running water. We had to use an outhouse—try doing that in the middle of February! And we put living off the land into practice. We grew all our own food, raised chickens, and rented land to a local dairy farmer. Chris talks about all these kinds of moves in Chapter 27 (What Should I Do?).
In investing, solid stocks are often the ones where the heads of companies and high levels of staff have a lot of skin in the game. Not options, mind you, but actual stock. Again, Chris goes one step further—he classifies stock wealth as “tertiary wealth” and suggests hard assets: gold, silver, farmland.
Chris helps us realize that in just the short span of 150 years, we’ve spent our way through our greatest wealth—what he calls primary wealth and secondary wealth. These kinds of wealth are the ores that come out of the ground, phosphates that keep our soil fertile (in the hope of feeding 9.5 billion mouths by 2050), and the fish in our oceans.
If you stop to count, as Chris does here, it’s not only Peak Oil we should be worrying about, but Peak Everything—from phytoplankton to nutrient-rich black soil.
This book doesn’t make you feel guilty about the energy-dependent lives we lead right now. It’s about thinking how you might shift even one small thing—Chris calls this “Step Zero”—and going ahead with that one change until you can make another.
Some very small things, like turning off the faucet when you brush your teeth, might not amount to much. After all, only 10 percent of the world’s water usage comes from what we use in our homes. And that’s another thing about Chris. He doesn’t shy away from the hard facts of just what we’re up against.
Right now, we’d need 1.4 Earths to sustain our way of life at current levels. Of the 54 oil-producing nations out there, 40 are past peak production. That means 14 nations must shoulder our decline burden and the bigger burden: growth. When it comes to debt, my pet subject, Chris does it justice in Chapter 10 (Debt).
Total credit debt has doubled five times in the past four decades! That’s enabled a generation of bubbles, each more perilous than the last.
Working with documentary filmmakers is old hat to me now, after wrapping up the critically acclaimed documentary I.O.U.S.A. Chris is no stranger on this front, either. He produced a three-and-a-half-hour video presentation in five months called the Crash Course. In 2008, he did something truly startling: He gave out a downloadable version of the Crash Course—his life’s work so far—for free. When you do that and then 25,000 pay for the professional DVD anyway, you know you’re onto something.
And here’s where Chris is different: There are a lot of Peak Oil guys out there. Very few offer solutions on a personal level.
In Part VI (Convergence), Chris, like the good economic futurist he is, lays out three possible scenarios that cover a very short period of time: starting now (2011) and taking us clear into 2015 and beyond. He sketches out the impact debt, declining oil production, loss of faith in the U.S. dollar, and war will have. The more profound scenario divides our history into two eras: BO and AO. Before Oil and After Oil.
And then you realize by Part VII (What Should I Do?) that the end of the “1,800-mile Caesar salad” will actually be better than you might think.
Chapter 28 (The Opportunities), the most important chapter in the whole book, talks about the opportunities before you, before us. My personal favorite, as executive publisher of Agora Financial, is this: Invest defensively.
Like Chris, I have three children. And I care about the world they will inherit. It’s why I’ve made enemies in Congress, put sweat and tears into the book Empire of Debt, and took on the extra challenge of making the story of our credit-addicted government and economy into the documentary I.O.U.S.A. I salute Chris as a fellow fighter on the battlefield for our future.
One thought of his that you can take to the bank: “The next 20 years will be completely unlike the last 20 years.”
As you read this book, I say to you, prepare to be surprised.
—Addison Wiggin
Author of Demise of the Dollar, Empire of Debt, and Financial Reckoning Day;
Executive Producer, I.O.U.S.A.;
Publisher, Agora Financial, LLC
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Introduction
Not long ago, I was firmly seated on the American Dream bandwagon. I had done everything that you are supposed to do—and more. In the 1990s, I earned my PhD in Pathology/Toxicology from Duke University and did two years of post-doctoral research with the intention of becoming a full-time professor. But life takes its twists and turns; I went on to get an MBA from Cornell and spent the next 10 years working my way through and up the corporate ladder, ultimately becoming a VP at SAIC, a Fortune 300 company. These details are helpful in understanding three things about me: (1) I bring a scientist’s understanding and love of data to my work, (2) I am thoroughly at home with financial concepts, and (3) I gave up a very lucrative and promising career to work on the material that now appears in The Crash Course.
I first noticed something was awry in 2002, when my portfolio of hard-earned investments hit a new low. At that time, my wife Becca, my three children, and I lived in a 6-bedroom, 5-bathroom house in Mystic, Connecticut. Our boat was in a slip less than a mile away, we had numerous friends and acquaintances, and our children were tracked into the local elementary school. I recall several increasingly uncomfortable conversations with our broker at the time, not because of the losses per se, but because he kept giving me reassurances when I wanted information and context. How did this downturn compare to prior events? What was driving it? How long did people have to wait to recoup their losses in the past? What sort of time horizon should we be expecting before things recover? What will drive that recovery? None of these questions was ever answered to my satisfaction, so I set about researching the answers myself. What I found shocked me to my core.
I discovered that my nation, far from being the economic ocean liner of the world, was instead like a leaky rowboat. Our levels of debt were extraordinary by any historical measure. Our entitlement programs alone were quite obviously underfunded enough to sink the ship, or at least put a few holes in the hull at the waterline. Our primary sources of wealth creation, manufacturing jobs, were leaving for distant shores, and I could not fathom how merely shuffling paper, a massive growth industry at the time, created any real or lasting wealth. If our 2003 trade deficit were a nation, it would have had the twentieth largest GDP in the world, indicating that Americans’ overconsumption exceeded the entire economic activity of all but the largest countries. I was thoroughly stumped by how these things could possibly go on forever, or even for much longer, and so I began to dig deeper.
My wife calls this the period when I “fell down the rabbit hole” like Alice in Wonderland, but to me it seemed more like an entire interconnecting warren of rabbit holes. There was data everywhere, and some of it did not make any sense to me—or at least I could not understand why I had not heard these important things before. I began to share what I was finding with everyone who would listen, especially my wife.
By 2003, our views of the future had become closely aligned, and we decided to move from Mystic to . . . somewhere, anywhere . . . with more community, ample resources, and a few defining characteristics that we thought would provide a better match to the future we saw coming. By July of that year, we had sold our house, moved into a rental home in semirural western Massachusetts, sold most of our stocks, bought gold and silver, and began living a life that contained far fewer physical possessions but offered more direct control over the things that now mattered most to us. I took over complete control of all of our financial investment decisions (no more broker), we took up gardening again, and we started putting serious time into finding and developing deeper community connections. My passion for learning about the economy and financial matters grew as I read dozens of books and hundreds, maybe even thousands, of articles from magazines, trade journals, and the Internet.
By 2004, my research had expanded to include an appreciation for an idea called “Peak Oil,” which describes an eventual cresting of oil production leading to a permanent condition of less and less thereafter. By joining this understanding of energy and its role in our daily lives to my newfound clarity on the role of money and how it is produced and managed, I came to a fairly startling conclusion: Our current system of money was unsustainably designed—and it was destined for failure; I just didn’t know when.
I felt urgently enough about this revelation that I developed an entire seminar on the subject and called it The End of Money. My presentation began with the history of money itself, then romped through slide upon slide of economic statistics, including debt, savings, derivatives, bubbles, economic and monetary history, and energy.
In July of 2005, I left my position at SAIC on good terms, determined to spend more time pursuing the issues that were consuming me. I took a sabbatical from my corporate responsibilities so that I could spend more time researching, distilling, and communicating what I was learning to others.
Friends and family found less humor in my choice to become what I jokingly called “self-unemployed,” wondering what sort of person, at 42 years of age and with three young children, would drop his career to pursue a passion without any thought for how that whim might pay the bills. For the next four years we lived entirely off savings, our dwindling bank account ostensibly proving their skepticism to be well-founded.
But the work felt too important, and I threw myself into it. I gave seminars, lots of seminars. I started a blog, I spent the better part of a year working with a documentary filmmaker, and I continued to read everything relevant that I could get my hands on. After more than a year and a half of full-time development, The End of Money had reached maturity.
I recall its impact on audiences throughout 2007. At one venue outside of Hartford, Connecticut, I remember how I kept waiting for someone to stand up and challenge my work. That test never came, not even from audiences that included a former president of a State Street financial firm and a member of the board of directors of a large regional bank. All I ever received were heartfelt congratulations and thank yous.
In late 2007, one audience member, Alejandro Levins, a former owner of a Silicon Valley Internet company, convinced me that my seminar was too important not to be shared on the Internet. I didn’t see how this was possible, as the seminar was now a four-part series, requiring over eight hours to deliver and involving hundreds of slides. The idea of condensing it gave me nightmares. Yet the idea of producing eight hours of video material also felt prohibitive. I finally relented and spent nearly the entire spring of 2008 working through various technical formats and other issues while condensing the material. In May of 2008, I uploaded the very first video chapter of what is now called the Crash Course. It would take me five more months of intense work to complete what would become an additional 19 chapters, comprising 3½ hours of instructional video material housing the core elements of my thinking and research. On October 23, 2008, the last chapter was finally loaded to the site, and we sat back to see what might happen next.
While I had been successful in shrinking the content down to far less than the original eight hours, I was certain that this online series would appeal to only a very limited audience due to its length and content. But I was wrong. Again I waited for the critiques and rebuttals that seemed sure to follow, but aside from some minor errata found by diligent eyes, my work stood mainly unchallenged. Even more surprisingly, the Crash Course became an Internet success, drawing well in excess of a million and a half views in its first year.
Determined to try to seek a tipping point of awareness that I believed could pave the way for positive change on a large scale—or perhaps just to exercise my well-ingrained habit of not earning a living—I decided to give away the best work of my life for free the Crash Course was made available online in a format that anyone could copy and distribute at no charge. We also produced and sold a professionally produced DVD version, initially offered at cost to maximize its distribution. Twenty-five thousand copies were sold within the first few months of its release.
Accolades began to roll in, and volunteers came forward to put an enormous amount of work into translating the Crash Course into other languages, first Spanish, then French, German, Hebrew, Portuguese, and Italian. Donations came in to support the continuation of my work. I amassed a team of four part-time staff members, whose considerable skill in handling administrative and technical tasks enabled me to keep my focus centered at the heart of our work. Our subscription newsletter service began to attract a significant number of enrolled members, who overwhelmingly encouraged us to continue moving forward with our efforts. We devoted ourselves to making the web site, www.ChrisMartenson.com, more robust, useful, and navigable. We developed further seminar materials, which we presented at numerous locations in the United States. We created an online archive of original articles and resources, built online forums where likeminded community members could connect, published support materials for volunteer-run Crash Course presentations, and produced podcasts and additional video materials to supplement the Crash Course. We connected with thousands of individuals through our web site, seminars, and e-mail, most of whom offered overwhelming thanks and encouragement.
Finally, in 2009, the very first dollar of profit flowed out of these efforts and into my life, slowing the exodus of money out of my savings account. We had done it. We had turned passion into income while simultaneously giving our very best content to the world for free.
At the end of 2009, Becca and I finally bought the house that we had been renting, knowing full well that from a purely economic standpoint, it wasn’t the optimal time to buy. We decided that, given the state of the world, we valued time more than money, and we wanted to make use of that time to make prudent improvements to our home and invest ourselves permanently in our community.
In 2009 and 2010, I presented the Crash Course or related material to the United Nations, the U.K. Parliament, U.S. State Legislatures, the Audubon Society, the Commonwealth Club, the Association for the Study of Peak Oil and Gas, global corporations such as Yahoo! and Honda, capital management firms, and many other noteworthy organizations, large and small. I regularly appear in or am cited by major media, from cutting-edge econoblogs to more traditional publications such as The Wall Street Journal and The Washington Post. My web site, www.ChrisMartenson.com, receives over 100,000 unique visitors every month. Most gratifying, our message is resonating with a wide and diverse audience: The 800-plus sites currently linking in to ChrisMartenson.com are nearly impossible to classify as a whole, as they represent a diverse social, economic, and cultural spectrum. The material that comprises my web site and the contents of this book has been launched from the obscurity of my home office to the highest courts of public opinion. But perhaps the biggest testament to the Crash Course’s success is the many letters that we receive from people who tell us how happy they are to have come across the Crash Course—and the ways in which they have changed their lives because of it.
Deciding to change on your own terms, while frightening at times, can be incredibly rewarding. Even though by traditional measures our family’s standard of living has been cut in half, our quality of life has doubled. We now measure our wealth in things like the depth of our community relationships, our free time, our children’s joy and curiosity, and the ways in which we are more self-reliant than before. We are living proof that it is indeed possible to step off the American Dream bandwagon and not only survive, but thrive. I will be honest: There are enormous changes, possibly disruptive ones, ahead for all of us. But I want to assure you that there is much in this story that is still within your control.
So that is my story: from research scientist, to corporate executive, to satisfied and never-been-happier husband, father, and economic futurist. Becca and I took a short detour through some fearful thoughts and big decisions, but we discovered something pleasant and unexpected along the way—a better life. Given the opportunity to go back in time, we would do it all over again. Everything that led to those changes, and what I have learned along the way, is now contained within the pages that follow.
PART I
How to Approach the Next Twenty Years
CHAPTER 1
The Coming Storm
In 2008 and 2009, economic activity in the United States and most other developed nations tumbled off a cliff. At several points there was real panic in the air. Stock markets around the world fell to levels that wiped out more than a decade of gains. Trillions evaporated in the housing market, and global trade plummeted.
Questions remain: What happened? Where did all our money go? How did 10 years of wealth accumulation evaporate so quickly? More important, when can we expect a recovery?
In truth, our predicament goes far deeper than even these recent, disquieting economic events might suggest. It’s time to face the facts: A dangerous convergence of unsustainable trends in the economy, energy, and the environment will make the “twenty-teens” one of the most challenging decades ever. The Crash Course explains this predicament and provides sufficient context to support the idea that it is well past time to begin preparing for a very different future.
The entire developed world is entering this next period of time in a severely weakened financial state. The United States, in particular, is carrying excessive levels of debt and unfunded liabilities and is further burdened by a national failure to save and invest in infrastructure. But the issue is not limited to the United States; every nation will eventually have to face the same realities posed by limited and limiting resources.
As a society, our imagined responses to the future make the implicit assumption that we will always remain within a complex economy that is capable of operating in an effective and orderly manner. The Crash Course asks the question, What if this assumption is untrue? and provides both data and ideas to support the conclusion that the economic status quo cannot be taken for granted, at least not in the form to which we’ve become accustomed.
Even if the only task ahead of us were attend to the numerous economic mistakes of the past several decades, we would still find this next incarnation of our economy to be extremely difficult. But there are other factors at work.
The big story is this: The world has physical limits that we are already encountering, but our economy operates as if no physical limits exist. Our economy requires growth. I don’t mean that growth is “required” as if it’s written in a legal document somewhere, but it is “required” in the sense that our economy only functions well when it’s growing. With growth, jobs are created and debts can be serviced. Without growth, jobs, opportunities, and the ability to repay past debts simply and mysteriously disappear, causing economic pain and confusion.
In the near future, humanity as a species will have to grapple with a condition that it has never faced before: Less and less energy will be available each year. In the past, there was always another continent brimming with energy resources to tap; another well that could be drilled; more hydrocarbon wealth that could be brought up from the depths. We have always had access to increased resources when we wanted them, and during that long run of history, we have fashioned an enormously complicated society and global economic model around the idea that there always would be more.
Along the way, we moved from burning wood to burning coal, then to whale oil, and then to petroleum. The unanswered question is this: After oil, what comes next? What is the next source of energy? Nobody has a truly viable answer for that as we cross the threshold of Peak Oil, a concept that represents the moment after which slightly less and less energy comes up out of the ground for us to use as we wish. Many hold out hopes that technology will ride to the rescue, perhaps in the form of nuclear power, natural gas, or alternative sources of energy. But the issues of time, scale, and cost loom large, because we have taken so long to finally recognize the imminence and severity of the petroleum predicament.
With a peak in energy extraction, a host of environmental issues suddenly come into play. Agricultural soils that were forced to produce higher yields via the continuous application of fertilizers derived from fossil fuels will turn out to have been fundamentally depleted. Minerals of increasingly dilute concentrations that require more and more energy to produce will suddenly cost exponentially more each year to extract and process. Where markets once allocated our energy resources according to ability to pay, true scarcity will soon form the dividing line between economic progress and decline for the world’s various nations. How soon will all of this happen? If not this year, then within 20 years, which is a blink of an eye given the scale and scope of the potential disruptions implied by this structural shift.
It is only when we assemble the challenges we find in the economy, energy, and the environment—what I call “the three Es”—into one spot that we can fully appreciate the true dimensions of our predicament. The next 20 years are going to be shaped by fundamental resource scarcity in ways that we have never experienced in history. The developed world is entering this race economically handicapped, with no one to blame but itself.
The primary question is whether we want our future to be shaped by disaster or by design. The set of predicaments and problems that we now face are very different from the conditions of the past 20 years and therefore present a solid challenge to the existing status quo. Those currently wielding power and influence are most likely to defend the status quo, raising the risk that our future will consist more of disaster than design. Further, abrupt changes have the unfortunate tendency of escaping notice by the majority of people, who have been conditioned to expect that the future will resemble the past. This is a perfectly valid assumption for ordinary moments, but it is a liability during extraordinary times.
A lucky few will see the changes coming ahead of time and seize the opportunity to make a more gentle series of adjustments on their own terms, while most will be caught unawares and have a much rougher period of transition. Fortunately, by examining and understanding the ways in which the economy intersects with and depends upon energy and other resources from the environment, it is possible to safely navigate and even predict the coming changes.
That is where The Crash Course comes in. I will teach you the system of thinking that I used to foresee the financial difficulties of 2008 and 2009 years in advance. Not only did I survive the great credit crunch of those years, I advanced my wealth handily, beating the meager returns that stocks and bonds would have offered.
Because I am discussing subject matter of a serious nature, I may seem to be delivering a doom-and-gloom message. But truthfully, I consider myself to be a “realistic optimist.” The spirit and intent of The Crash Course are to help you see the options and opportunities in this story of change. I have created a better life for myself and my family through the insights developed from this work. You can, too.
The mission of this book is larger than helping people build more resilience into their lives and portfolios. At our current pace, we are on track to leave behind more than a few predicaments for our children, as part of a substantially degraded world with fewer opportunities than we ourselves were granted. If we make the right choices from this point forward, we have the opportunity to leave a very different legacy. That is what The Crash Course is about—helping us to individually and collectively understand that our choices matter significantly and that the time to make the right choices is running dangerously short.
CHAPTER 2
The Lens
How to See the Future
I would like to share with you the method of thinking that allowed me to skirt the worst of the financial downturn, illuminate the future, and increase my wealth. It has become the lens through which I view the world, combining the economy, energy, and the environment—which I introduced in Chapter 1 (The Coming Storm) as the three Es—into a single, comprehensive whole.
The first E, the economy, is founded on a workable understanding of how our money system actually operates, as well as basic economic information about debt, savings, and inflation. Not too much; just enough to allow us to assess the sustainability of our current trajectory. A critical understanding rests on the observation that our economy is predicated on growth. It needs growth the way our bodies needs oxygen. Not just any kind of growth, but exponential growth, which is a nonlinear form of growth that begins slowly but compounds with urgency toward the end. If you are interested in peering into the future with the intent of predicting how it will unfold, you must learn this concept.
Even if we were to limit ourselves to examining just the economy while ignoring energy and the environment, we could make a compelling case that prosperity faces the most daunting structural headwinds seen in generations. As baby boomers transition from being net investors and builders to net sellers and downsizers, this change will put downward pressure on the prices of the stocks, bonds, and real estate they will be selling. Further, we might note that the developed world has doubled its debt load over the past 10 years, which was an important component of our perceived prosperity but which, for a variety of reasons, seems unlikely to happen again. Even more dramatically, we have recently seen an explosive expansion in unmatched pension and entitlement liabilities in a majority of developed nations. Without these increases in debt and unfunded liabilities, global growth over the past decade would have been a great deal less dramatic than it was. How will we fuel the necessary growth now required to service our existing debts, let alone double them again? That’s a good question.
However, it’s when we bring in the second E, energy, that the story quickly compounds in urgency. Our economy is dependent on growth, and petroleum—oil—is the undisputed king of fuels that drive economic expansion. It has no substitutes, no replacements waiting in the wings, and it is depleting. There is growing alignment between various government and private institutions predicting the date when an irreversible peak in oil production will occur. This does not mean “running out of oil”; it just means that despite our best efforts, gradually less and less oil will be available each year—though at increasing extraction costs. Many confuse technology with energy, but I don’t and neither should you. Technology is a means of exploiting energy more efficiently and effectively, but it is not a source of energy. What is our next source of energy? That is the most important question of our time and it remains unanswered.
Oil is not the only critical resource that will be in shorter-than-hoped-for supply in the future. Literally dozens of essential minerals and other natural resources found in the third E, the environment (such as silver, phosphate, and possibly even coal, from a net energy perspective) will peak right alongside oil.
Again, this is not a story of “running out”; this is a story where resource extraction gets just a little bit more challenging and a little bit more expensive. Consequently, fewer and fewer resources come up out of the ground to sustain the economy that we know and love. Will all economic activity cease with the depletion of a few key elements? No, of course not. But neither can our economy continue to operate in precisely the same way that it did when demand alone dictated supply.
And that’s my key message here. There is a wealth of data suggesting that a period of profound change is either already upon us or coming soon enough to warrant the attention of every serious long-term investor and prudent adult with an eye on the future. We can no longer constrain our thinking to just one E, the economy; we must include the other two Es, energy and the environment. My background as a scientist forces me to consider all the variables within a system. For far too long, economists have been allowed to behave as if the economy was an independent system all on its own. It is not. It is a subset of the larger world, and I attribute all of my success at predicting the events that have unfolded to the fact that I hold this larger, more complete, and therefore more useful view of the world.
Each of the three Es depends upon the other two. They are utterly intertwined, and that’s why we need to consider them together. When we do, we are using what I call “the lens.” The critical insight that comes from using this lens brings the understanding that continued economic growth is both absolutely essential and also impossible: Essential because our economic system was designed to grow and performs horribly when it cannot, and impossible because nothing can grow forever. The implications are profound and numerous.
Once I developed this lens, I found myself unable to put it completely aside. It has shaped my thinking and my decisions, and was the primary means by which I made sense of new information as it became available. Although I have constantly sought evidence that this view, this hypothesis, might be wrong, it has only been reinforced over the years as the data continues to pile up.
What would I do if new information came along that proved this lens to be mistaken or misleading? I would change my thinking, of course. But as the information has rolled in over the past several years, the validity of this view has only been confirmed. While I am open to the possibility that I may not have everything exactly right, I will present enough solid, fact-based evidence that a reasonable and prudent adult should at least step back, consider the matter, and not reject it out of hand simply because it might seem to be unthinkable.
If I am right, then the next 20 years are going to be completely unlike the last 20 years, and we will be grateful for the foresight that we can gain through the lens of the three Es.
CHAPTER 3
A World Worth Inheriting
The reason I have chosen this path in life over others that may have been easier or cushier is to fulfill my one highest goal: I want to create a world worth inheriting. Everything else pales in comparison.
I have three children, and I have every expectation of having grandchildren someday. I fervently wish for them to have the same opportunities that I have enjoyed. But my goal extends well beyond my small clan. I want your children and grandchildren to have an abundant world filled with meaningful relationships, activities, and careers where they can use their gifts and talents. I believe that a world in which everyone enjoys some degree of prosperity will enrich life for all of us, our children and grandchildren, and those who come after them.
I am concerned that we are on a path that will deliver the opposite of what I hope for. My worry is that the reflexive response of those in power will be to rather defensively attempt to perpetuate the status quo and that their earnest attempts to conduct business as usual for another decade will unquestionably lead to a world of less prosperity, not more. If we pursue this policy of attempting to sustain the unsustainable, what we face is a future filled with scarcity, conflict, and diminished opportunities. I cannot accept those outcomes.
But how can we change the future? Where do we even start? We must begin by taking an unflinching look at our predicament and facing it squarely. No more kicking the can down the road for the next generation to deal with, and no more pretending that real issues don’t exist. The measure of any generation is what it does with what it has. Luckily, we still have abundant natural resources, and we have all the information we need to make a better future. But our window of opportunity is closing rapidly. Solutions are becoming fewer, and options are shrinking. Someday they will disappear entirely, our opportunities to be proactive will have been permanently squandered, and we will be left to choose among an unpleasant palette of reactions to an unfortunate set of circumstances that are mostly out of our control.
To me, a world worth inheriting is one where the inhabitants are living within their economic and natural budgets. It is a stable world where people and businesses can plan for the future because they can trust what will be there when they arrive. It is a world in which the brittle architecture of our just-in-time food systems and businesses is replaced by robust, sustainable, locally focused operations. In this world worth inheriting, communities take on more responsibility for their destinies, and stronger and more fulfilling relationships develop among neighbors.
Right now we cannot even count on our money, the sacred contract that binds us all, to be there for us in any recognizable form in the future. Perhaps it will be worth a lot less; perhaps it will be replaced entirely. These are both possible and even likely outcomes given our current economic trajectory, and both are unacceptable. We can do better, and we deserve better.
But the issues extend well beyond just our money, and the sooner we recognize the dimensions of our predicament, the sooner we can get on with the work of responding intelligently to the numerous challenges that wait.
Step one toward creating a world worth inheriting is to become aware of what the problems and predicaments really are. Step two is to deepen that awareness into what we might call understanding. Step three is to craft intelligent responses to the issues as we understand them.
How do we accomplish these things? We begin by changing the stories we tell ourselves. The narratives that we run at the individual, national, and even global levels define the actions we take and what we prioritize.
Here is an example: Up until about 2006, the entire developed world was perpetuating an ongoing story that went like this: Houses always go up in price. As we now all know, that tale is not true, but it was a deeply embedded belief that shaped individual decisions and led even the most sophisticated investors in the world astray. That’s the power of a story. The right narrative can save the world, while the wrong one can be incredibly destructive. This means that we should take the time to examine our current stories and assess whether they are truly the right ones for our era and our set of circumstances.
Some of the stories that we might want to reevaluate include:
There is a very strong chance that some or all of these stories (and many more) will prove not only to be wrong, but, like any false narrative, also highly destructive to hopes, dreams, capital, and prosperity.
We are at an absolutely unique time in humanity’s history, where a sharp corner lies in the road ahead, the traditional controls that we use to steer ourselves will no longer produce the intended effects, and much of what we believe to be true will be proven false. We need to locate these stories and change them, while at the same time supplanting them with realistic, positive visions that will guide the transformations that we need to see.
In most stories of change, there are winners and losers. I want to give you the opportunity to be among the winners. I also want to set the stage for building a more prosperous future for everyone. I believe it can be done. I don’t think we need new technologies, or revolutions, or dramatic breakthroughs in thoughts or ideas; we already have everything we need, save one thing: political will.
But that, too, can be overcome. It begins here between us, in this book, starting with a proper and open assessment of the situation in which we find ourselves. I am confident that together we can indeed create a world worth inheriting.
CHAPTER 4
Trust Yourself
To enhance your use of the lens described in Chapter 2 (The Lens), I invite you to adopt another somewhat radical technique: trusting yourself.
Rather than waiting for someone else to hand you an “expert” solution, give yourself permission to rely on your own intuition, research, and experience regarding what is best for you and your family. Go with what you just know to be right. If something doesn’t seem right, however you arrive at that conclusion, it probably isn’t. If you wait for authorities, even trusted professionals, to offer a clear signal that it’s time to take different actions and make different decisions, you will almost certainly be disappointed with the results. It may not sound easy, but if you learn to trust yourself first and foremost, it will greatly improve your chances of future success.
It took me a while to come to this realization, but I finally figured out that my interests were only accidentally and occasionally aligned with those of Wall Street and the numerous purveyors of their products. Conflicts of interest abound in this area and are mostly hidden, so when a downturn comes along and there’s not enough money both for Wall Street to pay itself and for your portfolio to gain in value, it pays to not follow the advice from Wall Street.
In fact, distressingly, it often pays to do the exact opposite of what Wall Street recommends. But Wall Street is just doing its job: making a profit . . . for itself. That’s all it cares about, that’s all it does, and it does it really well. Similarly, politicians deal in a form of profits, too, but their currency is power. It took me a while to see the game for what it was, but I now know that waiting for the political class to inform us about any issues of real or pressing urgency is not wise, especially when the issues do not have any clear political advantage. Take Peak Oil (discussed in Chapter 16), for example—there’s no “win” in that story for any politician in office, which results in nothing being said at all. They simply don’t talk about it . . . publicly, anyway.
Where Wall Street has misinformed us and politicians have chosen not to inform us about critical issues, the mainstream media has also dropped the ball, failing to counteract these transgressions by providing essential oversight and context. The media, our “fourth pillar of democracy,” has largely failed in its investigative duties, and now mainly provides interesting but generally unhelpful post-mortems on accidents after they’ve happened.
The way to counteract this conflict of interest is to simply decide for yourself what makes sense and act accordingly. Do not wait to read about a looming issue above the fold of your local newspaper or hear about it on television from a politician, because by then it will be too late to do much about it.
In a nutshell, if something seems wrong, it probably is. I have lost count of the number of people who have told me that they “knew something wasn’t right” as their portfolios shed 40 percent or more in 2008 and 2009. Many did not fully trust the placating explanations offered by their stockbrokers, but they didn’t act on those feelings, and they subsequently lost money. The critical thing about trusting yourself is that it often means acting on incomplete information, relying on what you might call a “gut hunch” or intuition. I have learned that our bodies will often “know” something is up well before our minds can fully process the situation. In the future that I anticipate, where colliding trends in the economy, energy, and the environment are going to deliver extremely large and fast-paced changes, the ability to make rapid decisions will be essential. This is the sort of landscape where trusting yourself becomes a vital skill.
A second aspect of trusting yourself is that quite often your instincts will lead you to do what very few other people seem to be doing. Surprisingly often, your gut sense will tell you to buck the conventional wisdom, ignore your broker, or override a past decision. I am now extremely glad that I have been able to make decisions that run counter to conventional wisdom and sometimes cut across the social grain. I benefited greatly from trusting gut feelings that led to responses such as buying gold when it was generally reviled as an investment back in 2003, selling my house before the housing collapse, and dumping all of my stocks before the big rundown into 2008. I fought my broker and withstood smirks from knowing friends and even some family members who were sure that they were watching me make enormous mistakes. After all, nobody else seemed to be doing these things, so how could they make any sense? Today these look like genius moves, but they were obvious decisions to make. All that was required to make them was taking a good, hard look at the data and then trusting myself.
To be fair, some of the decisions that I made have led to financial gains, and some led to improvements in my quality of life, but not all of them did. The important thing here is that trusting my intuition ensured that I was not paralyzed. There is a time to reflect deeply and accumulate as much information as you can before making a decision, but during less-certain or fast-moving times, you just have to go with what you know to be true on some other level. When events unfold rapidly, the desire to stay ahead of them places a premium on quick decisions. How can you arrive at the best decisions most efficiently? This is the main issue, and it is the primary reason why I promote the idea of trusting yourself. Feeling secure in your intuition is the quickest way to ensure a worthy decision.
I trusted myself enough that when I saw something that didn’t make sense, something that just felt wrong, I took actions accordingly. Here is a short list of things that were concerning me in 2003 when I made what my broker, family, and friends assured me were a set of ill-advised decisions:
While I readily admit to rooting around in masses of complicated data during this period, this habit was neither the key to my recent investing success nor to my other life-altering decisions. Instead, I found that asking a few very simple questions provided the answers I needed. Questions such as:
The most important lesson that I have learned is that you should trust yourself and act accordingly. If you have significant doubts about the sustainability of your country’s current trajectory, or the stock market, or where food comes from, then those doubts are worth observing and acting upon. There is a time to trust professionals, and there is a time to trust yourself. Now is the time to trust yourself.
We are about to embark on a series of chapters where I will present evidence indicating numerous current but unsustainable trends that will not only someday stop (as all unsustainable things must do) but will potentially even collide, magnifying their individual impact into something greater than their individual parts. These trends are complex, nonlinear, and intertwined. But they can be understood, and should be, because that understanding is the best way of illuminating the future.
Just as we don’t have to understand molecular biology in order to “know” about the process of aging, we can assess the trends in the economy, energy, and environment without having to know every detail. Much of what I am going to present is really just a common-sense connection of dots, combined with a researcher’s ability to extract relevant information and an educator’s desire to make it all interesting.
As we step through the material in the next chapters, I am going to invite you to recall the simple questions above, particularly Is this sustainable? At the end of it all, if you find you agree with me that we are collectively on a highly unsustainable path, then the decisions you need to make will become clear. All you need to do is trust yourself.
PART II
Foundation
CHAPTER 5
Dangerous Exponentials
In this book we will explore a few key foundational concepts that will help you gain a better understanding of what lies ahead. None of them is more important than exponential growth. Exponential growth holds the honorary position as the “fourth E” in this story. Understanding the ways in which our lives are surrounded and shaped by exponential growth is a necessary part of our ability to effectively anticipate and proactively prepare for our future.
When the president comes on television and says that our highest priority is “returning the economy to a path of growth,” what he is really saying is that our top priority is returning the economy to a path of exponential growth. Exponential growth is the only type of growth that is expected and required by our economy.
Examples of exponential growth in your life extend well beyond the economy. We are literally surrounded by examples of exponential growth. The human population has been growing exponentially for thousands of years; consequently, so has humans’ use of resources. This decade there will be exponentially more retail outlets, reams of paper produced, cars on the road, units of energy burned, money created, and food consumed than last decade.
Exponential growth dominates and defines everything that is happening—and that will happen—regarding the economy, energy, and resources of all kinds, which is why you should pay particular attention to this chapter. As soon as you understand exponential growth and can connect it to the other three Es, then you, too, will appreciate why the future will be radically different from the past.
If exponential growth is so ubiquitous and surrounds us at every turn, why is it not completely obvious to everyone? Why do we need to discuss it at all? The reason is that we’re all accustomed to thinking linearly, and exponential growth is nonlinear. We think in straight lines, but exponentials are curved. Here is an example: Suppose I gave you two chalkboard erasers, and asked you to hold them at arm’s length and then move them together at a constant (linear) rate of speed. You would do pretty well at this task, as would most people.
Now let’s repeat the same experiment, but this time we’ll replace the erasers with two powerful magnets. As you move them together, the first part of the journey will progress in a nice, constant fashion, just like with the erasers. But at a certain point—BANG!—the magnets will suddenly draw themselves together and wreck your deliberately even speed. (Let’s hope your fingers were out of the way.)
We could run this experiment a hundred times, and you would never be able to get your body to achieve the same linear control with the magnets as with the erasers. That is because our brains and bodies are wired to process linear forces, and magnets do not exert constant (or linear) force over distance because their force of attraction increases exponentially as they get closer.
Despite our natural affinity for straight lines and constant forces, we can still achieve a useful understanding of exponential growth and why it is important. That is what we’re going to do in this chapter.
Exponential growth is not unnatural, but the idea of perpetual exponential growth is. We have no models of perpetual exponential growth in the physical world to which we can turn for observation and study. For example, microorganisms in a culture will increase exponentially, but only until an essential nutrient is exhausted, and at that point, the population crashes. Viruses will reproduce and then spread exponentially throughout a population, but they will eventually burn out as their hosts either develop immunity or die off. Nuclear chain reactions caused by neutrons cascading through fissile material are exponential, at least until the resulting explosion forces the material too far apart for the reaction to be sustained.
One thing that we lack here on earth, however, is an example of something growing exponentially forever. Exponential growth is always self-limiting and is usually relatively short in duration. Nothing can grow forever, yet somehow that’s exactly what we expect and require of our economy. But we will explore more about why that’s the case in a bit.
The Concept of Exponential Growth
What do we mean when we say that something is “growing exponentially”?
To begin with, let’s define “growth.” When we say that something is growing, we’re saying that it’s getting larger. Children grow by eating and adding mass, equities grow in price, and the economy grows by producing and consuming more goods. Ponds get deeper, trees grow taller, and profits expand. Within these examples of growth, we can identify two types.
The first type is what we would call “linear growth.” Linear means adding (or subtracting) the same amount each time. The sequence 1, 2, 3, 4, 5, 6, 7 is an example of linear (or arithmetic) growth in which the same number is reliably added to the series at every step. If we add one each time, or five, or forty-two, or even a million, it won’t change the fact that this kind of growth is linear. If the amount being added is constant, then it represents linear growth.
The other type of growth is known as “geometric” or exponential growth, and it is notable for constantly increasing the amount of whatever is being added each time to the series. One example is the sequence 1, 2, 4, 8, 16, 32, 64, in which the last number in the series is multiplied by two (or increased by 100 percent) at every step. The amount that gets added in each period is both dependent upon and a little bit larger than the prior amount. In the sequence example given, we see a case where the growth rate is 100 percent. So 2 becomes 4, and 4 becomes 8, and so on. But it doesn’t have to grow by 100 percent to be exponential; it could be any other constant percentage and it would still fit the definition.
Now let’s take a closer look at exponential growth so that we can all be clear about what it is and how it relates to our collective future. The chart below illustrates exponential growth—a chart pattern that is often called a “hockey stick.”
In Figure 5.1, we’re graphing an amount of something over time. It could be the number of yeast grown in a flask of freshly squeezed grape juice every 10 minutes, or it could be the number of McDonald’s hamburgers sold each year. It doesn’t really matter what it is or what’s driving the growth; all that is required to create a line on a graph that looks like the curve seen in Figure 5.1 is that whatever is being measured must grow by some percentage over each increment of time. That’s it. Any percentage will do: 50 percent, 25 percent, 10 percent, or even 1 percent. It doesn’t matter: 10 percent more yeast per hour, 5 percent more hamburgers per year, and 0.25 percent interest on your savings account will all result in a line on a chart that looks like a hockey stick.
Figure 5.1 Linear Growth Compared to Exponential Growth
Linear growth is the dotted line; exponential growth is the solid line. The units on both axes are arbitrary; amount is on the vertical (or Y) axis and time is on the horizontal (or X) axis.
Looking at the figure a bit more closely, we observe that the curved line on the chart begins on the left with a flat part, seems to turn a corner (at what we might call the elbow), and then has a steep part.
A more subtle interpretation of Figure 5.1 reveals that once an exponential function turns the corner, even though the percentage rate of growth might remain constant (and low!), the amounts do not. They pile up faster and faster. For example, imagine that a long-ago ancestor of yours put a single penny into an interest-bearing bank account for you some 2,000 years ago and it earned just 2 percent interest the whole time. The difference in your account balance between years 0 and 1 would be just two one-hundredths of a cent. Two thousand years later, your account balance would have grown to more than $1.5 quadrillion dollars (more than 20 times all the money in the world in 2010) and the difference in your account between the years 1999 and 2000 alone would have been more than $31 trillion dollars. Where the amount added was two one-hundredths of a cent at the beginning, it was roughly equivalent to half of all the money in the entire world at the end. That’s a rather dramatic demonstration of how the amounts vary over time, but it gets the point across.
Now let’s look at an exponential chart of something with which you are intimately familiar that has historically grown at roughly 1 percent per year. It is a chart of world population; the solid part is historical data and the dotted line is the most recent UN projection of population growth for just the next 42 years.1
Again I want to draw your attention to the fact that the chart has a flat part, then a corner that gets turned, and then a steep part. By now, it is quite possible that any mathematicians reading this are hopping up and down because of what they might view to be an enormous error on my part.
A first point of departure is that where mathematicians have been trained to define exponential growth in terms of the rate of change, we’re going to concentrate here on the amount of change. Both are valid, it’s just that rates are easier to express as a formula and amounts are easier for most people to intuitively grasp. So we’re going to focus on amounts, even though this is not where classical mathematicians would train their logical eyes.
Unlike the rate of change, the amount of change is not constant in exponential growth; it grows larger and larger with every passing unit of time. For our purposes, it is more important that we appreciate what exponential growth demands in terms of physical amounts than whatever intellectual gems are contained within the rate of growth.
A second point of contention that I expect most mathematicians would vigorously dispute is the idea that there’s a turn-the-corner stage in an exponential chart. In fact, they’re right. It turns out that the point where an exponential chart appears to turn the corner is an artifact of how we draw the left-hand scale. An exponential chart is indeed turning the corner at any and every point along its trajectory. Where that point happens to appear on our charts is simply a function of how we scale the vertical axis.
For example, if we take our population chart above, and instead of setting the left axis at 10 billion we set it at one billion (Figure 5.3), we see that the line disappears entirely off the chart somewhere around 1850. We can’t see the part after that because it is now way above the top of the chart frame, but in this version of the chart we note that the turn-the-corner event appears to happen around 1900. Instead of having this conversation about turning the corner with population growth right now, it appears as though we really should have had it back in 1900.
Figure 5.2 World Population
The solid line is historical; the dotted line represents the UN projection.
Source: U.S. Census Bureau Historical Estimates2 & U.N. 2004 Projections.3
Figure 5.3 World Population
Same world population chart as Figure 5.2, but with left axis set at one billion.
Source: U.S. Census Bureau Historical Estimates.
Similarly, if we scale our left axis to, say, one trillion (Figure 5.4), the corner disappears entirely and the entire line becomes flat. We can’t see its curve anymore. But it is still there; it has just been suppressed by our management of the left axis. No more population problem! Right?
Figure 5.4 World Population
Same world population chart as Figure 5.2, but expressed in trillions.
Source: U.S. Census Bureau Historical Estimates.
So the turn-the-corner moment is really just a product of how we draw our chart. Does it mean that the turn-the-corner stage is a worthless artifact and that we can forget all about it? No, far from it. It is very real and vitally important. Let me explain why.
Where the turn-the-corner stage becomes enormously meaningful and important is when you can reasonably set a boundary—that is, fix the left axis to a defined limit—because you know how much of something you have. When you do this, the shape of the chart tells you important things about how much time you have left and what the future will hold. For example, if we were studying yeast growth, we might start with a flask that holds one liter of grape juice, a quantity that we already know can only support so many yeast cells. With this defined limit, we can accurately calculate when an introduced population of yeast will crest and then crash.
Similarly, if we happen to know the carrying capacity of the earth for human beings, then we can “fix the left axis” and make some important observations about what the future might bring and how much time remains to stabilize things. Without fossil fuels to assist with agricultural production, the total carrying capacity of the earth for humans is thought to be somewhat less than the current 6.8 billion and possibly as low as one billion.4
Even if these carrying-capacity calculations prove to be pessimistic and we could set the left axis for sustainable human population at 10 billion (although I’ve not read any scientific analyses that would support such a number), we would still discover that population has turned the corner and that we’re no longer on the flat portion of the curve but the steep portion. This means that you and I happen to live in a very different world with entirely different challenges and opportunities than the people who came before us. We live at a time when most people alive will hopefully witness the transition of human population from exponentially expanding to “not growing.” I say hopefully, because the alternative is to overshoot and collapse, just like our friends, the yeast in the flask.
Speeding Up
A critical concept that I want you to take away from this discussion about exponential growth is that of “speeding up.”
It doesn’t matter how you prefer to approach this concept. You can either think of speeding up in terms of how the amounts accelerate in size over each unit of time, or you can think about how the amount of time shrinks between each fixed amount that is added. It’s more stuff with each unit of time or less time between each unit of stuff. Either way you prefer to think of it, you’ll come away with a sense of speeding up.
To illustrate this idea using population, if we started with one million people on the planet and set their growth rate to a relatively tame rate of 1 percent per year (it is actually higher than that), we would find that it would take 694 years for world population to grow from one million to one billion people.
Figure 5.5 Population Growth Example
Note how time “speeds up” by shrinking between each new billion people added to the total population.
But we would reach a world population of 2 billion people after only 100 more years, while the third billion would require just 41 more years. Then 29 years, then 22, and then finally only 18 years, to bring us to a total of 6 billion people. Each additional billion-people mark on our graph took a shorter and shorter amount of time to achieve. The time between each billion shrank each time, meaning that each billion came sooner and sooner, faster and faster. That’s what I mean by speeding up.
Speeding up is a critical feature of exponential growth—things just go faster and faster, especially toward the end.
Making It Real
Using an example loosely adapted from a magnificent paper by Dr. Albert Bartlett,5 let me illustrate the power of compounding for you.
Suppose I had a magic eye dropper and I placed a single drop of water in the middle of your left hand. The magic part is that this drop of water will double in size every minute. At first nothing seems to be happening, but by the end of a minute, that tiny drop is now the size of two tiny drops. After another minute, you now have a little pool of water sitting in your hand that is slightly smaller in diameter than a dime. After six minutes, you have a blob of water that would fill a thimble.
Now imagine that you’re in the largest stadium you’ve ever seen or been in—perhaps Fenway Park, the Astrodome, or Wembley Stadium. Suppose we take our magic eye dropper to that enormous structure, and right at 12:00 pm in the afternoon, we place a magic drop way down in the middle of the field.
To make this even more interesting, suppose that the park is watertight and that you’re handcuffed to one of the very highest bleacher seats. My question to you is this: How long do you have to escape from the handcuffs? When would the park be completely filled? Do you have days? Weeks? Months? Years? How long before the park is overflowing?
The answer is this: You have until exactly 12:50 pm on that same day—just 50 minutes—to figure out how you’re going to escape from your handcuffs. In only 50 minutes, our modest little drop of water has managed to completely fill the stadium. But wait, you say, how can I be sure which stadium you picked? Perhaps the one you picked is 100 percent larger than the one I used to calculate this example (Fenway Park). Wouldn’t that completely change the answer? Yes, it would—by one minute. Every minute, our magic water doubles, so even if your selected stadium happens to be 100 percent larger or 50 percent smaller than the one I used to calculate these answers, the outcome only shifts by a single minute.
Now let me ask you a far more important question: At what time of the day would your stadium still be 97 percent empty space (and how many of you would realize the severity of your predicament)? Take a guess.
The answer is that at 12:45 pm—only five minutes earlier—your park is only 3 percent full of water and 97 percent remains free of water. If at 12:45, you were still handcuffed to your bleacher seat patiently waiting for help to arrive, confident that plenty of time remained because the field was only covered with about 5 feet of water, you would actually have been in a very dire situation.
And that right there illustrates one of the key features of compound growth and one of the principal things that I want you take away from this chapter. With exponential growth in a fixed container, events progress much more rapidly toward the end than they do at the beginning. We sat in our seats for 45 minutes and nothing much seemed to be happening. But then, over the course of five minutes—whoosh!—the whole place was full of water. Forty-five minutes to fill 3 percent; only five more minutes to fill the remaining 97 percent. It took every year of human history from the dawn of time until 1960 to reach a world population of 3 billion people, and only 40 additional years to add the next 3 billion people.
With this understanding, you will begin to understand the urgency I feel—there’s simply not a lot of maneuvering room once you hop on the vertical portion of a compound graph. Time gets short.
Surrounded by Exponentials
Dr. Albert Bartlett once said that “. . . the greatest shortcoming of the human race is the inability to understand the exponential function.”6 He is absolutely right. We are literally surrounded by examples of exponential growth that we have created for ourselves, yet very few people recognize this or understand the implications. You now know one implication: speeding up.
Figure 5.6 shows total global energy consumption over the past 200 years. It is plainly obvious that energy use has been growing nonlinearly; the line on the chart looks like one of our hockey sticks. Can energy consumption grow exponentially forever, or is there some sort of a limit, a defined capacity to the energy stadium, that would cause us to fix the left axis on this chart?
Figure 5.6 Total Energy Consumption
This chart includes energy from all sources: hydrocarbons, nuclear, biomass, and hydroelectric.
Source: Vaclav Smil, Energy Transitions.
On the following page is another exponential chart—the U.S. money supply, which has been compounding at incredible rates ranging between 5 and 18 percent per year (Figure 5.7).
Figure 5.7 Total Money Stock (M3)
This was the widest measure of money before its reporting was discontinued by the Federal Reserve. M3 money included cash, checking and savings accounts, time deposits, and Eurodollars.
Source: Federal Reserve.
These are just a few examples. We could review hundreds of separate charts of things as diverse as the length of paved roads in the world, species loss, water use, retail outlets, miles traveled, or widgets sold, and we’d see the same sorts of charts with lines that curve sharply up from left to right.
The point here is that you are literally surrounded by examples of exponential growth found in the realms of the economy, energy, and the environment. Far from being a rare exception, they are the norm, and because they dominate your experience and will shape the future, you need to pay attention to them.
The Rule of 70
As I said before, anything that is growing by some percentage is growing exponentially. Another handy way to think about this is to be able to quickly calculate how long it will take for something to double in size. For example, if you are earning 5 percent on an investment, the question would be, How long will it be before a $1,000 investment has doubled in size to $2,000? The answer is surprisingly easy to determine using something called the “Rule of 70.”1
To calculate how long it will be before something doubles, all we need to do is divide the percentage rate of growth into the number 70. So if our investment were growing at 5 percent per year, then it would double in 14 years (70 divided by 5 equals 14). Similarly if something is growing by 5 percent per month, then it will double in 14 months.
How long before something growing at 10 percent per year will double? Easy; 70 divided by 10 is 7, so the answer is 7 years.
Here’s a trick question: Suppose something has been growing at 10 percent per year for 28 years. How much has it grown? Some people intuitively guess eight times larger (2 + 2 + 2 + 2 = 8), or four separate doublings over each of the four 7 year periods in the example, but the answer is sixteen, because each doubling builds off of the last (2 ⇒ 4 ⇒ 8 ⇒ 16). Two doubles to four, which doubles to eight, which doubles to sixteen, which is twice as large as intuition might suggest.
Here’s where we might use that knowledge in real life. You might have read about the fact that China’s energy consumption grew at a rate of slightly more than 8 percent between 2000 and 2009, which perhaps sounds somewhat tame. Using the Rule of 70, however, we discover that China is doubling the amount of energy it uses roughly every 9 years, as was confirmed by the International Energy Agency (IEA) in 2010.7 After 9 years of 8 percent growth, you’re not using just a little bit more energy, but 100 percent more. If a country has 500 coal-fired electricity plants today, after 9 years of 8 percent growth it will need 1000 such plants.
If this seems rather dramatic and nontrivial to you, you’re right. Time for another trick question about doublings: Which is larger in size, the amount of energy China used over just the past 9 years (its most recent doubling time), or the amount of energy China has used throughout all of history? The intuitive answer is that the total amount of energy consumed throughout China’s thousands of years of history is far larger than the amount consumed over the past 9 years, but the correct answer is that the most recent doubling is larger than all the prior doublings put together.8
This is a general truth about doublings, not China in particular, and applies to anything and everything that has gone through a doubling cycle. To make sense of this preposterous claim, let’s use the legend of the mathematician who invented the game of chess for a king. So pleased was the king with this invention that he asked the mathematician to name his reward. The mathematician made a request that seemed modest: to be given a single grain of rice for the first square on the board, two grains for the second square, four grains for the third square, and so on. The king agreed, and foolishly committed to a sum of rice that was approximately 750 times larger than the entire annual worldwide harvest of rice in 2009. That’s what 64 doublings will get you.
Note that the first square had one grain of rice placed upon it, while the next square, the first doubling, got two grains. Here on the very first doubling, we can observe that more rice was placed upon the board than was already on the board; two compared to one. That is, the doubling was larger in size than all of the grains that had come before it. And on the next doubling, when we place four grains upon the board, we see that these four grains of rice are more numerous than the three grains (1 + 2) already upon the board from all the prior doublings. And at the next doubling we place eight grains on the board, which is a larger total than the seven that are already upon it (1 + 2 + 4). And so on. In every doubling, we’ll find that the most recent doubling is larger in size than all of the prior doublings put together. That’s one of the less intuitive but more important features of doublings. Each doubling is larger than all the ones that came before put together.
So if your town administrators are targeting, say, 5 percent growth, what they’re really saying is that in 14 years time they want to have more than twice as much of everything in the town than it currently has. More than twice as many people, sewage treatment plants, schools, congestion, electrical and water demand, and everything else that a town needs. Not a few more, but more than twice as many.
Your Exponential World
The reason we took this departure into discussing exponential growth and doubling times is that you happen to be completely surrounded by examples of exponential growth. And your future, like it or not, will be heavily shaped by their presence.
As you read the rest of this book, it will be helpful to continue to recall these three concepts related to exponential growth and doublings:
1. Speeding up. Time really gets compressed toward the end of the exponential phase of growth.
2. Turning the corner. This is a very real and extremely important event in systems with limits.
3. More than double. Each doubling equals more than all of the prior ones combined.
This information is going to be especially critical when we talk about the idea that our economy, our money system, and all of our associated institutions are fundamentally predicated on exponential growth. As we’ll see, it’s not just any type of growth that our money system requires, but exponential growth.
Up until recently, that has been a fine and workable model, but once we introduce the idea of resource limits into our collective story of growth (in other words, once we know just how big is the stadium in which we’re all sitting), we quickly discover some serious flaws in our current narrative. It turns out that the economy does not exist in a vacuum, and it does not have the power to create reality. The economy is really just a reflection of our access to abundant energy and other concentrated resources that we can transform into useful products and services. As long as those resources can continue to be extracted from the earth in ever-increasing quantities, then our economic model is safe and sound. And that is where the trouble in this story begins.
1 Some use “the Rule of 72,” which is more accurate in some circumstances, but less easy to calculate in our heads, so we’ll stick to 70 for now, as it is perfectly accurate for our purposes.
CHAPTER 6
An Inconvenient Lie
The Truth about Growth
All truth passes through three stages. First, it is ridiculed. Second, it is violently opposed. Third, it is accepted as being self-evident.
—Arthur Schopenhauer (1788–1860)
Unless we are careful, we might accidentally pursue growth when what we really are seeking is prosperity. The problem is that prosperity has so often accompanied growth that it has become easy to confuse the two.
Growth appears to solve many problems. Growth creates jobs and adds new money to strained government coffers. At the same time that growth occurs, new opportunities often arise. Growth is so central to our economic models and thinking that many economists will, with completely straight faces, refer to recessions as periods of “negative growth.” If that doesn’t reveal a bias toward growth, I don’t know what does. It’s impossible to listen to a presidential press conference on the economy without hearing about growth and how important it is that we create more of it. Economic growth is unquestionably assumed to be desirable, and that’s pretty much all there is to the story.
Anybody who believes exponential growth can go on forever in a finite world is either a madman or an economist.
—Kenneth Boulding (1910–1993)1
The type of growth upon which our economy depends, exponential growth, is completely unsustainable and will therefore someday stop. Nothing can grow forever, at least nothing that consumes finite resources to fuel its growth. It is my view that this shift to no growth or even negative growth (to use that odd economic term) will happen within the next 20 years, although a transition could happen much sooner, if it didn’t already begin in 2008. Whenever it happens to occur, it will be destructive to wealth and unpleasant for most people. This means that the paradigm of economic growth, along with its presumed necessity and even desirability, needs to be hauled out into the bright light of day and carefully examined.
The imperative for growth is only very rarely questioned, and it’s usually reported in the news as though it were just another necessary component of life. So few people ever question the importance of economic growth that it has become culturally elevated to the same top tier of the winner’s podium as other “essentials” such as supermarkets and gasoline stations. From this, we might be led to conclude that economic growth is truly an essential feature of our economic landscape.
To give you a good example of this assumption, look at how embedded the concept of growth is in this short passage in a 2010 New York Times editorial by Treasury Secretary Timothy Geithner:
The process of repair means economic growth will come slower than we would like. But despite these challenges, there is good news to report:
By taking aggressive action to fix the financial system, reduce growth in health care costs and improve education, we have put the American economy on a firmer foundation for future growth.2
The word growth appears six times in eight sentences, while the words expand and booming have cameo roles. The message is clear: Growth is what we are after.
Businesses constantly seek to grow, local municipalities have growth targets, states and provinces covet high growth, and the federal government seeks to promote economic growth. Meanwhile, the Federal Reserve (“the Fed”) has full employment as one of its core mandates: Since the population is constantly growing and new jobs come from an expanding economy, economic growth is a logical mandate of the central bank. The Fed also has a minimum inflation target of roughly 2 percent, which means that growth of the money supply is a central bank target. But wait a minute . . . since the inflation target is expressed as a percentage, it means that exponential monetary growth is an express goal of the Federal Reserve. How did economic growth come to be so deeply embedded in our language, ideas, and philosophies?
For a long time, longer than anyone reading this has been alive, economic growth has been synonymous with increasing prosperity. By prosperity, I mean a higher standard of living defined by more of everything, easier access to all of the conveniences, luxuries, products, and services that define modern life, and plentiful and varied jobs and opportunities.
The Industrial Revolution brought an explosion of both growth and prosperity. When you read today about how many people live below the poverty line, it’s helpful to realize that nearly every citizen of any developed country today lives at a level of prosperity and comfort that is equivalent to a level enjoyed only by the wealthy in the not-too-distant past. If growth delivered this prosperity, then it is easy to understand why growth would be revered and sought. If growth brings prosperity, then let’s have growth! From there, it’s just a hop, skip, and a jump to the measurement and pursuit of economic growth as an end all its own, and that is where we find ourselves today.
But is it actually true that growth equals prosperity? What if it doesn’t?
Thought about one way, we might conclude that growth is actually a consequence of and dependent on the presence of surplus. For example, our bodies will only grow if they have a surplus of food. With an exact match between calories consumed and calories burned, a body will neither gain nor lose weight. A pond will only grow deeper if more water is flowing in than flowing out. With a deficit of food or water, growth of bodies and ponds will cease and then reverse. Growth in these examples is dependent on surplus.
But exactly what sort of a “surplus” is economic growth dependent upon? It’s not a surplus of money, or labor, or ideas, although each of those can be an important contributing factor. All economic growth is dependent on what economist Julian Simon called “the master resource”—energy.3 We’ll have much more to say about that later on, but for now we’ll just make the claim that without energy nothing else is possible.
Prosperity is also dependent on surplus. Here is an example: Imagine a family of four with a yearly income of $40,000 that is sufficient to precisely cover life’s necessities. For this family, there is a perfect balance between income and outflow. Now suppose that good fortune befalls them and they receive a 10 percent boost to their household income. This windfall will allow them to either afford to have one more child (i.e., grow) or to shower a little bit more spending on each person (i.e., economic prosperity), but they can’t do both. There’s only enough surplus money in this example to do one of those things, so they have to choose between additional growth and more prosperity. When the amount of surplus is limited, either growth or prosperity can be increased, but not both at once. “Funding” both growth and prosperity at the same time can only happen during periods when there’s enough surplus to fund both.
From this simple example, we can tease out a very basic but profound concept: Growth does not equal prosperity. For the past few hundred years, we’ve been lulled into linking the two concepts, because there was always sufficient surplus energy that we could have both growth and prosperity at the same time. But that was largely an artifact of a fossil fuel bonanza, not an intrinsic attribute of growth.
If growth in structures and population could bring prosperity, then Quito, Ecuador, and Calcutta, India, would be among the most prosperous places on earth. But they’re not. If growth in a nation’s money supply brought prosperity, then Zimbabwe would have been the wealthiest country on the planet in 2010. But clearly it wasn’t. Growth alone does not bring prosperity, and, worse, growth can steal from prosperity if there aren’t enough resources to support both.
In wealthier countries where an energy and resource bonanza can provide enough surplus for both growth and prosperity, we see both. In poorer countries that can only afford to fund one or the other, we only see (population) growth. For the past 200 years, the developed world has not had to choose between growth and prosperity—it could have both, and it did.
As long as energy supplies can continue to grow forever, there is no conflict between growth and prosperity, and we’ll never have to choose between the two. But someday total energy will decline, and the world will discover that a dogged insistence on growth will diminish its prosperity. Unless we’re careful, there will come a time when 100 percent of our surplus money or energy will be used to simply grow, and the result will be stagnant and then declining prosperity.
The inconvenient truth about growth, then, is that it only really serves us if there is sufficient surplus to fund both growth and prosperity. Once there is not enough surplus for both, it becomes a contest between the two. The risk is that our slavish, unexamined devotion to growth, so deeply embedded within our language and customs that it rarely surfaces for examination, will dictate that growth is what we seek, rather than the prosperity that we actually desire. For politicians and others who are fully invested in the status quo, seeking economic growth is on par with supporting motherhood and apple pie. For them, it’s the path of least resistance, but for the rest of us, it’s now the path with the highest risk because it may very well lead to a future of vastly reduced prosperity.
The most important decision of our time concerns where we direct our remaining energy and other natural surpluses. Choices must be made. We can either spend our surplus resources toward trying to figure out how to simply grow, or we can spend them toward increasing and enhancing our prosperity. We’re rapidly approaching the time when we will no longer be able to do both, if that time has not already arrived. My strongest preference would be to see continued progress in energy efficiency, medical technology, and other significant advancement opportunities that modern society can offer. These are a few of the things that we place at risk if we allow ourselves to do what is easy—that is, to take the path of least resistance and simply grow—instead of doing what is right, which would be to intelligently dedicate our remaining energy surplus to a more prosperous future.
CHAPTER 7
Our Money System
Before we begin our tour through the economy, energy, and the environment, we need to share a common understanding of this thing called money. Money is something that we live with so intimately on a daily basis that it has probably escaped our close attention, much like the distinction between growth and prosperity.
Money is an essential feature of our lives. Were all of our paper money to disappear, a new form of money would rapidly and necessarily arise to take its place. People in practically every culture ever studied, in every region of the world, have used money in some form or another, which indicates without a doubt that money is a very common attribute of civilization. More precisely, trading, greatly facilitated and enhanced by money, is the essential human activity that gives money its meaning.
By way of example, in Federal correctional facilities in the United States, prisoners pay each other with “money” in the form of plastic-and-foil pouches of mackerel, which they call “macks.”1 Prisoners use “macks” to pay for haircuts, get their clothes pressed, and settle gambling debts. The “macks” work because they are inexpensive (they cost about $1 each), but few inmates actually want to eat them, so they remain reliably in circulation. Their use arose shortly after cigarettes were prohibited in federal facilities in 2004, dethroning the former currency of choice.
In the great economic crisis of 1999–2001 in Argentina, circulating dollars evaporated practically overnight and people were left with rapidly depreciating pesos. Many businesses closed and imported products became virtually impossible to buy. Within a relatively short period of time, farmers began using soybeans to trade for new vehicles and individual provinces rapidly issued their own forms of paper money.2
Money is essential, especially to complex societies. Without money, the rich tapestry of job specializations enjoyed today would not exist, because barter is too cumbersome and constraining to support a lot of complexity.
Money must possess three characteristics. The first is that it must be a store of value. Gold and silver historically filled this role perfectly, because they were rare, took a lot of human energy to mine, and did not corrode or rust. The “macks” in federal prison use fit the bill because they last a long time without degrading, so they have staying power. Just as gold and silver stick around because they don’t rust, “macks” stick around because nobody wants to eat them. These forms of currency represent excellent stores of value.
A second feature is that money needs to be accepted as a medium of exchange, meaning that it’s widely accepted within and across a population as an intermediary for all economic transactions. Here again, “macks” work as a currency because everybody has agreed they do. In the rest of modern culture, paper currencies obtain their value by fiat, or by law, and so they’re termed “fiat currencies.” Governments declare that these pieces of paper (and their electronic equivalents) are legal tender, that you have to accept them in settlement for debts, and that taxes can only be paid with them and nothing else. The “medium of exchange” feature is enforced by government decree for fiat money, whereas the “macks” are legitimized by a form of cultural consent. But in all cases, money is an agreement between people. We agree that these bits of paper, but not those, have value. The prisoners agreed that foil pouches of mackerel are valuable, but not gym socks. If you think of money as simply an agreement between people, then you understand the essence of money.
The third feature of money is that it needs to be a unit of account, meaning that each unit must be equivalent to any other unit. Along with this idea comes the characteristic that money should be divisible, meaning that you can make it into smaller parts, which can then be recombined without harming the value.
The “unit of account” in the United States is the dollar. Each dollar has exactly the same utility and value as the next, and you can take a dollar and exchange it into four quarters and then back again without losing value. Diamonds have a very high value, but they’re not good at being money because they are individually varied and are therefore not perfectly equivalent to each other. Diamonds fail at being a set unit of account, and dividing them causes them to lose value. “Macks,” on the other hand, are all exactly the same, so they score high in that category, but presumably they don’t divide very well, so they’re not as useful for transactions that cost less than one “mack” or require a partial “mack.” So “macks” are reasonably good at being money, but they’re not perfect. But, hey, this is federal prison we’re talking about, so close enough is apparently good enough.
So what is money, really? I believe in a very simple definition: Money is a claim on wealth.
As we will see in Chapter 9 (What Is Wealth?), primary wealth represents the abundance of the earth. If you move some electronic digits from your bank account to another person’s account and gain an oil field in the process, you have just used your claim on wealth to secure some actual wealth. Now it’s up to the recipient of your money to decide where and when they’d like to claim some wealth of their own, too. This idea of money merely representing a claim is important, especially when we consider that these claims have historically been growing exponentially, which we’ll discuss in more depth later on.
Full Faith and Credit
Literally anything can fulfill the role of money in a given culture: Cows, bread, shells, beads, and tobacco have all served as forms of money in the past. Once upon a time in U.S. history, a dollar was backed by a known weight of silver or gold of intrinsic value and came directly from the U.S. Treasury. Of course, those days are long gone. Now dollars are the liability of the Federal Reserve, a private entity entrusted to manage the U.S. money supply and empowered by the Federal Reserve Act of 1913 to perform this function.
If you pull out a physical U.S. dollar and read it carefully as though it were a contract (which it is), you’ll notice that modern dollars no longer have any language on them entitling the bearer to anything. Dollars are no longer backed by any tangible substance sitting in a vault, warehouse, or silo. You can’t demand something from the Federal Reserve or the U.S. Treasury in exchange for a dollar, other than a replacement dollar. Rather, the “value” of the dollar comes from the language on the front, which reads Legal tender for all debts public and private, which means that it’s illegal to refuse to accept dollars for debt settlements and that you can’t pay taxes in anything else. Dollars have value because they’re backed by the “full faith and credit” of the U.S. government, but what this really means is that they can legally be exchanged for wealth created by its citizens.
It is therefore vitally important that a nation’s money supply be well-managed (particularly if it’s fiat money), because if it’s not carefully administered, the monetary unit can be rapidly destroyed by inflation. Thousands of paper currencies have come and gone throughout history and now no longer exist. A few examples from the United States include Confederate money, colonial scrip, and the infamous greenbacks issued during the Civil War, which still lend their nickname to modern money despite having lost all of their monetary value long ago. The value of some currencies simply erodes slowly over time until they’re no longer useful, and then they’re replaced. But a smaller yet noteworthy number suddenly lose all of their value in dramatic, hyperinflationary episodes.
How Hyperinflation Happens
A relatively recent example of hyperinflation comes from Yugoslavia between the years 1988 and 1995. Pre-1990, the Yugoslavian dinar had measurable value—you could actually buy something with a single dinar. However, throughout the 1980s, the Yugoslavian government ran persistent budget deficits and printed money to make up the shortfall. By the early 1990s, the government had used up all of its own hard currency reserves, and turned next to the private accounts of citizens as a source of funds. As the dinar slowly and then more rapidly began to lose value to the process of inflation, successively larger and larger bills had to be printed, finally culminating in a rather stunning example of the use of zeros on a piece of paper: a 500 billion dinar note.
At its height, inflation in Yugoslavia was running at over 37 percent per day. This means that prices were doubling roughly every two days, which is hard to even imagine. But we can try. Suppose that on January 1 of this year you had a single U.S. penny and could buy something with it. Inflation running at 37 percent per day means that by April 3 of this same year, you’d need a billion dollars to purchase the very same item. Using the same example, but in reverse, if you had a billion dollars on January 1, by April 3 you would only have a penny’s worth of purchasing power.
Clearly, if you had attempted to store your wealth in the form of Yugoslavian dinars during the early 1990s, you would have lost it all, which is how inflation punishes savers. It literally steals value from their saved wealth while their money sits in storage. Inflationary regimes promote rapid spending by people concerned about using their money while it has the most value, and increase the amounts wagered on speculation in order to at least try to keep pace with inflation. Of course, investing and speculating involve risks, so we can broaden this statement to make the claim that inflationary monetary systems require the citizens living within them to subject their hard-earned savings to risk. There’s really no escape. You either opt out of the game by holding onto your money and lose for sure, or you play the game by speculating on stocks and bonds and risk losing it in the markets.
Even more important, since history shows how common it is for currencies to be mismanaged, we need to keep a careful eye on the stewards of our money to make sure that they’re not being irresponsible by creating too much money out of thin air and thereby destroying our savings, culture, and institutions by the process of inflation.
Money Creation
What do we mean by “creating money out of thin air,” and how exactly is it that money is created?
John Kenneth Galbraith, the famous Harvard University economics professor, was active in politics and served in the administrations of Franklin D. Roosevelt, Harry S. Truman, John F. Kennedy (under whom he served as the United States Ambassador to India), and Lyndon B. Johnson. He was one of only a few two-time recipients of the Presidential Medal of Freedom.
Clearly, Galbraith was a pretty accomplished kind of guy, one whom you would correctly suppose was a rather calm and collected fellow who wasn’t given to hyperbole. He once famously remarked about money: “The process by which money is created is so simple that the mind is repelled.”3
What he meant by this is that the gulf that exists between the effort required to obtain money by working for it and the ease of creating money by creating it out of thin air is too enormous for most people to fully accept on the first go. Some find it just too unfair to believe.
To begin with, let’s look at how money is created by banks.
Suppose a person walks into town with $1,000, and lo and behold, a brand new bank with no deposits has just opened up. This is lucky for the town, because prior to this person arriving, there was no money anywhere in the town. The $1,000 is deposited in the bank, so now the depositor has a $1,000 asset (the bank account) and the bank has a $1,000 liability (that very same bank account).
There’s a rule on the books, a federal rule, which permits banks to loan out a proportion—a fraction—of the money deposited with them to other people who wish to borrow some money. In theory, that amount is 90 percent, although, as we’ll see later, banks often loan out much closer to 100 percent of their deposits than 90 percent. As the thinking goes, it is very unlikely that all of the bank’s depositors would demand all of their money back at the same time, so most of it can safely be lent out under the assumption that only a fraction will be demanded by depositors at any one time. Because banks retain only a fraction of their deposits in reserve (10 percent), the term for this institutional practice is “fractional reserve banking.”
Back to our example. We now have a bank with $1,000 on deposit, which it is itching to loan out. After all, banks don’t make money by holding on to it; they make their living by paying a lower rate of interest to depositors while lending to borrowers at a higher rate. Banks live on the “spread” between these two rates.
Because federal rules permit our bank to loan out up to 90 percent of deposits, our bank seeks out and finds an individual who wishes to borrow $900. This borrower then spends that $900, perhaps by giving it to their accountant, who, in turn, deposits it in a bank. It doesn’t matter which bank; it could be the same bank or a different bank. All that matters is that the money goes back into the banking system, which all money eventually does. For now, to keep things simple, suppose the accountant deposits this money at the very same (the only) bank in town.
With this new deposit, the bank now has a fresh $900 deposit against which it can loan out 90 percent, which works out to $810. So it gets busy finding somebody who wants to borrow $810 and loans them the money, which then gets spent and (surprise!) redeposited in the same bank. So now another fresh deposit of $810 is available to create a loan of $729 (which is 90 percent of $810), and so on, until we finally discover that the original $1,000 deposit has mushroomed into a total of $10,000 in various bank accounts. This is how fractional reserve banking can, and does, turn $1,000 into $10,000.
Is this all real money? You bet it is, especially if it’s in your bank account. But if you were paying close attention, you would realize that there’s more than just money in those bank accounts. The bank records the existence of $10,000 in various accounts, but it also has the notes to $9,000 in debts, which must be paid back. The original $1,000 is now entirely held in reserve by the bank, but every new dollar in the town, all $9,000, was merely loaned into existence and is now “backed” only by an equivalent amount of debt. How is your mind doing? Is it repelled yet?
You might also notice here that if everybody who had money at the bank, all $10,000 dollars of it, tried to take the money out at once, the bank would not be able to pay it out because . . . well, they wouldn’t have it. The bank would only have $1,000 sitting in reserve. Period. You might also notice that this mechanism of creating new money out of new deposits works great as long as nobody defaults on a loan. If and when that happens, things get tricky. But that’s another story for another time.
For now, I want you to understand that money is loaned into existence. When loans are made, money appears as if by magic. Conversely, when loans are paid back, money disappears, as the debts and the money cancel each other out when the loans are paid back. This is how money is created. I invite you to verify this for yourself. One place you can do that is the Federal Reserve, which has published all of this information in handy comic book form, which you can order from them for free.4
You may have noticed that I left out something very important in the course of this story: interest. Where does the money come from to pay the interest on all the loans? If all the loans are paid back without interest, we can undo the entire string of transactions, but when we factor in interest, suddenly there’s not enough money to pay back all the loans.1
So where does the money come from to pay back the interest? And where did that original $1,000 come from? We can clear up both mysteries by traveling to the headwaters of the money river.
The Fed
Even though you might have gotten a loan from Bank of America, creating money in the process, the dollars you received don’t say “Bank of America Note” on them; they say “Federal Reserve Note.” To find out where all money originally comes from, we need to spend a little time understanding how the Federal Reserve creates money.
Chartered by Congress in 1913 to manage the nation’s money supply, the Federal Reserve (a.k.a. “the Fed”) has complete and unilateral discretion to decide when and how much money is made available to the banking system, and by extension the entire economy.
But the Fed doesn’t just print up a bunch of money and send it out in trucks; it lends the money into existence. After all, it is a bank. The process works like this: Suppose the U.S. government wishes to spend more money than it has. Perhaps it has done something really historically foolish, like cutting taxes while conducting two wars at the same time, and finds itself short of money.
Now, having abdicated its monetary responsibilities to a third party (the Fed), the U.S. government can’t create any money, so the request for additional spending money by Congress gets routed through the Treasury Department, which, it turns out, rarely has more than a couple of weeks of cash on hand (if that) already earmarked for spending that was put into motion months or even years ago.
So in order to raise the desired cash, the Treasury Department will print up a stack of Treasury bonds (or bills or notes, which are essentially all the same things with different maturities). A bond has a “face value,” which is the amount that it will be sold for, and it has a stated rate of interest that it will pay the holder. So if you bought a bond with a $100 face value that pays a rate of interest of 5 percent, then you would pay $100 for this bond but get $105 back in a year, representing your original $100 plus $5 in interest.
Treasury bonds, bills, and notes are sold in regularly scheduled auctions and are mainly purchased by banks, other large financial institutions, or the central banks of other countries. So if a batch of bonds with a face value of $1 billion is sold at auction, then that $1 billion lands in the Treasury’s coffers, where it is then available to the U.S. government to spend. Assuming these are Treasury Notes with a one year maturity, in a year the Treasury Department will return all $1 billion to the purchasers of those bonds, plus an amount equal to whatever the rate of interest happened to be.
So far no new money has yet been created. Treasury bonds are bought with money that already exists. The question remains, Where does new money come from?
New money, a.k.a. “hot money,” comes into being when the Federal Reserve buys a Treasury bond from a bank. When the Fed does this, it simply transfers money in the amount of the bond to the other bank and takes possession of the bond. The bond is swapped for money.
But where did that money come from? It was created out of thin air, as the Fed literally creates money when it “buys” this debt.
Don’t believe me? Here’s a quote from a Federal Reserve publication titled “Putting it Simply”:
When you or I write a check, there must be sufficient funds in our account to cover the check, but when the Federal Reserve writes a check, there is no bank deposit on which that check is drawn. When the Federal Reserve writes a check, it is creating money.5
Now that is an extraordinary power. Whereas you or I need to work (i.e., expend human labor) to obtain money, and then place it at risk to have it grow, the Federal Reserve simply prints up as much as it deems prudent and then loans it out, with interest.
The answer to how money originally comes into existence is very simple: It’s loaned out of thin air by the Fed.
Is your mind repelled yet?
Two Kinds of Money—One Exponential System
So now we know that there are two kinds of money out there. The first is bank credit, which is money that is loaned into existence, as we saw in the first bank example. Bank credit comes with an equal and offsetting amount of debt associated with it, consisting of a principal balance and a rate of interest that must be paid on that balance. Because this money, which is also created out of thin air, accumulates interest charges, it promotes the growth of the money supply, even though the principal balance must be paid back. The interest represents money that accumulates over time, and as long as everything is working according to plan, it does so exponentially because it accumulates on a percentage basis.
The second type of money is also printed out of thin air, but it is created by the Fed, and it forms what is known as the “base money supply” of the nation. If you’re thinking of “base” as in a solid foundation, as in permanent, then you have the right mental image. This money forms the base of all other loans, which, as we saw earlier, can be multiplied fantastically due to the miracle of fractional reserve banking. Base money, too, is loaned into existence, and a quick glance at the Federal Reserve’s balance sheet reveals nothing but various types and forms of debts that it has swapped for thin air money. Together these two forms of money (base and credit) conspire to create a money system that will expand exponentially. Loaning money into existence, at a rate of interest, virtually assures this outcome.2
The very mechanisms of our money system promote and even demand the exponential growth of money and debt. If the deconstructed workings of the lending and interest cycle are not enough to make the case, then perhaps some empirical data will do the trick.
In Figure 7.1, we see a chart of the total credit market debt in the United States from 1952 to 2008.3
Figure 7.1 Total Credit Market Debt
All forms of debt are represented here: federal, state, municipal, corporate, and household.
Source: Federal Reserve.
Here again, we see a nearly perfect hockey stick, but this example is of debt. Even without knowing all of the details that underlie money creation and policy, we could simply observe the exponential features of this chart and readily form a quite strong hypothesis that we’re studying an exponential system.
The fact that our money/debt system is growing exponentially is an exceptionally important observation, and one that has enormous bearing on how claims on wealth will be settled in the future. Remember, money is simply a claim on wealth. When money is exponentially accumulating (growing), it carries both an implicit and explicit wager that the economy will be exponentially larger in the future. After all, if the economic future turns out to be smaller, but there is exponentially more money and debt floating around, then all of those monetary claims will be chasing a smaller stack of goods, which means they will be worth less than they currently are. Therefore, when we see money and debt growing exponentially, our very first task should be to assess whether the economy is growing similarly. If not, then we might rationally question whether paper claims against wealth are the best way to store wealth. Perhaps it might make more sense to hold wealth itself, not claims against it. We will go into more detail about wealth in Chapter 9 (What Is Wealth?).
What we’ve just learned about money allows us to formulate two more extremely important concepts. The first is that all dollars are backed by debt. At the level of the local bank, all new money is loaned into existence. At the Federal Reserve level, money is simply manufactured out of thin air and then exchanged for interest-paying government debt. In both cases, the money is backed by debt—debt that pays interest.
Because our debt-based money system is always continually growing by some percentage, it is an exponential system by its very design. A corollary of this is that the amount of debt in the system will always exceed the amount of money.4
I’m not going to cast judgment on this system and say whether it’s good or bad. It simply is what it is. By understanding its design, though, you’ll be better equipped to understand that the potential range of future outcomes for our economy are not limitless; rather, they are bounded by the rules of the system.
All of which leads us to another concept, the idea that perpetual expansion is a requirement of modern banking. Without a continuous expansion of the money supply (via credit expansion), all sorts of trouble emerges within the modern banking system, including debt defaults, which are the Achilles heel of a leveraged, debt-based money system.
Just to be clear, I’m not saying that this requirement to expand is written down somewhere, neither etched in legal stone in the basement of the world’s centers of power nor forever enshrined in Google’s search cloud. Instead, I use the word “requirement” in the same way that your body requires oxygen. Yes, the system can operate for brief periods without it, but it’s a lot happier and more productive with it.
By understanding the requirement for continual expansion, we are in a position to illuminate the future and make informed decisions about what is likely to transpire.
1 Some argue that there is enough money to pay back all of the loans, but this is only true under highly unrealistic conditions, where every loan creates goods or services that are bought by the bank or bank shareholders, who buy them with interest payments that are perfectly recycled to the very same people who took out the loans. I call this the “theory of perfect interest flows.” While theoretically possible, it is not at all realistic and is therefore something of an intellectual parlor trick. Under this model, nobody can ever take out a purely consumptive loan, undertake a failed business venture, or save money without spending it. As soon as any of these three things happens (and they happen all the time in real life), there’s not enough money to pay off all the loans. Suffice it to say that this vision of “immaculate interest flows” is an interesting thought experiment, but it is not at all useful in understanding how the system operates in practice and is therefore not terribly helpful as a way of understanding the current situation or future risks.
2 I know that I have skipped over a number of details, some of them quite important for the sake of accuracy, but we’ve covered enough of the process for the purposes of this book. For more complete explanations please see the Crash Course at www.chrismartenson.com/crashcourse.
3 This chart uses the M3 data series from the Fed up until March of 2008, when it was discontinued. No further M3 data is available from the Fed, although a number of private firms still construct and follow this data series. Using their data to continue the graph does not alter the conclusions; the money series displays nearly perfect exponential behavior.
4 Again, for those who prefer data over theory, consider that in the United States at the end of 2009, there were more than $52 trillion of total credit market debt, but only approximately $14 trillion of money (and money equivalents). This means that we now have far more debt than money.
CHAPTER 8
Problems and Predicaments
John Michael Greer makes a very important distinction between two common but critical words: “problems” and “predicaments.”1 This terminology is important, especially in an urgent situation, because knowing whether you’re facing a problem or a predicament is integral to shaping your understanding of and response to the situation.
The distinction boils down to this: Problems have solutions; predicaments have outcomes. A solution to a problem fixes it, returning all to its original condition. Flat tires get fixed, revenues recover, and bones mend. Once a suitable solution can be found and made to work, a problem can be solved.
A predicament, by contrast, has no solution. Faced with a predicament, people can develop responses, but not solutions. Those responses may succeed, they may fail, or they may fall somewhere in between, but no response can erase a predicament. Predicaments have outcomes that can be managed, but circumstances cannot be returned to their original state.
Greer framed this distinction in terms of the enormous changes wrought by the rise of industrialization and English wars of conquest upon a prosperous English farming village in 1700. For many villagers, the transformations of that era were wrenching and fatal. What those English villagers faced in the years after 1700 constituted a predicament, not a problem, because change was inevitable and the consequences were unavoidable.
If you have a problem on your hands, then spending time searching for a solution is a perfectly good use of your resources, because by definition, a solution exists. Seeking solutions to a predicament, on the other hand, is a waste of time because none exist; all you will find are outcomes that must be managed as intelligently as possible. Growing older, depleting a finite resource, and developing Type I diabetes are all examples of predicaments. The historical search for the fountain of youth was a perfect example of an attempt to solve the predicament of aging—a very attractive proposition, if a fountain could ever be found—by treating it as a problem with a potential solution (the fountain). But sadly, those efforts were a complete waste of time.
Let us first explore the essence of having a problem. Look at the two gentlemen in Figure 8.1. They have a problem on their hands.
Figure 8.1 A Problem at the Cliff
Photo: Greg Epperson
I admit that this is an extreme example, as no prudent climbers would ever put themselves in this situation, but it illustrates my point. There are a number of solutions to this problem that would return both climbers to their original condition of relative safety. Perhaps a big mattress could be placed under them, a rope could be lowered, or the climber hanging by a toe could even reach the rock face and climb down all on his own. Any of these solutions could result in both climbers returning to the ground safe and sound. Solutions exist that potentially allow both participants to return to their previous, presumably unimpeded state.
The gentleman in Figure 8.2, however, has a predicament on his hands.
Figure 8.2 A Predicament at the Cliff
Photo: Brady Jones
No matter how fast or how hard he pinwheels his arms backward, he isn’t going to fly back to the top of the cliff. He is going to get wet; that outcome is certain. And he needs to carefully manage his current situation to secure the safest outcome that he can, by trying to hit the water feet first instead of belly flopping.
What if the gentleman plummeting toward the water spends his time busily thinking of clever ways to fly back to the top of the cliff, instead of focusing on how he will land in the water? First, he won’t succeed, because no feasible solution exists there. Second, he’ll waste time and divert critical mental resources away from the all-important task of managing the best landing possible, and with this approach he will be placing himself at greater risk of injury, or worse. When faced with a predicament, seeking a solution isn’t just a useless thing to do; it is the wrong thing to do. Critical time and resources should be devoted to managing the outcome, not trying to do the impossible.
In this book, we are going to review reams of data collectively pointing to the fact that we’re facing a very large predicament made up of a series of smaller, nested predicaments. The ongoing depletion of energy, the frivolous but deadly serious mountains of debt that we have accumulated, the advancing age of baby boomers, and depleting minerals are just some examples of the predicaments we face.
Yet many people and most politicians spend nearly all of their time treating these predicaments as if they were problems. Solutions are sought, promised, and counted upon where none really exist, because predicaments have been confused with problems. Even as we face dozens of outcomes that are far more dire than a painful belly flop, we find our leadership either gazing elsewhere or promising what can’t be delivered.
By failing to appreciate the nature of our collective predicament, we place ourselves at greater risk, because the longer we dither, less time and fewer options remain. As you read this book, it will be helpful for you to be on the lookout for predicaments and problems, and to recall the important distinction between the two.
CHAPTER 9
What Is Wealth?
(Hint: It’s Not Money)
When Becca and I first decided to move away from our suburban location in Mystic, Connecticut, we drove around southern New Hampshire, Vermont, and central Massachusetts looking for a place to settle. Our list of criteria included typical things such as a nice neighborhood and proximity to culture and shopping, but I had one additional thing on my personal list: good soil. Knowing that I wanted to have a big garden, and knowing that it’s much easier to start with good soil than to build it up from scratch, I had good soil in the “non-negotiable column” on my mental list.
As we drove around, I kept a trained eye on the types of trees and plants in each area, looking for the plant-based clues that would let me know if the soil underneath was good quality or not. I knew that an excess of pine trees often indicate that weak, sandy, and acidic soils are underneath, while maple trees suggest rich, sweet soils.
After passing through a succession of small towns, each established 150 or more years ago, a relationship suddenly became apparent to me. In the towns surrounded by pine trees, the historic churches were small, modest affairs, generally without steeples. The churches looked poor. But in the towns with maple trees, the churches were invariably grander, with large, ornate steeples attached. Small, modest churches in the poorer soil communities; large, ornate churches in the wealthier soil communities. All at once, the saying “dirt poor” took on new meaning to me.
The phrase originally dates from the Great Depression and may well have meant “poor as dirt,” but to me, from that trip on, it could only convey that one is as rich as one’s soil. It must have been axiomatic to our ancestors, whose lives and livelihoods depended on agriculture, that if your dirt was poor, you were poor, too. They knew, in a way that most of us have either forgotten or never learned, that wealth comes from the ground. If two people work just as hard as each other, but one enjoys fine, rich soil and the other struggles with poor dirt, they will reap very different rewards for their efforts. One will be wealthy and the other poor; one is dirt poor and the other is dirt rich. Very simply, all wealth originates with resources from the earth.
We have lost sight of this connection in recent decades because we have been bestowed with the most amazing abundance of magical, wealth-producing stuff ever pulled out of the ground: petroleum. It has masked the previous direct relationship between wealth and land-based resources, which has been a central part of true wealth for every generation except for the most recent ones. It’s unlikely that the nature of this relationship can remain hidden for much longer.
A Hierarchy of Wealth
Let’s begin by describing what we mean by “wealth.” We can think of wealth as coming in three layers, like a pyramid of sorts. At the bottom of the pyramid sits primary wealth, then secondary wealth, and finally tertiary wealth.
Rich soils, concentrated ores, thick seams of coal, gushing oil, fresh water, and abundant fisheries are all examples of primary wealth. The foundation of the wealth pyramid comprises these concentrated resources. Today we might call this our “natural resource base,” but once upon a time your access to these things (or lack thereof) meant the physical difference between a life of ease and a life of hardship.
Secondary wealth is what we make from primary wealth. Ore becomes steel, abundant fisheries lead to dinner on the table, soil becomes food in the store, and trees turn into lumber. The richer, closer, and more concentrated your primary wealth, the easier the task of creating secondary wealth and the more likely you were, in the past, to be wealthy, or rich. If your soil was “dirt poor,” then you had a weak source of primary wealth, and no matter how devotedly or intelligently you worked, you could never achieve the same level of productivity (or wealth) that would be possible if you were working rich soil.
The landed gentry of antiquity were as wealthy as their lands were productive and their holdings expansive. Before the Industrial Revolution (in other words, not all that long ago), this very basic connection was not only well understood, it formed the basis for societal hierarchies. There were wealthy people who owned land, and then there was everybody else. The same is true for weak grades of mineral ores as compared to high grades, or an overharvested fishing ground as compared to a healthy one. Poor primary wealth translates into poor secondary wealth.
We can transform primary wealth into secondary wealth more intelligently, quickly, and cost-effectively with every passing year as we evolve continued improvements in technology and processes. But no matter how good we get at making these transformations, there can be no secondary wealth unless there is primary wealth to begin with. Unless there are trees to mill, there’s no lumber; no oil means no gas; without ores we can’t refine new metals; and plants will not grow if they don’t have the nutrients and water they need. Without primary wealth there cannot be secondary wealth. The second depends on the first; it’s a requirement.
The final layer, tertiary wealth, consists of all of the paper abstractions that we layer upon the first two sources of wealth. Derivatives, stocks, bonds, and every other paper vehicle you can think of comprise forms of tertiary wealth. Such “wealth” is a claim on the other two forms, but it is not wealth itself. If you grow wheat, you can always eat it if circumstances require, but good luck obtaining any sustenance from your (paper or electronic) wheat futures contracts. To repeat, third-order wealth is a claim on sources of wealth, and not a source of wealth itself. The distinction is vital.
Without the prior two forms of wealth, third-order wealth has no value and no meaning at all. For example, imagine that we hold stock in a mining company. One day the stock has lots of value, perhaps billions of dollars’ worth. But if the next day the mine collapses, dragging the refinery and all of the capital stock of the entire company down into its hole, which then irrevocably floods. Our stock shares in the mining company—our tertiary claims on that mining wealth—become totally worthless. The reason for this is simple: The earth is the source of primary wealth. The long chain from primary wealth to tertiary wealth begins with the abundance of the earth and ends with some impressively complicated paper-based abstractions that even the brightest Wall Street minds sometimes have trouble deciphering.
As you read this book, it will be helpful to recall that what most people call “wealth” isn’t actually an independent source of wealth, but is instead a dependent claim on wealth. In a world of limitless natural resources (primary wealth), the distinction between independent and dependent wealth is irrelevant. We can ignore it, concentrating instead on playing the game of accumulating as much wealth of all kinds as we can while it’s our turn to be in our prime. But in a world of limited resources—soon to be limiting resources—the distinction is vital, especially when the claims on that wealth are literally manufactured out of thin air.
For many of us, tertiary wealth is all that we know; it seems very real, and we base many of our future expectations and dreams on how much of it we hold. Stocks and bonds have been tangible, useful vehicles for storing and growing our collective wealth for such a long period of time that it’s easy to see why they’ve assumed such a superior position in most people’s minds.
It bears repeating, however, that all wealth begins with primary wealth; without it, there is nothing. Today, when there is more abundant luxury available to more people than at any point in history, much of it traveling from very far away to arrive in our lives as if by magic, it has been easy to lose sight of this fact, but it remains as true today as ever before.
Money and Wealth
What about money—how does it factor into the wealth story? Money can and should be a store of wealth, but it’s not wealth itself. It’s a way for us to conveniently measure and transfer ownership of true wealth from one entity to another, but just like a stock, bond, derivative, or any other financial product, money is simply a claim on wealth. It also happens to be an exceedingly important social contract that we collectively uphold, a vehicle in which we’ve invested the enormous power to shape lives, nations, and destinies. Ultimately, though, what we call “money” is either a piece of paper (indistinct from any other except for the ink patterns on it) or it’s an ephemeral collection of numbers that exist as a series of ones and zeros on a computer hard drive somewhere.
Money has value because, and only because, we collectively agree that it can be exchanged for something. If we go far enough backward or forward in any line of transactions, that “something” is always some form of primary or secondary wealth. Perhaps we exchange money for a college education; this might seem to be quite different and less tangible than the examples of primary or secondary wealth that I’ve already described. But if we keep following the path of money in that exchange, we’ll eventually find the money in the pocket of a college professor who will use it to buy food, or clothing, or a house, or some other form of primary or secondary wealth.
The point of money is to help us secure those things that we need, beginning at the very bottom of Maslow’s hierarchy of needs.1 We start with food, shelter, warmth, and security, and then progress higher if and only if the base needs have first been satisfied. It’s vitally important, then, that money be stable and trustworthy, because if it’s not, and people begin to suspect that money might fail to enable them to meet their basic needs, the entire social contract that money fulfills will begin to fray. As long as money exists in a balance with actual primary and secondary sources of wealth, then it will retain its perceived value and perform an important function. However, when the supply of money gets out of balance with resources, money’s value can begin to gyrate wildly. We call this process inflation or deflation, depending on whether the gyration goes down or up.
The Nature of Wealth
The idea that monetary wealth originates with the wealth of the earth is hardly new, but abundant primary wealth, as described here, has been such an assured feature of the landscape of the last few centuries that it seems to be almost entirely taken for granted. Over two hundred years ago, the great economic thinker and observer Adam Smith took great pains to describe how wealth came about, but given that he lived during a time of natural primary abundance and poorly formed tertiary paper-based wealth abstractions, he focused mainly on the role of labor in creating wealth. He turned his considerable attention to secondary wealth and did a most credible job of isolating the essential features by which better-organized labor led to greater wealth. Here he essentially discounts the importance of “soil, climate, and territory” compared to the number of people laboring productively:
[T]his proportion [between production and consumption] must in every nation be regulated by two different circumstances; first by the skill, dexterity, and judgment with which its labour is generally applied; and, secondly, by the proportion between the number of those who are employed in useful labour, and that of those who are not so employed. Whatever be the soil, climate, or extent of territory of any particular nation, the abundance or scantiness of its annual supply must, in that particular situation, depend upon those two circumstances.1
This was a fair view of wealth in the late eighteenth century. Given the limitless natural abundance of the time, those who could transform primary into secondary wealth faster and more productively created wealth the quickest.
We live under very different circumstances than Smith, but the question of how we create wealth remains as relevant today as it was in his day. There are thousands of books to help you navigate tertiary wealth, virtually all of them assuming that the future will resemble the present, only bigger. But here we take a very different stance, recalling that all wealth starts from the bottom of the wealth pyramid with primary wealth and observing that the creation of secondary wealth, without exception, requires energy, which seems the least likely candidate to continue its exponential trend of the past 300 years for very much longer.
By swiveling our gaze to a long-forgotten and dusty intellectual realm, we have the chance to rediscover some basic truths and stake out our positions in relative quiet before the masses arrive like so many wild-eyed land-rush speculators bent on grabbing their share while they still can. The basic truth is this: Our money, debts, stocks, and bonds have a high value in a world of constant economic growth—and a much, much lower value in a world without economic growth. Constant economic growth requires constant inputs of primary resources, especially energy, and someday those will undoubtedly fail to expand any further.
The question is, when?
1 Maslow was a psychologist who proposed that humans have many needs existing in a hierarchical structure in which the higher levels will not be sought and met until the lower ones are met. At the bottom of his pyramid are the physiological needs of breathing, being fed, obtaining water, sleeping, and excreting. The next layer up covers our safety and security, and self-actualization resides at the very top of the pyramid.
PART III
Economy
CHAPTER 10
Debt
If something cannot go on forever, it will stop.
—Herbert Stein, Economist (1916–1999)1
The United States and much of the developed world suffer from a condition that I call “too much debt.” We could spend an entire book just on the subject of debt, because debt by itself has the capacity to initiate a chaotic and diminished future. But we’re only going to spend just enough time on debt to get to my main conclusion: Debt markets are making an enormous collective bet that the future economy will be exponentially larger than the present. It is a dangerous wager, and one which, if it doesn’t pan out, places the collective wealth of entire nations at risk.
When debt markets have been disappointed in the past, standards of living have suffered, governments have been tossed, currencies have been destroyed, and/or countries have fallen. We therefore care very deeply about whether our debt markets are at risk of being disappointed, and, if so, what the source of their disappointment might be.
What Is Debt?
In Chapter 7 (Our Money System), we learned that all money is loaned into existence. The other side of the loaned money is the loan itself. We now need to spend some time looking at the nature and quantity of those “loans,” which are also sometimes referred to as “credit” or “debt.” All three terms are interchangeable, and sometimes we’ll switch back and forth between them to follow established conventions. For example, government debt and some consumer loans trade on and are part of the credit markets. To really mix it all together, we’ll examine a data series called “total credit market debt.” If at any time you find the use of a term confusing, feel free to mentally insert whichever word you prefer—loan, credit, or debt—they’re essentially the same thing, and their minor differences aren’t relevant to our discussion.
So what exactly is a “debt” (or “loan”)? A debt is simply a legally binding, contractual financial obligation to repay a specific amount of borrowed money, at some point in the future, at a defined rate of interest—in other words, an IOU. An example would be an auto loan of $10,000 at an 8.75 percent rate of interest.
An auto loan is a debt, a credit card balance is debt, and mortgages, Treasury bonds, home equity loans, corporate bonds, and municipal bonds are all examples of debts. In every case there is a piece of paper (or its electronic equivalent) that identifies an amount borrowed, a maturity date, and a rate of interest.
Auto loans and mortgage debt are known as “secured” because there is a recoverable asset attached to those kinds of debts. Credit card debt is known as “unsecured” because no specific asset can be directly seized in the event of a default, although other remedies exist.
Because a debt is a legal obligation, if repayment fails to happen on schedule, all sorts of prescribed legal remedies exist for the lender to pursue, ranging from asset seizure, to liens, to legal judgments.
Debts are distinct from liabilities, and it’s important to remain acutely aware of the difference between them. A liability is a form of financial obligation, but it’s not the same thing as a debt. Someone who has a young child may think of their potential future college expenditure for that child as a liability, but it’s not a legally binding obligation, and therefore it’s not a debt. Debts represent known quantities and fixed amounts, whereas liabilities are imprecise and prone to fluctuations. Many things can change between today’s perceived liability and the actual future payout. The child in question may decide not to go to college after all, allowing the parent to evade the entire amount, or he or she may decide to go to the most expensive college in the country, drastically boosting the final cost of the liability. However, if the parent decides not to pay for college, no legal remedy exists for the child, because the obligation wasn’t a debt.
At the national level, the entitlement programs in the United States (e.g., Social Security, Medicare/Medicaid, and so on) are liabilities of the U.S. government. Though they may be vast, huge, enormous liabilities, they aren’t debts. At any point along the way, the U.S. government could, by way of an act of Congress, completely change the terms of the obligation, perhaps by raising the retirement age to 100 or slashing benefits by 80 percent, and no legal remedy for any of the affected recipients would be available. We might consider such actions to be a moral default on the part of Congress, but they would not be a legal default.
With regard to the nation’s debts, however, Congress could not pass an act which would reduce the principal repayment of Treasury bonds without triggering a legal default. Once a default happens, all sorts of legal machinery kicks into high gear. That’s the difference between a debt and a liability: Debts are legal obligations, while liabilities are, at best, moral obligations.
There are only two ways to settle a debt: pay it off or default on it. Until one of those two things happen, the debt remains “on the books.” Sometimes you’ll hear of debts being “restructured,” as with Greece in 2010, but that’s just a fancy way of saying that the debt has either been delayed (i.e., had its payment schedule extended) or reduced in some way, which constitutes a partial default, but a default nonetheless. In this regard, debts are simple beasts—they can either be paid off, or they can be defaulted upon. Those are the only two options for making them go away.
However, if you happen to have a printing press, as many governments do, there’s an alternative way to “pay off” a debt—simply print up the money to pay it off. Because such printing seems to work for a while and offers the least amount of immediate political pain, it has been a very common feature of economic history. A long time ago this involved physically debasing hard coinage, either by shrinking the precious metal content of each coin or by doing what was known as “clipping,” which involved making each coin slightly smaller in size so that a greater quantity could be minted from the same amount of precious metal. Later on, printing money involved actual printing presses churning out paper currency by the wagonload.
These days we have the means to create money electronically without involving paper or coins at all. A few keystrokes on a computer are all that’s required. Debasing and/or clipping coins was difficult (as you had to recall them first); paper printing was easier, but you still had to physically print and then distribute the money. Electronic printing is virtually instant and practically free, representing the easiest, fastest, and surest method of them all.
Such printing efforts have never worked for very long because the inevitable result has nearly always been ruinous inflation. In this sense, printing up money to pay off sovereign debts is nothing more than a poorly disguised form of taxation, since it forcefully removes value from all existing money and transfers that value to the debt holders, who otherwise might never have been paid at all. Some might even consider this a form of partial default, because the bondholders, too, are being paid with money that is worth less.
Of all the things that I track in my research, the variable that I follow most closely is the use of the official printing press to pay for government expenditures, past and present, that cannot otherwise be funded through legitimate means (such as current taxes).
Levels of Debt
The U.S. experience with debt is significant, but most other developed countries are in almost precisely similar straits. Feel free to mentally replace “United States” with the name of some other country, perhaps the United Kingdom or Japan, in the discussion below; the differences are few and have little impact on the final analysis.
The chart of total credit market debt seen in Chapter 7 (Our Money System, Figure 7.1) was a beautiful example of exponential growth, and there’s quite an interesting story embedded in its data. Roughly speaking, the total amount of debt in the United States doubled over the course of the 1970s. By the early 1980s it doubled again, and by 1990 it doubled once more, and then it doubled again by 2000. Between 2000 and 2010, debt doubled yet again, from $26 trillion dollars to $52 trillion dollars. We can see this all plotted out in the table in Figure 10.1.
Figure 10.1 Debt Doublings
Time between complete doublings of debt in quarters.
Source: Federal Reserve.
Do you see the pattern here? In the United States, total credit market debt has doubled five times in four decades. Everything that most people know about “how the economy works” was learned during a period of time when credit was doubling every 30 quarters on average.
In order for the decade of the twenty-teens to economically resemble any of the past four decades, we might reasonably conclude that credit market debt would have to double once more, from $52 trillion to $104 trillion, or an average of slightly more than $5 trillion per year. While the economy could certainly operate on a slower rate of debt accumulation, it will not operate in precisely the same way that it did while it was doubling so rapidly. On this basis alone we can predict that some change is in store if we conclude that another rapid doubling seems unlikely.
To put the next doubling in perspective, we might note that $5 trillion represents more than a third of 2010 GDP or that all of the mortgages on every residential house in America currently only total a bit over $10 trillion. And if somehow such a staggering amount of debt is achieved, what about the decade after that: the 2020s? Can we envision debt climbing from $104 trillion to $208 trillion for the United States? What kind of an economy is required to support $208 trillion of debt? Without getting too fancy and detailed here, such a level of borrowing doesn’t seem at all realistic (even without taking into consideration complicating issues related to energy or the environment, which we’ll be doing later on). It seems prudent to have a strategy that will work even if these next debt doublings don’t occur. The story of economic growth that has shaped the past four decades, including many of our expectations about “how the economy works,” was heavily dependent on and financed with debt. Without the explosive growth in debt seen over the past four decades, economic growth would have been a lot smaller than we experienced (and enjoyed). Our experience of “normal” economic conditions was actually an unsustainable illusion, albeit a very pleasant one.
To understand how debt distorts the picture of economic growth and health, let’s reduce the entire economy to a small island occupied by just a single family earning $50,000 per year (“Family A”). Right next to this island nation is a second island nation, also consisting of a single family earning $50,000 (“Family B”). At our first yearly “GDP snapshot” of these two families, we find that the GDP of each island is $50,000; they’re exactly equal. But the next year, using a combination of auto loans, credit card balances, student loans, and a home equity line of credit (HELOC), Family B goes out and borrows an additional $50,000, which it uses to purchase various enjoyable goods and services for itself. Family B lives it up. But Family A, representing the first island nation, prudently plunks their year’s $50,000 earnings into savings and lives a frugal life, eating homegrown food and making do with last year’s clothing, toys, and motor vehicles.
At our second “GDP snapshot” the next year, we see that Family A has not increased its earnings and is still “suffering from” a GDP of only $50,000. Therefore, despite their diligent savings, our conventional economic standards indicate that this family has suffered through a horrible year of zero percent economic growth (ugh, no growth!). In contrast, Family B—the family that now effectively owes every penny of last year’s income to its debtors—has seemingly undergone an exciting and dramatic 100 percent growth in their economy (yay, growth!) and their island is now sporting a GDP of $100,000. Investors the world over cheer the fast growth and preferentially purchase the currency and debt of Family B’s more exciting island nation, eschewing the “anemic growth” of Family A’s island nation, mired in the deplorable condition of zero percent growth.
But let’s be absolutely clear here: The underlying reality is that each family still has exactly the same $50,000 of national income. They’re economically identical, except that one nation, Family B, is now saddled with debt equal to 100 percent of its income, while the other, Family A, isn’t. And ironically enough, Family B is being lauded, while Family A isn’t.
As it happens, the conventional way of measuring GDP (which is how all developed nations happen to measure it) doesn’t take into account the impact of debt—it completely ignores the accumulation of most forms of debt as if they do not matter. However, as I hope that our island nation example has made clear, debt is an absolutely critical component of the story, and excluding it paints a quite misleading picture.
This would become more obvious if we were to turn off the credit spigot and observe the fortunes of Family B immediately slamming into reverse. Where Family A would still be plodding along enjoying the very same $50,000 of income year after year, Family B, now deprived of credit, would find its income stream shredded by the amount of its interest payments. Too much prosperity in one period for Family B will be followed by too little in the next.
Debt-to-GDP for the high-borrowing family assures that they’ll be living under the strain of paying down those loans for years to come, which will weigh down their disposable income and future standard of living. To state this as a general rule, time spent living beyond one’s means necessitates a future period of living below one’s means. This is such a universal and often-repeated economic event that it is almost unbelievable to see that it’s about to make a “surprise” appearance on the world stage.
Because the conventional GDP measure neglects to factor out the use of credit/debt when measuring “growth,” it isn’t telling us everything we need to know. This oversight goes a long way toward explaining why the United States, along with every other debt-saturated country, is now in for a very painful adjustment process: Past growth was partially (and unsustainably) bolstered by debt, and future growth will be sapped by it.
Good Debt and Bad Debt
It’s time to distinguish between two major types of debt. Not all debt is bad or unproductive. Debt that can best be described as “investment debt” provides the means to pay itself back. An example would be a college loan securing the opportunity to earn a higher wage in the future. Another would be a loan to expand the seating at a successful restaurant. In the parlance of bankers, these are examples of “self-liquidating debt.” Because these kinds of loans will boost future revenues by enhancing productivity or increasing output, they self-generate the cash flows that will be used to pay them off in the future.
The other type of loan, however, is purely consumptive in nature, such as debt incurred for a fancier car, a vacation, new granite countertops, or perhaps a war that results in a large quantity of destroyed equipment. These loans don’t come with the means to pay themselves back. They are called “non–self-liquidating debts” (a mouthful of a term) because they don’t lead to additional future revenue, productivity, or profits. In our island nation example above, if we postulated that Family B had instead borrowed $50,000 for productive (and not consumptive) purposes, perhaps to build a factory which would then triple its income for the next twenty years, the entire story of which nation is in better financial shape? would shift. So not all debts are potentially harmful; only excess “non–self-liquidating” debt becomes a corrosive burden. Between 2000 and 2010, U.S. total credit market debt grew by more than $26 trillion, an unfortunately large proportion of which was of the non–self-liquidating variety. The implication is clear: Just like the island nation that borrowed and spent $50,000 on purely consumptive purchases, much of this debt load will translate into diminished standards of living in the future as it gets paid back out of a finite pool of income.
The key here is not to just look at the total pile of debt relative to income, but to look at how much of the debt has been spent on non–self-liquidating consumption, as opposed to investments boosting productivity and income.
The Crisis Explained in One Chart
Long before the economic crises of 2008 onward, I knew that such events were coming. While I admit to wallowing around in massive quantities of base data—I’m a scientist at heart, so data is a kind of like catnip for me—I found certainty about the trouble ahead in a single piece of evidence. The chart below, all on its own, led me to conclude that the next 20 years are going to be completely unlike the last 20 years.
The dotted line in Figure 10.2, covering the period from the 1950s to the early 1980s (“Stage One” in the chart), was very nearly flat over those three decades but then adopted an entirely new and steeper trajectory beginning in the early 1980s (“Stage Two”). It is in Stage Two where we can detect the underlying cause of the economic predicament that first revealed itself in 2008. Whether you are talking about an individual, a municipality, a state, or a nation, there must be some reasonable proportionality between one’s debts and one’s income. Stage Two illuminates when, for how long, and to what extent the United States lost its footing.
Figure 10.2 Credit Market Debt to GDP
Compares total credit market debt in the United States to GDP (Gross Domestic Product) on a percentage basis. Current total credit-market debt stands at more than 360 percent of total GDP. Notably, this chart excludes all liabilities of the nation. No pension or entitlement shortfalls appear here, as they aren’t technically “debt.”
Sources: Federal Reserve & Bureau of Economic Analysis.
But that’s the past; what about the future? In order for the four decades that will come after 2010 to economically resemble the four decades that came before, the slope of line in Stage Two must not change. If it flattens out a bit, or, more ominously, returns to the anemic slope seen in Stage One, then the next four decades will have weaker growth, fewer opportunities, and be marked by less wanton indulgence and more cautious purchasing habits. In short, they will not resemble the prior four decades, at all.
A key question you might ask yourself here would be, How likely is another doubling of debt over the next decade? My current prediction is not very, but that is my own personal assessment. If I were to summarize my view here, I would say that anyone who is counting on, requiring, or otherwise hinging their future sense of prosperity on an uninterrupted continuation of the Stage Two line is making a very low-probability bet. Your assessment may well be different, or perhaps not, but no matter where you fall on the spectrum of possibilities, remember to trust yourself.
Back to the main topic. A simple way to interpret Figure 10.2 is to simply note that when the solid line is rising, it means that debt is growing faster than GDP (i.e., income). This is analogous to a credit card balance that steadily grows larger even as the income of the cardholder remains the same. It doesn’t take a PhD in economics to understand that sooner or later such a trend will come to a screeching halt. Someday payments on the interest will become too difficult and debt accumulation will cease. The strict math limit to that process occurs when 100 percent of income is required to service the interest payments alone, but thankfully things rarely get that far.
When viewed historically and compared to GDP, the current levels of U.S. debt are unprecedented. There are no maps to guide us in these unknown waters. There’s no history, no institutional memory to draw upon, and no experienced leadership prepared to confidently guide us through such a crisis. That’s my major point here: Anybody who is counting on the past extending seamlessly into the future is headed for almost certain disappointment, both because there’s a very low chance of doubling debts yet again and because there are no experienced leaders with their hands on the wheel.
Of course, with more than a single chart, I can make a far better case that the future will be quite different from the past.
The History of Debt
The first part of this story, historically speaking, always begins with the accumulation of debt. Perhaps there are important wars to fund or an exciting new technology in which to invest (e.g., railroads, Internet, and so on) Or perhaps there’s nothing more to show for the debt accumulation than a period of reckless consumption.
The second part of this story involves the psychology of the players who are fully invested in perpetuating the status quo. There are careers to consider, and small matters of legacy here and there, but mostly there’s an overwhelming desire by the leaders of each generation to conform and not rock the boat.
The circumstance of “too much debt” has been revisited dozens of times throughout history, and the same exact, perfectly understandable, imperfectly human response has been applied nearly every time: printing money.
This Time Is Different
In their landmark work titled This Time Is Different, Kenneth Rogoff and Carmen Reinhart2 assembled a comprehensive database spanning 800 years of economic data including international debt and banking crises, inflation, currency crashes, and debasements. The one constant throughout history is that many governments, for myriad reasons, have gotten themselves wedged into a situation best described as “too much debt.” Throughout history, nearly all governments so stricken by debts have tried to find salvation by wriggling out through the same unworkable portal. In every case, the same rationale has been used as internal justification for official actions: This time is different.
Here are a few of the important conclusions from Rogoff and Reinhart’s work:
A recent example of the “this time is different” syndrome is the false belief that domestic debt is a novel feature of the modern financial landscape. We also confirm that crises frequently emanate from the financial centers with transmission through interest rate shocks and commodity price collapses. Thus, the recent U.S. sub-prime financial crisis is hardly unique. Our data also documents other crises that often accompany default: including inflation, exchange rate crashes, banking crises, and currency debasements.
Their work reveals that throughout history, various countries have attempted to live beyond their means and inevitably failed to sustain it for very long. The response has nearly always been to try and squeeze past the difficulties by printing more money in the hopes that somehow things will work themselves out. But it has never quite worked out as hoped; “printing” has only served to deepen the severity of the economic and political pain. Yet it has been tried again and again, as if there’s some biologically irrelevant human gene that stimulates the desire to print money while suppressing the ability to learn from history.
The work of Rogoff and Reinhardt demonstrates that historically, some form of default always follows the condition of “too much debt,” and currency debasement (known as “money printing” in modern times) is the most common form that this default takes. Along with these defaults, banking crises, exchange-rate volatility, crashes, inflation, and political and social unrest often arise.
The most important finding from the Rogoff and Reinhart study is that periods of relative global financial tranquility have always been followed by waves of defaults and restructurings. Ebb and flow are a normal part of economic history. In this light, we might then view the last four decades of debt accumulation as the calm before the storm, rather than the last few steps of a long march toward a final and lasting equilibrium.
The important points to take away here are these: Country-level debt defaults are historically common and economically painful events that typically arise from the condition of too much debt, and the four most dangerous words in economic history are this time it’s different.
Too Much Debt
Now that we understand the differences between debts and liabilities, can tell good debt from bad debt, and know that debt has been growing far faster than national income (i.e., GDP), we’re ready to dive one layer deeper into the debt data as the final step toward assessing the severity and magnitude of the economic predicament.
The pure debt obligations of the U.S. government as of October 2010 stood at $13.7 trillion.3 But this is only the debt. Once we add in the liabilities of the U.S. government, chiefly Medicare and Social Security, we get a number somewhere between $100 trillion and $200 trillion dollars, depending on whether you use the Federal Reserve’s own estimates or those of Boston University economics professor Laurence J. Kotlikoff, respectively.4 As mentioned before, these liabilities can be changed at any time with the stroke of a congressional pen, but one thing to remember is that entitlements are a zero sum game. In other words, if the government decides to save money by slashing benefits, the result will be a lower standard of living for the recipients of those monies. The government will see budget savings, to be sure, but retirees will experience a reduction in cash flows and in their living standards. Savings in one place translate into losses elsewhere. That’s the essence of “zero sum.”
But it’s not just the federal government that has underfunded liabilities totaling in the trillions of dollars. States and municipalities are also deeply underwater on their pension promises. Once we add up all the debts and liabilities of the United States, we discover that they are more than 10 times larger than GDP. How many historical examples can we look upon where a country managed to gracefully grow its way out from under such an enormous pile of unfunded paper promises? None. There are zero historical examples to guide us. The world-record holder in this regard is England, which managed to pull itself out of debt during the period from 1820 to 1900, but its debt load was only 2.6 times its GDP and the Industrial Revolution came along to help out. We will discuss this example more in Chapter 12 (Like a Moth to a Flame).
Debt’s Big Assumption
As troubling as all that is, the story of debt extends well beyond the idea that there is too much of it. To understand why, let’s look at the role of debt and how it relates to the future.
Consumptive debt, or debt that’s not self-liquidating, provides us with money to spend today. Perhaps we buy a nicer car, and we enjoy that car today. But future auto loan payments will represent money that we’ve already spent in the past and won’t be able to spend in the future. Put simply, debt enables future consumption to be taken today, not tomorrow. In this sense, debt is a claim on future money, and therefore debt is really just a fancy way of pulling money from the future so that we can spend it today.
We learned in Chapter 7 (Our Money System) that money can be viewed as a claim on wealth, and we just learned that debt is just a claim on future money. We can put these statements together and arrive at this important conclusion: Debt is a claim on future wealth. This implies that a constantly growing level of debt, like the one we have collectively experienced (and participated in) in the decades since 1980, has an enormous and unavoidably gigantic assumption baked right into it.
Ever-Growing Debt’s Massive Assumption
Go back and take one more look at the upwardly sloping line that represents debt-to-GDP in Figure 10.2. The critical assumption inherent in that slope is this: The economic future will be—must be—exponentially larger than the present.
Logically, if debt represents a claim on the future, then ever-larger amounts of debt represent ever-larger claims on the future. Okay, that sounds easy enough. But let’s recall that debt carries with it the expectation of repayment of both the principal and the interest components. If the debt has a principal balance of “X,” we must not forget that the interest component is a percentage increase based on “X.” How do we describe something that grows by some percentage over time? That’s right—we say it’s growing exponentially.
Therefore, each incremental expansion of the level of debt is an explicit assumption that the future will be larger than the present. And not just a little bit larger—the future will need to be exponentially larger than the present for debts to be fully paid back and not defaulted upon.
Given that U.S. debts now represent over 360 percent of GDP and total liabilities over 1000 percent of GDP, there’s an explicit assumption being made by the debt markets that the future GDP of the United States is going to be larger than today’s GDP. A lot larger. More cars must be sold, more resources consumed, more money earned, more houses built—every facet of economic growth and complexity must increase simply to pay back the loans that are already booked. Any continuation of debt expansion will compound these claims on the future. Now think back to that Stage Two line on the Debt-to-GDP chart in Figure 10.2 and ask yourself how likely it seems that the United States will be able to engineer another 20 years of faster-than-income (GDP) debt expansion.
Banks, pension funds, and government solvency, whose futures are intimately tied to the continued exponential expansion of debt, all have an enormous stake in its perpetual growth. This defines the pressure to continue the expansion and explains why our fiscal and monetary authorities seem to talk of nothing but economic growth. Without economic growth, further debt expansion does not make any sense. Without continued debt expansion, large-scale debt defaults emerge and the financial system begins to break down. The tension that stalks the financial and economic markets results from the conflict between (a) the fact that preserving the status quo requires (there’s that word again) the continuous and uninterrupted growth in debt and (b) the fact that nothing can continue to grow forever. That’s the essential conflict. Each of us already knows deep down which side of that conflict will win that battle.
How It Unfolds
But what happens when the debt markets finally figure out that the future cannot grow to infinity? What then? Well, broadly speaking, when that day comes to pass, there can only be one outcome, although it could arrive in either of two different forms. The outcome is simply that a lot of what we think of as wealth simply must vanish, because the claims are too numerous and potential future growth is too little. This destruction of wealth can come about in one of two very opposite ways. The first is by deflation, manifested as a process of debt defaults, and the second is by inflation.
Defaults are easy to explain—the debts don’t get repaid and the holders of that debt don’t get their money back. Boom—over and done. The claims are diminished. Thus, if the future isn’t large enough to pay back the claims, then defaults are simply a way of squaring up past claims with current reality. This path is easy to understand. Perhaps a pension fund holds a billion dollars of General Motors debt, GM goes out of business, GM debt goes into default and becomes worthless, and pensioners in the future have a billion fewer dollars distributed to them, dragging down their standards of living.
However, the inflation route can be confusing. Think of it this way: Imagine that you sold your house to someone, and, to keep it simple, you provided them with a mortgage for $500,000. The terms call for the mortgage to be repaid all at once in 10 years as a single payment of $650,000, providing you with a nice kicker of $150,000, which amounts to something above the prevailing rate of interest. So far, so good. Well, 10 years passes, and, as stipulated, you are paid your $650,000 right on time. But now, due to inflation, that $650,000 will only buy a house half as nice as the one you sold. Yes, you got paid, but your claim on the future was vastly diminished by inflation. In this example, $650,000 in the future buys half as much as $500,000 today.
In the default scenario, your money is still worth something, but you don’t get it back, which also diminishes your claim on the future. In the inflation scenario, you do get your money back, but it hardly buys anything, which also diminishes your claim on the future. In both cases you have less wealth in the future, so the impacts are very nearly the same, but the mechanisms by which you lose out are remarkably different.
To make investing simple, the questions you need to ponder for yourself are these:
You’ll arrive at wildly different life decisions depending on whether you answer yes or no to the first question and “inflation” or “defaults” for the second question. I strongly recommend that you spend some time pondering these questions and revisiting them as circumstances shift.1
1 This is a complicated subject and one that requires constant vigilance, as its ultimate outcome is not mathematically defined, but is the product of unknowable decisions by fiscal and monetary authorities. At www.ChrisMartenson.com, this is one of the most vigorous areas of debate, and our assessment of which outcome is most likely varies considerably. In short: If you expect inflation, you will seek to get rid of your money as fast as possible by spending it on things that have value to you today and which you suspect will cost you even more tomorrow. If you expect deflation, your correct strategy is to hoard your money carefully, as it will be harder to come by and will grow in relative value with every passing day. My own assessment in the closing months of 2010 is that inflation vs. deflation for U.S. citizens has an 80/20 probability.
CHAPTER 11
The Great Credit Bubble
In order to understand what the future may hold, we need to see the excessive accumulation of debt between the early 1980s and 2010 for what it really was—an enormous and protracted credit bubble. Debt levels doubled, redoubled, and doubled again with uncanny mathematical precision. Within that larger credit bubble, we had several minibubbles—one in stocks and the other in housing—and while these were both financially destructive, they were sideshows on the way to the main act.
Because our hopes and dreams for the future rest upon a well-functioning economy, we need to understand what bubbles are and the financial risks they pose. If my analysis is correct, the main bubble has only just begun to burst. Under the best of circumstances, this will exert profound influences for a long time to come; under less favorable circumstances, it will prove to be a uniquely unfortunate and disruptive period of economic adjustment.
Because this past episode of credit expansion was so ubiquitous (it spanned the globe) and lasted for so long (30 years), it came to be accepted as normal and logical by otherwise bright and intelligent people. Like all credit bubbles, this one was founded on the most enduring of human weaknesses: the desire to get something for nothing.
Before we dive into the Great Credit Bubble, let’s spend a bit of time defining what an asset bubble is and examining some of the more common characteristics of bubbles.
What Is a Bubble?
Along the continuum of irrational financial behavior, it can be tricky to tell the difference between a bubble, a mania, and a touch of overexuberance. The designation “bubble” is reserved for the height of folly, but unfortunately, history is rich with folly. Throughout the long sweep of history, the bursting of an asset bubble has always been a financially traumatic event and has often precipitated social and political upheavals.
Because they are so culturally and financially painful, bubbles used to be separated by one or more generations because it took time to forget the experience. Bucking this convention, less than 10 years passed between the bursting of the dot-com bubble in 2000 and the housing bubble in 2006—a thoroughly unprecedented event—which calls into question the mindfulness of its participants. However, it is my contention that instead of these being two separate and distinct bubbles, they were merely subbubbles housed within a much larger and more profound credit bubble, which partially (but not entirely) excuses the all-too-close nature of their occurrences.
The Federal Reserve famously likes to claim that you can’t spot an asset bubble until it bursts. This is something of a mystery, because the definition of a bubble is pretty simple: A bubble exists when asset prices rise beyond what incomes can sustain. There is nothing especially tricky about that definition, and it provides an easy test that can be founded on solid data.
For example, when houses in Orange County, CA1 rose to the point that the median house cost more than nine times the median income,2 housing there was clearly in the grip of a bubble. A more normal ratio for housing would be in the range of roughly three times income, while anything over four times income really begins to stretch things a bit.3 When you get to eight times income, you’ve been in a bubble for quite a while, it’s completely obvious even to casual observers, and it’s going to burst with predictable, economically painful results.
This seems pretty straightforward, but for some reason the Federal Reserve, under Greenspan and then Bernanke, continued to insist that bubbles couldn’t be spotted, and even if it were possible to spot them, that nothing should be done about them until after they burst. Greenspan and Bernanke hold to the view that it’s not the Federal Reserve’s job to spot or stop bubbles, only to ride to the rescue and help sweep up the debris after they burst. Given that the Fed is the principal source of the necessary credit and liquidity that are an absolute requirement of bubbles, this is a bit like firefighters claiming there’s no point in curbing arsonists’ behavior—that it is better to let them set fires so that they can then battle the blazes they’ve set. Lest you think this is a general defect of central banks and bankers, I should point out that New Zealand’s central bank takes the opposite view and sees it as their right and proper job to both spot bubbles early and nip them in the bud.4
Bubble History
To better understand what bubbles are, how they form, and why they are economically painful, let’s take a look at a few historical examples, beginning with the tulip bulb craze in Holland in the 1630s.
In that period, a virus swept through the tulip farms and had the effect of creating beautiful and unique variants in tulip coloration that were transmissible to succeeding generations. Tulips were already an economically important crop for the country, so while it may seem strange to us now that a bubble could develop around flowers, tulips represented an important element of commerce to the people of Holland. Before long, incredible variants with brilliant streaks and accents were developed, and the more spectacular examples began trading at higher and higher amounts, building a speculative frenzy. Complicated trading routines built up around the products, and before long nearly all trades were conducted using credit.
At the height of the bubble, a single bulb of the most highly sought-after example, the Semper Augustus, which sported red petals and racy white streaks, commanded the same selling price as the finest house on the finest canal.
The tulip bubble could not have occurred were it not for the presence of ample credit. Credit is a necessary fuel for all bubbles; without it, no bubble can develop. After all, if the very definition of an asset bubble is that it grows “larger than incomes can sustain,” it means that funds to support the bubble’s growth have to come from somewhere besides current cash flows (i.e., current income). True to form, tulip-bulb trading soon outstripped the local money supply, and people began trading on credit.
Records indicate that the tulip craze ended even more suddenly than it began, crashing nearly to the bottom in a single day at the start of the new selling season in February of 1637. When bidding opened on that day, no buyers would bid, and prices rapidly cratered, never to recover. The people holding the last batches of purchased bulbs recorded major losses, creditors went bust, and an enormous amount of wealth evaporated, never to be seen again. Lives were ruined, fortunes were lost, and people promised themselves, Never again.
A second example of an early recorded bubble comes from the 1720s and is known as the South Sea Bubble. The South Sea Company was an English company granted a monopoly by the government to trade with South America under a treaty with Spain. The fact that the company was rather ordinary in its profits prior to the granting of the monopoly did not deter people from speculating wildly about its financial potential.
Even more startlingly, people were undeterred in snapping up shares of its stock, despite the fact that the company rather accurately billed itself as “A company for carrying out an undertaking of great advantage, but nobody to know what it is.” That’s about as clear a scam warning as an investor will ever receive, but bubbles have a way of shutting down critical thinking in the masses.
Sir Isaac Newton, when asked about the continually rising stock price of the South Sea Company, said that he “could not calculate the madness of people.” But then he, too, apparently went mad for company stock. He may have invented calculus and described universal gravitation, but he also ended up losing over 20,000 pounds,5 a massive fortune in those days, to the burst South Sea Bubble, proving that even a truly rare intelligence can be outwitted by a bubble. For some reason, bubbles are extremely hard for most people to spot in advance. A bubble begins when people start relying on hope instead of reason, but a bubble really hits its stride when prudence is replaced by greed.
Bubble Characteristics
History is littered with the wreckage of financial bubbles involving a surprising diversity of assets, with more recent examples involving railroads, swamp land, Internet stocks, and housing. The asset itself, whether land or bulbs or pieces of paper, is irrelevant. What matters is having the right story—usually involving massive riches soon to come—a credulous mob, short-sighted (or greedy) lenders, and an ample supply of credit. If any one of these things is missing, no bubble will result.
What’s interesting is that nearly every bubble shares the same common, and therefore predictable, features. Bubbles are self-reinforcing, meaning that on the way up, higher prices become the justification for higher prices. Once the illusion is lifted, the game is suddenly and permanently over, but not instantly, as it takes time for reality to set in. This lends a rough symmetry to the price charts of assets as they rise and then fall over time. In the 1920s a bubble developed in U.S. stocks, and its bursting still echoes even today, because it was immediately followed by the Great Depression.
Figure 11.1 demonstrates two important traits about bubbles. Note that the amount of time it took the Dow Jones to run up to its price peak in 1929 is roughly the same amount of time that it took for prices to fall back to their starting levels. The first characteristic of bubbles is their rough symmetry. They first rise, and then they fall, but not instantly, revealing that bubbles take time to develop and then to unwind. First the psychology has to be built into a frenzy, a mob has to be formed, and then it has to be slowly dismantled, one person at a time. However, despite this apparent symmetry, bubbles usually burst just a little bit faster than they develop.
Figure 11.1 Dow Jones Industrial Average, 1922–1935
Source: Yahoo! Finance.
The second characteristic of bubbles that we see reflected in Figure 11.1 is that asset prices will usually fully retrace to their starting point, if not just a little bit further. Whatever the starting point was for the asset prices in question is a reasonable place to suspect they’ll eventually end up at some point in the future.
To reinforce this point, Figure 11.2 shows the stock price of General Motors (in the black line) between the years 1912 and 1922 and Intel (in the shaded line) between 1992 and 2002, periods during which both stocks were swept up in bubbles. Here we might also note that the price data looks very similar for both stocks, despite the fact that one was a car company in the 1920s and the other was a high-tech chip manufacturer trading some 80 years later. Again we might note that they share the two characteristics of bubbles that we’ve already discussed: a rough symmetry in both time and price. They crescendo, then crash, and end up right where they began.
Figure 11.2 Stock Prices: GM and Intel
Source: Yahoo! Finance.
The fact that bubbles display the same price behaviors over the centuries and decades tells us that they’re not artifacts of particular financial arrangements, cultures, or legal systems. Instead, the constant factor is people. Bubbles do not develop as a condition of poor financial engineering or specific financial laws and regulations that happen to be present, nor because of particular cultural practices, but as the by-product of greed, hope, and excessive credit. Wherever these circumstances exist, bubbles will eventually develop, which is why investors should hold onto their wallets whenever they spot such conditions.
Asset bubbles, therefore, aren’t so much financial phenomena upon which we can conduct meaningful financial post mortems as they are sociological events best understood through the study of human psychology and mob behavior. Perhaps we can even speculate that bubble behavior is wired into our biological software, an evolutionary remnant that was useful in our deep past but is now a profound liability when it comes to making investment choices.
That bubbles happen isn’t the surprising part of this story; rather, it’s that well-educated people responsible for knowing about such things have apparently never learned that bubbles aren’t rare and random events but are very common and predictable features of the economic landscape. In their defense, perhaps these people have learned about bubbles, but then mistakenly overestimate their ability to manage their destructive effects (yes, I am talking about Alan Greenspan here).
By way of illustration, the Federal Reserve entirely missed the opportunity to nip both the 1990s stock and 2000s housing bubbles in the bud, and even devoted considerable internal resources to the task of proving to itself that no housing bubble existed. Even as a number of analysts and commentators (including me) were warning of a housing bubble back in 2004, the Fed released a study titled “Are Home Prices the Next Bubble?” which concluded that the answer was no.
Here’s the main conclusion of that paper:
Home prices have been rising strongly since the mid-1990s, prompting concerns that a bubble exists in this asset class and that home prices are vulnerable to a collapse that could harm the U.S. economy. A close analysis of the U.S. housing market in recent years, however, finds little basis for such concerns. The marked upturn in home prices is largely attributable to strong market fundamentals: Home prices have essentially moved in line with increases in family income and declines in nominal mortgage interest rates.6
All of that sounds perfectly logical, and the paper is stuffed with comforting and supportive data, but it is also completely and hopelessly wrong. Although they should arguably have known better, the Fed’s researchers were simply doing what millions of people did; namely, falling prey to the belief that somehow “this time it’s different.” That’s just how bubbles are. People take leave of their senses, using all manner of rationales to justify their positions, but then suddenly one day the illusion lifts, and what was once unassailably true no longer makes any sense at all. Once that tipping point occurs, there’s really nothing left to do but track the speed of the bubble’s collapse and the damage it will cause.
The Housing Bubble
Let’s focus a bit more of our attention on the housing bubble that burst in 2007. It is important to show just how obvious this bubble was. Anyone with a tiny bit of bubble history under their belt and access to some publicly available data can appreciate its clarity.
Because a bubble occurs when asset prices rise beyond what incomes can sustain, I’m not so interested in the actual prices of houses all by themselves, but I am keenly interested in the ratio of house prices to income. Because the amount that people can afford to pay sets an ultimate limit on house prices, it is impossible for median house prices to forever rise faster than median incomes. Sooner or later, when illusions lift, that dynamic comes to a halt, and at that point, the last buyers will be in the same position as the last purchasers of tulip bulbs in 1637.
Figure 11.3 compares median household incomes to median house prices. If what the Fed research paper said was correct and housing prices rose in alignment with incomes, the two lines would overlay each other perfectly and never depart, but that’s not what we see. Instead we observe that even before the year 2000, median house prices elevated away from median incomes and were hopelessly separated by the time the Fed was convincing itself no bubble existed in 2004.
Figure 11.3 Median Income and Housing
Sources: Census Department (Median Income) and Office of Federal Housing Enterprise Oversight (Housing).
The housing bubbles of 1979 and 1989 (marked with arrows) were quite sedate in comparison to the most recent housing bubble and aren’t very dramatic on this graph. The fact that median incomes did not deviate especially far from those prior bubbles’ house prices helped to limit the damaging effects of the bursting of those bubbles. Painful though these burstings were, house prices did not have to fall very far before they were once again aligned with incomes.
But look at the enormous gap between house prices and incomes for the most recent housing bubble. There’s no historical precedent for the size of that gap, and there were disturbing warning signs as early as 1999 that things were getting off track. It’s interesting to ponder how the Federal Reserve had access to this same data but still managed to convince itself that nothing was amiss. In fact, at the time, Greenspan was busy extolling the wonders and virtues of the massive “wealth-creating” effect of housing for the average person, apparently unaware of the wealth-destroying impacts of the future bursting of the bubble he enabled.7 It was completely obvious that we had a bubble on our hands, and prudent people could have simply looked at this data and then trusted themselves to avoid getting swept up in it.
But back to the story. Based on simple calculations performed on the base data for Figure 11.3, we can predict a minimum 34 percent national decline for house prices from peak to trough. That’s what is required to get those income and housing price lines back together again. Given the propensity of bubbles to sometimes overshoot to the downside, we can’t discount the possibility that a steeper decline of perhaps 40 percent or even 50 percent is in store. That was my conclusion, published in 2007,8 and it seems as sound here in 2010 as it did then. Based on Figure 11.3 and the assumption that the housing bubble will burst with the same rough symmetry as prior bubbles, my prediction is that housing prices in the United States will bottom in 2015.
A Bubble Thirty Years in the Making
All of this review of bubbles was meant to get us to the point where we could talk about the biggest and what will almost certainly be the most destructive bubble in history: The Great Credit Bubble.
So far (as of 2010) this bubble, like every serious bubble worthy of mention, has largely escaped attention. Most economic experts are convinced that a credit bubble doesn’t exist, and few people think twice about using credit in their daily lives or dwell on the past four decades of debt accumulation. Bubbles that have not yet collapsed are incredibly hard for most people to detect; that’s why they exist in the first place.
As mentioned in Chapter 10 (Debt), total credit in the United States has doubled five times over the four decades between 1970 and 2010. At the end of 2000, when the stock bubble was bursting, total credit market debt stood at $26 trillion, but by the end of 2008 it stood at an astounding $52 trillion. This $26 trillion increase in borrowing was five times larger than the increase in U.S. Gross Domestic Product (GDP) over the same period of time. As profound as the housing bubble was, it represented only a small piece—only around $5 trillion out of $26 trillion9—of this massive surge in debt.
Figure 11.4 Growth in GDP Compared to Total Credit Market Debt
1980 to present. Both in nominal dollars. Debt excludes all unfunded liabilities.
Source: Federal Reserve.
If the idea is that debt is meant to be paid back, then over the long term debt cannot rise faster than income. Now let’s look at the increase in the size of the United States’s debt compared to its GDP over the past 30 years.
Where debts have increased by just over 1200 percent since 1980, GDP has advanced by just under 520 percent. Imagine your credit card bills growing at more than twice the rate of your income for the next 30 years. Sooner or later that has to come to a stop. It is a thoroughly unsustainable proposition.
Recall that the definition of an asset bubble is that it exists when asset prices rise beyond what incomes can sustain. This means that on the other side of every asset bubble lurks an equal-sized credit bubble. Bubbles usually end, not because of any significant shift in the worth of the coveted assets, but because credit runs dry, which reveals the main storyline to be false. Without credit as a fuel, bubbles deflate.
What then should we think of this mountain of debt, or credit, which has been consistently expanding faster than GDP (or income)? Given that this matches the very definition of a bubble, it might be prudent to dedicate some thought to what will happen if—or when—that bubble bursts. When viewed this way, housing becomes a sideshow, instead of being the epicenter of the bubble. It is an eddy in a much larger ocean of debt that has been 40 years in the making.
Figure 11.5 Credit Market Debt Outstanding
With exponential ‘fit’ yielding an “R-squared” of 0.99.
Source: Federal Reserve.
Exponential Debt
There are two ways to go about understanding things: One is to build your knowledge from the ground up, piece by piece, and the other is to stand back, look at the big picture, and then work backward to deepen your understanding of the system. If we look at growth in the credit markets over the past several decades, we might note that not only has credit been growing, but it has been growing in a nearly perfect exponential fashion.1
What does it mean that debt has been accumulating in a nearly perfect exponential fashion? What will happen when it someday can’t continue to increase exponentially? What will change in terms of how the economy works and how stocks and bonds function as vehicles for storing and accumulating wealth?
We can begin to answer these questions by simply noting that debt has been growing faster than national income, and that such a system is unsustainable. Like any bubble, it will someday pop.
If we accept the premise that this credit expansion does, in fact, fit the definition of a bubble, then we can make the following predictions:
Those predictions imply an immense amount of painful adjustment. If they come to pass, then the United States will be a vastly diminished nation in the twenty-teens and twenty-twenties as compared to 2008, with far fewer economic opportunities and less capacity to muscle through any other challenges that might arise.
By itself, exponentially growing credit isn’t necessarily a problem, but if it is growing faster than the economy, then it does become a problem.
We have a problem.
Withering Heights
How was it possible to keep such a bubble going for so long? One essential factor was that interest rates constantly fell even as the total amount of credit market debt rose.
Here’s why this matters. Imagine that you had a credit card with a most unusual feature, whereby the rate of interest declined as the balance grew. The more you charged, the lower the interest rate became, which had the effect of stabilizing or even reducing the minimum payment due. Clearly such an arrangement would allow more borrowing than if the interest rates had not fallen (let alone risen). It is highly doubtful that the credit bubble would have developed without U.S. interest rates steadily falling over the 30 years between 1980 and 2010 (see Figure 11.6). This was really a perverse development when you think about it; interest rates should rise with a rising balance of debt, not decline. But there’s no law saying that these things have to make sense.
Figure 11.6 Chart of 30-Year Bonds over Past 30 Years
Source: Yahoo! Finance.
This practice of lowering interest rates to keep the game alive for awhile longer has a natural limit: Rates cannot go below zero. In 2010, we saw the Federal Reserve set interest rates for overnight money2 to between zero percent and 0.25 percent, and we saw the interest rates on two-year Treasury notes go below 0.50 percent. There’s really nowhere else for them to go; they are already at zero. In short, interest rates hit bottom in 2010 and were placed there in an effort to keep the credit bubble expanding for a while longer. In my opinion this was an enormously misguided effort, but it happened, and now we need to consider how we’re going to manage the outcome(s) that will result.
All good things must come to an end, and if such low interest rates fail to keep the credit bubble on its “double every decade” trajectory, it is unclear what other remedies are available to the Fed that could cover the gap. The only ones I can think of are so “out-of-the-box” that how they might impact our future is impossible to determine. Some of these alternative measures might include complete Fed ownership of all productive assets (bought with thin-air money), a massive repudiation of all debt (just hit the reset button), and/or the Fed purchasing all government debt in an effort to keep things flowing, which has already partly been done with the first rounds of Quantitative Easing (QE).
The alternative would be to admit to ourselves that perhaps doubling debt every decade (far faster than income growth) isn’t a sustainable practice and willingly terminate our efforts to continue on that path. If we do, then the economy will have to grow well below its potential for a period, to offset the time when the steroid injections of debt unnaturally swelled its growth.
The Austrian school of economics has a very crisp and historically accurate definition of how a credit bubble ends. According to Ludwig von Mises:
There is no means of avoiding the final collapse of a boom brought about by credit expansion. The alternative is only whether the crisis should come sooner as a result of a voluntary abandonment of further credit expansion, or later as a final and total catastrophe of the currency system involved.10
In plain language, either we willingly end our efforts to continue doubling our debt faster than income, or we risk seeing the dollar collapse. While growing a bit slower than the hectic pace to which we have become accustomed will be slightly painful, a currency collapse would be enormously painful, not just to the United States but to the world. As a nation, the United States has undertaken desperate measures to avoid abandoning the continuation of its credit expansion, leaving a final catastrophe of its currency as the most likely outcome.
As for the timing? It could hardly be worse. Dealing with a bursting credit bubble is hardly the sort of challenge we need at this particular moment in history, where energy and environmental issues loom large. But here we are. The stewardship and vision displayed by the Federal Reserve and Washington, DC, in shepherding us to this position leaves a lot to be desired.
So, what can we expect from a collapsing credit bubble? Simply put, everything that fed upon and grew as a consequence of too much easy credit will collapse back to its baseline position. Where we lived beyond our means for too long, we will have to live below our means until the excesses are worked off. Living standards will fall, debts will default, and times will be hard. Those are the lessons of history.
But there’s more to this story than the simple accumulation of debt, even as serious as that is all by itself. We’ll explore more of the story later when we discuss the role of energy in supporting economic growth. For now, let’s just hold onto the idea that in order for the next 20 years to resemble the past 20 years, total debt will have to double and then double again. How likely does that seem to you?
1 Mathematicians and other scientists have a means of assessing how accurately an observed event conforms to, and therefore can be explained and even predicted by, a mathematical formula. For example, if you saw the number series 1, 2, 3, 4, 5, and 6, you would instinctively predict that the next number in the series would be 7. The way a mathematician would approach this would be to arrive at the number seven by converting the number series into a formula, y = × + 1, and then testing this formula against the number series using a statistical method that calculates the variance between observed and predicted results.
The term for this method is “goodness of fit,” which means just what it sounds like: How close of a fit was there between the measured variables and one’s formula? In this example, the formula perfectly matches the observed number series and because it does, it is said to have a perfect “fit,” which means it is assigned a value of “1.” An utter lack of “fit” would be assigned the value of “zero.” By convention, a perfect fit, as in our number example above, is said to have a value of 1.0, while a formula with a no descriptive or predictive power at all would have a “fit” of zero. In my science days investigating messy, real-world biological systems, a fit of 0.80 or better was a very good fit, meaning that a real and predictable (and therefore understandable) process was being studied and the scientists involved would get excited like hounds on a strong scent. But a “fit” of 0.90 or better? Practically unheard of for the systems I studied. Experimental noise and biological complexity conspired against such robust readings.
Now let’s imagine another system designed and run by biological creatures with enormous, nonlinear complexity built into it, which we seek to similarly describe and understand by “fitting” it with a mathematical formula. I’m speaking of a system composed of millions of moving parts arising from billions of individual decisions and totaling in the trillions of dollars. The entire system is in constant flux, with many of the parts interacting with each other in a delicate, chaotic symphony of positive and negative feedback loops. From a ground-up perspective, such a massive and complicated bit of machinery would seem to defy easy characterization and offer slim hopes for getting a good “fit.” The system I am speaking of is the entire, massive, complex credit market of the United States (although other countries would work equally well in this example), which is composed of every manner of type of debt you can imagine, spanning multiple decades with wars, recessions, booms, and bubbles interspersed along the way. Mortgages, derivatives, federal debt, auto loans, municipal debt, student loans, and dozens of other types of debt are all mashed into one, gigantic market. What’s your prediction for how well we can describe the growth in this market over the past 50 years? How good will our “fit” be? Will it be a horrid 0.50 or less, a respectable 0.65, or perhaps something higher? The answer surprised me enormously when I performed the test; our total credit markets are described by an exponential function with a “fit” of 0.9937 (!!). That’s as close to perfect as you can get without actually being perfect. It is powerful evidence that our credit markets operate exponentially.
2 Overnight money is also known as the Federal Funds Rate. When you read about the Federal Reserve raising or lowering the interest rate, it is this rate to which they are referring.
CHAPTER 12
Like a Moth to Flame
Our Destructive Tendency to Print
The twenty-teens will be marked by the collapse of sovereign debt. When the Great Credit Bubble first began to lurch about unsteadily in 2008 as the consumer withdrew, most governments of developed nations predictably turned to Keynesian stimulus to try and keep the bubble going. What this means is that they racked up enormous and unprecedented levels of debt trying to stabilize the situation, and this debt will someday need to be paid back.
History is quite clear on the subject: Whenever governments or countries have found themselves saturated with too much debt totaling more than could possibly be paid back out of their productive economy, they’ve nearly always resorted to money printing. As mentioned earlier, in times past this meant physically debasing the coinage of the realm by reducing the purity of the silver or gold in the coins, or by making the coins smaller, or both.
Moths
In the fourth century bc, Dionysius of Syracuse became the first recorded ruler to debase his currency in order to pay down his accumulated debt. In the more recent past, this has meant running actual, physical printing presses and churning out wheelbarrow loads of paper cash, as Germany did in the 1920s and Zimbabwe did in the 2000s.
Today “money printing” means using computers to generate electronic entries denoting money. The difference between then and now is that today’s debasements are virtually instantaneous and are not as easily observed by the common person. Where it took several decades for the Roman Empire to debase its coinage (contributing to its downfall), it only took Germany about five years to accomplish the same task in the 1920s using paper printing presses. Today it’s possible to create unlimited quantities of money almost instantly with just a few strokes on a keyboard.
Despite these “advances,” the core of the matter has not changed one bit over the centuries. In all instances, additional money is created without the benefit of anything else being produced. Once we understand that money is a claim on wealth, but not wealth itself, it becomes obvious why simply printing more of it neither creates wealth nor corrects the problem of having previously consumed more than one has produced. Money is not wealth; therefore printing it does not create wealth or solve the problems of the past that arose due to printing too much money.
The purpose of this chapter isn’t to present an exhaustive recounting of economic history, although there are many fascinating tales to be told, but to help us assess what the future might hold. In order to mitigate our economic risks, we have to know what they are. Which path or outcome is most likely? Will we head down a path of inflation or deflation? Should I hold cash, gold, land, stocks, bonds, or something else?
Flames
Recall from Chapter 10 (Debt) that there are only three ways for a government to get rid of its debt:
1. Pay it off.
2. Default on it.
3. Print money.
If we put ourselves in the shoes of the leaders who choose money printing, it’s easy to understand why that option is nearly always selected over the other two, both of which are dreary and difficult options.
Because debt is a claim on the productive output of a country, the first option, paying off the debt, is deeply painful because it bleeds off economic growth and directs the nation’s productive output into the hands of creditors. In practical terms, “paying off debt” means that the government has to tax its citizens so that it can hand that money over to the debt holders. It means higher unemployment, fewer goods and services, and therefore a restive and unhappy citizenry. Throughout all of history, raising taxes has always been a deeply unpopular move, but even more so if the collected taxes are siphoned away and don’t result in any additional benefit to the citizens in the form of an obvious expansion of government services or perhaps a redistribution of wealth within that government’s borders.
There are, however, precious few historical examples of governments choosing this option. After the Napoleonic wars, England found itself deeply in debt and chose to put itself through a crushing round of deflation, opting not to default or inflate away its debt. Despite hitting a record of 260 percent debt-to-GDP, England managed to pay its debt down to a quite manageable level of less than 50 percent of GDP by the turn of the twentieth century. However, several conditions were in place that allowed this course of action to be chosen.
First, most of the debt was internally financed, as the ruling class, who were well represented in Parliament, held most of it. As they put the rest of the country through a serious deflationary event, the value of their own bonds surged in relative value. In essence, they voted to give themselves a rather large transfer of wealth, which was a strong motivator. Second, the English economy was just entering the Industrial Revolution, one of the most explosive periods of economic growth and wealth creation in history. Large debts can sometimes be serviced through the miracle of rapid economic growth, and that proved true in this case. Third, most of the debt was accumulated in the form of war expenditures, which were easily and rapidly curtailed once the hostilities were over. In other words, the debt wasn’t due to structural deficits, as is the case for many developed nations today that face daunting pension and entitlement expenditures in which the ongoing demands are quite different from those of a war that ends.
The second option, default, is a horrible political option for two reasons. First, defaulting on the external portion of a country’s debt is a sure way to render that country an international pariah. Nobody will trade with it, except on a cash-only basis, which is very difficult to do if your currency is collapsing (a typical consequence of a debt default). The economy of the country will suffer through the loss of needed goods, and the citizens will be deeply unhappy.
For example, imagine what would happen to the United States, which imports two-thirds of its daily petroleum needs, if it defaulted on its external debt. If even a few of its exporters decided they would no longer accept U.S. dollars in exchange for their oil, the dollar would quite rapidly lose its international value, oil priced in U.S. dollars would spike enormously, and the U.S. economy would be immediately and quite possibly permanently damaged. This means that “external default” wouldn’t generally be a viable strategy even if the political will for this option did happen to exist.
To the extent that debt can be defaulted upon internally, it’s also typically an unworkable option because the holders of that debt, as we saw in the England example above, are almost invariably wealthy and well-connected individuals with excellent opportunities to influence the decisions of government. Very rarely do people vote to impose massive losses on themselves, so internal defaults are also extremely rare.
This leaves the third option, money printing (or its electronic equivalent), as the most viable of the three options and explains why it’s almost always the preferred choice. The irony here is that it’s also the most dangerous path to take, but because its destructive effects are lodged in the future somewhere, it pushes the day of reckoning to a later time (when it could very well be somebody else’s problem anyway) and even offers a sliver of hope, however false. Hey, it just might work this time! This time might be different!
Alan Greenspan made a number of crucial errors during his tenure as chairman of the Federal Reserve, but before he held that position, he wrote this remarkably lucid and correct assessment of gold and its role in helping to shield people from the effects of governmental money printing (written in 1966, when he was managing the consulting firm Townsend-Greenspan & Co. in New York).
In the absence of the gold standard, there is no way to protect savings from confiscation through inflation. There is no safe store of value. If there were, the government would have to make its holding illegal, as was done in the case of gold. If everyone decided, for example, to convert all his bank deposits to silver or copper or any other good, and thereafter declined to accept checks as payment for goods, bank deposits would lose their purchasing power and government-created bank credit would be worthless as a claim on goods. The financial policy of the welfare state requires that there be no way for the owners of wealth to protect themselves. This is the shabby secret of the welfare statists’ tirades against gold. Deficit spending is simply a scheme for the confiscation of wealth. Gold stands in the way of this insidious process. It stands as a protector of property rights. If one grasps this, one has no difficulty in understanding the statists’ antagonism toward the gold standard.1
Inflation has the effect of reducing the real value of public debts; it makes them smaller by making the money in which they’re denominated worth less. Inflating debt away represents a stealthy form of default, but one which avoids a declaration of a formal breach of contract. Of course, to inflate away debt, the government must have control of the printing press, something impossible in the individual Eurozone countries that are united under the single currency of the euro.
Historically, defaulting nations have typically either been the financially weaker developing countries or nations that have proven to be credit risks in the past. Between 1800 and 2008, there have been 250 cases of external bond defaults and only 68 cases of internal default.2 So defaults have happened in the past, but in today’s globalized economy, food and energy security often lie outside a nation’s borders, greatly complicating the situation.
Today there are a number of countries that could not possibly support their populations without a steady supply of imports, which changes the dynamic considerably. For these reasons and a number of others, the safest bet is on printing, with defaults and “paying it back” taking (very) distant second and third positions, respectively.
To draw once again from Rogoff and Reinhart’s remarkable 800-year romp through history, we can observe periodic episodes of sovereign defaults against an almost constant backdrop of inflation. What is stunning is that every country in both Asia and Europe experienced an extended period of history with inflation over 20 percent between the years 1500 and 1800, and most experienced a significant number of years with inflation over 40 percent. However, deflations tended to follow each inflationary episode, so after all the ups and downs, prices tended to center around the same levels over the centuries.
In the period from 1800 to 2006, Rogoff and Reinhart note that inflation was ever more frequent and attained higher levels, thanks to the ease offered by modern printing presses. Prior to 1900, their data shows that the world cycled between inflation and deflation on very short cycles of around 10 years, again keeping price levels roughly in check around a median value. But since the last deflationary episode in the 1930s, the world spent the next 80 years in one long, sustained inflationary episode, with no downdrafts to moderate prices.
It is also true that since the 1930s, oil has yielded nearly all of its energy bonanza to humanity, and only in 1971 did fiat money lose its final tether to the firmament of earth when President Nixon cut the dollar’s tie to gold.1 These aren’t unrelated events. The particular style of debt-based money on which we operate requires the very sort of continuous expansion that petroleum offers, while spending massively beyond one’s means requires that no physical, tangible anchor exist to limit the spree. This means that this time it really is different, because the story now involves so much more than a relatively simple case of too much debt being held by a single country. This time the entire globe is involved and there are critical resource issues involved. Most of the world is now chained to and operating on a debt-based monetary system that requires perpetual exponential growth to operate. But that’s the big-picture conclusion; for now it serves our purposes to simply note that the safest bet is to predict that monetary printing, or its modern equivalent, lies in our collective future.
Quantitative Easing
The prediction I began making in 2004 was that we’d enter a period of profound money printing by the Fed in order to try and “fix” things. Given the fact that the Federal Reserve and other central banks in Europe and Japan began an aggressive monetary printing program in 2008 that has continued through the time of this writing (2010), this “prediction” is now an observation. The printing has already started in earnest. These money-printing programs go by the fancy name of quantitative easing (QE), which simply refers to creating money out of thin air and then using it to buy various forms of debt, both governmental and nongovernmental. Between 2008 and 2010, the Fed’s balance sheet expanded from $800 billion to just over $2,250 billion, all of which represents money created out of thin air for the purpose of monetizing existing debt (Figure 12.1).
Figure 12.1 The Federal Reserve Balance Sheet
The slow and careful accumulation of assets (debts) turned sharply upward at the start of the credit crisis in 2008.
Source: Cleveland Federal Reserve.
How does this practice differ from the historical practice of clipping coins or printing money directly? Essentially, it doesn’t, except under the theory that the Federal Reserve can reverse the transactions as rapidly as they entered them, thereby unwinding them and hopefully “sterilizing” the inflationary impacts when they begin to surface. In theory, the kings that clipped their coins could also have recalled them all, melted them down, and reminted larger versions, but that never happened, so history suggests that the expansion of the Fed balance sheet will be permanent.
In reality, putting money into the system is far easier than taking it back out. When the Fed puts the money into the system, an institution delivers a (possibly flawed) debt instrument to the Fed and receives a large pile of cash in return. Reversing this process requires that an institution have a large and ready pile of cash on hand to give to the Fed in exchange for the (possibly flawed) debt. Cash is rarely left piled up at financial institutions; it is generally put to work quite rapidly when it’s received, so raising cash usually requires selling other things elsewhere. For this reason, putting cash out into the marketplace is a lot easier for the Fed than reeling it back in. If they don’t (or can’t) reverse these monetary injections, then there’s an incredibly high chance of destructive inflation emerging at some point in the future.
The point of raising the issue of QE here is simply to illustrate that money printing isn’t some future event for which we need to maintain some level of vigilance. It’s already happening. As Rogoff and Reinhardt have shown, printing is the first refuge of cornered officials, and those serving today have proven to be no different from those in the past. History may not necessarily repeat, but it does often rhyme.
This means that we can expect large quantities of money to be printed in an effort to forestall the inevitable pain of past decisions—decisions that revolved around not only taking on too much debt, but fashioning the bulk of our economy around its perpetual expansion. It means that if there are other structural reasons for why the economy is not growing as expected or intended, such as resource limitations, we can expect the Fed to deal with that predicament by applying the same ‘solution’ they’ve always used in the past: money printing. When all you have is a hammer, everything looks like a nail.
I want you to hold that idea in the back of your mind until we get to Chapter 15 (Energy and the Economy), where we’ll assess whether there are any additional dark spots on the horizon to further cloud up the story of endless economic growth.
1 On August 15, 1971, President Richard Nixon “slammed the gold window,” ending the Bretton Woods I agreement, which allowed foreign countries to convert their paper dollar holdings into U.S.-held gold at the fixed price of $35 per ounce. From that moment on, foreign exchange rates lost their anchor to gold and “floated” freely on the international market.
CHAPTER 13
Fuzzy Numbers
What if it’s true, as author Kevin Phillips states, that “[e]ver since the 1960s, Washington has gulled its citizens and creditors by debasing official statistics, the vital instruments with which the vigor and muscle of the American economy are measured.”1 What if it turns out that our individual, corporate, and government decision making was based on deeply misleading, if not provably false, data?
That’s what we’re going to examine here, uncovering the ways that inflation and Gross Domestic Product, or GDP, are measured, or as we might say, mismeasured.
Inflation is an active policy goal of the Federal Reserve,2 and for good reason: Too little inflation, and our current banking system risks failure; too much and the majority of people noticeably lose their savings, which makes them angry and politically restive. So keeping inflation at a “Goldilocks” temperature—not too hot and not too cold—is the name of the game.
Inflation results from a mixture of two components. The first is simple pressure on prices due to too much money floating around. If goods and services remain constant but circulating money rises, inflation will result. The second component lies with people’s expectations of future inflation. If people expect prices to rise, they tend to spend their money now, while the getting is still good, and this serves to fuel further inflation in a self-reinforcing manner. The faster people spend, the more they expect inflation to rise, and the more inflation does rise. Zimbabwe was a textbook-perfect example of this dynamic in play during the years 2001 to 2008, when inflation nudged over 100 percent on its way to a peak of more than 230 million percent.3 On the other hand, if expectations are that inflation will be tame, they’re said to be “well-anchored.”
Accordingly, official inflation policy has two components. The first is goosing the money supply to just the right level to achieve the desired amount of inflation, and the second is anchoring your expectations to help keep inflation in check. Assuming both components can be controlled, how exactly is “anchoring” accomplished? You might be surprised at the answer. Over time, the management of your inflation expectations has evolved into little more than reporting inflation to be lower than it actually is.
The details of how this is done are somewhat complicated, but they’re worthy of your attention because trusting bad data can be hazardous to your wealth. Before we begin, I’d like to be clear on one point: The tricks and subversions that we’ll examine did not arise with any particular administration or political party. Rather, they arose incrementally during each administration from the 1960s onward. If I point fingers, I’ll be pointing at actions, not ideologies. There are plenty of examples that were implemented by both of the major U.S. political parties, and there’s absolutely no partisan slant to this game.
Administrative Bias
Under President Kennedy, who disliked high unemployment numbers, a new classification was developed that scrubbed so-called discouraged workers from the statistics, which had the effect of causing headline-data unemployment figures to drop. Discouraged workers, defined as people who desire to work but aren’t currently looking due to poor employment prospects, weren’t counted; the unemployment numbers that we reported to ourselves went down, and Kennedy was reported to be pleased with the outcome. Of course, the exact same number of people were unemployed both before and after this statistical revision, but the number went down, so things looked better. No president since has seen fit to discontinue this practice, so “discouraged workers” are still dropped from the counted rolls.
President Johnson created the “unified budget” accounting fiction that we currently enjoy, which rolls Social Security surpluses into the general budget, where they are spent just like ordinary revenue. Even though the surplus Social Security funds have been spent and thus represent a debt of the U.S. government, budget deficits are reported after taking into account the positive impact of the “donated” Social Security money (which reduces the cash deficit) but not the future negative impact of this borrowing. In this sense, the federal budget deficits that you read about are fiction.
President Nixon bequeathed us the so-called core inflation measure, which strips out food and fuel, to create a measure of inflation “ex food and fuel,” which financial commentator Barry Ritholtz says is “like reporting inflation ex-inflation.” For the rest of us, it’s very strange to think about inflation as consisting of the prices of our essential daily needs minus the eating, driving, and heating parts.
By adopting the Boskin Commission recommendation on inflation, President Clinton bestowed upon us the labyrinthine statistical morass that’s now our official method of inflation measurement, which we’ll discuss in detail below.
These are just some examples of a pathological instinct to buff the numbers into a rosier hue that has been a feature of every presidential administration since Kennedy. At every presidential turn, a new way of measuring and reporting was derived that invariably made things seem a bit better than they actually were. I know of no examples where a new economic measure was adopted that served to make things seem a bit drearier or worse off. The process of debasing our official statistics has always been strongly biased. Economic activity was always adjusted higher, inflation was statistically tormented downwards, and jobs were made to seem more plentiful than they actually were.
Unfortunately, the cumulative impact of all this data manipulation is that our measurements no longer match reality. In effect, we’re telling ourselves lies, and these untruths serve to distort our decisions and jeopardize our economic future. A few economic fibs during the good years seemed harmless enough, and they probably were. However, with the current and emerging economic difficulties, we will find them to be as severe a liability as defective cockpit instruments would be to a pilot navigating a gap through the Rockies.
Next let’s discuss in detail the way the most important indicators that we rely on for understanding our economic picture are adjusted, measure-by-measure.
Inflation
We’ll begin with inflation, which is reported to us by the Bureau of Labor Statistics (BLS), in the form of the Consumer Price Index (CPI). If you were to measure inflation, you’d probably track the cost of a basket of goods from one year to the next, subtract the two, and measure the difference. If you did, your method would, in fact, mirror the way inflation was officially measured right on up through the early 1980s. It’s a perfectly logical, defensible, and sensible method.
But in 1996, Clinton implemented the Boskin Commission findings, which championed the use of three new statistical tools—substitution, weighting, and hedonics—that are applied to measured prices after they’re collected but before they’re reported.
The cost of goods and services are no longer simply measured and reported from one year to the next, now that we have adopted the use of the “substitution effect.” Thanks to the Boskin commission, our measurements now assume that when the price of something rises, people will switch to something cheaper. So any time the price of something goes up too rapidly, it’s removed from the basket of goods and a cheaper item is substituted. For example, if rib-eye steaks go up too much in price, they’ll be removed from the basket and replaced (“substituted”) with, say, sirloin steak (or whatever form of steak is the cheapest).
To illustrate the impacts of these statistical tricks, let’s imagine that our goal is to accurately assess whether a group of 20 of our former high school classmates have gained weight (in other words, inflated) or lost weight since high school. Following current government statistical conventions in our experiment, we’d first weigh all 20 subjects and choose the 10 showing the least weight gain, and then we’d extrapolate those findings to the entire group regardless of the greater weight gain shown by the 10 that we did not include. We’d substitute the lowest weight gainers for the highest weight gainers under the theory that people should try to lose weight and should succeed if they try, never mind that this might not have been their goal, just like shoppers who “should” be frugally substituting their favorite foods for cheaper ones regardless of what they actually end up buying.
Using this methodology, the BLS reported that food costs rose 4.9 percent in 2007.4 However, according to the Farm Bureau, which doesn’t employ these tricks and simply tracks the same shopping basket of the exact same 30 goods from one year to the next, food prices rose 9.2 percent over the past year.5 That spread of 5.1 percent makes a huge difference. Recall from the “Rule of 70” in Chapter 5 (Dangerous Exponentials) that a 5 percent rate of growth will result in a complete doubling in just 14 years. What this means is that even smallish-seeming underreporting of inflation will result in big differences over time. One critique of using substitution as a method is that our measure of inflation is no longer measures the cost of living, but rather the cost of survival.
The next statistical method, weighting, has the effect of reducing the amount of those goods and services that are rising most rapidly in price, under the assumption that people will use less of those things as prices rise. This is the least defensible of all the statistical tricks, because over time it has deviated widely from reality. For example, the Bureau of Economic Analysis (BEA) reports that health care represents about 17 percent of our total economy, but the BLS only weights it as 6 percent of the CPI. In our high school weight gain example, this would be like only including a fraction of the weight of those who had gained the most, which serves to overcount those who had gained the least or perhaps even lost weight.
Because health care costs have been rising extremely rapidly, reducing health care weighting has had a dramatic reduction in reported inflation. In 2008, if health care had been weighted at a level that matched its true economic proportion, CPI would have been several percentage points higher. CPI weighting leads to undercounting inflation.
Next comes the most outlandish adjustment of them all, one which goes by the name “hedonics,” a name whose Greek roots translate to “for the pleasure of.” This adjustment is supposed to account for quality improvements, especially those that lead to greater enjoyment or utility of a product, which makes some sense, but which has been badly overused.
Here’s an example: Tim LaFleur is a commodity specialist for televisions at the Bureau of Labor Statistics (BLS) where the CPI is calculated. In 2004 he noted that a 27-inch television priced at $329.99 was selling for the same amount as last year but was now equipped with a digital tuner.6 After taking this subjective improvement into account, he adjusted the price of the TV downwards by $135, concluding that the benefit derived from the tuner improvement was the same as if the price of the TV had fallen by 29 percent. The price reflected in the CPI was not the actual retail store cost of $329.99, which is what it would actually cost you to buy the TV, but $195. Bingo! Based on that adjustment, the BLS concluded that televisions cost a lot less than they used to, and in response, inflation was reported to have gone down. However, at the store you’d discover that these same televisions were still selling for $329.99, not $195.
Another complaint about hedonics is that they’re a one-way trip. If I get a new phone this year and it has some new buttons, the BLS will declare that the price has dropped because of all the additional enjoyment I will receive from using the features attached to those buttons. But if my new phone only lasts 8 months before ceasing to work, instead of lasting 30 years like an old rotary phone, no adjustment will be made for that loss of service life (or the hassle of having to drop everything to go and get a new phone). In short, hedonics rests on the improbable assumption that new features are always beneficial and that these features can be thought of as synonymous with falling prices. I’m not entirely against the practice—I really like the many ways my car is not like a Ford Pinto—but the use of hedonics can easily be overdone, and that’s my estimation of the present situation.
Over the years, the BLS has expanded the use of hedonic adjustments and now applies these adjustments to everything: DVDs, automobiles, washers, dryers, refrigerators, and even college textbooks. Hedonics now adjusts as much as 46 percent of the total CPI, and if recent plans to apply hedonics to health care are approved, this percentage will jump to well over half.
What would happen if you were to strip out all the fuzzy statistical manipulations and calculate inflation the way we used to do it? Luckily, John Williams of shadowstats.com has done exactly that, painstakingly following these statistical modifications over time and reversing their effects.7 If inflation were calculated today the exact same way that it was in the early 1980s, Mr. Williams has determined that it would be roughly 8 percentage points higher than currently reported, which is an enormous difference.
The higher inflation readings offered by Mr. Williams comport better with the economic news than do the (much) lower government readings. They fit better with the observation that most people have had to borrow more and were able to save less over time—because their real income was actually a lot lower than reported. It explains why the elderly on fixed incomes have been having a harder and harder time making ends meet. A higher rate of inflation is consistent with weak labor markets and growing levels of debt, two stubborn features of the current economic landscape. This higher rate of inflation matches up well with the observed rates of monetary growth throughout the 1990s and early 2000s. So many things that were difficult to explain under the low-inflation readings offered by the government suddenly make sense when we adopt a higher rate of inflation into our mental framework. We can either conclude that we are misperceiving all of those other things, or conclude that the inflation reading is the skewed statistic.
The social cost to this self-deception is enormous. For starters, if inflation were calculated the way it used to be, Social Security payments, whose cost of living adjustment (COLA) increases are based on the CPI, would be 70 percent higher than they currently are.8
Because Medicare increases are also tied to the woefully understated CPI, hospitals are receiving lower Medicare reimbursements than they otherwise would and are increasingly unable to balance their budgets, forcing many communities to choose between closing their hospitals and cutting off service to Medicare recipients. A little harmless fibbing and self-deception is one thing; losing your only community hospital is quite another. These are a few of the grave impacts in our daily lives that result from living with a statistically tortured CPI.
But aside from paying out less in entitlement checks, politicians gain in another very important way by understating inflation.
Gross Domestic Product (GDP)
Gross domestic product (GDP) is how we tell ourselves that our economy is either doing well or doing poorly. In theory, the GDP is the sum total of all value-added transactions within our country in any given year. Just like the CPI (inflation measure), the GDP measure has been so twisted and tweaked by government statisticians that it no longer tells a recognizable version of the truth. As before, there was no sudden, secret adjustment where GDP slipped off the rails; it has been stealthily and systematically debased under every presidential administration since the 1960s, like an old house with a thriving termite colony.
Here is an example of just how far from reality GDP has strayed: The reported GDP amount for 2003 was $11 trillion, implying that $11 trillion of money-based, value-added economic transactions occurred. But that did not actually happen. To begin with, that $11 trillion included $1.6 trillion of so-called imputation adjustments, where economic value was assumed (“imputed”) to have been created, but where no cash transactions had actually taken place. Despite the fact that there was no trade and nothing changed hands, a value was still assigned to these assumptions and reported as part of the GDP.
The largest imputation represents something called “owner’s equivalent rent,” which assigns a value to the benefit that homeowners receive by not having to pay themselves rent. If you own your house free and clear, the government calculates “the amount of money owner occupants would have spent had they been renting.”9 It’s not a trivial amount; it totaled $1.225 trillion in 2009.10
Another is the benefit that you receive from the “free checking” provided by your bank, which is imputed to have a value because if it wasn’t free, then, as the logic goes, you’d have to pay for it. So a value is assigned to all the free checking in the land, and that, too, is added to the tally. Together, all of the imputations added up to $2.27 trillion dollars in 2009, out of a total reported national income of $13.94 trillion dollars, or 16 percent of the total.11
Next, like the CPI, the GDP also has many elements that are hedonically adjusted. For instance, computers are hedonically adjusted to account for the prospect that faster and more feature-rich computers must be worth more to our economic output than prior models.
So if a computer costing $1,000 was sold, it would be recorded as contributing more than a thousand dollars to the GDP to account for the fact that it’s faster and more technologically advanced than the thousand-dollar model that was sold last year. Of course, that extra money is fictitious; it never traded hands and doesn’t actually exist. This is similar to a toilet paper manufacturer reporting higher revenues because its product was softer and fluffier this year, even though the same number of units was sold last year at the same price.
Admittedly, there are perfectly valid justifications for trying to adjust for the role of quality when measuring price changes. For example, if we were to compare a 1972 Ford Pinto, with its thin-walled gasoline tank and 8-track player, to a 2010 Camry with anti-lock brakes, CD sound system, driver and passenger airbags, and vastly improved drive train, and we were to find that the Camry had a higher market value than the Pinto, it would be unfair to attribute that price difference solely to inflation.12 I feel it’s quite a stretch to then claim that an improvement in quality is the same thing as having sold more of that item, which is what the GDP purports to measure.
Interestingly, for the purposes of inflation measurements, hedonic adjustments are used to reduce the apparent price of computers, but for GDP calculations, hedonic adjustments are used to boost their apparent cash contribution to the nation’s economy. Using the magic of hedonics, government statisticians are able to simultaneously claim that computers cost less but are worth more—depending on whether the measurement is being applied to the CPI or the GDP, respectively.
So what were the total hedonic adjustments in 2003? An additional $2.3 trillion dollars.13 Taken together, these mean that $3.9 trillion or fully 35 percent of 2003’s reported GDP wasn’t based on transactions that you could witness, record, or touch. They were guessed at, modeled, and/or imputed, but they did not show up in any bank accounts because no cash ever changed hands and no product was produced. These adjustments have served to vastly inflate the GDP and overstate the true economic health of the United States.
As an aside, when you read about how the United States’ “debt-to-GDP ratio is still quite low” or “income taxes as a percentage of GDP are at historically low levels,” it’s important to recall that because GDP is artificially inflated, any ratio where GDP is the denominator, such as debt-to-GDP and taxes-to-GDP, will be artificially low.
Inflation and GDP
Now let’s tie inflation into the GDP story. The GDP that you read about is always inflation-adjusted and reported after inflation is subtracted out. This is called “real” GDP, while the preinflation-adjusted number is called “nominal” GDP. Measuring the real output is an important thing to do, because GDP is supposed to measure real output, not inflation.
For example, if an entire economy consisted of producing nothing but lava lamps, with only one lamp being produced in one year and one of them the next year, we’d want to record the GDP growth rate as zero, because the output, or gross domestic product, was exactly the same in one year as the next. There was no growth in output; only one lava lamp was produced in each period.
However, if one lava lamp sold for $100 in the first year and one sold for $110 the next, we would accidentally record a 10 percent rate of growth in GDP if we didn’t back out the price increase. Remember, we’re trying to measure our gross domestic product, not inflated money flows (that would be a different measure). So in this example, in the second year, the real lava lamp economy has a value of $100, while the nominal lava lamp economy is worth $110. But we only care about the real economy, because what we’re trying to measure and report on is what was actually produced.
Now we’re in a position to appreciate a second powerful reason why DC politicians prefer a low-inflation reading. GDP is expressed in real terms, derived by subtracting inflation from the measured nominal quantities. In 3Q of 2007, reports indicated that the United States enjoyed a surprisingly strong 4.9 percent rate of GDP growth. At the time, there was a fair bit of rejoicing over this unexpectedly robust number. However, what we did not hear very much about was the fact that an astonishingly low inflation reading of only 1 percent was subtracted from the nominal GDP of 5.9 percent, giving us the final real result of 4.9 percent.
In order to accept the 4.9 percent figure, we have to first accept that the United States experienced only a 1 percent rate of inflation during a period when oil was shooting toward $100/barrel for the first time, medical insurance increases were measured in double digits, college tuition went up by high single digits, and food inflation was wracking the globe. What would have happened if a far more believable 3.5 percent rate of inflation had been used by the BEA? Reported GDP growth would have been a somewhat lackluster, if not entirely disappointing, 2.4 percent.
Lest you think that I’ve hand-picked an accidental, one-time statistical hiccup in the GDP reporting series, possibly due to significant one-time events that caused an unusually low 1 percent reading to occur, here’s a chart of the so-called GDP deflator (which is the specific measure of inflation that is subtracted from the nominal GDP to yield the reported real GDP).
As you can see in Figure 13.1, between 2004 and 2008 the clear trend has been for the Bureau of Economic Analysis to systematically subtract lower and lower amounts of inflation from nominal GDP, which doesn’t comport well at all with real-world inflation data over that period of time. Remember, each percent that inflation is understated equals a full percent that GDP is overstated.
Figure 13.1 GDP Deflator
Steadily declining over time.
Source: Bureau of Economic Analysis.
I invite you to keep this in mind when you next read about how “our robust economy is still expanding,” or is “in recovery,” or any other pronouncement about the strength of the economy that relies upon the GDP as its yardstick. That measuring tool is no longer giving accurate or useful readings, due to the effects of imputations, hedonics, and deceptively low inflation readings.
In 2007, I began to trust my own assessment that the United States was experiencing higher inflation than reported, while checking my findings against those of John Williams. Because of the need to subtract this higher rate from the GDP, I started investing and interpreting the news as if we were in a period of solid recession, not respectable growth. Suddenly a lot of things that had previously been difficult for me to understand began to make perfect sense. Contracting businesses, rising foreclosures, job losses, rising budget deficits, falling tax revenues, declining auto sales—all of these were consistent with recession, not expansion. All of these warning signs were in plain view in 2007, long before a recession was officially recognized. Those trying to make sense of these economic events by viewing them through the government’s rose-tinted statistics were more likely to be confused than helped. Those in a position to appreciate how the game was rigged and then trust themselves to act wisely were able to navigate this period more successfully. When navigating uneven terrain, it helps tremendously if your instruments are reliable.
And All the Rest
Statistical wizardry similar to that which we’ve explored here for GDP and the CPI is also performed on income, unemployment figures, house prices, budget deficits, and virtually every other government-supplied economic statistic that you can think of. Each is saddled with a long list of lopsided imperfections that inevitably paint a rosier picture than is warranted. Taken all together, I call the economic stories that we’re handed by government statisticians “Fuzzy Numbers.” To quote Kevin Phillips again: “. . . our nation may truly regret losing sight of history, risk and common sense.”14
CHAPTER 14
Starting the Race with Our Shoes Tied Together
In the spring of 2001, while returning from a trip to Europe, I was in the back of a taxi heading home from JFK airport outside of New York City on an important phone call, trying to negotiate a contract with a new client. “What?” I asked, “I couldn’t make that out . . .” as my phone connection went fuzzy. Just then, the taxi hit an enormous pothole, its third in as many minutes, and I lost the phone connection. Physics tells me these were unrelated events, but they felt connected. Redialing, embarrassed, and apologizing for the lost connection, I was struck by the thought that I had not had a single dropped call while in Europe, not when traveling through the 26-mile long Chunnel on a train beneath hundreds of feet of rock and water, not even in elevators. While stewing over the lost phone call and the rough ride from the airport, it struck me just how shabby and decrepit much of the U.S. physical infrastructure had become. As I recall, the business deal turned out okay, but instances such as these surrounded some of my first budding doubts about the health of our country.
In a 2005 report, the American Society of Civil Engineers assessed the condition of 12 categories of infrastructure, including bridges, roadways, drinking water systems, and wastewater treatment plants. They gave the United States an overall grade of “D” and calculated that $1.6 trillion would be needed over the next five years to bring the United States back up to First World standards.1 At the time of this writing in 2010, almost none of these investments have happened. Because inflation has advanced since then and more deterioration has occurred, the bill has certainly grown. “Clean, modern, and efficient” no longer describes the United States in 2010; those days have passed. The United States can get there again, but it will take an enormous fiscal commitment to enjoy First World infrastructure once again.
Choices matter, and the United States has repetitively chosen to defer maintenance and upgrades on essential economic infrastructure until some future date. There’s a long story there, but for now, we can simply note that one of the many demands on the United States’ limited pool of future funds will be the required investment in, and repair of, its physical infrastructure.
A National Failure to Save
Even if the United States were about to embark on another 1990s-style economic boom on a par with the Internet revolution, it would still face structural headwinds that will place enormous demands on future funds. Unfortunately, no such savior technology is readily apparent at this time. Given the sheer number of economic currents and other financial demands that lurk in the near future, it would be ideal if the United States were entering the twenty-teens with high levels of rainy-day funds socked away. But this isn’t the case.
In 2007, it was reported that the personal savings rate had plunged to historic lows, levels last seen during the Great Depression when people were dipping into savings to buy food and pay the rent. This created the false impression that the modern savings rate was a result of a sudden crisis.2 In fact, the personal savings rate had been steadily declining since around 1985 (see Figure 14.1), indicating that this failure to save wasn’t just a recent notable blip on the economic radar, but rather the culmination of a multidecade process.
Figure 14.1 Personal Savings Rate from 1960 to 2010
The personal savings rate is the difference between income and expenditures for all U.S. citizens expressed as a percentage.
Source: Bureau of Economic Analysis.
Note that the long-term historical average for U.S. citizens between 1960 and 1985 was 9.2 percent. For comparison, in Europe in 2009 that number was just over 15 percent,3 and between 1978 and 2000 China’s national saving rate was a stunning 37 percent of its GNP.4
Savings are important to us individually because they form a cash cushion that can get us through economically difficult times. They are also important at the national level, because a nation that doesn’t save is a nation that steadily grows poorer. Savings contribute to investments in property, plant, and equipment that lead to the formation of future wealth.
However, Figure 14.1 somewhat obscures the fact that the extremely wealthy raked in most of the income gains during the 1990s and 2000s, which allowed them to save enormous amounts of money, while the lower socioeconomic brackets suffered income declines and posted savings rates that were deeply negative. It all averages out to one low rate of savings, but that’s like having one foot on hot coals and the other in a bucket of ice water and saying that, on average, your feet are at a comfortable temperature. One group saved a lot because they could, and the rest couldn’t save at all. Why is this important? Because, as the Greek philosopher Plutarch once observed, “An imbalance between rich and poor is the oldest and most fatal ailment of all republics.”5
One possible explanation for the declining savings rate is the rise in the use of credit seen over the same period of time. Where a savings account once provided a buffer to life’s vicissitudes, the idea now is that credit cards and home equity lines of credit (HELOCs) can perform that task without the bother of foregoing any of life’s pleasures while building up savings. In what qualifies as a case of cultural whiplash, in only 25 short years the United States entirely replaced a “save and spend” mentality with a “buy now, pay later” approach. Lending credence to this overall idea is the observation that the savings rate began its decline right around 1985, coinciding perfectly with our long, steady rise in debt accumulation. Savings and cash cushions were swapped for debt and credit lines.
Another type of saving exists in the form of pension and retirement funds. State and municipal pensions are in horrible shape, and in 2010 were found to be underfunded by $3 trillion and more than $500 billion, respectively.6 This happened for two reasons. First, various governmental administrations regularly made the decision to defer funding of these promises until some later date. This had the double effect of preserving more money for current spending while also keeping taxes down—two irresistible goals of any town, city, or state administration. Second, the plan administrators were allowed to make absurd projections of future rates of return, sometimes as high as 11 percent per year. These were clearly not achievable, yet the assumptions remained in place. The attractiveness of this practice is that the higher the assumed rate of return, the less money had to be placed into the account.
For example, if a town’s pension administrators knew that they’d need $100,000 in 10 years to pay off a pension obligation, their assumption of an 11 percent rate of return would only require them to place approximately $35,000 into the pension fund. If instead they assumed a much more modest and achievable return of 5 percent, which averages out the good years and the bad, they would be required to put roughly $61,000 into the fund, or 95 percent more. This is why plan administrators have often made wildly unrealistic assumptions about plan returns. Once again, the miracle of exponential growth has crept into a story, this time with seemingly minor assumptions about percentages compounding into very substantial predicaments, and once again exponentials are proving to be a substantial foe.
The problem with using such wrong assumptions is that instead of working for you, compounding works against you. Even a slight miss in returns a few years back will mushroom into a very large future shortfall. That’s just how compounding works, and that’s exactly where hundreds of underfunded pension plans now find themselves.
To illustrate how this will play out, consider the case of Vallejo, California, where mandatory pension payments, long-deferred but finally unavoidable, ate into the current budget too deeply to avoid cutting other current services. Faced with unmovable public employee unions, escalating pension costs, and a rapidly shrinking budget, the city was forced to declare bankruptcy in 2008.7 By 2010, the city had slashed its police force from 160 to 100, requested that its citizens use the 911 system as little as possible, and cut funding to youth groups, a senior center, and arts organizations. In other words, past promises have caught up with current spending. For the leaders of Vallejo, the future they hoped would never come has arrived. This critical tension between pension promises that were far too generous to ever be supported (even under a regime of healthy economic growth) and the need to direct municipal and state revenues to current services is sure to dominate the financial landscape of the twenty-teens.
What does it mean when we say that the state and municipal pensions are underfunded by a trillion dollars? How is that calculated? The trillion-dollar shortfall is what is called a Net Present Value (NPV) amount. An NPV calculation adds up all the cash inflows and offsets (or “nets”) those inflows against all the future cash outflows. Since a dollar today is worth more than a dollar in the future, the future cash flows have to be discounted and brought back to the present. We net all the cash inflows and costs, and discount them back to the present to determine if the thing we’re measuring has a positive or negative value.
This is the methodology used to calculate the status of state and municipal pension funds. Growth in the value of the pension fund assets plus future taxes are offset against cash outlays to pensioners, brought back to the present to indicate that in order for the pension funds to have zero value (in other words, to avoid having negative value or being “in the hole”), $1 trillion would have to be placed in those funds today.1 In 2008, corporations, coming off one of the highest levels of profitability in history, had similarly underfunded pension obligations amounting to over $400 billion (again, in NPV dollars).8
But it’s only when we get to the U.S. federal government entitlement programs that the truly scary numbers emerge. Lawrence Kotlikoff (a Boston University economics professor) has studied the issue as closely as anyone and calculated in 2010 that the U.S. federal obligations are underfunded by $202 trillion, or more than 8 times current GDP.9 He glumly concluded that the U.S. government has been effectively running a Ponzi scheme and that highly unfavorable math will severely crimp future prosperity:
And [the Ponzi scheme] will stop in a very nasty manner. The first possibility is massive benefit cuts visited on the baby boomers in retirement. The second is astronomical tax increases that leave the young with little incentive to work and save. And the third is the government simply printing vast quantities of money to cover its bills.
Most likely we will see a combination of all three responses with dramatic increases in poverty, tax, interest rates and consumer prices. This is an awful, downhill road to follow, but it’s the one we are on.10
Two things are perfectly clear: There will be less money to go around in the future, and standards of living will fall as a result.
In case you’re harboring the notion that there’s some money socked away in a special U.S. government account, like in some kind of lockbox, I regret to inform you that there’s no “trust fund.” All of the excess Social Security receipts collected over the years have already been spent. The “trust fund,” such as it is, consists of several three-ring binders, locked in a filing cabinet in an otherwise-unremarkable government building in Virginia, which are filled with slips of paper representing IOUs from the government to itself.
Some people are confused by the fact that these IOUs are known as “special Treasury bonds” that promise to pay the funds back when needed in the future, with interest. That certainly sounds official and trustworthy. But the problem is, it’s not possible for the government to owe itself money, especially money upon which it has promised to pay interest. It’s not possible for any entity to owe itself money; by definition there cannot be any value in a promissory note issued by an entity from itself to itself. It would be an accounting fiction to suggest otherwise, and in private industry this practice is considered fraud (e.g., Enron).
All government revenue either comes from taxpayers or from borrowing, so when the time comes to pay off those “special” bonds, those funds must either come from taxpayers or from additional borrowing. The funds won’t come “from the government”; they’ll come from taxes or additional indebtedness. Therefore the “special” bonds have no value beyond how much future taxpayers will have to pay due to their presence. They’re not an asset of the government; they’re a liability of its people. There is a big difference between the representation of the Social Security holdings as a “trust fund” versus a multitrillion-dollar future liability of taxpayers. It’s as vast as the difference between night and day.
Depending on whose numbers you use, the federal shortfall in (mainly) entitlement funding is anywhere from $53 trillion (U.S. Treasury, 2009) to $99 trillion (Federal Reserve, 2009) to $202 trillion (Kottlikoff, 2010). Even the lowest estimate is nearly four times the total GDP of the nation. There are no painless ways to close even that gap.
Summing It Up
Putting it all together, we find that a personal failure to save is coincident with a failure to save at the state and local levels, which is mirrored by a corporate failure to save. And all are dwarfed by a colossal failure to save at the federal government level. Adding to this predicament is a profound failure to invest in and maintain existing infrastructure. All of these deficits will exert demands upon our national wealth in the relatively near future, and this leads me to conclude that the next 20 years are going to be completely unlike the last 20 years.
Here are the deficits:
1. A savings rate near zero
2. State and municipal pension deficits of up to $3 trillion
3. Corporate pension deficits of $400 billion
4. Federal shortfalls of somewhere between $60 and $200 trillion
5. Needed infrastructure investments of $2 trillion (or more)
How did we get here? How did this happen? As a former consultant to Fortune 500 companies, I observed that if the leadership of a company was financially reckless or had a moral disregard for its workers, this same behavior could be found reflected throughout all the remaining layers of the company. The U.S. government became fiscally reckless beginning in the mid-1980s, failed to live within its means, borrowed more and more, and not only failed to properly fund the entitlement programs, but raided the funds and then excluded themselves from having to properly report this fact:
From the U.S. Code:
EXCLUSION OF SOCIAL SECURITY FROM ALL BUDGETS Pub. L. 101-508, title XIII, Sec. 13301(a), Nov. 5, 1990, 104 Stat. 1388-623, provided that: Notwithstanding any other provision of law, the receipts and disbursements of the Federal Old-Age and Survivors Insurance Trust Fund and the Federal Disability Insurance Trust Fund shall not be counted as new budget authority, outlays, receipts, or deficit or surplus for purposes of—(1) the budget of the United States Government as submitted by the President, (2) the congressional budget, or (3) the Balanced Budget and Emergency Deficit Control Act of 1985.
Coincident with this loss of fiscal prudence, corporations, municipalities, states, and individuals all took similar approaches toward saving and financial responsibility. Between 1985 and 2010, the United States experienced a profound cultural shift with respect to financial prudence that began at the top, filtered throughout the remaining layers of society, and now permeates our entire economic landscape.
This is our legacy—the economic and physical world that we are choosing to leave to those who follow us. Most of these bills will come due, in a big way, in the twenty-teens. Given the massive amounts of debt, low savings, demographic headwinds, and other economic challenges, we are entering the next 20 years with our economic shoes firmly laced together.
1 An important realization about NPV calculations is that by definition, all future cash flows have already been taken into account. This means that all expected streams of revenue have been offset against future expenses. Therefore, if a pension has a $1 trillion shortfall, we would need to place $1 trillion in the funds today toward future needs, and if we don’t do this next year, the shortfall will almost certainly grow. The only way it could be smaller is if benefits are reduced or the fund’s assets outperformed the assumed rate of growth that fed the original NPV calculation. That is, reality would have to be different than the initial assumptions. This happens all the time, but for a variety of reasons, initial assumptions have almost invariably turned out to have been overly optimistic, not pessimistic.
PART IV
Energy
CHAPTER 15
Energy and the Economy
Now that we have seen how our economy is based on perpetual exponential growth and reviewed the ever-accumulating series of debts and deficits with which we’ve saddled ourselves, we are ready to get to the heart of the matter: linking energy to the economy. This chapter is essential to appreciating why enormous economic changes are coming our way.
One of the many ways that classical economists go astray is by assuming that the economy exists in a vacuum, a complete little private universe that can be understood on its own, without considering “externalities” in the form of the resources that cycle in and the waste that must cycle out. The problem with this view is that the economy is absolutely not a complete little universe all its own. Quite the opposite; it’s like an organism, as dependent on its surroundings as a baby in a womb. Where economists assume that needed resources will magically arise because the marketplace demands them, a more holistic model would begin with the observation that the economy only exists because resources are available. The natural world isn’t a subset of the economy, it is the other way around—the economy is a subset of the natural world.
Recall from Chapter 9 (What Is Wealth?) that primary wealth leads to secondary wealth, which leads to tertiary wealth. Without primary wealth, nothing else exists. The only world in which conventional economics makes any sense is in a world without limits, one where no resource constraints exist. In the physical sciences, the difference between the two views would be described as the difference between an open system and a closed system.
A closed system is any defined set of space, matter, energy, or information that we care to draw a box around and study. The universe itself is a system, and within that largest of all systems, one can define any numbers of smaller systems. For example, our planet is a system, as is your body, your house, or a bathtub full of water. A closed system is a system having no interaction or communication with any other system—no energy, matter, or information flowing into or out of it. The universe itself is a closed system. There is no “outside” the universe, no other system beyond its boundaries that it can interact with.
The second type of system is an open system, with energy and matter flowing into and out of it. Such a system can use the energy and matter flowing through it to temporarily fight entropy and create order, structure, and patterns for a time. Our planet, for example, is an open system; it sits in the middle of a river of energy streaming out from the sun. This flow of energy enables the creation of large, complex molecules which in turn have enabled life, thus creating a biosphere that is teeming with order and complexity.
Closed systems always have a predictable end state. Although they might do unpredictable things along the way, they always, eventually, head toward maximum entropy equilibrium. Open systems are much more complicated. Sometimes they can be in a stable, equilibriumlike state, or they can exhibit very complex and unpredictable behavior patterns that are far from equilibrium—patterns such as exponential growth, radical collapse, or oscillations. As long as an open system has free energy, it may be impossible to predict its ultimate end state or whether it will ever reach an end state.1
The most important concept here is that order and complexity arise in any open system (such as our economy) if and only if energy is consumed. Let me restate this critical point: Order and complexity arise as a consequence of taking concentrated energy and reducing it to a less concentrated form, extracting useful work and generating heat along the way.
Our economy has been exponentially growing in complexity by leaps and bounds, as Beinhocker captures in this observation:
Retailers have a measure, known as stock keeping units (SKUs) that is used to count the number of types of products sold by their stores. For example, five types of blue jeans would be five SKUs. If one inventories all the types of products and services in the Yanomamö [stone age tribe] economy, that is, the different models of stone axes, the number and types of food, and so on, one would find that the total number of SKUs in the Yanomamö economy can probably be measured in the several hundreds, and at the most thousands. The number of SKUs in the New Yorker’s economy is not precisely known, but using a variety of data sources, I very roughly estimate that it is on the order of 10 to the 10th (in other words, tens of billions).
To summarize, 2.5 million years of economic history in brief: for a very, very, very long time not much happened; then all of a sudden, all hell broke loose. It took 99.4 percent of economic history to reach the wealth levels of the Yanomamö, 0.59 percent to double that level by 1750, and then just 0.01 percent for global wealth to leap to the levels of the modern world.2
The amount of economic complexity required to build, track, ship, and utilize tens of billions of items is enormous. We can only describe our economy as a complex system that, like any other, owes its complexity to the continuous throughput of energy.
The purpose of this section of the book is to explore the connection between the economy and energy, and then ask what will happen to our economy when (not if, but when) ever-increasing energy (oil) flows through the economy, then suddenly stalls, then goes in reverse. Because open systems can only increase their complexity and maintain their order through the use of energy, the simple prediction is that our economy’s growth in complexity will also stall at first and then go into reverse. The hard part is predicting what will happen and when, because one consistent feature of complex systems is that they are inherently unpredictable.
Even Sand Is Too Complicated
Even something as seemingly simple as predicting the behavior of a growing sand pile currently eludes our predictive abilities. Imagine dropping grain after grain of sand into a pile. It grows and grows, but at some point it will slump on one side or perhaps entirely collapse. Knowing when and how much seems as though it should be a straightforward task, but it’s not.
In Ubiquity: Why Catastrophes Happen by Mark Buchanan,3 a tale is recounted of three physicists, Per Bak, Chao Tang, and Kurt Weisenfeld, who set about trying to discover if they could predict when, where, and to what degree sand piles would avalanche. Using a computer model to speed things along, they ran an enormous number of simulations and discovered that nothing could be predicted at all. Not the size of the avalanche, which could range from a single grain tumbling down the face to the complete collapse of the whole pile, not the timing between events, and not whether the next grain would trigger either a cataclysm or nothing at all.
They discovered some important properties of systems that are poised on the knife edge of instability, but left the ability to predict the timing and size of catastrophic events to future scientists. For us, the important lesson learned from the sand pile experiments is that when it comes to the timing and the size of changes, complex systems are inherently unpredictable.
But this doesn’t mean they’re completely unpredictable. Knowing something of the “system of sand,” we can put some boundaries around what might and might not happen, and can therefore “predict” the future in the largest sense, even though its timing and precise details might elude us. We know that a growing sand pile will eventually collapse; we know that it cannot grow to be ten times taller than it is wide; we know that the higher and more complex the pile becomes, the more likely an avalanche becomes; we know that a sand pile is a complex system and will therefore behave in unpredictable ways. While we cannot predict exactly what will happen and when, we can understand the boundaries of the system and therefore know what is both possible and probable.
We know this from our everyday lives. We don’t know when, where, or how large the next earthquake in California will be, but we know that one will eventually happen. Because an earthquake in California is both possible and probable, local building codes seek to mitigate the risks by utilizing specific architectural designs and structural reinforcements. When we sit at the beach on any given day, we cannot possibly predict the form of every crashing wave and the shape of every turbulent eddy in the water’s retreat, but we can easily “predict” a range for the size of the waves that will wash in over the next hour. “Between 1 and 4 feet, but most likely 2,” we might guess based on the waves we’ve seen, and then we might let our children play in the surf, confident that an 18 foot wave won’t suddenly arrive and ruin the day.
Although events within complex systems are unpredictable in their timing and details, we can still (1) understand that they’ll happen, (2) know that when stresses are building the events become more likely (and larger), and (3) recognize the rough boundaries of the system.
The Master Resource
When oil first began to be used for industrial purposes at the turn of the last century, world population stood at 1.1 billion and sailing ships still plied the waters alongside coal steamers. Since then, world population has expanded more than 4 times, the world’s economy by more than 40 times, and energy use by more than 10 times.4
We’re all familiar with the massive benefits bestowed by this explosive liberation of human potential in the forms of technological and intellectual advances. In order to appreciate the delicacy of the continuation of this abundance, we need to understand the actual role of energy in forming our society. If we recall back to Chapter 6 (An Inconvenient Lie), I made the point that both growth and prosperity are dependent on surplus. In the case of economic growth and prosperity, nothing is more important than surplus energy.
Imagine two separate societies: One has barely enough food energy to survive, and the other is blessed with a vast surplus of food energy. Assuming that they possessed the same cultural proclivities toward inventiveness, we would find the society with the subsistence food supply to be very rudimentary and not terribly complex when compared to the better-bestowed society. It would be clear that the surplus energy in the food supply had been “funding” economic growth for the more well-endowed society.
So we might say that among all energy sources, food is the one that most commands our attention when it’s in short supply. By way of example, we could compare the state of complexity of societies before and after the agricultural revolution some 10,000 years ago. Before the agricultural revolution, humans lived in small nomadic tribes that subsisted by hunting and gathering. There were few job roles, and only small, hand-held artifacts from this period have been found and studied today. After the revolution, complex societies with multiple producing and nonproducing job specializations arose, building enduring works of architecture, art, music, law, and all the other trappings of societal complexity that are familiar to us today. These bold works and levels of complexity only became possible once there was a surplus of food to “fund” specialized roles and activities.
Before agriculture, human society was limited in its complexity by the amount of food that could be gathered and crudely stored, which represented a very limited energy budget. After this agricultural revolution, enormous leaps in complexity were powered by the ability of farmers to create an excess of food calories that effectively freed up other people for other pursuits. But what unleashed the “third epoch”—the exponential explosion in complexity—that began some 150 ago and continues today? It was energy, of course, but it wasn’t food energy. It was ancient sunlight.5
Instead of waiting for the rather diffuse and comparatively parsimonious energy from the sun to fall upon the earth and slowly grow their planted crops, humans discovered hundreds of millions of years of ancient sunlight condensed into the unbelievably dense and usable forms of coal and oil.6 Nature will occasionally build up a massive store of potential energy and then wait for something to unleash it in a furious burst. Thunderheads build up enormous electrical potential energy and then discharge it all at once with a bolt of lightning. A steep slope will accumulate an enormous weight of snow before its potential energy is suddenly unleashed to the valley below. Ancient sunlight was stored as immense concentrations of potential energy, waiting in store for some spark to release it. That spark was us humans, and we’ve consequently liberated close to half of all those tens and hundreds of millions of years of stored energy in a span of a little over 150 years—faster than lightning, in geological terms.
Just as food energy is vital to the effective functioning of our bodies, which are very complex machines, energy that can perform work is absolutely vital to the creation and maintenance of complex economies. The key word here is “work.” Without energy, no work could ever be accomplished, but not all forms of energy are useful for doing work. The tiny amount of potential energy stored up in the spring of a wristwatch can perform the useful work of moving the watch’s hands and mechanisms, but the enormous heat energy contained in one of the Great Lakes can do almost no work, because it isn’t concentrated enough to be of any practical use.
The more energy density something contains, the more useful it is. This is why the fossil fuels—oil, natural gas, and coal—are so desired and desirable. They represent concentrated forms of energy that are capable of doing a lot of work. Without them, our economy would be a pale shadow of its current bright self. Given the importance of energy to the continued smooth functioning of our economy, we owe it to ourselves to understand the ideas and the data that underlie the sources and amounts of energy that course through our economic arteries.
Energy Budgeting
To help us on this journey, let’s take a quick tour through the concept of energy budgeting. If you have a household budget or have ever run the numbers for a business, this will be an easy topic.
Imagine that at any given time there is a defined amount of energy available for us to use as we wish. This will be our budget to spend as we see fit, but instead of dollars, this budget will consist of units of energy. Let’s put every source of currently existing energy into this budget: solar, wind, hydro, nuclear, coal, petroleum, natural gas, biomass, and so on.
This list represents our total energy to use any way we please; it’s our “energy budget.” Our first mandatory expenditure from this budget will be the energy that we need to use in order to ensure that we’ll have more energy next year. Consider it an unavoidable energy tax. A certain amount of energy must be used to maintain our existing energy infrastructure—all the dams, pipes, and power plants—and an additional amount must be expended to find more energy to replace that which we use up. Along with this, we must also invest some energy in building and maintaining the capital structure that allows us to collect and distribute energy and maintain a complex society. Things like roads, bridges, electrical grids, and even our buildings go into this category. Together, all of this can be considered our mandatory energy expenditures, meaning that they are unavoidable.
Once we’ve subtracted all of the mandatory energy expenditures from our budget, the remaining energy can be used for consumption. Part of this must go toward procuring our basic living needs, such as water, food, and shelter, leaving the rest for truly discretionary things like vacation trips to the Galapagos, selling hula hoops to Eskimos, and attending concerts. All of this has been diagrammed in Figure 15.1.
Figure 15.1 Energy Budgeting
In this energy budget, a certain amount must be reinvested (darkest arrows), leaving the rest to be consumed by basic living and fully discretionary uses.
Image: Jeanine Dargis
To further simplify this story, we can divide energy up into two big buckets: (1) energy that must be reinvested to maintain existing energy flows, buildings, and basic living needs (“mandatory”), and (2) energy that we can more or less choose what to do with (“discretionary”). Using our prior terminology, the discretionary bucket becomes the surplus energy that we can either apply toward growth or prosperity, but not both (unless there is surplus). But our surplus energy is shrinking, for two reasons: Every year there are more people placing more “mandatory” demands on the energy we have, and every year we’re getting less and less energy back from our energy investments.
Net Energy
This is the most important concept of this chapter and one of the most important concepts of the book. I want you to ignore how much energy costs in money terms, because the cost is actually irrelevant (especially when your money is printed out of thin air). Instead, I want you to focus on how much energy it takes to get energy, because, as I’m going to show you, this is even more important to our current and future well-being than the raw amount of energy that we can produce each year. The concept is straightforward, and it’s called “net energy.”
Because it takes energy to both find and produce energy, we’re going to look at the returns delivered from energy exploration and production activities in terms of the ratio between what is invested and what is returned. Imagine that the total energy it took to find and drill an oil well were one barrel of oil, and that one hundred barrels came to market as a result. We’d say that our net energy return was “one hundred barrels to one,” or 100:1. In this example, our mandatory expenditure was 1 out of 100, or 1 percent. Another phrase for this that you’re likely to encounter in the literature is Energy Returned on Energy Invested, which goes by the acronym EROEI.
I find this easier to visualize in graphical form:
In Figure 15.2, we’re comparing the relationship between energy out and energy in. The black part (above) is the amount of energy we put in (“invested”), and the gray part (below) is how much energy we got out (“returned”), representing the net energy that’s available for us to use for whatever purposes we desire. All the way to the left of the chart, the energy out divided by energy in yields a value of 50, meaning that 1 unit of energy was used to find and produce 50 units of energy. In other words, 2 percent was used to find and produce energy, leaving us a net 98 percent in the gray part to use however we see fit. This represents the surplus energy available to society; it’s the stuff that we use to create the order and complexity that we see all around us. As we scan across the chart, we can observe that the surplus energy available to society remains quite high all the way down to a net energy ratio of about 10, where it suddenly falls off a cliff. We might also note that this is yet another nonlinear chart in our lives.
Figure 15.2 The Energy Cliff
This figure expresses the relationship between energy invested and energy returned. Note that together the invested and returned energy always sum to 100 percent and the lines hit zero percent at a reading of “1” where it takes one unit to find one unit for a zero percent return.
Now I want to draw your attention to what happens on part of the chart between the readings of 10 and 5. The net energy available to society begins to drop off quite steeply and nonlinearly. Below a reading of 5, the chart really heads down in earnest, hitting zero when it gets to a reading of 1, which is where it takes one unit of energy to get a unit of energy. At that boundary, there’s zero surplus energy available and there’s really no point in going through the trouble of getting it.
Given that energy is the master resource, and no economic activity is possible without energy, we all care very deeply how much energy is available. What Figure 15.2 allows us to begin to appreciate is that it’s not “energy” we really care about, but net energy, the light gray part below, because that’s the area that literally makes possible almost everything that you care about. It allows the lights to come on, food to appear on your plate, warmth to fill your home, and the big brown truck of mail-order happiness to pull into your driveway.
To further explore why this is an enormously important chart, let’s take a look at our experience with net energy with respect to oil (Figure 15.3).
Figure 15.3 The Energy Cliff (2) and Oil
The energy returns of oil production over time have been declining.
Source: C.J. Cleveland, “Net Energy from Oil and Gas Extraction in the United States.”
In 1930, for every barrel of oil used to find oil, it’s estimated that 100 were produced, giving us a reading of 100:1, which would be way off to the left in Figure 15.3. By 1970, fields were a lot smaller and the oil was often deeper or otherwise trickier to extract, so, unsurprisingly, the net energy gain fell to a value of around 25:1—still a very good return with lots of light gray beneath it. By the 1990s, this trend continued, with oil finds returning somewhere between 18:1 and 10:1.7
It’s estimated that new oil resources found after the year 2010 will return a much lower net energy, perhaps as low as 3:1, although nobody really knows for sure because careful analyses have not yet been performed. Still, we might observe that gigantic rigs drilling through thousands and thousands of feet of water and rock as they chase after smaller and smaller fields will intuitively have less favorable energy returns than prior efforts located in shallower zones on dry land.
Why is the net yield dropping? In the past, a relatively tiny amount of embodied energy was contained within the smallish rigs that were used to exploit finds that were massive, plentiful, and relatively shallow. Two of the larger finds in the world’s history, Spindletop in Texas and the Ghawar field in Saudi Arabia, are both only a little over 1000 feet below the surface. The Macondo field in the Gulf of Mexico, which was the site of the Deepwater Horizon incident in 2010, was beneath 5,000 feet of water and a further 13,000 feet of rock and sediment, and held perhaps 1/1000th of the oil in Ghawar. All that drilling, miles of piping, and a massive oil rig were required to find a relatively minor amount of oil, illustrating why the net energy of oil discoveries of today are so much lower than the past. And the Macondo field was neither particularly deep nor disappointingly small by current standards.
Today much more energy is required to find energy. Exploration ships and rigs are massive, requiring significantly more steel to create than the humble drilling rigs of the 1930s. And today more wells are being drilled to greater depths in order to find and produce smaller and smaller fields, all of which weigh upon our final net energy return.
And what about the massive amounts of oil allegedly contained within the tar sands and oil shales? These are often wrongly described as equivalent to “several Saudi Arabias.”8 The net energy values for these are especially poor and are in no way comparable to the 100:1 (or higher) returns actually found in Saudi Arabia. Tar sands have a net energy return of around 5:1,9 and tar shales are thought to be even worse, in the vicinity of 2:1 or less.10 So while there may be the same volume of oil locked in those formations as there is in Saudi Arabia’s magnificent treasures, there isn’t the same amount of useful, desirable, delicious net energy in them. Nowhere near as much.
If we were to try and subsist entirely on the energy offered by a new source that was sporting a 3:1 net energy return, this is the world in which we’d live:
Figure 15.4 The Energy Cliff (3)
Trying to live on 3:1 net energy.
Look at how much less gray area and how much less surplus energy there is in this chart after we’ve begun to slide down the energy cliff, compared to the ones where there were 10:1 or 20:1 returns. The gray area represents how we “fund” our growth and our prosperity. The gray area is the net energy that feeds and supports our economic complexity. If we can appreciate how two societies, one abundantly supplied with food and the other nearly starving, can differ on the basis of their available net food energy, then we can also appreciate how a high-net-energy economy will be fundamentally more robust, complex, and interesting than a lower-net-energy economy.
And what about renewable energy sources (Figure 15.5)? Methanol, which can be made from biomass, sports a net energy of about 2.6:1,11 while biodiesel offers a net energy return of somewhere between 1:1 and 4:1, depending on whether we count just the biodiesel itself or include the energy left in the crushed meal, which can be burned.12 Corn-based ethanol, if we’re generous, might produce a net energy return of just slightly over 1:1,13 but could also be negative, according to some sources.14 Ethanol produced from sugar cane in Brazil has an EROEI of closer to 8:115 (largely because the sugarcane itself can be burned to fire the process), making it a viable proposition there, and some exciting work is being done on cellulosic and other forms of ethanol that might have much higher EROEIs than any other biofuels, but those are not yet out of the demonstration phase. We should work with all due haste on these prospects, but not count on them to arrive at the appropriate time and at the appropriate scale to save the day.1
Figure 15.5 The Energy Cliff (4): Net Energy from Renewables
Not all energy forms are fully comparable on the basis of net energy returned. Solar and wind do not produce liquid fuels.
If we add in all the other new usable liquid fuel sources that we’ve just talked about, we see that they’re all somewhere “on the face of the energy cliff.” Solar and wind16 are both capable of producing pretty high net returns, but it’s important to note that these produce electricity, not liquid fuels, which means that they are not at all comparable. Peak Oil represents “peak liquid fuels,” and that’s the primary issue here for petroleum. Once we get to Peak Coal (and we someday will), or begin to operate our transportation infrastructure on electricity, then electricity from the sun is more directly applicable to meeting our needs and solving our challenges. If we were to try and make a go of it on corn-based ethanol alone, this is the world in which we’d (be trying to) live:
There’s no gray zone to speak of left in that chart, and practically no surplus at all to fund even the basics of life, let alone a rich, complex economy full of prosperity and opportunities.
Unless we very rapidly find ways of boosting the net energy of the remaining energy options, we’ll simply find that we have far less surplus energy to dedicate to our basic needs and discretionary wants than we came to expect and enjoy from fossil fuels. We’ll be using far too much energy in the essential, mandatory practice of finding and producing more energy, and we’ll find ourselves with far too little left over to use as we wish. Our energy investment costs will skyrocket even as the returns dwindle. That’s just the basic reality of the situation; it’s not possible to fool nature with fraudulent accounting.
Oh, and where’s the so-called “hydrogen economy” in Figure 15.6? It’s below the x-axis in negative territory, meaning that it’s not a viable candidate around which to fashion a society. It’s negative because it has to be produced from other forms of energy—perhaps electricity (via hydrolysis) or from natural gas. Because there are no hydrogen reservoirs anywhere on earth, every single bit of it has to be created from some other source of energy—and, here’s the kicker, always at an energy loss. In other words, hydrogen is an energy sink, not a source; its tiny bubble would have to be placed below the zero percent mark on the above chart. In creating hydrogen, we lose energy. That’s not pessimism; that’s the law—the second law of thermodynamics, to be exact. We’ll talk more about the laws of thermodynamics in Chapter 18 (Why Technology Can’t Fix This).
Figure 15.6 The Energy Cliff (5): Trying to Live on Alcohol Alone
The Economy and Energy
A massive abundance of surplus energy, liberated by the lightning bolt of humanity, has enabled historically unparalleled levels of prosperity to be enjoyed by billions of people. But respect for the role of energy in providing this abundance has largely gone missing from the economics profession, which will prove to be a rather tragic mistake. It’s somewhat odd that it has been thus ignored, because the evidence for the connection between growth in energy utilization and economic growth (and prosperity) is extremely well documented and also intuitively obvious (Figure 15.7).
Figure 15.7 Energy Consumption and GDP in the United States
Source: Energy Information Administration & Bureau of Economic Analysis.
Even less well appreciated is the degree to which economic complexity owes its existence not just to the total amount of energy being utilized, but to the net free energy that flows through society. Out of all the sources of energy, petroleum stands out as the most important of them all, due largely to its presence in nearly every consumer product that is made, transported, and sold. Oil is richly woven into our economic tapestry, and there are no substitutes waiting in the wings. Where we once transitioned from wood to coal, and later from coal to oil, there is currently no established candidate waiting to replace oil.
We Live Like Gods
In order to understand why oil, in particular, is so important to our economy and our daily lives, we have to understand something about what it does for us. We value any source of energy because we can harness it to do work for us. For example, every time you turn on a 100-watt light bulb, it’s the same as if you had a fit human being in the basement pedaling as hard as they can to keep that bulb lit. That’s how much energy a single light bulb uses. While you run water, take hot showers, and vacuum the floor, it’s as if your house is employing the services of 50 such extremely fit bike-riding slaves in the basement, ready to pedal their fastest, 24 hours a day, at the flick of a switch. When you jump in a car, depending on your engine, it’s the same as a king harnessing up a carriage to 300 horses. This “slave count,” if you will, exceeds that of kings in times past. Given the fact that even kings of times past could not whip out a credit card on a whim and find themselves halfway around the world in less than a day, it should be said that we enjoy the power of gods.
And how much “work” is embodied in a gallon of gasoline, our favorite substance of them all? Well, if you put a single gallon in a car, drove it away from your home until the gas ran out, and then got out and pushed the car home, you’d find out exactly how much work a gallon of gasoline can do. It turns out that a gallon of gas has the equivalent energy of somewhere between 350 and 500 hours of human labor.17 Given that a gallon of gas can perform that much human work, how much value would you assign it? How much would 350 to 500 hours of your hard physical labor be worth to you? $4? $10? Assuming you decided not to push your car home and paid someone $15 an hour to do this for you, you’d find that a gallon of gasoline is “worth” $5,250 to $7,500 in human labor.
Here’s another example: It has been calculated that the amount of food that an average North American citizen consumes in a year requires the equivalent of 400 gallons of petroleum to produce and ship.18 At $3/gallon, that works out to $1200 of your yearly food bill spent on fuel, which doesn’t sound too extreme. However, when we consider that those 400 gallons represent the energy equivalent of close to 100 humans working year-round at 40 hours a week, then it takes on an entirely different meaning. This puts your diet well out of the reach of most kings of times past. Just to put this in context, as it’s currently configured, food production and distribution uses fully two-thirds of the U.S. domestic oil production. This is one reason why a cessation of oil exports to the United States would be highly disruptive; most of our domestic production would have to go toward feeding ourselves.
Aside from the way that oil works tirelessly in the background to make our lives easy beyond historical measure, oil is a miracle in other ways. In the industrial processes, oil is the primary input feedstock to innumerable necessities of life, such as fertilizer, plastics, paint, synthetic fibers, countless chemical processes, and airplane rides. When we consider other potential fuel sources, we find that they are mostly incapable of fulfilling these needs.
It could be said that we all live like kings, but truthfully, even the wealthiest king of times past couldn’t click on a link, order an item made halfway around the world, and have it in his hands the next day. That ability is something the ancient Greeks would have recognized as the power of a god, and so it is.
1 While there are a number of potentially exciting new technologies and energy sources in the labs and even in pilot demonstrations—including cellulosic ethanol, methanol, and algal biofuels—I set a high bar; in order to be included in this book, they actually had to be in commercial production at a level that cracked the 1 percent-of-total-fuel barrier.
Why? Simply because if Peak Oil is only 5 or even 10 years from the writing of this book, any technology that has less than a 1 percent market share already, no matter how promising, is exceedingly unlikely to allow our economy to continue along uninterrupted.
And that’s the main point of this book: To illustrate why the next 20 years are going to be completely unlike the last 20 years.
Yes, I will be quite excited by and will closely follow the developments of new energy technologies. But no, I will not be staking a significant portion of my future strategy on the mere hope that these will arrive in time. Hope alone is a terrible strategy.
This book is meant to inject a dose of numerical reality back into the discussion, and that’s what I am driving at here. In order to be considered as a potential solution, the technologies and/or processes in question have to have a solid chance of affecting the outcome.
CHAPTER 16
Peak Oil
If you glance up from this book and scan your surroundings, you’ll be challenged to spy a single object that did not somehow, in some way, get there because of oil. In our economic model, petroleum fuels are involved in every step of the economy. Most things that are manufactured involve oil somewhere along the way, and quite a few are made directly from oil. Remember, you yourself are powered by food that is produced and delivered by oil! So even if you’re looking at an object created by nature that you personally collected and placed on a shelf in your home, we can still claim that it got there because of oil. Even intangible services are fueled by petroleum, as the people offering them are fed, clothed, transported, and kept comfortable by oil.
If you haven’t yet heard of Peak Oil, this chapter is going to be a real eye-opener. My purpose here is not to recreate a complete treatise on Peak Oil—that would take an entire set of books, and they’ve already been written by others1—but to establish just enough logical facts that we can tie the three Es together and arrive at the conclusion that prudent adults should seriously consider the implications and take specific steps in order to mitigate risks.
As we discussed in Chapter 15 (Energy and the Economy), energy is the lifeblood of any economy (or any complex system, for that matter). Without energy constantly flowing through that system, order and complexity will shrink as the system inexorably winds down and becomes disordered. (“Entropy” is the name given to this process by scientists). When an economic system has been built around exponentially driven debt-based money, the energy that fuels the exponential expansion of both debt and the economy deserves your very highest attention. Why? Because there’s a very high risk that a system that expands exponentially will also contract exponentially. As the old saying goes, what goes up must come down. The worry is that once its energy supports are knocked out, the economy will collapse at the same speed it expanded—fast.
Nothing is more important to the continuation of our current way of life than our ability to extract and deploy ever-larger amounts of energy. Our entire economic system is predicated upon the implicit assumption that the future will not only be larger than the past, but exponentially larger. This is a feature of our debt-based monetary system, where principal balances on nonproductive loans grow each year, leaving interest payments to provide the “exponential kicker.” Tomorrow’s economic growth is the collateral for today’s debts. If that growth does not occur, what then happens to the value of today’s debt?
Petro-Realities
In order to understand what “Peak Oil” means, we need to share a basic understanding about how oil fields work and how oil is extracted. A common misperception is that an oil rig is plunked down over an oil field, a hole is drilled, a pipe is inserted, and then oil gushes from a big underground lake or pool that eventually loses pressure and gets sucked dry. Let’s call this the “straw in a firmly gripped juice-box” model.
The reality is that what you find deep underground is pretty much the same thing you find when you dig a hole near the surface of the ground: solid material. No caverns, lakes, or pools; just solid earth.
So how do we find water and oil under the surface? Extractable liquids are only found in porous rocks, like sandstone, or fractured rocks that permit the oil or water to flow through extremely tiny crevices, fissures, and pores in between and around the granular structure of the rock. If you were to hold in your hand a chunk of rock from an oil-bearing formation, you’d perceive it to be a greasy but quite solid piece of rock. Therefore, it’s more accurate to think of an oil field like a frozen drink, not an underground juice box, where the oil is the tasty stuff and the rock is the crushed ice. We’ll call this the “frozen margarita” model (see Figure 16.1).
Figure 16.1 Juice-Box vs. Frozen Margarita Model
One of these more accurately represents an oil field. (Hint: It’s the one on the right.)
Sources: Margarita image copyright Wacpan; juice-box image copyright Neiromobile.
Image: Molly McLeod
When an oil field is tapped, we find that the amount of oil that comes out of it over time follows a tightly prescribed pattern that typically ends up resembling a bell curve. At first, when the frozen margarita is discovered upon the insertion of just one straw (the exploratory straw, as it were), the rate at which the beverage can be extracted is limited by having only one thin tube through which the drink can flow. As more and more straws are stuck into the delicious slush, more and more drink flows out of the reservoir at a higher and higher rate. But eventually the dreaded slurping sound begins, and then, no matter how many new straws are inserted and no matter how hard those straws are sucked, the amount of margarita coming out of the glass declines until it’s all gone and we’re left with only ice. That’s pretty much exactly how an oil field works.
So far, every single mature oil field has more or less exhibited the same basic extraction profile as the one caricatured in Figure 16.2. The amount of oil extracted over time grows higher and higher until it hits a peak, and then it progressively shrinks. Just like with a frozen margarita, once the oil is gone, it’s gone, and no amount of late-night wishing or desperate attempts at slurping will cause that circumstance to change. And what is true for one oil field is equally true when we measure across many oil fields and sum the result. Because individual fields peak, so do collections of fields.
Figure 16.2 Basic Extraction Profile
With each new straw, up to the first four, the rate of liquid extraction increases. After a time, the flow rate begins to decline and the insertion of straws #5 through #8 does not increase the flow rate.
Image: Molly McLeod
Peak Oil, then, isn’t a theory, as some have tried to portray it; it’s an extremely well-characterized physical phenomenon. We have many decades of data and experience to draw upon when making that claim. This isn’t some idle theory that we’re waiting to confirm through additional observation. We know that literally thousands of individual oil finds have dwindled, because we’ve recorded every barrel coming from them over time; entire oil fields comprised of many smaller finds have depleted in front of our watchful eyes, and entire nations have undergone this process of peaking. We can theorize about how much oil remains to be discovered and produced, but the process by which oil fields become depleted is not up for debate. Peak Oil is not a theory; it’s an observed fact.
It’s Not “Running Out”
Far too often, Peak Oil is inaccurately described as “running out of oil,” as if we’ll produce more and more, and then, suddenly, we’ll just run out. This is incorrect. As described above Peak Oil involves producing slightly more and more until the peak, and then producing slightly less and less. In fact, given the difficulty in extracting the second half (which has to be carefully pumped out) in contrast to the first half, there’s usually a longer span of time to be found after the peak than before the peak. One way to think of the process is that at the moment of the peak, roughly half of the oil that was ever there remains to be extracted.
But something interesting happens at the halfway mark. Where oil gushed out under pressure at first, the oil represented by the back half of the curve (the down slope) usually has to be laboriously pumped or squeezed out of the ground at a higher cost, in terms of both energy and money, than before, when it gushed from the ground under pressure. Where every barrel of oil was cheaper to extract on the way up, the reverse is true on the way down; each barrel becomes more costly to extract in terms of time, money, and energy. Eventually it costs more to extract a barrel of oil than it’s worth, and that’s when an oil field is economically abandoned.
Figure 16.3 shows crude oil production in United States from 1900 to 2007. Starting with the first well drilled in 1859 in Titusville, Pennsylvania, more and more oil was progressively pumped from the ground until 1970 (“the peak”), and after that point, less and less came out of the ground. The massive finds in Alaska and the Gulf of Mexico could not overcome the rate of depletion in the lower 48 to achieve a new high water mark of oil production. The United States’ peak of oil production in 1970 was just under 10 million barrels a day, and 40 years later it produces just a little over 5 million barrels a day. So “Peak Oil” in the United States isn’t a theory, but a 40-year-old fact.
Figure 16.3 U.S. Crude Oil Production, 1900 to 2007
Broken out by major region.
Source: Energy Information Administration.
In Figure 16.3, you will notice that the data for the lower 48 is a very close match to the idealized depletion curve in Figure 16.2, but adding the new fields from the other areas serves to create a sort of “bumpy plateau” between 1970 and 1985.
So what we see for the United States is a nearly textbook-perfect example of Peak Oil: a steady rise in oil production to a peak, followed by a steady decline in oil production. Out of 54 oil-producing countries in the world, 40 are now past peak and in decline, leaving only 14 to try to both cover the declines occurring in other areas and add more oil to fuel to the story of growth.2 Again, these aren’t theories, but facts.
The United States consumes far more oil than it produces and by necessity imports two-thirds of its daily needs. Japan, lacking any domestic oil source, imports nearly 100 percent of the petroleum that it needs. The United Kingdom, having gone past peak in the incredibly productive North Sea fields in 1998 (which now produce less than half as much as their peak amount) became a net importer of both natural gas and petroleum in 2004 and 2005, respectively.3 Australia’s oil hit peak in 2000, and by 2009 Australia was importing close to 40 percent of its petroleum needs.4
Find First, Pump Second
It’s impossible to pump oil out of the ground that you haven’t yet found, so another unavoidable fact about oil is that in order to extract it, you have to find it first. Even after a major oil field is discovered, a fairly significant gap exists between the time of its initial discovery and its date of maximum production. There are two main reasons for this: The first is that it takes time to sink the wells and develop the necessary infrastructure to get that oil away from the fields and to market (pipelines, storage facilities, and separating units all have to be sited and built). The second is that a careful approach to production is often required to avoid accidentally damaging the field and possibly stranding some oil in place by pumping too quickly.
To understand this second point, imagine that you have been given an inflatable mattress glued to the floor and filled with creamy peanut butter, and you have the task of getting as much of the peanut butter out of the fill nozzle as possible. You’d probably begin by massaging the mattress from the edges. If at any time any peanut butter gets left behind, say in a small pocket behind the front formed by your hands, it will be lost, stranded forever by geological circumstance and/or economics. This would be no small challenge, and you’d probably be quite cautious as you worked around the edges, carefully avoiding leaving any behind. Likewise, it’s no small challenge for oil producers to maximize the production from oil fields, which are often enormously complicated in their underground topography (imagine that you had to work around random baffles and blind cavities in the inflatable mattress), and they must work carefully and diligently to get as much out of the ground as they can. Given these realities, it can take anywhere from a few years to several decades for any given field to finally achieve maximum production.
In the United States, oil discoveries peaked in 1930 and production peaked in 1970, which yields a gap between a peak in discovery and a peak in production of almost exactly 40 years. Perhaps that 40-year gap was unique to the United State’s particular geology and the oil demand of the times, but the United States is a very large country, and we might reasonably consider this experience to be a plausible proxy for the entire world.
This is where the story gets interesting. Figure 16.4 shows that worldwide oil discoveries increased in every decade up to the 1960s, but have decreased in every decade since then, with future projections (2010 through 2030) looking even grimmer.
Figure 16.4 Global Oil Discoveries Peaked in 1964
Because discoveries necessarily precede production, a time lag exists between discovery and maximum production.
Source: Association for the Discovery of Peak Oil and Gas (ASPO).
If you’ve got to find it before you can pump it, and it takes time to develop fields to achieve maximum production, and the global peak in discoveries was in 1964, then we know there’s a peak in production coming at some point. The United States’ experience of a 40-year gap between its discovery and production peaks suggest that perhaps 40 years is as good a starting point as any to begin looking for a world production peak. (1964 plus 40 equals 2004.)
A Global Peak
Now let’s turn our attention to global oil production. In the prior section we made the case that a peak in discovery would lead to a peak in production. That’s simple logic. In July of 2008, oil hit an all-time high of $147 per barrel, and there are a couple of tantalizing clues to be found in the run-up to that event.
Figure 16.5 shows only global conventional crude oil production over the period from 1990 to 2009—it leaves out biofuels and other liquids that collectively amount to roughly 10 million barrels a day.
Figure 16.5 Yearly World Crude Oil Production
Crude oil production was essentially flat between 2004 and 2008, with 2005 being the technical peak.
Source: Energy Information Administration.
What we see in Figure 16.5 is that oil has been bumping along a plateau that began in 2004, exactly 40 years after the world peak in oil discoveries. Sound familiar? One fascinating clue here is that even as conventional crude production was flat between the years 2004 and 2008, prices spiked from $50 a barrel to $147 a barrel. If there ever was a strong incentive to get oil out of the ground and off to market, a near tripling of the price of oil would be it. Yet oil production did not rise in response to these market signals. Why not? Could it be that oil production was already at its limits? A second fascinating clue, besides the eye-popping coincidence of the 40-year lag between discoveries and an apparent production peak, is the shape of the bumpy plateau, which mirrors the production peaks seen for such large producing areas as the United States and the United Kingdom. The bumpy plateau is made up of old fields going into decline, new enhanced oil-recovery techniques being applied and new fields coming on line. Add them all together and you get a bumpy plateau.
If we’re already at peak, as this data suggests, then we’ve placed ourselves in quite a predicament. The best possible set of responses to Peak Oil will have been started two decades in advance of the actual peak, a much weaker set of responses one decade in advance, and the worst and weakest set only after Peak Oil has already arrived. Let us fervently hope that the data is misleading us, but at the same time, let us deliberately respond as if the peak has indeed already passed.
Oil and GDP
Let’s take another look at the relationship between global GDP growth and oil consumption. Since oil that’s produced is rapidly consumed (approximately 50 days worth of global consumption is above ground at any one time), we can use oil production as our measure of oil demand. Fortunately, we have access to very good data for oil production, which we can compare against global GDP growth, as in Figure 16.6.
Figure 16.6 Global GDP Growth and Oil Production
Sources: Global GDP: Central Intelligence Agency World Factbook5 & Global Oil Production: Energy Information Administration.6
Between 1985 and 2003, growth in both oil consumption and GDP enjoyed a stable relationship, marked as “Stage 1.” However, something extraordinary happened to the global economy between 2003 and 2007, where GDP growth accelerated sharply. I’ve marked this as “Stage 2.” This period is characterized by a startling divergence between the rates of growth in oil consumption and GDP.
One explanation for this departure rests with the explosive growth in debt (a.k.a. “credit”), which created a false appearance of growth in world GDP. I call it false because credit-fueled expansions aren’t sustainable, and they inevitably must be retraced, as our island nation example illustrated in Chapter 10 (Debt). Building off this debt, much of the GDP growth recorded during the 2003 to 2007 period included an enormous amount of purely paper-based growth that wasn’t a function of what we might consider to be real production. For example, Lehman Brothers grew strongly during that period, but its paper shell-games collapsed, revealing its additions to “growth” to be largely illusory. Ditto for AIG and quite a number of other financial firms; their “growth” was a mirage.
Figure 16.7 compares the yearly growth in oil demand to growth in GDP, displaying both the yearly growth rates for each for various time periods and then the ratio of GDP growth to oil-demand growth:
Figure 16.7 Yearly Rate of Growth in Global Oil Demand and GDP, and as a Ratio of GDP/Oil
Using the 1985 to 2003 period as our reference case (because it factors out the late stage of the credit bubble), we can see that every 5.3 percent expansion in global GDP was associated with a 1.5 percent expansion in oil consumption. This works out to a ratio of 0.27, meaning that for every 1 percent expansion in GDP, we should assume a 0.27 percent expansion in oil production (or consumption, if you prefer to look at it that way).
We might also note that the period from 2003 to 2007 was marked by an astonishing rate of global growth at slightly more than 10 percent. This is an astounding rate that would lead to a full doubling of total global GDP in less than seven years if it were to continue. Recalling what we learned about doubling in Chapter 5 (Dangerous Exponentials), this implies that the global GDP would produce and consume more goods and services in that same seven-year stretch as in all of history combined. Given what we have already learned about Peak Oil, and knowing the strong link between oil use and economic growth, you might want to ask yourself how likely this seems.
Because a 10-plus percent rate of growth is clearly unsustainable, we might instead suspect that our monetary and fiscal authorities would settle for a more modest rate of growth, let’s say 5 percent, in order to keep the Great Credit Bubble expanding and to match the rate of growth between 1985 and 2003. Unfortunately for their plans, it seems that the oil required to support that growth won’t be there.
Oil Demand
As further confirmation of the importance of oil to our lives, we might look to the impact of the worst global economic slump in 70-plus years upon global oil demand. Where global trade plummeted by 20 percent to 40 percent in 2009 for most exporters, and where many individual countries have recorded high single-digit drops in GDP, we find that oil demand has not dropped by nearly as much.
In March of 2009, the International Energy Agency (IEA) estimated world oil demand for that year at “84.4 million barrels a day—1.5 percent lower than a year earlier.”7 While a 1.5 percent drop is among the largest ever recorded, it’s a fraction of the decline recorded in other areas of economic consumption. Oil consumption is “sticky.” In the United States, petroleum consumption fell by only 4.1 percent from its peak in 2008 to 2010. Certainly this is a very large drop by historical standards for the United States, but it’s not all that drastic and leaves petroleum demand above where it was in 2003, indicating that oil consumption is perhaps a more essential feature of the economic landscape than many realize.
Or perhaps we could go further and say that oil is a nonnegotiable element of our lives. Where most of us can fairly easily and rapidly cut back on dining out or buying a new house or importing clothing, we cannot simply or quickly do the same thing with gasoline. It is quite difficult to pare back the number of miles driven to and from work or to school, for example, and such changes, if made at all, tend to happen quite slowly. This gives oil consumption its stickiness.
If oil demand is relatively robust and somewhat insensitive to economic difficulties, then what about oil production?
Oil Production
In November of 2008, the IEA released its World Energy Outlook (WEO) for 2008,8 and in it produced the single most startling piece of information that I had yet seen on the subject of Peak Oil. In every prior year, the IEA provided an estimate of future oil availability that was generated after first consulting with economists about likely levels of global growth in GDP in future years. In other words, they modeled oil supply on the basis of what they thought the economy might require, not what could realistically be produced. In 2008, a new methodology was used. It incorporated all the world’s major oil fields, over 800 of them, into a single database, and then asked a very different question: “How much oil can be produced?”
The answer, as it turned out, was a lot lower than any of the prior estimates. Where IEA estimates of oil production once topped out at 130 million barrels per day by 2030, the 2008 WEO report pegged that number at just 106 million barrels per day—a whopping 19 percent decline. Nearly 1 in 5 barrels of oil that were once thought would be available in 2030 suddenly vanished. Even more important, the report broke down oil supply by its various subcomponents, such as “conventional” and “deep water,” and revealed that oil from currently producing fields has been in decline since 2005.
Why is this statement a ground-shaking one? Because “oil from currently producing fields” is a euphemism for “cheap and easy oil” or “high net-energy oil”—the stuff that gives us the large gray territory on the bottom of the energy cliff graphs. With this stark admission that cheap and easy oil has already peaked, the IEA admitted that we’re already on the down slope of the same exact type of oil that has fueled the past several decades of economic growth. This earth-shattering news should have been on the front page of every major newspaper, but it wasn’t—we might ask ourselves why not—although it did circulate widely in the blogosphere.
Another revelation from report was that the bulk of all new oil-supply growth from here on out is going to come from fields “yet to be developed or discovered,” with some relatively minor contributions from “nonconventional oil,” which primarily refers to the tar sands of Canada and similar deposits. Neither of these sources can reasonably be expected to offer anything close to the same net energy returns of prior finds.
For example, extracting oil from the so-called “oil sands” of Canada has proven far more costly, capital-intensive, and environmentally destructive than first imagined. These were among the very first projects that were deferred, delayed, or dropped as a consequence of falling oil prices and diminished lending in the aftermath of the 2008 crisis. I strongly suspect that the hoped-for contribution to supply from these sources will be adjusted downward in coming reports, possibly by a lot, due to a combination of poor financing and environmental concerns.
The final bombshell from the WEO 2008 report was the IEA’s estimation that the collective decline rate for all existing fields is now −6.7 percent annually. Here again, we’re faced with a mind-boggling admission. Using our handy rule of 70, but in reverse, a −6.7 percent rate of decline implies that existing fields will lose half of their output over a roughly 10-year timeframe. It should be noted here that the −6.7 percent decline rate averages together all of the fields, including the far healthier OPEC fields along with the stunning double-digit declines being recorded in some non-OPEC countries such as Mexico and Norway.
What this data tells us is that existing fields are collapsing far faster than was thought to be the case as recently as 2007. World expectations in this regard have been consistently lagging behind reality, and rather badly, too.
The Oil Production Output Gap
To add to this picture, not only are existing fields declining in output, they seem to be doing so at an ever-increasing rate, meaning that we have to run faster simply to stay in place. Some suggest the reason for this is that newer drilling methods and recovery techniques greatly increase the rate of extraction but not the amount that can finally be retrieved. It’s like squeezing the toothpaste tube a little harder—yes, it comes out faster, but you don’t create more. This is another example of where exponential declines can work against us.
Recalling our oil-to-GDP ratio above, which yields a 0.27 percent increase in oil consumption for every 1 percent advance in global GDP, we can estimate required oil production levels under a number of scenarios. In the table below, we address this question: Given various rates of global growth, how many millions of barrels of oil would we need to pump out of the ground each day to meet the desired rate of economic expansion?
Figure 16.8 indicates that even a historically modest 4 percent rate of global growth would require an advance from the 84.4 mbd (million barrels per day) in 2009 to 89.1 mbd by 2014, nearly 5 mbd in new, incremental capacity, or about 1 mbd each year. This is equivalent to roughly one-half of the entire output of Saudi Arabia.
Figure 16.8 Global Oil Supply/Demand Scenarios
Based on various levels of GDP growth.
Attempting the ludicrous, a 10 percent growth rate seen in the column to the far right (mirroring that seen between 2003 and 2007) would require that global oil production be expanded by 12 million barrels a day, or nearly one-and-a-half times Saudi Arabia’s 2009 output, over those five years.
Any of the above scenarios represent a significant gap between what we can currently produce and what we might seem to require. But the actual gap is even larger than that.
Existing Oil Fields in Decline
Of course, the above data underestimates the challenge. Based on the IEA estimates of the rate of decline in existing oil fields, we can expect some 18 mbd to vanish over the next five years. This means that if we’re producing 84 mbd in 2009 and don’t bring any new fields on line, we can expect global daily production from existing fields to decline to 66 mbd in 2014.
Fortunately, there are new projects coming on line all the time, but there’s a wrinkle in that story as well. Cambridge Energy Research Associates (CERA), a U.S.-based company, studied all of the individual projects that oil companies planned to bring on line by 2014 and tallied up some 7.6 million barrels per day of new production, which is nothing to sneeze at. However, when we put this all into one spot, we find that quite a large gap exists between what the world will theoretically require (or demand) and what will be available. Figure 16.9 presents a summary of all of this information. Given the native decline in existing field output and the new projects still slated to come on line, we need to fill a gap of slightly more than 10 mbd by 2014 just to stand still.
Figure 16.9 The Output Gap
How much oil is missing from the equation?
Forget about new global growth; the world may need to find another 10 mbd of production between the years 2009 and 2014 in order to avoid slipping backward. But as we’ve seen, our exponential money/debt system isn’t content with sitting still; it needs to expand. By the time we seek to grow by even 3 percent, the gap is already at 13 mbd. Once you understand the lead times, geological limitations, and engineering hurdles involved in trying to close a 13 mbd output gap, this becomes an improbable task.
In 2009 and 2010, various governmental and industry groups began to observe the same potential supply shortfalls and sounded varying levels of concern over the matter, including: (1) the Industry Taskforce on Peak Oil (UK), (2) Lloyds of London, (3) the UK Parliament, (4) the U.S. Department of Defense, (5) the German military, and even (6) the King of Saudi Arabia, who suggested that perhaps they should leave some oil in the ground for future generations.
In no case did any of these reports connect the dots between energy and the economy as we’ve done in these pages, but it’s only a matter of time before they do.
Peak Exports
However, the most urgent issue before us doesn’t lie with identifying the precise moment of Peak Oil. That is of academic interest, but it’s also something of a distraction, because the economically important event around oil will occur when a persistent gap emerges between supply and demand.
Dallas geologist Jeffrey Brown developed a very simple and clever way to think about the supply and demand problem, which he calls the Export Land Model.9 Suppose we have a hypothetical country that produces three million barrels of crude oil per day, consumes one million barrels a day, and exports the balance of two million barrels a day. All things being equal, it can export those two million barrels year after year. But now let’s suppose that its oil field output is declining due to depletion issues at a modest 5 percent a year. After 10 years, instead of 2 million barrels a day, this country can now only export 0.89 million barrels a day, or less than half the prior amount. The missing balance has depleted away, and it cannot export what it doesn’t have. Now comes the kicker: Let’s further suppose, quite realistically, that this country increases their internal demand for oil at a rate of 2.5 percent a year. What happens to exports in this case, where internal demand is rising and production is falling? Under this scenario, exports will plunge to zero in less than seven years.
This illustrates the miracle of compounding in reverse, where exports are eaten into from both ends by declining production and rising internal demand. It turns out that this isn’t just a scenario, but a reality for many exporting countries. For example, in the case of Mexico, the number three supplier of oil exports to the United States in 2009, production declines and demand growth will entirely eliminate their exports somewhere between the years 2011 and 2015 (depending on a variety of economic and petro-investment variables). When this happens, the United States will have to turn to the global market in search of a new number three exporter to replace those lost imports, but global competition for oil supplies is likely to be quite stiff by that time.
When world production will peak is a matter of some dispute, with estimates ranging from 2005 to some 30 years hence. But as I said before, the precise moment of the peak is really just of academic concern. What we need to be most concerned with is the day that world demand outstrips available supply. It’s at that moment when the oil markets will change forever and probably quite suddenly. First we’ll see massive price hikes—that’s a given. But do you remember the food “shortages” that erupted seemingly overnight back in February of 2008? Those were triggered by the perception of demand exceeding supply, which led to an immediate export ban on food shipments by many countries. This same dynamic of national hoarding will certainly be a feature of the global oil market once the perception of shortage takes hold. When that happens, our concerns about price will be trumped by our fears of shortages.
The Ugly Power of Compounding
Remember all those exponential graphs from Chapter 5 (Dangerous Exponentials) and how time ran out in a hurry toward the end of the stadium example? In theory, there’s nothing problematic with living in a world full of exponential growth and depletion curves—as long as the world doesn’t have any boundaries. However, exponential functions take on enormous importance when they approach a physical boundary, as was the case in the last five minutes of our stadium example and which will soon be the case for oil. We know that oil is finite and have always known that the day would come when we’d bump up against the roof of that particular stadium. All of the data that I’ve been collecting and observing over the past five years strongly suggests that we’ve already reached oil’s exponential boundary.
And here are the question that this possibility raises: What if our exponentially based economic and monetary systems, rather than being the sophisticated culmination of human evolution, are really just an artifact of oil? What if all of our rich societal complexity and all of our trillions of dollars of wealth and debt are simply the human expression of surplus energy pumped from the ground? If so, what happens to our wealth, economic complexity, and social order when they cannot be fed by steadily rising energy inputs? What happens then?
More immediately, you and I would be perfectly within our rights to wonder what will happen when (not if, but when) oil begins to decline in both quantity and quality. What will happen to our exponential, debt-based money system during this period? Is it even possible for it to function in a world without constant growth? These are important questions for which we currently have no answers, only ideas and speculation.
To put our oil bonanza in some sort of appropriate context, Figure 16.10 shows oil extraction placed on a four-thousand-year time line.
Figure 16.10 Global Oil Production on a 4,000-Year Timeline
It’s now up to us to wonder what we should expect in the future from a money system in which the most basic assumption might be in error. What if the assumption “the future will be not just larger, but exponentially larger than the present” is not correct?
CHAPTER 17
Necessary but Insufficient
Coal, Nuclear, and Alternatives
The primary point of this book is that the economy to which we have become accustomed, along with our entire view of wealth in the forms of stocks and bonds, rests upon vast flows of energy (and other resources), the levels of which must not only be maintained but also increased each year. Without this constant growth in energy use, everything else becomes much more difficult, if not impossible, to maintain.
The purpose of this chapter, then, isn’t to completely cover the immense technical discussions that can (and should) surround energy, which economist Julian Simon rightfully called “the master resource.”1 Nor will we exhaustively cover all the various technologies and sources that could be alternatives. Instead, for our purposes, we will look at our energy predicament from a level that will permit us to address the question, How likely is it that other major sources of energy can seamlessly replace oil?
A prevalent and hopeful line of thinking found all across the political spectrum suggests that we will simply transition away from oil onto some combination of nuclear energy, increased coal consumption, and/or alternative energy sources, such as solar, wind, or maybe even algae biofuels. While each of these energy sources will play an important role in mitigating the down slope of oil, none of them individually or in combination can ever completely plug the gap left by oil’s slow departure. Remember, the challenge here is not only to replace what will “go missing” as oil fields deplete, but also to increase the total energy supply of the world by a few percent each year as our exponential economy demands. Simple math, combined with the realities of time, scale, and cost, illustrates why this is improbable.
Simple Math
Energy itself comes in many forms. We don’t value one source of energy over another for the form of the source itself, but rather to the extent that each can do useful work for us. By putting different types of energy on equal footing through a singular measure, we can compare them more easily. For our examples, we’ll use a measure of power called watts.2
In 2009, the world produced and consumed 84.43 million barrels of oil per day (mbd), or 30.8 billion barrels for the year. Converting all of those billions of barrels into their energy content using watt hours, we discover that the world consumed around 52.4 quadrillion watt hours of energy in the form of oil. Assuming we wanted to get the same amount of power from other sources, this would be the same as:
Those are some big numbers. But that only gives us 2009 levels. Now suppose that we want to increase our total world consumption of energy from petroleum at 1.0 percent per year from here to 2030, as the EIA assumes.5 Each of the above numbers needs to increase by 26 percent by 2030, according to the assumed rate of growth in oil consumption. Of course, there’s demand growth for electricity to consider as well (which we haven’t), but the point here is to merely put our petroleum use into context.
Clearly we aren’t going to instantly need to replace all of the energy that we currently get from oil, because it will not “run out,” but will instead wind down over many decades. So the numbers above are simply a useful way to illustrate how much energy we currently derive from petroleum and how many nuclear reactors and/or alternative sources we’d have to build or pursue to make up for the energy we currently enjoy from oil.
More realistically, instead of scaling these numbers against all oil produced, let’s suppose that the world’s oil output peaks in 2014 and that our goal is to merely replace the amount that goes missing each year. For this scenario we will assume a very modest 5 percent rate of depletion for existing fields (less than the 6.7 percent recorded by the IEA), and we’ll (very) generously assume that OPEC has 5 mbd of spare capacity, Iraq will deliver 9.5 mbd by 2019 (a nearly 500 percent increase from current levels), and another 15 mbd of assorted other new projects will come on line over the next 10 years, which adds up to 30 mbd of new or incremental production. But, we’ll also need another 1.3 percent of oil growth each year to reflect the amount of petroleum growth that we’ve enjoyed over the 20 years from 1989 to 2009.
Remember, the point of all this is to see if we can realistically recreate the conditions that will allow the next 20 years to resemble the past 20 years, which means that we will need to keep growing our energy use year after year at the same rate that it grew in the past. A gentle-glide path for our exponentially based economy will require a relatively seamless transition from one source of energy (oil) to some combination of other sources. Can we do it? What’s the math?
Under the above scenario, the difference between oil supplied and oil demanded builds in each and every year after 2014, being driven by the 5 percent depletion of oil on the one hand and the “requirement” for 1.3 percent energy growth on the other.
Just by the numbers, once the scenario “settles down” in five years’ time (to account for the 30 mbd of projects described above to come on line), our 2019 scenario would require:
Obviously we could utilize some combination of all four possible solutions, but seeing them individually helps to illustrate the scale of the problem. Ignoring other vital considerations for the moment, such as the fact that virtually none of our almost entirely oil-based transportation network can run on the electricity produced by nuclear, wind, and solar PV technologies, that’s the basic math. Just by the numbers, none of those alternatives looks very likely, but anything’s possible, right?
Now let’s look at the reality.
The Reality—Time, Scale, Cost
People who are hoping for a technological solution to our energy predicament sometimes overlook the realities involved in moving to a new energy technology. There are significant issues of time, scale, and cost involved. Above, we’ve used some simple math to illustrate the scale of the predicament.
From time to time I am accused of significantly underappreciating just how clever and resourceful humans are. Perhaps I do underestimate our species, but the scientist in me knows that cleverness cannot defeat the physical laws of the universe. And the former corporate executive in me knows just how difficult it can be to move from lab, to pilot plant, and then to full-scale operational delivery.
Historically, transitions from one energy source to another have been long, expensive, protracted affairs. Global energy use in the nineteenth century was dominated by wood, not coal, and it wasn’t until 1964 that petroleum overtook coal as the main source of transportation energy. Even a 20 to 30 percent share of a national energy market by a new entrant takes several decades, possibly a century or more. At least historically this has been true.7
Part of the reason is that the old form of energy has an enormous installed capital base that must be phased out. For example, as our shipping fleets moved from wind power to coal, sailboats were slowly phased out over a period of decades as new coal steamers were individually brought on line. Nobody wanted to dispose of their old capital simply because new technology was available; it wouldn’t have made sense economically. The same was true for the switch from horse-drawn carriages to automobiles. So if we want to move from gasoline-powered autos to electric cars, a good guess would be that several decades of transition will be involved. The current crop of petroleum-powered vehicles will have one or two decades of useful life that their owners will want to wring out of them; service stations will have to be phased out, with their pumps and tanks removed; electric charging stations will need to be installed everywhere; and electric grids will have to be significantly upgraded to handle the new loads.
The rest of the reason that energy transitions take so long is simply the scale involved. Even if the world collectively decided that 1,000 brand new nuclear plants were exactly what it needed (and right away), it would still take decades to complete them all. Why? Because there aren’t enough manufacturing facilities to build the reactor cores. So those manufacturing facilities would have to be built first. Then, there aren’t enough engineers trained in reactor assembly and operation, and training takes time. Further, all of the world’s current uranium mines together wouldn’t be able to supply the required fuel, so new mines would have to be identified and opened. That, too, would take a very long time.
In every historical case, energy transitions required decades to complete, and there’s no reason to suspect that this time will be different. The only way to conceivably avoid this delay would be to override the markets and force the transition by government decree. Perhaps we need the equivalent of a Manhattan Project times an Apollo Project times ten: a massive, sudden, and global decision to put enormous resources into bringing a new energy technology or sources onto the scene without relying on market forces to get the job done. So far there are no signs of that happening anywhere, except possibly China. One example: A 2008 study by the National Research Council found that “plug-in hybrid electric vehicles will have little impact on U.S. oil consumption before 2030” and more substantial savings might be in the cards by 2050, reinforcing the notion that several decades separate the first launch of a new technology from its meaningful contribution to the energy landscape.8
The Nuclear Option
Even with significant current concerns about carbon in the atmosphere and recent technological advances in the field of nuclear reactor design, nuclear power still cannot step into the lead role and save us all from the effects of depleting oil. It will play a role, just not the lead role. Here’s why.
In 2004, nuclear power represented 8 percent of all energy consumed by the United States,9 while fossil energy represented 86 percent. Worldwide, there were 440 nuclear power plants operating in 2010, 104 of which were in the United States. In 2010, China had plans for or was already building 33 more nuclear plants to be ready by 2030, and a worldwide total of 61 were under construction in 16 countries.10
The very first question that must be asked before building a new power plant is, Where is the fuel for this plant going to be coming from? Power plants cannot run dry of fuel and need to be constantly fed, so sourcing the fuel is an extremely important task.
When it comes to fueling nuclear plants, there is a bit of an issue. The Chinese are already buying and stockpiling uranium for future use in their plants11 because they have apparently peered into the future and concluded that fuel security is an issue, so they are buying it now, just to be safe. The United States and France, the two countries with the most operating nuclear reactors, both hit a peak in uranium production back in the 1980s. Both countries only have very modest reserves of relatively low-grade uranium remaining within their borders.
The largest known uranium reserves in the world are located in Kazakhstan, Canada, and Australia.12 By now, you’ll find the story of uranium to be familiar, because it so closely parallels the story of petroleum. The highest grades and most convenient ores of uranium were exploited first and are nearly all gone, and the remaining ores are more dilute and/or more difficult to exploit. It’s the same story as that of oil.
High-grade uranium ore deposits, such as those still found in Canada, can be close to 20 percent in purity.13 But most of the world’s known deposits are in the range of 1 percent to 0.1 percent, with a few deposits even listed as “proven reserves,” implying that they are worth going after even despite having an ore purity grade of less than 0.01 percent, which is two thousand times more dilute than the higher-grade ores in Canada.
In 2006, the 104 operating U.S. nuclear power plants purchased 66 million pounds of uranium, of which 11 million pounds came from domestic sources and the balance from foreign sources.14 Over the past decade, the world’s nuclear power plants have been running, in part, on the uranium from decommissioned U.S. and (former) Soviet warheads, with some 13 percent15 of the world’s total reactor fuel coming from the “Megatons to Megawatts” program.16
If the United States cannot currently meet its own needs for uranium domestically with only 104 operating reactors, how much hope should we place on the idea of building and operating hundreds more over the coming years? Even if the United States somehow managed to double its total number of operating reactors, it would still only be obtaining 16 percent of its total energy needs from nuclear power. And even this assumes that power demand does not grow at all between now and then.
For the world to move significantly to nuclear power above and beyond current levels, it will first need to figure out where the uranium to fuel the reactors will come from. The short answer is that it won’t come from conventional mining, because that industry is having a hard time keeping up with the plants that are already in operation. It couldn’t possibly service a doubling or tripling from these levels, let alone meet the 18-fold increase implied by the gap being left behind by Peak Oil.
Some hopeful nuclear power proponents then turn to the idea of fast breeder reactors, possibly those running on thorium (which is much more abundant than uranium), which could theoretically provide energy for the next thousand years. At least that’s the story brought about in a couple of thought papers put out in the popular media. It bears noting that only a handful of experimental fast breeder reactors have been constructed for demonstration purposes. As of 2010, no commercial breeder reactors have yet been deployed. Not one.17 Several of the early experiments have already been shut down and/or decommissioned, but a small handful of experimental, demonstration, and pilot breeder reactors remain: one in India, one in Japan, and two in Russia.18 The basic story here is that fast breeder reactors look very good on paper, but they have proved to be something of an operational nightmare, which is to say nothing of the intense national security risks that they pose by virtue of their production of plutonium if running on uranium, and uranium 233 (a fissile material useful for making nuclear bombs) if running on thorium.
Whether or not breeder reactors are a good idea is relatively insignificant when you consider that no commercial reactors are yet on the drawing boards, let alone currently built, operating, and adding to our available energy. If we are going to entertain hopes that these complicated machines will contribute to our energy story, we must first admit that they can’t possibly do this if they aren’t built. This seems a trite concept, but you’d be surprised how many people earnestly inform me that we are going to solve our energy predicament with breeder reactors. If Peak Oil arrives in 2014 (as I write this near the end of 2010), it seems incredibly unlikely that the world will somehow manage to build hundreds of breeder and nuclear reactors in the span of a decade, which is what would be required to offset the energy decline.
Here’s how the possibility of nuclear energy breaks down:
The Coal Story
When he was president, George W. Bush gaffed on national television when he declared that the United States still has “250 million years of coal left.”19 Even if he were to have said what he meant, which was” 250 years of coal left,” he would still have been wrong. In truth, the only possible way to get to 250 years of coal is to start with the most optimistic possible estimate about U.S. coal reserves and then divide it by current consumption, which is unrealistic because our consumption of coal is constantly growing. Realistically, if coal consumption continues to increase as it has done in every decade since at least 1800,20 it’s not possible to have anything close to 250 years of coal remaining.
As Albert Bartlett makes clear, one cannot reasonably leave out growth in consumption when discussing how long something will last. That would be like claiming that you had spent nothing in the past five minutes and that therefore the money in your wallet would last forever. Bartlett has been dissecting the innumeracy of our growth and energy policies for decades, and has pointed out some massive logical errors in our thinking, such as this statement taken from a U.S. Senate report: “At current levels of output and recovery, these American coal reserves can be expected to last more than 500 years.” Of this, Bartlett said:
There is one of the most dangerous statements in the literature. It’s dangerous because it’s true. It isn’t the truth that makes it dangerous, the danger lies in the fact that people take the sentence apart: they just say coal will last 500 years. They forget the caveat with which the sentence started. Now, what were those opening words? “At current levels.” What does that mean? That means if—and only if—we maintain zero growth of coal production21
He goes on to note that even the Department of Energy admits that perhaps half the coal reserves aren’t recoverable, immediately dropping the estimate to 250 years. If we do that and assume that coal production increases at the same rate that it has for the past 20 years, then the known reserves will last for between 72 and 94 years; within the life expectancy of children born today. In terms of outlook, what’s the difference between 250 years of coal left and 72 years? In a word, everything.
So what can we say about coal consumption? First, coal is by far the dominant energy source for the production of electrical power (see Figure 17.1).
Figure 17.1 Electricity Generation by Power Source
Source: Energy Information Administration.
The use of coal has been growing worldwide at very fast rates, largely driven by China but also by the base growth of power needs in other countries. Even in the United States, where 250 years of coal supposedly remain, the United States is likely to become a net importer of coal by 2015 or so22 because it won’t be able to meet its own demand for certain types of coal, principally low-sulfur coal. Not by much, mind you, but a net importer all the same.
Coal production in the United States, as measured by tons mined, has been steadily growing at roughly 2 percent per year since the 1940s. This sort of stable, continuous, but ultimately exponential growth is exactly what our economy and society demand (see Figure 17.2).
Figure 17.2 Total U.S. Coal Production
Source: Energy Information Administration.
Of course, there’s a wrinkle in this story. Coal comes in several different grades. The most desirable grade is shiny, hard, black anthracite coal. It yields the most heat when burned, has low moisture content, and is highly valued in the steel-making industry. After anthracite comes bituminous coal, offering slightly less energy per pound of weight, and then subbituminous, and then finally something called lignite (a.k.a. “brown coal”), which is low-energy, high-moisture stuff that really has no use besides burning.
Next let’s look at the United States’ history with mining coal, separated out by the different grades (see Figure 17.3).
Figure 17.3 Coal Production by Type (or, Quality)
Source: Energy Information Administration.
Look at the line labeled “anthracite” in Figure 17.3 and see what sort of trend you can discern. What you see is a steadily declining line, which indicates that less and less of the most desirable form of coal is being mined. The reason we aren’t mining more anthracite is because we can’t. It doesn’t exist; it’s pretty much all gone. Our entire “bank account” of anthracite, formed over hundreds of millions of years, has been largely exhausted in a span of about 100 years. Hundreds of millions of years to form; roughly a hundred years to consume. The point bears repeating: When it’s gone, it’s gone. You can’t burn the same lump of coal twice. As with oil, more and more was extracted, and then, due to geological realities, less and less could be extracted. We hit a peak and are far down the backside of that peak here in 2010.
Quite naturally, after anthracite went into decline, efforts then centered on to mining the next-best stuff—bituminous coal—and in Figure 17.3 we observe that a peak in the production of bituminous coal was hit in 1990. Was this because coal companies lost interest in the next-best grade of coal? Hardly. It simply means that we started to run out of that grade, too. Naturally, we then moved on to the next-best grade after that, subbituminous coal, which we see making up the difference to allow U.S. domestic production of coal to continue steadily growing. Most recently, lignite has been getting into the game, although we shouldn’t expect to see lignite production really take off before the production of subbituminous coal peaks, which it someday will.
Now here’s the really interesting part. Remember when I said that the heat content, or available free energy, of coal got progressively worse with each grade? If we plot the total energy content of the coal mined, instead of the tonnage, we get a very different picture (see Figure 17.4).
Figure 17.4 Plot of Coal Tonnage versus Coal Energy
Source: Energy Information Administration.
Where the tonnage has been moving up at a nice, steady rate of 2 percent per year, we find that the total energy content of mined coal leveled off around 1990 and has gone up by exactly zero percent since then. This implies that the United States is using more energy and spending more money to produce more tons of coal, but is essentially getting less energy back per ton for its troubles.
This finding mirrors the results of a 2010 study performed by Patzek, et al., which determined that the net free energy from coal mined at all existing mining operations is nearing a permanent peak, possibly as early as 2011.23 It’s important to note that study did not claim that the tons of coal mined will peak in 2011, but rather that the total net energy from those mined tons will hit a peak. This study wasn’t about the quantity of coal that will be mined (or amount), but its quality (or net free energy). After the peak, there will be slightly less and less available net free energy from coal. Of course, this shouldn’t surprise anyone, because it’s a perfectly logical finding that comports well with common sense. The highest grades of the most-accessible coal were exploited first, leaving the less-energy-dense, less-useful, and less-accessible reserves for later.
Welcome to “later.” The Energy Information Administration (EIA) projects that the United States will increase its coal consumption by 25 percent by 2030, reflecting the growth in demand for base electricity production. The International Energy Agency (IEA) projected in its 2010 World Energy Outlook that world coal demand for all uses will advance by an astounding 47 percent between 2008 and 2030.24 Given the fact that coal grades are declining in their energy content, it’s safe to say that mining operations will have to increase enormously just meet the projected growth in demand for coal to be used for the production of electricity. Whether operations can be expanded that much (or that rapidly) is an open question. The bottom line here is that coal isn’t a nearly endless resource with hundreds of years of increasing production left in front of it, but a quite limited resource whose energy peak may not even be a decade away.
On top of this story, some people like to introduce the idea of converting coal to liquids to use in our fuel tanks. The coal-to-liquids (CTL) idea has a certain appeal. If the United States and other areas of the world have a lot of coal, then why not convert some of that coal into liquid fuels that we can put into our vehicles?
Unfortunately, you don’t have to scratch very hard at that idea to discover its flaws. First, there are no CTL plants running in the United States, and there are precious few anywhere in the world, raising the question of whether we could even build them fast enough to make a difference. Second, it’s a horribly inefficient way to use coal, wasting a lot of the energy content in coal at a time when we really shouldn’t be wasting much of anything. Third, there may not be enough coal coming from existing and planned mines to handle our base electricity needs, let alone supply an entire new industrial use.
On this last point, we will note that in 2010 China is building the equivalent of one new 1 gigawatt coal-fired plant every week25 and consumed a full 50 percent of all the coal used in the world that year.26 Given that China doubled its energy consumption between 2000 and 2008, and given its current plans to continue building out its coal-fired electricity infrastructure at a very rapid clip, it’s a pretty safe bet that there will be some stiff competition for available coal supplies in the future.
Putting it all together for the United States, if coal becomes a net import product by 2015, the energy quality of existing coal declines, and demand ramps up worldwide by significant margins, the idea that coal will play any sort of a redeeming role for the loss of petroleum production might qualify as wishful thinking.
While some still, even today, mistakenly claim that the United States has 250 years of coal left, once we factor in declining coal grades plus the need for increased consumption to support increased energy growth, it’s entirely possible that U.S. coal won’t last even 50 years. Will coal play an important role in our energy future? Undoubtedly. Will coal be the energy savior that will enable us to make a seamless transition away from oil to something else and last for hundreds of years? No.
Here’s how coal breaks down as a possible candidate to fill the liquid fuels gap being left by Peak Oil:
The Alternatives
When people think of alternative energy, they are primarily talking about means of getting electricity from the sun, wind, and waves. While we still don’t have a means of running our transportation network on electricity, perhaps we could someday, and that’s the hope (dream?) of some. The reality is that alternative energy sources are generating such a low percentage of current electricity, even if they grew at astonishing compounding rates it would be a very long time before they made a majority contribution to the global energy outlook. In 2006, Simmons & Company International, an investment banking firm focused on energy, estimated that if solar power capacity grew at the incredibly high rate of 25 percent per year over the next 14 years (from 2006 to 2020), it would provide roughly 1 percent of global electricity demand.28
The story with wind power is much the same as solar. Yes, these technologies can play a role, but the idea that they could somehow replace oil—even ignoring the fact that they are sources of electricity, not liquid fuels—is simply not rooted in the reality of the scales involved. Further, wind power only works when the wind is blowing, solar electricity only works when the sun is shining, and wave power only works when the waves are a certain height. The problem with electricity is that it needs to be constantly supplied to be useful, especially to noninterruptible processes such as those found in hospitals and manufacturing. If we could ever find a convenient large-scale way to store electricity, it would certainly help, but so far success has eluded us in this matter.
One area that deserves an enormous input of resources is the advance of batteries. The biggest game-changer out there isn’t to be found in developing a new energy source, but in figuring out how to store electrical energy more effectively. If we could store electricity better, a host of issues could be resolved. Right now, it’s sad to say, most batteries in use are little changed in design from the one invented by Allesandro Volta in 1800. If ever there were an area that deserved a massive government investment, electrical storage would be it.
The other point to make here is that 95 percent of all energy used to transport things within and across the global economy is supplied by petroleum-derived liquid fuels. Even if we obtained massive amounts of electricity from alternative sources and figured out how to store it effectively, we’d still have to retrofit our entire transportation fleet to run on electricity. Again, we need to raise the prospect of the time, scale, and cost of such an elaborate undertaking.
Biofuels, such as ethanol and biodiesel, were both initially presented as viable energy sources and ecologically protective products. This introduction turned out to be overly optimistic. The net energy returns from corn-based ethanol is a paltry 1.3, give or take a little, and requires the constant and unsustainable application of fertilizers and other industrial interventions to achieve the desired yields. If the United States were to try to completely replace its oil imports with corn ethanol, it would require nearly 550 million acres of farmland to be put to use,29 representing 125 percent of all the cropland in the United States (which totals ∼440 million acres). Anything that requires more than 100 percent of your arable land cannot supply your demand for liquid fuel (or anything else).
In Europe, where a lot of biofuels are used, concerns have mounted about the destructive practices associated with such enterprises as Indonesian palm oil plantations, resulting in significant and legitimate controversy on ecological grounds. It turns out that the way the Indonesians produce the palm oil is to grow it on peat bogs, which has the unfortunate result of both destroying sensitive ecologies and liberating more CO2 than if oil alone had been burned.30 Where people initially thought biofuels represented a “green” alternative with the lowest impacts (if any), now they are more aware of the quite significant environmental costs of biofuels that sometimes even exceed those of fossil fuels. We may someday discover a free lunch, but so far biofuels are not it, at least not at the scale required to run a global industrial society.
There are promising signs from algal biodiesel,31 which I am interested in because it offers the prospect of nutrient recycling and supplies liquid fuels. But as pleasing as the early signs are from this promising technology, here in 2010 we might note that virtually zero algal biodiesel is yet on the market, meaning that an enormous build-out and scale-up of this technology will be required for it to have any meaningful impact. Again, there’s a world of difference, and usually several decades, between the birth of an idea and full-scale implementation and adoption.
Here’s how the alternatives break down:
Natural Gas
Of all of the potential alternative fuels, natural gas is best suited to become a “bridge fuel” that we can use to transition into a new future of less energy. Recent advances in shale bed drilling seem to have opened up vast new supplies of natural gas, although environmental concerns (around the chemicals used to “frac” the tight shale open so the gas will flow, and their effects on water tables) and the issue of rapid depletion of the wells remain to be clarified before these new supplies can be relied upon.
But if the reserve numbers are to be believed, then there is ample supply of natural gas to “fund” a transition period. Of course, we’d have to tap that account wisely and preferentially use whatever there is to build a more resilient and efficient energy infrastructure, not waste it trying to increase retail sales and other forms of consumption. The EROEI is very high for gas wells, believed to be somewhere over 30.33
However, if we’re seriously and credibly going to use natural gas, then we have to immediately begin the enormous task of retrofitting our energy and transportation infrastructure to use it. Cars will have to be modified, new natural gas fuel tanks must be installed, service stations will need new refueling equipment and storage tanks, pipelines will have to be built, and so on. However, converting a vehicle to run on natural gas is a snap compared to conversion to electricity, and there’s no compelling reason why such conversions should not be done as quickly and as urgently as possible.
As before, there are issues of time, scale, and cost to be considered if we want to credibly exploit natural gas as a meaningful replacement for oil. It’s certainly possible that we can make the switch, but here in 2010, there is no sign that any such plans are even being considered, let alone approaching a scale of implementation that matches the urgency of the situation.
Yes, we could move toward natural gas as a prime energy source. But to do so, we would have to make the shift within a single decade, and no major energy transition has ever been accomplished in that short of a period of time. Is this possible? Sure, anything is possible. Is it probable? Not if we leave it up to “the markets,” which seem to remain blissfully unaware of Peak Oil even as we have already passed the peak of conventional oil and appear ready to pass a peak of all types of oil in just a few years. I won’t get excited by the prospect of a transition to natural gas until I hear the U.S. president get on television and announce the equivalent of a World War II–era effort to immediately begin building out the necessary infrastructure to make it happen.
If there was one area where we might want to pressure our elected officials to support one energy transition over another, it would be for natural gas over corn-based ethanol. Hands down, natural gas is the winner due to its massively higher EROEI. Unless we get serious about making this transition, and soon, there’s not much hope that natural gas will ever do more than play “catch up” with a receding oil horizon.
Conclusion
Together, nuclear, coal, and the alternatives will definitely play a role in our energy future. But none will be the energy savior that some are hoping for (or even counting on). Perhaps if we had started transitioning to these alternatives 10 or even 20 years ago, they could have slipped more comfortably into a lead role, but just like oil, none of them could have provided exponentially more energy forever. That is just the basic reality of living on a finite planet with finite resources.
Unfortunately we did not even begin mentally transitioning away from oil in the decades before its imminent peak, let alone structurally or economically. In order to have facilitated any kind of soft landing, several decades of preparation would have been required, given the realities of time, scale, and cost involved.
A set of structural, wrenching, and possibly disruptive changes are on the way. At this point, I’m confident that we will rely more heavily on nuclear, coal, and alternative energy sources in the future because we will have to, but I’m also just as confident that these resources will never be able to fully plug the gap left by depleting oil. We may hope that they might, but we shouldn’t count on them. The numbers are too large; the math doesn’t work.
The most probable outcome, given the level of funding priority and other actions by various world leaders, is for these alternative sources to play limited, albeit important, roles in our energy future. Nuclear, coal, and the alternatives can help to mitigate the impacts, but they cannot prevent them.
The implications of this are profound. The economy that you and I have come to know and love—the one predicated on a constant flow of ever-increasing quantities of energy—will have to operate on less energy. Even though having a few percent less energy instead of a few percent more sounds relatively minor, for an intertwined set of economic, financial, and monetary systems that are all based on perpetual exponential growth, the potential impacts are enormous.
CHAPTER 18
Why Technology Can’t Fix This
By now, some of you are probably thinking I’ve seriously underestimated the role that technology and innovation will play in our future. Perhaps I have, but my background as a scientist keeps intruding into my optimism about the ability of technology to solve the predicaments we face. In truth, I love technology and what it has brought us over the past centuries and will bring us in the future. I will stand up and applaud new discoveries and new advances louder than anyone in the crowd—when they are rolled out. But we need to face a few facts and assure ourselves that we haven’t placed too much optimism where it doesn’t belong.
Fact 1—Technology Does Not Create Energy
Because technology seems to produce so many miracles, it’s sometimes easy to forget what it can and cannot do. Technology can help us do things more efficiently and effectively than in the past, and it can help us do far more with less. It can entertain and connect us in ways that we couldn’t have conceived of only a decade ago. It can boost productivity. It can help us transform and use energy through innovative applications. It allows us to connect instantly with each other in new and exciting ways. But it cannot create energy.
Energy can neither be created nor destroyed. So says the First Law of Thermodynamics. Energy can only be transformed from one form to another, such as when coal is turned into electricity, which becomes the cold air blown into a dentist’s office in summer. Not once, not ever, not in any laboratory in the world, not even for a millisecond, has technology created more energy than it has used. Energy has certainly been transformed in quite brilliant ways, but the final accounting is always the same: Just as much energy exists as before the transformation; it’s just that some of it is now in the form of diffuse heat that is useless for performing any work.
This is where the Second Law of Thermodynamics comes in. It governs what happens to energy when it’s transformed: Every transformation always loses at least a little energy (and sometimes quite a lot) in the form of diffuse heat. Diffuse heat is the tax that the universe places on all energy transactions. There’s nothing wrong with diffuse heat—those of us in the northern United States happen to love it in our offices in February—it’s just that diffuse heat cannot perform any work, and it’s the work that energy performs that we’re mainly after. It bears repeating: Every single time we convert energy from one form to another, we lose some of that initial energy content to the universe in the form of heat.
For example, we might burn coal to turn into electricity, which we then use to split water so that we can capture and use hydrogen. Following this same set of transformations using the Second Law of Thermodynamics as our guide, we get the following: (1) When that coal is burned, about 40 percent of the energy it initially contained goes toward turning the electrical turbines, but 60 percent of its energy is lost to the universe as waste heat. (2) The electricity travels to the site where the water will be split, losing 7 percent of its energy along the way in the form of nicely warmed transmission lines that gently radiate their heat into the universe. (3) The electrolysis is performed, splitting water into oxygen and hydrogen, with 80 percent of the energy in the electricity captured in the form of pure hydrogen and a final 20 percent lost as heat. At every step, the universe demanded and received its tax in the form of diffuse heat. In this example, the final efficiency of converting coal ⇒ electricity ⇒ hydrogen is 0.40 × 0.93 × 0.80 = 30 percent. In other words, the act of converting coal to hydrogen loses 70 percent of the energy in coal to the universe.
The universe always tends toward randomness as it ceaselessly strives toward its goal of someday reaching one very average and uniform temperature. This is the law of entropy. Entropy represents the amount of energy in a system that is no longer available for doing mechanical work. At each stage of our conversion of coal into hydrogen, entropy (randomness) increases. Perhaps confusingly, lower entropy means there’s a higher level of order in a system. As entropy increases, so does disorder and randomness. Entropy then, is the name of the tax that the universe places on all energy transformations.
Entropy is the reason that your coffee cup starts hot and gets cold, but never starts warm and gets hotter all on its own. Cold molecules are slower-moving, closer together, and more orderly than heated molecules. They have less entropy than warmer molecules. It is the rule of the universe that high entropy always runs toward low entropy and never the opposite, just as running water always heads toward the sea. All molecules with higher disorder (heat energy) seek to share their wild exuberance with molecules that have less disorder, never the other way around. So your coffee cup starts hot but grows cooler, until it has shared as much of its entropy as it can and reaches room temperature. If entropy ever ran in reverse, you’d be as surprised as if you saw a river flowing uphill or a jumbled pile of books fly up onto a shelf in perfect alphabetical order.
Energy comes in many forms, ranging from highly concentrated to diffuse, from extremely useful to utterly useless for the task of performing work. The least-concentrated form of energy is diffuse heat at the background temperature (whatever that happens to be), and that form lives over on the “completely useless” end of the work spectrum. No machine in the world can perform net work from a single temperature reservoir, no matter how much heat energy it contains; work can only be extracted from heat if there’s a temperature difference between two separated reservoirs. For example, there is an enormous amount of heat energy contained within Lake Superior, but we cannot hook a machine up to it and use that energy to perform any work.
The second law states that as we transform energy, we always start with a concentrated form, like diesel fuel or a stick of wood, and after we’ve transformed it into something else, we’re left with whatever work that energy performed plus heat—random, diffuse heat. Our unavoidable entropy tax.
Think of the Second Law of Thermodynamics as a frictionless slide (meaning you can’t wriggle back up the slope to a higher spot), where at the top of the slide is beautiful, wonderful, concentrated energy, and at the bottom is diffuse heat. At the top of the slide we might put heating oil and 50 degree air molecules, and at the bottom we might put 70 degree air molecules. Once that heating oil descends and is converted into heat along the way, the trip down the slide is over and done. Once that heating oil has taken its trip down the slide, no more work can be performed from the energy that the heating oil once contained.
Suppose we put some natural gas, a marvelously concentrated form of energy, at the top of the slide and then use it to turn an electrical generator. The natural gas, when burned, performs some work by turning the generator, while the rest is turned into heated exhaust molecules. In asking the natural gas to perform this work, we nudge it down the slide, and it races to the bottom, while performing some useful work and paying the entropy tax along the way. Work and heat.
When energy takes a trip down that frictionless slide, it’s a one-way trip. Water never flows uphill and burned hydrocarbons never magically reform themselves out of exhaust fumes. Every form of energy gets only one turn on the slide.
Given this, I like to think of the concentrated energy that we have been given as a one-time free gift of energy perched at the top of a frictionless slide. Our choice is whether we’re going to do something truly useful with that energy when we push it down the slide, or simply turn as much of it as we can into useless heat as fast as possible. Either way, we only get to do it once.
In all of history, we’ve never, not once, violated this law of entropy. If we did, it would be the most spectacular news in scientific (and human) history, and many people, especially me, would scour the findings with great excitement to be sure they were true. But we quite regularly read about people who have claimed to violate this law. Nearly every year, claims surface that a perpetual motion machine that produces more energy than it consumes has been invented. The inventors of these magical devices demonstrate a remarkable ability to secure gullible media interest, and sometimes even deep-pocketed investors, but not one of them in all of history has ever produced a surplus-energy-perpetual-motion machine that actually works as claimed. To do so would mean that a perpetual motion machine would be able to nudge some energy down the frictionless slide and harvest enough work along the way that the same amount of energy could be pushed back up the slide as was used. You might as well try and lift yourself into the air. Needless to say, the law has yet to be broken, and a perpetual motion machine has yet to be invented.
If you find the Second Law of Thermodynamics a bit esoteric and want to observe a more direct and observable law of nature that has also never been violated, consider the law of gravity. Not once has anything that has been dropped on Earth ever floated upward instead of accelerating downward. Despite our technological prowess, not once have we ever found a way to defeat gravity here on the surface of the earth with our technology. We can temporarily defeat gravity using the powerful forces found in rockets and magnets, but we’ve never permanently diminished it. Just as the Second Law of Thermodynamics has proven to be an immutable law of nature that is immune from our technological reach, so, too, has gravity. The latest high-tech gizmos may intrigue and impress us, but they are as firmly straitjacketed by the laws of energy and entropy as you are glued to the earth by gravity.
Our first step toward understanding the limits of technology is to fully appreciate that technology can find, produce, and transform energy, but it cannot create it. Once we really understand the fact that technology does not (has not, will not, cannot) create energy, we’re in a better position to appreciate its offerings and shortcomings.
Fact 2—Transforming Energy Is Expensive
Once energy has taken the trip all the way to the bottom of the frictionless slide, it’s lost to us as a form of energy that can do useful work. Technology will permit us to take less concentrated forms of energy and make them more concentrated, perhaps even push them back up the slide, but only at an energy cost. By now you know this cost is “diffuse heat.” Any time we decide to concentrate a form of energy, we lose some energy to heat. Put another way, if we want to create one unit of concentrated energy, we will have to start with more than one unit of less-concentrated (but still useful) energy, with the extra balance representing the portion that will be “donated” to the universe as heat. Pushing things back up the slide is possible, but only if we’re willing to pay.
This is why the much-advertised “hydrogen economy” is an energy bust waiting to happen. There are no existing deposits of hydrogen to mine or tap. Hydrogen is energy-expensive to make, and there’s simply no way to make it without losing energy along the way. We might make it from natural gas, or from electricity, but we lose heat with every step of the conversion process. The more hydrogen we make, the less energy we have. Hydrogen might make sense economically and/or politically, but it’s an energetic flop. I’m picking on hydrogen a bit here, but the principle applies to any and every energy transformation.
And there’s nothing that technology can do to circumvent this reality. Transforming energy is expensive; it costs energy. Heat is lost, the entropy tax is unavoidable. This isn’t techno-pessimism—it’s the law: the Second Law of Thermodynamics, to be exact. The universe always applies its tax; entropy constantly increases.
Fact 3—Energy Transitions Take Time
If Peak Oil arrives before 2020, as seems likely at the time of this writing, then very little time remains to effect a transition to alternative sources of energy, whatever they may be. Energy transitions take time. A lot of time. And that is not so much a function of technology, but of human behavior and the economics of already-deployed capital.
For example, note in Figure 18.1 how long it took for coal to equal the energy contribution of wood (“biofuels” in the chart), and for oil to then equal the energy from coal, and that natural gas has still not equaled either of those (although it could). Nuclear and hydro remain distant competitors in the energy game.
Figure 18.1 Energy Use by Source, 1800–2010
These transitions took decades, typically four or more, to happen. This is one more reason why we might not expect or hope for technology to fix the energy predicament we face: markets, economics, and behaviors operate on their own time scale, independent of technology itself. History suggests that a good time to begin the energy transition away from petroleum would have been a good 30–40 years prior to the peak. An excellent study by Robert Hirsch (then of SAIC) made a compelling case that 20 years prior is the cut-off for undertaking mitigation strategies to avoid damaging consequences.1
Why Technology Can’t Fix This
Technology can help us exploit what energy we do have more cleanly, cheaply, and more efficiently, but it cannot create energy. And when we transform energy, we lose energy to the universe along the way in the form of diffuse heat. Therefore, it’s appropriate to view the fossil fuel store of the earth as if it were a gigantic pile of food that can only be eaten once. When we eat this bounty of the earth—our inheritance—it’s gone, never to be seen again. And technology holds little sway over economic and sociological impediments to rapid energy transitions.
Because economic order, complexity, and growth all require energy, and because our original allotment of energy cannot be increased by technology, technology alone cannot “fix” the predicament of needing more energy than we have. Technology has an enormous role to play in helping us to use our energy more wisely and with greater efficiency and utility, but these efforts will only slow the eventual day when our giant pile of free food is gone. At that point in time, we revert to eating what we can grow ourselves—an apt metaphor because we’ll be living within the energy budget supplied, once again, by the sun.
Between here and there, it’s up to us to decide what to do with this once-in-a-species energy bonanza. Shall we increase our prosperity by creating enduring works of architecture and lavishly funding our best and brightest minds to stretch the limits of what’s possible? Or shall we use energy’s one trip down the frictionless slide merely to promote the most rapid economic growth and consumption that we can? Both are choices that we could make, and in either case, nature doesn’t care; energy will be converted from concentrated forms into diffuse heat, remorselessly and relentlessly, whether we wish that to be the outcome or not. Nature will carry on whether we use up our energy stores wisely or shamefully, quickly or slowly, without any concern for how much or how little useful work we extract along the way.
Technology can provide a lot of things, but it cannot violate the laws of the universe. They are immutable and working just as they always have. And that is why technology can’t fix this—nothing is broken.
PART V
Environment
CHAPTER 19
Minerals
Gone with the Wind
These next few chapters won’t be a recitation of the various environmental stresses and issues that currently plague the world. There are many incredibly detailed sources chronicling the depletion and mismanagement of the earth’s resources, perhaps none better than Lester Brown’s Plan B series (currently in version 4.0) from the World Watch Institute, from which these next few chapters will draw heavily.
Instead, we’re going to tell a story around our dependence on and use of those resources, coupled with the energy story, to make the case that seismic shifts are in store for the economy. This isn’t to diminish the importance of environmental issues, or to intentionally or unintentionally subjugate them to money and the economy. Rather, the main point to which I adhere is this: The most immediate “environment” impact we will feel in our own lives will be transmitted to us via the economy. It responds more quickly and provides immediate feedback. More important, if the economy suffers and stumbles, or even collapses, then the environment will only suffer more. In that case, we will lack the resources to protect and preserve it, as we will be worrying about survival, which inevitably trumps all other considerations.
Quantity and Quality (Again)
The story of energy basically boils down to two “Qs,” quantity and quality. We noted that for oil, global discoveries peaked in 1964, which means that someday, inevitably, the quantity (amount) of oil coming out of the ground will someday peak as well. We noted that the issue isn’t just how much energy is coming out of the ground; it’s also the quality of that energy, with quality being an expression for the net free energy returned from those exploration and development activities.
This same story of quantity and quality applies to all other mineral resources, as well as any other primary sources of wealth that come from the earth. Our economy as we know it is an industrial economy that really began when we started harnessing the energy of coal to do work. The industrial economy began about 150 years ago, during which time the world has transformed considerably. Where abundant mineral resources were once lying around for the taking, now every last major deposit has been mapped and lesser and lesser grades of ores are being pursued at higher and higher costs, both energetic and monetary.
One hundred and fifty years, it should be noted, is a relative blink of an eye. Consider that Cleopatra was born and ruled closer in time to the launching of the space shuttle than to the building of the Great Pyramid of Cheops,1 and somehow 150 years doesn’t seem like all that much time. It’s not, really, and that’s the point.
One of my favorite images from the past shows two dapper gentlemen reclining on what appears, in the grainy black-and-white 1800s-era photo, to be a large rock in a streambed. In fact, that “rock” happens to be a copper nugget, an enormously concentrated form of mineral wealth that was just lying around waiting to be found and used. Before long, all of the large copper nuggets were swept up and used, so smaller and smaller nuggets were pursued, until finally all of those were commercially depleted, too. Then we moved onto the highest-grade copper ores, which were soon exhausted, and today we find ourselves consigned to and chasing after lesser and lesser ore grades.
In the United States, one of the largest copper mines is the Bingham Canyon Mine in Utah. It’s 2.5 miles across, three-quarters of a mile deep, and used to be a rather sizeable hill that has since been hauled away, crushed, smelted, and transformed into a very large hole. The ore grade at Bingham Canyon is quite low, only 0.2 percent when all the waste rock is factored in. Now think of a hole in the ground that’s nearly 4,000 feet deep, and imagine trying to get the ore and waste rock up and out of that hole without using gigantic diesel trucks. Think of the energy involved in hoisting rocks and earth thousands of feet into the air just so that we can get at the remaining dregs of copper in the earth’s crust.
Where our financial markets might tell us that this is a reasonable thing to do, perhaps because copper is at $3.00/lb., while diesel fuel is only at $2.85/gal., it doesn’t make a lot of sense on an energetic basis. Once we convert that highly concentrated diesel fuel into waste heat, humans will never be able to use that energy again to do anything else. Perhaps bringing rocks up from 4,000 feet down so that we can extract a relatively tiny proportion of copper from them really is the best use for that energy, or perhaps there are more pressing priorities. This is one way that financial markets can lead to perfectly rational economic decisions that also happen to be perfectly irrational energetic decisions.
The other point that I want to be sure to communicate here is the stunning sense of pace in this story. From giant nuggets lying in streambeds to 0.2 percent ore bodies in only 150 years. That’s an astonishingly short amount of time. What will we do for an encore over the next 150 years? When put in this context, it’s sobering to consider just how fast the mineral wealth of the earth has been exploited and how relatively few years remain until all of the known deposits are completely exhausted.
Actually, that’s an overstatement. The deposits will never be completely exhausted, as that would likely require far more energy than we actually have. As we recall from Chapter 15 (Energy and the Economy), one gallon of gas is equivalent to between 350 and 500 hours of human labor. How much is 350 to 500 hours of your labor worth to you? My prediction is that once petroleum energy begins to be priced at something closer to its intrinsic worth based on the work it can perform, most marginal mining activities will cease, and we will never get around to removing those last few flecks of mineral wealth.
Instead of thinking of the dollar costs associated with chasing after 0.2 percent copper ore, I want you to think of the energy costs, because those are what are going to shape the future. Remember how difficult it is to instantly appreciate nonlinear curves? Another nonlinear curve relates to the amount of energy required to go after and produce metals and other minerals that must be extracted from depleting ore bodies. Figure 19.1 and Figure 19.2 illustrate the declining quality of mineral ores.
Figure 19.1 Ratios of Mined Ore to Produce One Pound of Mineral or Metal
Figure 19.2 Pounds of Ore to Create One Pound of Refined Mineral
It’s clear that the energy requirement of chasing depleting ore bodies is very much a nonlinear story. Assuming that the ore is coming from mines that are a similar depth and distance from the processing mill, every decrease in the ore concentration requires a big increase in the amount of ore that is removed for processing to obtain the same amount of the desired material. This is ore that must be broken away from surrounding material, transported, crushed, and refined. Every step is energy intensive.
One trait that humans share with all animals is that we go after the easiest, highest-quality sources of materials first. That’s just natural. Those that are more concentrated and nearer to the surface (or markets) are preferentially exploited first. We tend to farm the best soils first, harvest the tallest trees, and go after the most concentrated ore bodies. It’s a process called “high grading,” and it simply means doing the obvious: using up the best and most convenient stuff before the other stuff. Which means that by the time we’re chasing the less-attractive ores as a second order of business, there’s a very good chance that these ores are inconveniently located, perhaps deeper in the ground or in a more remote location, or both, and/or in more dilute form. Because of this, as we go forward, the energy required to chase the lesser ores will be even more than is implied by a simple chart comparing the ore percentages to processing amounts.
Quite simply, the key point here is this: To get more and more minerals from depleting ore bodies in the future won’t require just a little bit more energy, it will require exponentially more energy.
Economic Growth and Minerals
The economy, which I’ve attempted to convince you is due for a shake-up, depends on ever-increasing flows of materials (and energy) running through it. That’s what an exponentially increasing economy implies—more stuff in ever-increasing quantities. The predicament is that sooner or later this will no longer be possible, because there’s a limit to all resources. Even the most pie-in-the-sky optimists admit that eventually there will be limits, although some cling fast to the belief that those limits are still very far off in the future, maybe even too far off to concern ourselves with at this time.
One of the favorite devices used by such optimists is to state that we have many remaining decades of resources x, y, and z “at current rates of consumption.” The problem with that, as I hope you can now immediately appreciate, is that an exponential economy cannot be satisfied with “current rates of consumption” because that amounts to the same thing as saying “zero growth.” Our particular brand of economy is based on ever-increasing amounts of everything flowing through it. More money, more debt, more gasoline, more cars, more minerals, more profits, more buildings, more clothes, more, more, more of everything.
So if you ever hear the phrase “at current rates of consumption” in regard to a nonrenewable natural resource, this is a sure sign that the person wielding the statistics has painted an erroneously rosy picture of that resource, either accidentally or on purpose.
To illustrate the importance of mineral wealth to economic growth, consider what goes into our cars and trucks. Automobiles are a perfect starting point because mobility is extremely important to people everywhere on the globe. We can easily appreciate how economic growth translates into more cars on the road, and cars use up lots of different minerals in their construction and operation.
To manufacture a car or truck, the following mineral elements are needed (Figure 19.3):
Figure 19.3 Types of Metal or Element (by Weight) in a Typical Automobile
Source: McLelland, “What Earth Materials Are in My Subaru?”2
Even if we assume 100 percent recycling of the materials in a car or truck (an impossibility, as some things are lost along the way to rust or just otherwise diluted and dispersed), one thing that we can’t get around is that each year, with economic growth, there are more cars and trucks plying the global highways than the previous year (Figure 19.4).
Figure 19.4 Total Registered Vehicles in the United States
Source: Research and Innovation Technology Administration Bureau of Transportation Statistics.3
More cars and trucks mean that more of those things in the table above must be extracted from the earth. More copper, steel, aluminum, and everything else in that list must come up out of the ground to be converted into vehicles. The same is true for cell phones, computers, televisions, and everything else that includes some form of mineral wealth.
When we look at the world’s undisputed, number one consumer economy, that of the United States, a country enormously well endowed at its inception with mineral wealth, we find that it currently imports 100 percent of its needs for 18 critical, economically important elements or minerals.1 The implication of this is clear: The U.S. economy now requires more mineral wealth than can be secured from within its own borders, and in several cases it has entirely depleted its natural endowment of mineral wealth after only 150 years of running its industrial economy.
The End of an Epoch
Several high-quality studies have already peered into the future of our known mineral resources and determined that some of them are now past peak and that several will be entirely exhausted within just a few decades (Figure 19.5).
Figure 19.5 Known Mineral Reserves and Depletion
Source: Diederen, “Metal Minerals Scarcity and the Elements of Hope.”4
It’s startling to realize that nearly all of these mineral resources were in fully pristine, untouched condition just 150 years ago. Where the earth once spent hundreds of millions of years concentrating these ores into a relatively few seams and pockets around the globe, humans managed to eat through a significant quantity of those in only 150 years. But that, too, underplays the situation. The amounts of minerals extracted each year have been steadily climbing through time. If we assume a 2 percent rate of increase in yearly extraction, this would mean that world extraction and use of mineral resources will double every 35 years.
And we’re continuing to increase the amounts that we extract by a fairly steady 2 percent per year, which means that in just another 35 years, we will be seeking to extract twice as much from the ground as we are today. Thirty-five years after that, we’ll want to extract four times a much. And so on, forever and ever. Or at least that’s the story as it currently stands.
Your job is simply to ask yourself if that seems either likely or doable. If, like me, your answer is, No, this is neither likely nor doable, then it makes sense to begin planning for a future that will be very different from today.
Reduce, Reuse, Recycle
There can be no doubt that an important tactic of the future is going be careful stewardship of our remaining resources. By reducing, reusing, and recycling our nonrenewable natural resources, we will be able to extend and blunt the day of reckoning. Unfortunately, however favorable or well-executed this strategy might be, it won’t be sufficient to prevent seismic shifts in the superstructure of our economy.
Our economy is based on a high-throughput, a somewhat disposable approach to natural resources that acts as if there were no limits to either extraction or excretion. The transition to an economy that can function on static or even diminishing supplies of certain essential raw materials is a fundamentally different economy from the one we currently have.
However well-implemented, a strategy of reduce/reuse/recycle won’t be able to mitigate any of the following:
Gone with the Wind
The bottom line is that our activities tend to disperse our mineral wealth in ways that often prevent their reclamation and reuse. In many cases this is a one-way trip that isn’t amenable to recycling or reuse.
After (just) 150 years of industrialization, we can already see the end of several key mineral resources just a few years or decades out. And even these projections blithely assume that the energy is there to complete the task of depleting the known reserves, an assumption that I’m not willing to make.
With the depletion of certain key minerals, things will change, possibly dramatically. Am I saying that I expect the economy to come to a crashing halt if a key mineral is exhausted? No, absolutely not. But I am saying that it will no longer work the same way that it did before, and that’s what this book is about—alerting you to some seemingly quite obvious and predictable changes that are clearly headed our way.
1 Please refer to the Appendix for a list of the minerals that the United States must fully or partially import.
CHAPTER 20
Soil
Thin, Thinner, Gone
In January of 2009, an architect who’d arranged for me to speak in his community was driving me from San Francisco to an event in his hometown of Sonora, CA. As we passed through some of the most fertile farmland I had ever seen, I remarked on the bounty I could sense just outside the glass as we drove by at 65 miles per hour. Row after row, field after field, dark soil beckoning now and again from freshly turned operations spoke of the immense agricultural treasure of the place as we zoomed our way east.
Then, all of a sudden, the flat fields turned into row after row of neat, tidy houses, all squished together as if the prior 40 miles of flat expanse were irrelevant and space was suddenly hard to come by. “Hey, what’s going on here?” I asked. He briefly dipped his head and brought it up to say, “I’m embarrassed for my profession. We should, of all professions, know better than to build on farmland, but there’s no awareness yet in my colleagues of the tragedy that what you see represents.”
This silent tragedy, converting rich soils into tract housing, is happening all across the United States and elsewhere in the world and is, again, driven by financial—not necessarily thoughtful—decisions. Civilization has always grown up around and depended on the thin layer of soil that covers the earth, and we’re as dependent on it today as we’ve ever been. Without soil, food won’t grow. We would do well to remember that without primary wealth, there’s no secondary wealth, and without that, nothing else really matters, certainly not your stocks and bonds.
The Coming Food Challenge
In 2010, a United Nations (UN) commission reported on the state of the world’s food situation and made these statements:
. . . satisfying the expected food and feed demand will require a substantial increase of global food production of 70 percent by 2050.
Much of the natural resource base already in use worldwide shows worrying signs of degradation. Soil nutrient depletion, erosion, desertification, depletion of freshwater reserves, loss of tropical forest and biodiversity are clear indicators.1
One-tenth of the world’s land mass is suitable for growing crops, while another four-tenths is only suitable as range land due to the thinness of the soil, steepness, dryness, or some combination of those factors. The remaining half of the world’s landmass is unsuitable for food production. The UN report examined the issue of how we will manage to feed 9.5 billion people (a 46 percent increase), given that virtually all the world’s available farmland is already under production. Increased demand is expected to require an enormous increase in crop production.
Over the past few decades, improvements in irrigation, use of fertilizers, and better crop varieties have combined to dramatically improve crop yields on a per-acre basis. But can we complacently assume that another 46 percent can be wrung out of the system over the next 40 years? What might happen if petroleum energy in the future costs too much to support the use of ever-increasing quantities of fertilizers, irrigation, and pesticides?
The Important Difference Between Soil and Dirt
Our modern, industrial agriculture system feeds more people while employing fewer people than at any time in history. Even more remarkably, crop science has delivered ever-increasing yields on a per-acre basis at ever-lower costs. As impressive as this is, you probably won’t be surprised to learn that such gains come with hidden costs. One of the most important costs has been incurred by the soil itself.
There is an important distinction between soil and dirt made here:
What is the difference between soil and dirt?
Soil is alive. Dirt is dead. A single teaspoon of soil can contain billions of microscopic bacteria, fungi, protozoa and nematodes. A handful of the same soil will contain numerous earthworms, arthropods, and other visible crawling creatures. Healthy soil is a complex community of life and actually supports the most biodiverse ecosystem on the planet.
Why is it then, that much of the food from the conventional agricultural system is grown in dirt? The plants grown in this lifeless soil are dependent on fertilizer and biocide inputs, chemicals which further destroy water quality, soil health and nutritional content.2
In our quest to grow more food, more cheaply, on the same amount of land, year after year, we have been strip-mining the soil of its essential nutrients and qualities and converting it into lifeless dirt. What would happen if modern farming suddenly had to make do without fertilizers, pesticides/herbicides, and other petroleum inputs? Yields would fall, probably by quite a lot. Our increased yields have less to do with better technology and understanding, and more to do with the forceful application of external energy.
Industrial agriculture is marvelously cost-effective, but also remarkably brittle. It depends on a perpetual inflow of chemical fertilizers to replace the nutrients that are stripped, as well as petrochemical inputs in the form of herbicides, fungicides, and pesticides to counteract the deleterious effects of soil sterilization and monocropping.
What is the difference between Wal-Mart and an industrial farming operation? Not very much, as it turns out. Both are extremely cost-effective, and both are desperately fragile. If anything disrupts the just-in-time delivery systems around which their methods of profitability are built, either operation will experience profound difficulties. If there’s a gap in the ability to deliver shipping containers from China to Wal-Mart’s operational distribution centers, wares rapidly vanish from the shelves. It may be a cost-effective way to do things, but it’s not robust; it’s fragile.
Similarly, if an industrial farming operation is deprived of the chemical inputs required to enforce growth in their crops, yields will almost immediately suffer and plummet. Various studies of the impact of fertilization have proven that anywhere from 40 percent to 100 percent gains in grain crop yields are dependent on the application of fertilizers.3 Sufficient supplies of fossil fuel products are essential to the success of both of these ventures.
Exporting Nutrients
The United States exports some 80 million tons of agricultural products each year (primarily grains), which represent a massive amount of water, as we’ll see in Chapter 21 (Parched), and vital nutrients that are harvested from the soils and shipped overseas. Without the nutrients being completely recycled back into the soils, the farmed soils quite rapidly become depleted of the vital elements that plants use to support their biological functions and growth.
One puzzle that you might have read about recently comes from the observation that plants grown and tested for their nutrient content some decades ago contained far more nutrients than plants harvested today. The quoted evidence below was assembled by Dr. Donald R. Davis and reveals the following patterns of depletion in food nutrition and soil nutrients:
There is no mystery to these results. If you constantly harvest minerals from the soil and then truck them away without replacing them, eventually the soil will become depleted and there will be less of those minerals available to plants. In this sense, then, many farmers are in fact “mining” the soils upon which their livelihoods depend. Without closing that loop somehow and getting those nutrients back into the soils in measures equal to the rates at which they’re harvested and transported away, the practice of farming on those soils is thoroughly unsustainable. Sooner or later, those soils will become utterly sterile, suitable only for the type of farming that uses massive amounts of energy (somewhere along the line) to transport and replace those nutrients by some other means. The bidding wars that broke out in 2010 for various fertilizer companies, such as the hostile pursuit of Potash Corporation by BHP Billiton, reveal the mounting interest in securing ownership of the best remaining sources of essential (and profitable) crop nutrients.5
The High (Energy) Cost of Low-Cost Fertilizers
The three key nutrients that are mandatory for crop growth are nitrogen (N), phosphorus (P), and potassium (K), which you’ll see listed together on the front of a bag of fertilizer as “NPK.” Virtually all of the world’s nitrogen is made using natural gas to supply the energy (and hydrogen) needed to convert gaseous nitrogen into ammonia, a form of nitrogen that’s biologically available to plants. (The gaseous form of nitrogen that makes up more than 70 percent of the atmosphere is inert and useless to plants.) It’s an enormously energy-intensive process; a pound of ammonia fertilizer requires the equivalent of a pound of diesel fuel to create it.
Therefore, any study of the extent that plant yields are dependent on nitrogen applications is really the study of the effect of fossil fuels on farming yields. As long as there are ever-increasing amounts of natural gas to dedicate to making nitrogen fertilizers, then the system we currently use should continue to function. But if this isn’t the case—if it turns out that natural gas becomes limited in some way (which indeed it someday will)—then we need to seriously think about how we’ll manage that situation.
If we lacked the energy to make nitrogen fertilizers, then plant yields would suffer enormously, until and unless we could figure out a practical way to return the harvested nitrogen back to the land in a usable form. Currently, the number one eventual destination for applied farming nitrogen is the ocean, which is where we send most of our sewage. Right now we can “afford” to do that because we have the energy to waste, but in the future it will be a sure bet that we’ll have to find ways to close the loop and return these essential nutrients to the land and the soils upon which we depend.
The story of phosphorus is even more urgent, if not alarming, as our only source for this utterly essential element is from mined rocks. Again, we “mine” phosphorus from our farming soils and send it out to the sea to become hopelessly diluted, never to be recovered. Once thought to be virtually inexhaustible, rock phosphate has been mined in ever-larger quantities over the years to support our exponential need for more food, and we can now see that a peak in this important mineral resource is plainly in view.
Our supply of mined phosphorus is running out. Many mines used to meet this growing demand are degrading, as they are increasingly forced to access deeper layers and extract a lower quality of phosphate-bearing rock (phosphate is the chemical form in which nearly all phosphorus is found). Some initial analyses from scientists with the Global Phosphorus Research Initiative estimate that there will not be sufficient phosphorus supplies from mining to meet agricultural demand within 30 to 40 years. Although more research is clearly needed, this is not a comforting time scale.6
This is the exact same story that we’ve seen already for petroleum and other minerals. There is a fixed quantity of this vital mineral. It’s being mined in ever-larger amounts, and it’s depleting rapidly. That it will someday run out isn’t in doubt; such a fate lies in the future of any finite material that’s consumed. But “running out” isn’t really our most immediate concern; “peaking” is. If farming yields must grow to meet future demand, and those yields depend on phosphorus, then the peaking of phosphorus is going to put enormous pressures on efforts to increase yields.
Modern farming practices represent the effective mining of nutrients—a one-way trip from the soil to the sea—which we combat by mining or creating replacement nutrients elsewhere and then spreading them back on the land, using a lot of energy in the process. Right now our approach to nutrients is like a giant arrow that begins where the fertilizers are mined, passes through a farm, goes to a plate, and then out to sea.
Soil Erosion and Desertification
Even if all the soil (and its critical minerals) were staying in place, instead of being dispersed out to the ocean, there is another way in which modern farming practices aren’t sustainable. Much of the soil itself is being lost, and this, too, is a concern. Fertile soil builds up only very slowly, often requiring 100 years of natural processes to create a single inch, and it is being lost at a rate that far exceeds its rate of accumulation. Some of it is lost slowly through simple erosion over time, and sometimes it is lost rather dramatically, as was the case in the U.S. dust bowl in the 1930s, when a single dust storm on April 14, 1935 was calculated to have contained 300,000 tons of topsoil, twice as much material as was dug from the Panama Canal.7
Desertification is another destructive process that is often initiated and accelerated by the actions of humans. The process usually involves overgrazing of already marginal, dry lands, which destroys the meager plant cover that protects what little soil there is. Eventually a fine wind storm comes along and blows that soil away, and then nothing is left to absorb the sparse rains when next they come. Plant roots themselves also play an important role in both capturing and liberating water; they perform vital functions lost to overgrazing and difficult to reestablish once gone.
Conclusion
All of this is to say that instead of building up our primary wealth—soils—we’re rather steadily, and sometimes dramatically, eroding and depleting them. Sustaining our current farming yields currently requires enormous energy inputs to create the fertilizers and run the irrigation pumps. But these practices are themselves unsustainable. Sooner or later, the energy won’t be there to create the fertilizers and irrigate the fields.
Taken together, these facts about the fate of our soils and available farmland lead me to a stark conclusion: The cost of food is going to go up rather dramatically in the years to come. Farming on arid land isn’t sustainable. Farming in a way that depletes the soil isn’t sustainable, nor are methods that cause soil to be eroded faster than it’s created.
The whole story of farming on an industrial scale is one of low costs and even lower sustainability. In order to farm sustainably, soils must be minimally maintained at their current depths and levels of fertility. In a world of surplus energy, these defects can be hidden by “nutrient subsidies” hauled in at great energy costs from far away. But when the energy subsidy is withdrawn, the true state of our croplands will be revealed.
The alternative to this bleak story of lost soil and squandered nutrients begins in your local area. There are farming practices available that build soils and nutrients; these have begun to “close the nutrient loop” and are therefore on the path toward being sustainable. It would be a useful exercise to explore how these options are (or aren’t) being applied in your area.
The bottom line with regard to soil is that it is the single most important form of primary wealth. Without soil, we’d be entirely lost. Without food, nothing else is possible. It is past time to reconnect with our soil and treat it with the respect and admiration it deserves.
CHAPTER 21
Parched
The Coming Water Wars
When you were young, perhaps your mother admonished you to turn off the tap while brushing your teeth to conserve water. That’s good advice, and I don’t want to diminish it, but the coming water predicaments will be driven more by the food on your plate than by what swirls down your drains. Water tables all across the globe are falling fast as aquifers are pumped at rates far faster than they are being recharged.
As Lester Brown explains:
The link between water and food is strong. We each consume, on average, nearly 4 liters of water per day in one form or another, while the water required to produce our daily food totals at least 2,000 liters—500 times as much. This helps explain why 70 percent of all water use is for irrigation. Another 20 percent is used by industry, and 10 percent goes for residential purposes. With the demand for water growing in all three categories, competition among sectors is intensifying, with agriculture almost always losing. While most people recognize that the world is facing a future of water shortages, not everyone has connected the dots to see that this also means a future of food shortages.1
While turning off the faucet while brushing your teeth is a good idea, residential water use comprises only 10 percent of the total. Even if we could cut our domestic water use by 100 percent, we’d still have 90 percent of the issue to deal with.
As with Chapter 19 (Minerals) and mineral wealth, my purpose in this section isn’t to write exhaustively about water issues. For that I refer you to other excellent sources for the details.2 Instead, I want to simply illustrate that the exact same exponential dynamics of depletion and growth are present with respect to water as they are in petroleum and minerals. It’s the same story all over again: Exponential growth is driving extractive behaviors that are creating water issues, problems, and predicaments all across the globe. No longer can clever engineering deliver all of the desired water to some places in the world; even now, there simply isn’t sufficient water to meet the level of desired consumption.
Therefore, the story with water is more or less the same as the story for oil and minerals: We’re placing exponentially increasing demands on what, in many cases, is essentially a fixed supply. The drive for water demand is no more complicated than population growth. The 70 million new people on the surface of the planet each year (equivalent to 8.3 New York Cities annually) need to eat, and food takes a lot of water to grow. For example, a single pound of wheat takes a thousand pounds of water to grow, and this 1:1000 ratio coupled with population growth is the key driver for increasing water demand across the globe.
Running Dry
The water with which we are most familiar is above ground in the form of ponds, lakes, rivers, and reservoirs; that form of water has the wonderful characteristic of recharging and replenishing itself from the rain and snow that falls from the sky. We can easily view the water levels in rivers and reservoirs and see for ourselves whether the levels are rising or falling enough to be cause for alarm. Over just the past 40 years, as the world’s population has more than doubled, many of these rivers and reservoirs have gone from being sufficient to being nearly depleted.
The mighty Colorado River no longer roars into the sea, having been reduced to a trickle by the innumerable demands placed along its entire length. The Yellow River in China is in the same condition. All over the globe, once-mighty rivers now limp toward the ocean, often drying up entirely during the dry season before they reach the sea. While there’s some latitude to push things a bit further along with conservation efforts and altered-use practices, the surface water of the world clearly cannot stand any more “doublings” in demand. Already practically every major river has been dammed, diverted, sluiced, and sliced up into apportioned allotments, and many minor rivers have disappeared entirely. The conclusion is clear: Sooner or later, fresh water will be a major limiting factor to population growth and economic expansion.
What Lies Beneath
Because we can see it, we often tend to think of surface water as the main story, but really the relationship between surface water and the totality of the water we use is very similar to an iceberg’s dimensions above and below the water. The most important sources of water for most cities and agriculture lie in the aquifers hidden from view deep beneath the ground, which means that precious few people truly appreciate what’s going on down there. What we find here are rapid and increasing rates of depletion. Many of these aquifers recharge so slowly, often over the course of tens of thousands of years, that Lester Brown rightly calls them “fossil aquifers” to link them to same depletion dynamics that plague petroleum reservoirs. In the United States, the massive Ogallala aquifer lies under eight western states, supplies 21 million acre-feet of water for irrigation every year, and may dry up in as little as 25 years.3
In this sense, extracting water from deep, ultra-slow-recharging aquifers is no different from mining: Once the ore (or water) has been removed, it’s as good as gone forever, at least on a human timeline. This is where our intuitive sense of water, which regularly falls from the sky, can lead us astray. Instead of thinking of it as an infinitely renewable resource, we need to be aware that an enormous proportion of the water we use is effectively a nonrenewable resource. Aquifers like the Ogallala are more like a non-interest-bearing bank account gifted to us by a distant relative. Because it won’t last forever, a prudent person would have a strict budget and a solid plan for what to do on the day that the account runs dry.
Ancient aquifers all over the globe are being pumped at unsustainable rates and will therefore someday fail to provide sufficient water to local populations. The list of problem areas are nearly endless, and very few of these locations have any sort of credible plans for what to do when the water runs out.
Exporting Water—The Food Story
Water is an indispensible factor in the story of ever-increasing crop yields over the past several decades. World food harvests have tripled since 1950, and irrigation is responsible for a large portion of those gains. Most people are surprised to learn that every pound of harvested wheat requires one thousand pounds of water to grow. In a sense, this 1000:1 ratio means that when the United States exports wheat, it’s really exporting water. A million tons of grain is the same as a billion tons of water, which explains why many water-starved countries prefer to buy their grains rather than try to grow them on their parched soils. It’s cheaper than digging wells or building desalination plants.
Without the use of aquifers, much of the dryer agricultural land in the world, such as the wheat fields in Saudi Arabia, would have to be abandoned altogether. And agriculture in the more temperate regions would have to revert to dry land farming practices—which means depending on rainfall alone, rather than irrigation—and this would lower yields. This is an inconvenient reality at a time when future food security is already an open concern of world leaders and population is slated to grow by approximately 40 percent over the next 40 years.
To quote Lester Brown again, “Knowing where grain deficits will be concentrated tomorrow requires looking at where water deficits are developing today.”3 The dryer and more populous nations are already struggling with severe water issues today. So as we ponder the predicament of falling water tables, we might also ask what the impact of these will be on our ability to support even a few more decades of exponential growth, let alone an endless amount of it. Given the enormous litany of water issues that are already upon us, I find it quite improbable that we will be able to support even one more economic doubling without running into serious issues.
The Food Bubble
Because water is so indispensible to agriculture, and the more populous and dryer regions are so heavily dependent on ancient aquifers to meet their irrigation needs, some stark conclusions are apparent. Again from Brown’s Plan B:
Many countries are in essence creating a “food bubble economy”—one in which food production is artificially inflated by the unsustainable mining of groundwater. At what point does water scarcity translate into food scarcity?4
David Seckler and his colleagues at the International Water Management Institute, the world’s premier water research group, summarized this issue well:
Many of the most populous countries of the world—China, India, Pakistan, Mexico, and nearly all the countries of the Middle East and North Africa—have literally been having a free ride over the past two or three decades by depleting their groundwater resources. The penalty for mismanagement of this valuable resource is now coming due and it’s no exaggeration to say that the results could be catastrophic for these countries and, given their importance, for the world as a whole.5
As was the case with our money system, which was essentially born in its current form on August 15, 1971 with the slamming of the gold window by Nixon, we don’t have thousands of years of experience to help guide us through what happens when the aquifers that allowed the emergence of large populations above them are depleted. It can rightly be said that we are currently experiencing a “food bubble,” in the sense that the harvests are now running at a rate higher than the aquifers can sustain.
The story of water is another tale of an unsustainable practice that’s playing out right before our very eyes and getting surprisingly scant attention, given the stakes involved. The mystery here is why so many clearly unsustainable practices are running at once without more pointed national and global discussions about exactly how and when we’ll terminate the practices on our own terms so that we can enter a future shaped by design, not disaster.
Energy and Water
Because water is a liquid and flows so easily, down rivers and through pipes, its other primary characteristic often gets overlooked: It’s heavy. A cube of water measuring just slightly over three feet on a side weighs a ton. It is wonderful that huge amounts of water will flow so readily down an incline, such as 100-mile long culvert. However, if you want water to go uphill, there’s an enormous energy price to pay.
In certain states in India where the irrigation pipes now reach deep into the earth to draw up the precious but retreating water, irrigation now accounts for more than half of the electrical energy used. Unsurprisingly, bringing water up from great depths is enormously energy intensive, and irrigation is one of the major uses of energy in farming, consuming 13 percent of the direct energy used to grow food.6
As aquifers deplete and retreat to lower and lower depths, the energy—and cost—required to pull those waters up mounts. In the future, we’ll see twin pressures on food-growing costs: The direct increase in petroleum prices and the mounting costs of drawing water up from ever-greater depths. And even then we’re assuming that the aquifers will remain viable indefinitely.
The other primary use for water that often goes overlooked is the production of energy itself. Nuclear and coal-fired plants both require enormous amounts of water, used in the cooling cycle, to operate. If we express the amount of water required on the basis of kilowatt hours, we find that it takes two gallons of water to produce a single kilowatt hour of consumed electricity. Surprisingly, hydroelectric plants “consume” the most, as their reservoirs lose a lot of water to evaporation. For all new thermoelectric plants (coal, nuclear, etc.) the average is approximately 0.5 gallons per end-use kilowatt hour. This may not sound like a lot, but it means that more than half of all the water consumed in the United States is consumed by electrical power plants. If we want more electricity, we’ll need to use more water.7
The Future of Water
Once again, if we take a hard look at the facts as they stand, we come to the conclusion that the correct question isn’t How do we manage our water resources to allow perpetual growth? but rather Since our use of water will someday hit a limit, would we rather approach that limit on our own terms or on nature’s terms?
Fresh water isn’t evenly or very well-distributed across the globe, and neither are these water-based problems—some places are in much worse shape than others. The future of water is already upon us, as evidenced by the number of farm operations and regions that have been systematically losing their water access by expropriation or selling their water rights to cities. When economics sets the rules, farmers lose, because the monetary value of the crops that can be grown with a given amount of water is a fraction of the value at which water can be sold to residential and industrial customers.
We’re already at the point where water is a limiting factor for societies and economies all across the globe. With 6.5 billion souls (and counting) living the way we do, all the fresh water on the face of the earth, and even that beneath the surface, is barely meeting our needs. What happens when the world’s population goes to 9.0 billion, as the UN suggests is likely by 2050? At a simple level, this nearly 40 percent increase in population implies that there will be 40 percent less water per capita in the future. More realistically, we might wonder if the number will be a lot larger due to the permanent loss of several or more ancient aquifers.
The future of water is one of scarcity. It’s a future where “water refugees” will need to move from regions where the local aquifers can no longer support the populations above them, and where nations will squabble and possibly go to war over water rights and access. It’s hard to imagine how this water scarcity won’t translate into crop and food scarcity.
Water use provides a perfect illustration of the gap between the “grow now at any cost” mentality and a rational, thoughtful approach. If a city is drawing upon a depleting ancient aquifer, has no other plans for water, and continues to grow, then it’s being led by people who are either deeply irrational or who lack an appropriate horizon of concern.
Unfortunately, this description applies to many cities all over the world, including many in so-called developed nations. The evidence is dramatic and overwhelming, and it’s time for us to come to terms with it. The alternative is to wait for circumstances to force the issue, risking prosperity and even water wars.
CHAPTER 22
All Fished Out
I loved fishing with my grandfather when I was a child. I can’t recall us ever talking about anything—not one conversation comes to mind—but there was no need for words; we were fishing. He took me to the Branford public pier on the Long Island Sound, and we caught many different types of fish there. The waters were teeming with life. I remember an abundance that, sadly, is no longer in evidence there when I take my kids fishing.
Once again, this chapter isn’t designed to be a long recitation of the many challenges that our oceans are facing—there are too many to list—but I’ll continue to make the simple point that we’re already up against hard limits with respect to what the oceans can provide. More growth? Another 10, 20, or 30 years of increasing exploitation of the ocean’s riches? It’s not going to happen. They’re already fished out.
Ninety Percent Gone
A recent study published in the esteemed journal Nature concluded that the combined weight of all oceanic large fish species has declined by 90 percent.1 If something supposedly renewable is being harvested at a rate that causes its mass to shrink alarmingly, then it’s a poster child for the concept of “unsustainability.”
As Lester Brown put it in Plan B 3.0:
After World War II, accelerating population growth and steadily rising incomes drove the demand for seafood upward at a record pace. At the same time, advances in fishing technologies, including huge refrigerated processing ships that enabled trawlers to exploit distant oceans, enabled fishers to respond to the growing world demand. In response, the oceanic fish catch climbed from 19 million tons in 1950 to its historic high of 93 million tons in 1997. This fivefold growth—more than double that of population during this period—raised the wild seafood supply per person worldwide from 7 kilograms in 1950 to a peak of 17 kilograms in 1988. Since then, it has fallen to 14 kilograms.2
As population grows and as modern food-marketing systems give more people access to these products, seafood consumption is growing. Indeed, the human appetite for seafood is outgrowing the sustainable yield of oceanic fisheries. Today, 75 percent of fisheries are being fished at or beyond their sustainable capacity. As a result, many are in decline and some have collapsed.
Cod, bluefin tuna, swordfish, shark, herring, and innumerable other species are in rapid decline and are in danger of collapsing or becoming extinct. This isn’t some future issue that we might worry about; it’s happening right now.
While overfishing puts serious pressure on oceanic health, probably the worst problem of the lot right now, there are other problems as well, ranging from destruction of estuaries, loss of coral reefs, oceanic “dead zones” caused by pollution runoff, and the build-up of toxic metals and other industrial pollutants in the top species.
Sperm whales feeding even in the most remote reaches of Earth’s oceans have built up stunningly high levels of toxic and heavy metals. [R]esearchers found mercury as high as 16 parts per million in the whales. Fish high in mercury such as shark and swordfish—the types health experts warn children and pregnant women to avoid—typically have levels of about 1 part per million.3
What sort of signal should we receive from the fact that whales—mammals just like us—now carry toxic loads of mercury so far beyond what the EPA would allow in humans that they would probably require a person so infused with mercury to be buried in a special leakproof casket to prevent the release of hazardous materials?
The Air You Breathe
I was taught in middle school that the oxygen I breathe comes from trees. That’s not entirely wrong; it’s just not entirely accurate either. The source of half the world’s oxygen is not majestic trees in the Amazon rising hundreds of feet into the mist, but microscopically invisible one-celled creatures that live at the ocean surface, tossed hither and yon by majestic waves and currents.4 Called “phytoplankton,” which is a fancy way of saying “photosynthetic organisms that are really small and live in the ocean,” these little “trees of the ocean” are responsible for far more than half the oxygen you breathe; they are the very base of the food pyramid in the ocean.
On land, plants form the base of the pyramid, and these plants are eaten (for example) by the rabbits that are eaten by the foxes. In the ocean, phytoplankton are the plants, which are eaten by slightly larger plankton and larvae, which are eaten by . . . well, you get the picture. There’s an entire ecosystem and food chain in the ocean which exactly mirrors the one on land in its basic pyramid shape, but it is eons older in terms of its layers, complexity, and structure. Life started in the sea and has a billion or more years of a head start on terrestrial life when it comes to complexity (e.g., interrelationships, dependencies, feedback loops, and the like).
This is all well and good and perfectly ignorable until we read things like this:
The microscopic plants that support all life in the oceans are dying off at a dramatic rate, according to a study that has documented for the first time a disturbing and unprecedented change at the base of the marine food web.
Scientists have discovered that the phytoplankton of the oceans has declined by about 40 per cent over the past century, with much of the loss occurring since the 1950s.5
While we don’t know if this finding will hold up, or what might be causing it if it is real, it’s a trend that has been tracked by scientists for quite a long time.6,7 If such findings are true, we should be just as focused on why half of the world’s supply of oxygen is disappearing as why our GDP is not growing as rapidly as we might like.
The very air you breathe is dependent on a form of life that you almost certainly have never seen with your own eyes, and something seems to be amiss with it. Whether the cause is global warming, nutrient imbalances, or an upset in the normal predator-prey relationships is utterly unknown at this point. Wouldn’t it be good to know what the cause is? Without (hopefully) belaboring the obvious, human pressures on the oceans, in whatever form, are a ripe candidate for speculation and inquiry.
The Bottom Line
All of the data coming from the oceans says that even at a population of 6.5 billion, humans are exerting unsustainable pressures and demands upon the world’s oceans. There is much we don’t understand about our saltwater resources, probably because, like aquifers, they are out of our direct sight and therefore our appreciation.
But one thing that we can be sure about is that, by definition, unsustainable practices must someday stop. As we head toward 9.5 billion people, what are the chances that we’ll be able to wrest 40 percent more fish from the oceans? The answer is somewhere between zero and none.
We’re already at limit, and probably beyond, when it comes to the oceans. The story of perpetual economic growth, then, will have to be told without getting more resources from the oceans. They are all tapped out and headed toward collapse, with reductions in certain key areas and species upon which we already depend for much of our protein.
For any who care to look, signs are present that we have either hit or are rapidly approaching hard, physical limits all around us. This isn’t a case of pessimism; this is simply what the data is telling us at this time. Whether or not you choose to heed the warning signs and adjust your life to the implications of this information is for you to decide.
In my own lifetime, a mere blink by historical human standards, I’ve personally witnessed what seems like the complete demise of shore-based fisheries. In many places, there’s nothing left to catch. The water is beautiful on the surface, but underneath it’s a desert. Our oceans are rapidly growing devoid of all the larger forms of life, and now, as we’re finding out, this sad fact extends to even the microscopic ones as well. When I consider just how rapid this depletion of the ocean’s resources has been, I think back to our stadium example—as far as the oceans are concerned, the water is already swirling up the staircase to the bleachers.
PART VI
Convergence
CHAPTER 23
Convergence
Why the Twenty-Teens Will Be Difficult
The next 20 years are going to be completely unlike the last 20 years. Perhaps this sounds trite, in the sense that change accompanies every decade, but I mean to convey something more profound, and possibly more disruptive, than the usual pace of change that we’ve seen in the past. A trait that all humans share is that we extrapolate from the past into the future. Whatever just happened becomes our model for what is most likely to happen next. If the surly store clerk has treated us poorly six times, we will expect the clerk to respond similarly on the seventh. If we slip on ice outside our front door twice, we’re more careful the third time we step out. But in the case of the past 20 years, in which we’ve learned that economies grow, technology improves, and the cure to bursting bubbles is cheap money, it’s most likely that these lessons will prove to be more misleading than helpful.
If I’m right (or more accurately, if the data in the prior chapters has been correctly assembled and interpreted), then we’re on the cusp of major change—the kind where the amount of time and resources we dedicate to mitigating the risks will prove to be the best investment we could ever make. As someone who has done a lot of recreational rock climbing and some over-the-horizon boating, I have a strong appreciation for the difference between “sort-of” prepared and actually prepared. When you’re 600 feet up a rock wall, either you have a critical piece of gear or clothing with you, or you don’t. Trust me, being stuck that high up without rain gear because it was too nice at the bottom to justify hauling it up can result in a very memorable experience. Once you’re out of sight of land, if you get into boating trouble, you either have an emergency locator beacon with you—or you don’t. If you do, the rescue crews can find you instantly; if not, they may never even know you’re in trouble, let alone where to look once you’ve been reported missing.
It is my central belief that our future contains exceptionally high risks that could usher in political and social unrest, a collapsing dollar (and other fiat currencies), hyperinflation (or hyperdeflation), and even full economic collapse. But it’s important that you understand that these are merely risks, not certainties. My background as a pathologist trained me to view the world as a collection of statistics and probabilities; nothing is ever black and white to people in my (former) profession. People who smoke four packs a day are at higher risk of certain diseases, but are not certain to die of anything in particular. Cancer exists on a continuum of aggressiveness, which we segment into stages, but even then, there are no guarantees as to the outcome of an individual case. Similarly, when I look into the future, I don’t have any certainty about what might come next; instead, I see risks to be weighed and mitigated.
It’s also important to note that I don’t get rattled easily. I undertook no preparations for Y2K, and I don’t fret about flying or driving or being near secondhand smoke. I rock climb and shoot and eat meat. To me, everything is a series of risks, some large and some small, with relatively few above my personal threshold of attention and most below.
The risk that I’m most focused on isn’t any particular one of the individual predicaments laid out in the previous chapters. Rather, I’m primarily concerned about the general possibility that two or more may converge on a very narrow window of the future in a fashion that could overwhelm the ability of our systems and institutions to adapt and respond. Like a rogue wave formed of lesser parts, two relatively small issues could join forces and prove to be far more destructive and disruptive in combination than individually. Let’s review the key elements now in order to better appreciate the risks.
The Foundation
Exponential growth defines the human experience of the past few hundred years. With the advent of effective medicine and abundant energy, exponential population growth became so embedded in our collective reality that we designed both monetary and economic systems around its presence. Without such robust economic growth, as was the case in 2009 when global GDP shrank by a mere 2 percent, our banking system practically collapsed and was said to have been only hours away from meltdown.1
All growth requires energy, and if there happens to be abundant surplus, both growth and prosperity can result. However, if there is insufficient surplus to “fund” both, then you can only enjoy one or the other. If this comes to pass, it will not be a problem to solve, but a predicament to manage.
The Economy
To review, our understanding of the economy began with the fact that money is loaned into existence, with interest, and that this results in powerful pressures to keep the amount of credit, or money, constantly growing by some percentage each year. This is the very definition of exponential growth, and money and debt have been growing exponentially (very nearly perfectly) for several decades.
Keeping this dynamic in mind, we dove into the data on debt, which is really a claim on the future, and saw that current levels of debt vastly exceed all historical benchmarks. The flip side to this (a significant sociological trend in its own right) is the steady erosion of savings that has been observed over the exact same period of time. Combined, we have the highest levels of debt ever recorded, coincident with some of the lowest levels of savings ever recorded. We also saw that our failure to save extends through all levels of our society and even includes a notable failure to invest in infrastructure.
Next we saw how assets, primarily housing, have been part of a sustained bubble that is now bursting and will take many years to play out. When credit bubbles burst, they result in financial panics that end up destroying a lot of capital. Actually, that’s not quite right; this quote says it better:
Panics do not destroy capital; they merely reveal the extent to which it has been previously destroyed by its betrayal into hopelessly unproductive works.
—John Stuart Mill (1806–1873)
We learned that a bursting bubble isn’t something that’s easily fixed by authorities, because such attempts to “limit further damage” are misplaced. The damage has already been done; the capital has already been betrayed. It’s contained within too many houses, too many strip malls sold for too high prices, and too many goods imported and bought on credit. All of that’s done. What is left is figuring out who is going to end up eating the losses.
Then we learned that the most profound financial shortfalls of the U.S. government rest with the liabilities associated with the entitlement programs that are underfunded by somewhere between $50 trillion and $200 trillion dollars, neither of which are payable under the most optimistic of assumptions. A number of other governments around the globe are suffering similar shortfalls and constraints.
Throughout the last several decades, the economic numbers that we reported to ourselves were systematically debased until they no longer reflected reality. They were (and continue to be) fuzzy numbers. Bad data leads to bad decisions, and this is another reason why we find ourselves in our current predicament. The longer we continue to fib to ourselves, the worse the eventual outcome is likely to be.
Energy
Next we learned that energy is the source of all economic activity—it’s the master resource—and that oil is a critically important source of energy. Our entire economic model rests upon continuous growth and expansion. This means that it’s built around the flawed assumption that unlimited growth in energy supplies is possible, which, unfortunately, is an easily refuted proposition. Individual oil fields peak, as do collections of them. Peak Oil isn’t a theory; it’s simply an observation about how oil fields age.
We explored the tension that is obviously present between a monetary system that must grow and an energy system that can’t grow. All complex systems, of which the economy is a textbook example, owe their order and complexity to the energy that flows through them. Remove the energy, and by definition (and universal law), order and complexity will be reduced. Starving our economy of fuel risks crashing it.
The amount of fossil energy that we have at our disposal is fixed. Like a trust fund that earns no interest, it can only get spent once, and then it’s gone. Technology can help us to utilize that energy more efficiently, but it cannot create new energy.
The Environment
Finally, we noted that the environment, meaning the world’s resources and natural systems upon which we depend, is exhibiting clear signs that we’re approaching its limits. We’re finding ourselves in the position of needing to exploit the poorest-quality mineral ores, peaks in critical resources are being noted at a faster and faster pace, and we’re scouring the globe for the last few concentrated sources of primary wealth. We’re also depleting water in fossil aquifers at unsustainable rates, farmers are mining soils of essential nutrients, and our oceans’ rich ecosystems are suffering.
“Unsustainable”
Putting it all together, we come up with a story that’s very simple and virtually airtight: Our present course is unsustainable. Perhaps we can console ourselves with the idea that somehow we won’t reach the limits of our resources during our individual lifetimes, but we cannot argue that finite energy resources can last forever. If something is unsustainable, it will someday stop.
Many theoretical thinkers—including economists—reject the idea of limits, but individuals armed with the proper facts almost never do. The landmark modeling work done for Limits to Growth in the early 1970s was spot-on in virtually every respect, but economists and the media trounced on it because it did not fit their preferred view of a world without limits.2 To economists at the time (whose ideas unfortunately still hold sway), resources just show up on time and as needed in response to “market demand,” and any intrusions on this tidy arrangement are often rejected out of hand.
If we had taken the time to heed the lessons in Limits to Growth, we would be in far better shape today, but we didn’t. In addition, we failed to take the lessons offered by Oil Shock I seriously, also in the 1970s. And so here we are with a lot more water in our stadium and the shackles still firmly affixed to our wrists.
Convergence: The Timeline
If all we had to do was face any one of the predicaments outlined above, I’m confident that we would collectively do our best, respond intelligently, accommodate the outcome, and carry on. But if we allow for the possibility of facing several of these predicaments at once, the concern mounts considerably. A timeline stretching from 2010 to 2020 reveals a truly massive set of challenges converging on an exceptionally short timeframe (see Figure 23.1).
Figure 23.1 The Twenty-Teens
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Placed on a timeline, we see that a bursting housing bubble began in 2008, just one year before the first wave of boomers entered retirement in the United States (January 1, 2009). Somewhere along the way, let’s call it 2015, Peak Oil and rising demand will conspire to outpace oil supplies, forcing an enormously expensive adjustment for every economy currently dependent on cheap oil. Soon thereafter, other depleted resources will peak, as their energy costs of extraction and refining will finally outweigh their economic utility. Unpredictable costs associated with a shifting climate are another potential demand on our limited budgets. And further limiting our options, a failure to save and invest, along with historically unprecedented levels of debt, will cast a shadow over the possible solutions or responses we might envision to all of the other predicaments.
The primary question is, Where will the money come from to dedicate to each of these challenges if our savings are depleted and our debt levels are already in uncharted territory? This one question encompasses a whole host of others:
Any one of these events will prove to be a difficult strain on our national economy, but what happens if two of them arrive simultaneously? What about three? It’s not hard to appreciate that potentially enormous risks lie along this timeline.
Each of these key trends or threats will take years, if not decades, of careful planning and adjustment to mitigate. And yet we find them all parked smack in front of us, without any serious national discussions or planning, as if they weren’t even there. With every passing day, we squander precious time while the problems grow larger and more costly to remedy, if not becoming thoroughly intractable. The mark of a mature adult is someone who can manage complexity and plan ahead. In my opinion, with few exceptions, the current political and corporate leadership of this country is neither managing nor planning well. That needs to change, and soon. It’s time to return to the habit of living within our natural and economic means. We need to set priorities, set a budget, and stick to both.
This Time Is Different
I can hear the critics now: Doomsayers have been predicting the end of the world since the beginning of time, and the doom has never happened. Or perhaps, What’s the difference between the story that you have laid out and the one that Thomas Malthus expounded upon back in the late 1700s?1 For starters, we have access to a lot more data than Malthus could ever dream of. Where he had access to a limited number of physical books to refer to, we can happily web-surf and spreadsheet our way through more energy data in day than Malthus could manage in a lifetime.
Second, in Malthus’s time, the laws of thermodynamics were incomplete and rudimentary, and something we take for granted, the germ theory, had to wait another 90 years to be fully accepted. Hopefully it’s not too much of a stretch to suggest that we’ve progressed in our understandings of things somewhat since Malthus’s time, and our circumstances are quite different from those in 1798.
Lastly, I am not predicting doom, only massive change. Whether someone interprets that as a crisis or an opportunity has nothing to do with facts and data, but psychology. Both of the listed objections fall under the same logical fallacy (inductive): “Because “A” hasn’t happened before, “A” can’t (or won’t) happen in the future.”
What truly is different this time is that collectively, as a species, we have never before faced declining energy flows. Never. So we’re about to enter completely uncharted waters. All we have are snippets and fragments from history to suggest what happens to localized cultures that run low on food or fuel, but these are poor analogues to our own globalized, just-in-time, highly complex, multibillion-person system of economic organization and delivery.
As we squint into the next few decades and ponder the numerous challenges converging on a very narrow strip of time, we would do well to consider the risks and question just what might happen if they converge to form the economic equivalent of a rogue wave.
1 In 1798, Thomas Malthus postulated that the human population’s geometric growth would at some point exceed the arithmetic returns of the earth, principally in the arena of food. To paraphrase, he recognized that the exponential growth of human numbers would meet with the constraints imposed by a finite world. Because this has not yet happened, some have claimed perpetual victory over the entire concept of limits. It should be noted that Thomas Malthus had no way of knowing that oil and coal would dominate the energy landscape for the next 200-plus years.
CHAPTER 24
Closing the Book on Growth
Exponential economic growth is in its final throes. The only question is whether we recognize this early, on our own terms, or later, as a consequence of a series of final and regrettable collapses that will result in enormous suffering to humans and ecosystems.
The economic predicament as I’ve laid it out goes like this:
1. Over time, debt-based money grows exponentially due to interest, and this is an immutable feature of the system.
2. Due to nonproductive loans that can’t be serviced with interest flows, the accumulation of debt also “goes exponential” over time.
3. Debt is a powerful motivator, and therefore exponential debt drives exponential economic growth and behaviors.
4. Any growth, but especially exponential economic growth, requires ever-increasing amounts of energy to sustain its order and complexity.
5. Because energy cannot, through any combination of known technologies, grow exponentially into the future forever, economic complexity and order will someday shrink.
The only sure conclusion from this line of thinking is that someday our current model of economic growth will end and something new will take its place. It’s only a question of when. Of course, any child could tell you that nothing can keep growing forever, and we’ve always known somewhere, perhaps deep down, that our current model was unsustainable. The end of the growth paradigm is now making its presence felt as the world economy and financial systems lurch from rock to rock, seemingly immune from the magic money incantations and spending potions that have always worked in the past. The predicament of stagnant economic growth resulting in financial chaos can only be “solved” by increasing the flow rate of energy (and other resources) through our economy. It cannot be solved by pouring more money into a congealing economic cauldron.
What happens when an economy that must grow is being fueled by an energy source that cannot grow? My prediction has always been that the economy would begin to wobble and collapse, debts would prove to be unserviceable in total and begin to default, and monetary policy would lose traction and cease to be effective, as it is finally revealed that money is merely a tertiary abstraction that gets its meaning from real forms of wealth. My secondary prediction has always been that the monetary and fiscal authorities would attempt to solve this predicament by printing money out of thin air and spending wildly in an attempt to keep things moving along.
This isn’t an indictment of capitalism or any particular “–ism” at all. I’m an equal-opportunity critic who places under indictment any particular “–ism” that seeks perpetual growth. Ditto for any political party, religion, economic model, or any other social organizing structure that seeks endless growth in any form. It really does not matter to me in the slightest whether someone calls their perpetual growth paradigm Marxism or Capitalism or Socialism or whether they hail from a country that is located south of the equator or north of it. Perpetual growth of resource consumption is mathematically impossible. Sooner or later the growth must stop; the only unknowns are when and under what terms.
I focus on the economy because this is where the most immediate impacts to our daily lives will surface, but the warning signs have been available for some time to those in the fields of mining, petroleum engineering, oceanology, ecology, farming, climatology, fishing, and every other specialty that taps into or studies the earth—our primary source of wealth. If you care about your future prosperity and access to wealth, then an initial focus on the economy is the right place to start.
More broadly, perhaps it’s time to think of ourselves as one of many interconnected strands that together form a robust, but not indestructible, web of life, and not separate in some important way. The sound of snapping strands has been with us for a while, some more frightening than the rest:
And so on. The point here isn’t to be alarmist over the fate of the planet and its species (there are plenty of more rigorous books in which that can be addressed), but merely to illustrate that signs abound, for anyone who cares to look, that the age of growth is drawing to a close. We’re not closing it by ourselves on our own terms; nature is doing it for us, which is somewhat concerning because nature doesn’t do bailouts.
When we turn our gaze to minerals and energy, we see the same sorts of warning signs:
Again, we see more warning signs for food and water:
As we scan these lists, my hope is that reasonable and prudent people will arrive at the conclusion that our current economic approach to the world and trends in our use of resources are unsustainable, and that something should be done. Given the scope and enormity of the implied challenges and the speed with which they appear to be arriving, the sooner actions are taken, the better. Again, my purpose here is not to sow fear or breed depression; it’s quite the opposite—to nudge you awake and prompt you toward individual and collective actions.
Your first challenge, then, is to accept the implications of the data that I’ve presented—that hard, physical limits aren’t some vague condition of the far-off future; they are concrete and immediate concerns. The story that many take for granted is drawing to a close, and a new one is beginning. There may be some hard times along the way as we adjust. Perhaps not everyone will successfully make the transition. But I know deep down that we can live within our means and create any sort of a future that we desire—except, of course, one that looks exactly like the past 20 years.
It’s time to close the book on growth and open a new chapter.
CHAPTER 25
Future Scenarios
By now your head may be spinning. You’ve absorbed a lot of information in the prior pages. Perhaps you can feel the first edges of the three Es touching, but they haven’t yet knit together in your thoughts. It has taken me years to deepen and hone my appreciation for this material. It’s weighty, but it’s also of utmost importance. How do we take that next step and integrate this material into our thoughts, minds, and hearts so that we can take effective actions to change ourselves willingly, before outside factors force change upon us?
One technique that I favor is the use of scenarios, which are detailed stories that help weave together the disparate pieces so that we can test the plausibility of the plot for ourselves and assess whether the material rings true. As you read through the following three scenarios, keep these major elements in mind:
Scenario 1: A Slow Tumble
Framing: In this scenario, nothing ever goes horribly wrong, but neither does anything ever quite work “right” again. What has worked in the past doesn’t seem to work anymore, greatly puzzling the economic and financial authorities.
It is October of 2014, and the U.S. and European economic leaders are meeting for the second time in six months for another summit on how to combat the persistent economic weakness that has stumped and embarrassed central bankers and politicians alike. Unemployment has remained stubbornly high—well over 10 percent in both economic arenas—and successive rounds of stimulus, both monetary and fiscal, have perplexingly failed to have any lasting impact on either employment or final demand.
Factions and rifts are starting to develop within and across the various political and ideological camps. Nerves are fraying. One school of thought, led by the U.S. central bank, believes that debt overhanging the markets is to blame, and wants to remove the debt by purchasing even more debt off the open markets. The theory is that with cash instead of debt, the financial centers will push the funds into the economy, which will then sputter back to life.
On the other side is a group that has grown weary of trying the same thing, but with increasingly bigger and bolder steps, without success. They quietly observe that the definition of insanity is trying the same thing over and over while expecting a different result each time. They also note with growing alarm that debt levels are now well past levels that have historically ever been paid back.
For their part, the markets, especially the bond markets, have become impatient and are showing signs of severe strain, with aggressive sell-offs and rallies beginning to resemble the violent lurching of a fast-moving car that has just lost its grip on a wet road. The whipsaws take out a couple of sizable hedge funds, creating new opportunities for the central banks to ride to the rescue and bail out the broken bets of the well-monied risk players. Public opinion of such bailouts is at an all-time low, so these interventions are now carried out in as much secrecy as possible.
The data the summit participants have before them is truly puzzling. Asia, especially China, is still enjoying economic growth, whereas the developed world is mired and sinking. Some point out that China isn’t burdened with the same debt loads as the developed world, assuming, therefore, that this must be the root of the problem. Others note that China produces actual things, while the developed world has become overly dependent on financial services that produce wealth by virtue of their ability to shuffle paper back and forth, so perhaps the problem is fundamentally one of production. Still others note that a command economy like China’s might have some advantages after all.
On day two of the meeting, an energy analyst responsible for one small piece of the data landscape quickly recounts her part to the assembled teams: Global oil production, while down from last year, is still sufficient to supply the markets, because the developed world is using less oil as it sorts through its economic troubles. China continues to import more coal and now accounts for 55 percent of world consumption of this resource, which, again, isn’t an issue at present for the developed economies because their own demand is down. Because there are no major issues over energy supplies at present, the participants quickly turn their attention back to the pressing matter of jump-starting the economies of the developed world.
Ideas are bandied about, but finally, inevitably, the decision is made: They must be bolder than before—a true crisis calls for true leadership. It’s time to double down on the amount of thin-air money that is printed up and distributed into the economy through a complicated variety of quantitative easing efforts and governmental fiscal stimulus.
The markets go wild—for a while. In nine months, the efforts wear off, the economy resumes shrinking, and yet China continues to consume more and more energy. The developed world remains stuck in an economic rut, puzzled as to why fiscal and monetary policy no longer seem to be working. They decide, boldly, that next time they’ll have to pull much more aggressively on the fiscal and monetary levers than ever before, because the problem must certainly be one of insufficient quantity. They soon do this in marvelously coordinated fashion, with every media outlet faithfully repeating the prepared talking points, but once again, the results prove to be disappointing.
All are stumped, all are mystified; the tried-and-true theories have failed again. More money, more liquidity, more spending . . . but it has not worked this time as it has in the past. What could be the problem?
Unemployment continues to climb. Individual U.S. states are nearly fully insolvent, due to a combination of excessive pension promises that are now coming due and falling state revenues. Whole industries, especially in the discretionary sectors, fare especially poorly, even as basic goods and services manage to neither grow nor shrink. It’s almost as if the simpler industries are somehow more robust than the complicated ones. Along the way, there are numerous false rallies and signs of economic life, which give hope but soon wither.
Finding the true bottom takes 15 long years. When the bottom finally arrives, the economies of the developed world have been reduced by anywhere from 20 percent to 50 percent, government budgets are finally reduced to bring them in line with the actual pace of economic activity, and the citizens of the developed world look back on this period as the Great Destruction. Stock markets in the developed world, which have been trading as if they were a single market for the past 10 years and sharing the ups and downs without any distinction between them, finally separate and begin trading somewhat independently, reflecting the prospects of each country more accurately. The most heavily indebted countries, those that lived most fully beyond their means for the longest, suffer the greatest corrections in their domestic stock markets.
Maddeningly, not every country participates in the despair, with some, particularly energy-rich Brazil and the commodity-exporting nations of Australia and Canada, performing significantly better in a relative sense, although Canada does have to expend considerable resources in tightening up its long border against economic refugees from the south, which drags down its overall performance.
Throughout the Great Destruction, uncertainty and fear continue to rule. Will the financial system suffer a systemic collapse? Which governments will mindlessly print, and which will face the music? Where is the risk, and where are the safe harbors (if any)? How will $600 trillion in notional value derivatives be settled? Are capital controls about to be imposed by any country? Will war break out? The rumors swirl, uncertainty builds, nerves fray, and fear settles like a thick mat of thorns across the land. Gold emerges as the best-performing asset during these times.
Throughout the entire period, oil remains firmly bid and even creeps up, as exploding demand from China and India more than consumes the surplus left by retreating demand in the West. The elevated price somewhat bolsters exploration and development activities, but liquidity and credit problems in the developed world prove to be like sand in the gearbox, preventing these activities from progressing to their full potential. Accordingly, oil supplies remain tighter than they otherwise might, and this proves sufficient to maintain a firm price floor on oil in particular and energy in general.
The basic pattern, so easy for some to see, eludes detection by the monetary authorities in the OECD central banks, whose training does not extend to fields of energy or basic science. Those countries with increasing flows of energy are doing well, while those with decreasing flows are struggling. It takes another decade for this idea to rise up high enough that it can find a seat at the polished mahogany table at the center of the 2024 meeting.
Scenario 2—Peak Oil Recognition and a Hard Landing
Framing: In this scenario, once again, market skeptics thoroughly underestimate the ability of the central banks to engineer yet another business cycle using a flood of liquidity. The new flood of freshly printed money works—for a while—but then runs headlong into the next energy crisis.
While structural debt problems persist throughout 2010 and 2011, they prove to be less of a threat than initially feared. Quantitative easing by various central banks, along with government stimulus spending, apparently does the trick to stave off fiscal woes, and the developed economies lurch to life and eventually begin to trot.
Markets rebound, global trade picks up momentum, elections continue to reward incumbents, the FIRE sector (Finance, Insurance, Real Estate) returns to its former glory days by dominating corporate earnings with 40 percent of the entire take, and people everywhere breathe a sigh of relief. (“Whew! The emergency is over!”) Everyone hurries back to business as usual.
Oil use ticks up by 1.6 million barrels of additional consumption in 2011 over 2010, taking the total to 87.6 million barrels per day, which is easily met by the oil producers. However, in 2012, the trend takes total consumption to 89.2 million barrels per day, requiring that new production records be set. Unfortunately, these new demands can’t be met.
Production difficulties, notably in Mexico and Saudi Arabia, combine with rising domestic demand to squeeze exports. Despite official pronouncements that supply issues are only temporary, oil traders and other astute insiders seem troubled by the fact that, for a variety of reasons, less oil seems to be making it to market than in prior years. These glitches, although constantly spun by the U.S. Department of Energy as temporary, are sufficient to drive oil well beyond $147/barrel, the previous record.
A combination of rising internal demand in several key oil-exporting nations and the decision by some countries to export less of their oil (as they prefer to hold it in reserve for future generations) leads to a far more rapid drop-off in the total amount of oil available for purchase on the global markets than most analysts expected. Compounding the predicament, the lighter and sweeter grades of oil are preferentially withheld, forcing a glut of heavier and less desirable grades on the world market. Tuned for the sweeter grades, refineries are unable, and in many cases unwilling, to invest in the expensive retrofits required to process the heavier grades of oil, leading to the widest-ever spreads recorded between the prices for sweet versus sour grades.
Already on edge over the highly volatile and uncertain oil prices, the world is shocked when, in February 2012, the energy minister for Germany announces during an interview on the BBC that Peak Oil is real and that Germany has been quietly preparing for its eventual emergence on the world stage through a combination of efficiency measures, transportation strategies, and industrial realignments. Internal documents detailing German responses to Peak Oil surface from multiple branches of the German government, ranging from the military to the interior ministry. Peak Oil shifts from an eventual worry to a present reality seemingly overnight.
Within a few weeks, a number of countries announce that they are no longer exporting their oil and that they have nationalized the resource to preserve it for future generations. Chaos erupts in the oil markets. Oil prices shoot up to previously unimaginable heights. First $200 per barrel, then $300. People keep thinking, It can’t go any higher; it’s not worth it . . . but it turns out that oil is, indeed, “worth” a lot more than that. And so it goes higher, to $300 and then $400, in fits and starts, sometimes gaining or losing as much as $10 a barrel in a single tick of the trading tape. Volatility reigns.
Fuel rationing quickly occurs in the most dependent of importing countries, including the United States, Japan, and much of Europe. Fuel triage plans already in place1 call for the military, food suppliers, and emergency services to get first dibs; mass transit is next in line. Hapless automobile commuters find themselves second-from-dead-last on the priority list, just barely edging out recreational users. Unable to get to work on their individual fuel allotment, many turn to carpooling, while others, especially in the United States, discover just how little spare capacity exists in the mass transit system. Embarrassed city and regional planners and administrations promise rapid enhancements to the mass transit system and are shocked when the bus and train car suppliers inform them of already-existing multiyear waiting lists.
The worst impacts result from fuel shortages wreaking havoc on finely tuned just-in-time delivery systems for all sorts of industries and sectors. Spot shortages erupt in numerous supply chains, leading to a variety of unpredictable delays in an enormously wide range of services and products. Grape growers in Chile find themselves with mountains of unsellable product, computer manufacturers can only run their assembly lines for brief periods when key components finally show up, airlines cancel flights headed to airports that cannot guarantee fuel service on a plane-by-plane basis. Systems that were highly cost-effective are suddenly exposed to be lacking the necessary inventory buffers to smooth over initial glitches in product supplies. Faced with shortages, companies in nearly every industry attempt to build their individual inventories to create a buffer for their operations, but discover massive shortages everywhere they turn. The highly cost-effective lean-inventory practices of the 1990s and 2000s turn out to be enormously brittle constructs, unable to meet even minor surges in demand with any sort of grace, let alone the massive surge in inventory demand now being felt.
The world has never before faced such a profound shock to its critical infrastructure. Economic growth is no longer possible, at least not in the old style, and it slowly dawns on the capital markets that growth might never be coming back. The entire future has to be repriced, leading to massive losses in the stock indexes and in long-dated bond funds as growth premiums are stripped out of their valuations. In response to concerns that whole portions of the debt markets might enter default, interest rates shoot up, crushing the economic recovery and leading to an immediate debt spiral that results in a fiscal crisis of unimaginable proportions in the United States, Japan, and other oil-dependent, developed economies that entered this period bearing massive official debt structures.
Perversely, many so-called undeveloped economies fare far better, as they are already less dependent on oil for their day-to-day functioning and have lower debt loads. Having experienced development late in the global game, they benefit from the twin advantages of modern systems built primarily around the latest, most fuel-efficient technologies and a populace with low expectations for energy usage, resulting in a far lower per-capita energy dependency.
To deal with the sudden needs of a collapsing fiscal situation that results from mounting interest-rate costs, along with the need for more and more export dollars to compete for what oil remained on the world spot markets, the United States and Japan resort to even more outright printing of money beginning in 2013. The Fed’s balance sheet swells with new acquisitions, while Europe, still fearing the inflationary demons of its past, remains far more restrained in this regard. Europe’s per-capita energy-use profile, measuring just half that of the United States at the start of this crisis, proves to be an enormous advantage.
Japan fares even worse. Importing 99 percent of its petroleum needs, saddled with more official debt than any other nation, and strained by severe demographic realities, two decades of profligate yen printing boomerang with a vengeance. The persistent efforts by Japanese authorities to debase their currency suddenly and unexpectedly bear fruit that rots before it can be savored. The yen plummets, as no one has any use for hundreds of trillions of yen from an export-dependent island nation that now lacks the fuel needed to manufacture and export a surplus of products. Japan’s internal production and consumption collapse alongside the yen. Many there look wistfully back on “the lost decade,” recalling better times.
Throughout 2012 and 2013, gold soars as systemic financial instability strikes fear into the hearts of investors and wealthy individuals. Various sovereign nations attempt to print their way out of their economic difficulties. Faith in all things paper is lost to varying degrees; nobody knows where the risks lie, which claims will be honored, or what to do. The U.S. markets, long thought to be the deepest and most trustworthy in the world, suffer a mortal blow: A number of legitimate trades that were dangerous to the financial health of a major, well-connected bank were unilaterally reversed by the stock exchanges with the blessing of the SEC, to the benefit of the bank but the detriment of all the parties on the other side of the trade. While an expedient move at the time, the long-term damage is 100 times larger; capital begins to flee U.S. borders, necessitating capital controls from which the U.S. financial markets never truly recover.
In 2014, interest rates are finally hiked in efforts to defend the dollar, but it is too little, too late. What follows next in 2015 shocks the world to its financial core: Faith in the U.S. dollar, having dwindled to the point that it is no longer revered as a store of wealth, loses its reserve currency status2 in March of that year. The U.S. government is suddenly forced to issue new debt denominated in a basket of currencies that doesn’t include the dollar, consisting instead of the Chinese renminbi; Brazilian real; euro; and Canadian, New Zealand, and Australian dollars. Forced to denominate its debts in foreign currencies, the United States must reduce its trade deficit to zero almost immediately. U.S. citizens rapidly discover the dramatic difference between living above your means and living within your means. Domestic production must now exceed domestic consumption—an enormous swing in the fortunes of a people long accustomed to the opposite arrangement.
U.S. federal and state government budgets are finally slashed, leading to profound but necessary economic pain. Other world governments follow suit. At the first signs of this shift toward financial prudence, some investors who previously invested in gold begin transitioning away from the yellow metal and back into productive enterprises, which now stand a chance of flourishing under a more solid and sound monetary system. These investors are among the fortunate few who managed to preserve a relatively large portion of their wealth during the turbulent years of Oil Shock III. The keyword is “relatively,” as no one is better off than before; everyone has taken a hit, but some just took more of a hit than others.
In the postanalysis, it is revealed that many members of the U.S. government had been tempted to wage a war to try and salvage the situation. Several plans were developed whereby the United States would secure much of the Middle East’s and Venezuela’s oil production and then protect the transport of that oil to U.S. soil. Some even mention Canada as a preferred target, noting its proximity, rich resources, and weak military.
However, in every war game attempted by the staff at West Point, no way is ever found to both secure the oil resources at their source and protect them during extended shipments across the sea. The resources just don’t exist. In every war scenario, it proves nearly impossible to defend the required number of ship convoys from attackers equipped with modern missile technology. No simulations are ever successful for more than a few months, and the ideas are dropped, despite a number of vigorous proponents.
In the end, the reality of Peak Oil takes the world by storm, although the evidence has been in plain sight for decades. There’s nothing left to do but rapidly realign expectations, ideas, and hopes around this new reality. Some places, just like some people, manage this transition more gracefully than others. Large fortunes are made and even more massive ones are lost; the past becomes like a fairytale to many who continue wonder how such abundant wealth could ever have existed at all. In the future, stories of roads so packed with cars that they couldn’t move are told to wide-eyed children who wonder to what extent their grandparents are exaggerating the truth.
As usual, the solutions adopted in the aftermath of this crisis are those that happened to be most convenient, and much of the world reverts to “backed” money of some form or another. In the case of oil producers, the backing is oil. For others, it’s gold. A few smaller, more culturally coherent countries are able to use unbacked fiat currencies effectively, but only because strict and inviolable legal constructs are deployed to remove human weaknesses from the management of these currencies.
The changes are so profound that humanity divides itself into two new eras: BO and AO. Before Oil and After Oil.
Through all of this, as oil zooms to formerly unimaginable heights, old lessons about energy are relearned. The folly of poorly insulated houses built to face streets, instead of south, is rather painfully revealed, as is the practice of developing exurbs far from food, work, play, and even water. House prices follow new rules, where proximity and energy efficiency replace “grand entryway” and “granite countertops” as the coveted, desirable, must-have features. Houses with active and passive solar designs command premiums as monthly energy bills are prominently factored into the cash-flow streams of buyers alongside principal, interest, taxes, and insurance. The resulting acronym changes the popular pronunciation for this stream of payments from “pity” (PITI) to “piety” (PIETI).
The Midwest of the United States, long an importer of diesel and a nearly complete exporter of ethanol, rapidly increases its local use of ethanol, creating a regional energy advantage rivaling that enjoyed by the Gulf Coast and Alaska. Not surprisingly, the regions with controllable access to energy fare far better economically than other regions, but those with both food and fuel do the best of all.
Localities everywhere discover the importance of having local control over as many of the key staples of life as possible. Land-use zoning laws are rapidly amended to protect local land suitable for crops. Eminent domain is utilized to support the rapid reintroduction of certain parcels back into local production.
As with any economic shock that creates shortages, this energy shock changes perceptions and behaviors profoundly. When the dust finally settles, it’s clear that the old economy has shattered, a consumer culture has been replaced by a culture of thrift, and a new set of values with careful stewardship at their core has emerged.
Scenario 3: The Undulating Plateau
Framing: One reasonable prediction of how the economy and oil prices might respond to Peak Oil can be described as an “undulating plateau.” Under this scenario, oil prices and economic activity run counter to each other, creating a jagged see-saw pattern over time.
After wallowing about in the early part of the twenty-teens, the world economy finally responds to money printing and takes off. It moves grudgingly at first, but then faster and faster, as the global economy feeds off low oil prices, which cratered during the prior period of economic weakness. Naturally this economic resurgence causes oil demand to spike, but supplies of oil are somewhat pinched due to several years of underinvestment in field discovery and maintenance. The shortages, while not overly severe, serve to cause relatively large jumps in the price of oil, which unfortunately puts a crimp in the economic recovery. The “undulating plateau” goes through its first complete cycle.
Falling economic activity once again leads to a decline in the price of oil, which in turn sparks another economic recovery a bit later on. On this next leg up, the economy, again benefitting from reduced oil prices, dusts itself off and gets going again. However, this time the world has slightly less total oil production capacity than before, due to the combined effects of depletion in existing fields and a lack of investment in new and existing oil fields. Because there’s slightly less oil in each succeeding leg of the cycle, the economy can neither attain nor exceed its prior heights, as the energy simply isn’t there. This dynamic is represented in Figure 25.1, where we see that the economy rebounds to a lower and lower height on each leg of the cycle as it cycles back and forth across slowly declining oil supplies.
Figure 25.1 The Undulating Plateau: Falling Down The Staircase
Image: Jeanine Dargis
But even as economic activity slowly trips down a stairwell, oil prices are doing the exact opposite, as seen in Figure 25.2. Oil prices make a series of “higher highs” on each leg of the cycle (as well as “higher lows”). The swings in the price of oil also grow larger and more volatile as time progresses, further inhibiting additional investment by oil companies, which cannot trust their ability to model and manage cash flows against investment returns. The safest bet is to hoard cash, hoping for smoother sailing in the future. The ultimate price for oil is far higher than most people can imagine, but its intrinsic value—350 to 500 hours of human labor per gallon—ultimately supports these much higher prices. The most magical of natural resources is no longer taken for granted.
Figure 25.2 Oil Prices During the Undulating Plateau: Rising to the Sky
Image: Jeanine Dargis
At every turn of the cycle on the undulating plateau, social and economic complexity shrinks. Adjustments are made to the new reality of less energy, which for many brings an unpleasant and unwelcome period of transition. Thousands of job classifications, mainly service-oriented and not directly connected to the production of secondary wealth, are no longer relevant and disappear. Patterns of living re-form around the new reality of less energy and a greatly simplified economy. People find ways to live closer to work and food, adjust to having less mobility than in the past, and retrain or “reskill” themselves in order to find income-producing work.
The good news is that the undulating plateau offers people and nations the luxury of time to mentally, emotionally, physically, and financially adapt to the unavoidable new reality. No major financial disasters or wars break out, allowing critical resources to be marshaled and appropriately directed.
Prepare to Be Surprised
The biggest surprise to me would be if the future actually resembled any of the scenarios I just described. I’m both prepared and expecting to be surprised. The basic rule about complex systems is that they’re inherently unpredictable, at least with respect to the precise details of exactly what, when, and how much will transpire.
However, the larger model, in which a complex system will become simpler if starved for energy, is a known quantity. Imagine that our economy is a snow globe. As long as it continues to be shaken vigorously, the flakes will remain in a suspended state of complexity. Cease the input of energy (the shaking), and the flakes will settle and assume a much less complex state of existence, no longer bumping into hundreds of their neighbors in interesting and unique configurations. We may not be able to predict exactly how, where, and when all the flakes will settle, but we know that they will.
I’m not at all sure how a massive, complex global economy predicated on exponential growth will change when net energy declines. But here are my best guesses:
1. Tertiary wealth in all of its many forms, but especially those whose major value derives from the assumption of future growth, will decline in value and prominence. Said simply, we face decades of sub-par (at best) to catastrophic (at worst) returns in stocks and bonds. Pensions and 401(k)s will fail to deliver the future that many have been counting on. Paper wealth will lose value to the degree that it bore unrealistic assumptions about growth at its core, as well as the degree to which it is overcreated by governments and central banks during the transitionary period.
2. The recent great trends in manufacturing and globalization will reverse; the pendulum will swing the other way. Economies that had previously shifted to become 80 percent service-oriented will need to shift back to being more manufacturing- and production-oriented. Where products were shipped and reshipped in various states of assembly to the lowest-cost production centers regardless of their global location, supply chains will have to be significantly shortened and production relocalized.
3. The proportion of personal income devoted to food and energy, which reached all-time lows in the late 2000s, will steadily increase. This will leave correspondingly less income for other discretionary expenditures.
4. Monetary magic—the application of stimulus and thin-air money—will be tried and tried again, but in the absence of increases in net energy, it will fail to work as intended. The more these responses are attempted, the higher the likelihood of a destructive collapse in the currency or currencies involved. The United States is especially at risk, given that trillions of its dollars are housed offshore, which means that they could be redeemed at any time on the whim of their holders.
5. The U.S. government has a future date with a fiscal crisis and will have to trim its expenditures (possibly by as much as 50 percent) and increase taxes enormously (by perhaps 100 percent) to deal with the fact that it is fundamentally insolvent. The chance of this fiscal crisis morphing into a currency crisis is exceedingly high. Retirement dreams will have to be deferred by tens of millions, if not abandoned.
6. Similar difficulties to the United States will be faced by other overly indebted countries facing their own entitlement difficulties, including Japan, Greece, Ireland, Spain, the United Kingdom, and France.
You’ll note that the scenarios I put forth are relatively benign: I propose no wars, no social unrest, no political upheavals, or anything else of that stressful nature. However, historically, the number one cause of wars has been resource conflicts. Given that we’re about to enter one of the most significant resource shortages in the history of a world that is more well-armed than ever before, it will take a rare combination of events and diplomacy to avoid heading to war over the remaining resources.
I maintain hope that we can avoid such an outcome, but this hope rests upon enough people, especially those in power, understanding the actual source of our predicament, choosing prosperity over growth, and using our remaining surplus to build rather than destroy.
Stay Alert
Because we can only glimpse the broad outlines of what is likely to happen, not the details or the timing, it’s important to remain alert. I like to think of myself as being an “information scout” for my clients, and I’m constantly sifting through every facet of information that develops in politics, geopolitics, and, of course, any of the three Es. It’s all potentially important. I wish I could extract a few thousand words of simple advice that would work for every person and any company, but this is neither possible nor feasible.
The broad outlines are easy enough:
But the details are endless and specific.
The information in this book has hopefully prompted you to consider that there’s some value in becoming better prepared, whatever “prepared” means in your individual context. At my web site (www.ChrisMartenson.com), you will find a free “What Should I Do?” series that will walk you through the basic steps. After you’ve taken some initial steps, you might wish to join the rich and vibrant community of intelligent people who have assembled there, each of whom is working through the specifics of responding in their own ways. I’ve created a place for people to connect around these ideas that is safe, inviting, mature, and rational. In other words, it’s a rare place where one can have a civil, thoughtful discussion about these topics on the Internet.
In the next few chapters, you will find more answers to the question of what you should do. And I hope you will consider joining us online at www.ChrisMartenson.com to explore these issues further.
PART VII
What Should I Do?
CHAPTER 26
The Good News
We Already Have Everything We Need
As daunting as the challenges and predicaments outlined in this book may seem, the good news is that we already have everything we need to create a better future. All of the understanding, resources, technology, ideas, systems, institutions, and thinking are already available, invented, or in place, ready to be deployed in service of a better future; we just need to decide to make use of them. By simply reorienting our priorities, we can simultaneously buy ourselves time and assure that we choose prosperity over growth.
Fundamentally, this book and my work are about exposing the choices and options we have. As dire as things may seem, the future has not yet happened. Hope remains that we can respond intelligently to the current predicaments, and even create something better for ourselves along the way.
Yet it’s also true that the stadium is rapidly filling with water and our choices matter very much from here on out. There’s a lot less room for error than there was a few decades back, when we had plenty of time to make mistakes and fumble around with our handcuffs. But now that the water is swirling up the bleacher stairs, our choices take on new urgency and matter a great deal. There’s no time to waste making wrong choices anymore. History is sitting up straight with pencil poised over notebook, carefully watching to see what we do next and determine how our efforts should be remembered.
Technology
We don’t need to develop any new technologies, although it will be nice when they come along. We already know how to build highly efficient machines and dwellings that use tiny fractions of the energy of those currently in use. We can live extremely comfortable lives using much less energy than we currently consume by making a few small changes in our technology choices and daily routines. By doing so, we will preserve some energy for the future, which will allow us the gift of time. There’s nothing to prevent us from making such a change, except possibly a lack of a coherent vision from our leadership that this is an important thing to do.
It will be fantastic when higher-capacity batteries are developed, but we don’t need them in order to immediately begin using existing technology to consume less electricity. For example, electricity is still consumed to heat water for home and commercial use, yet solar hot water panels are a proven, decades-old technology that works and is economically sound even at current energy prices. Despite this, such panels are relatively rare in some countries, the United States included. Using fossil fuels to heat water when the sun can do it efficiently and reliably is a mistake, especially when simple technology already exists that can be installed quickly and which will save money and energy over time. Eventually we will collectively come to that conclusion, but why wait? What is stopping us from making the installation of solar hot water panels a top priority and beginning immediately? The limitations that do exist have nothing to do with technology; they are social and political in nature.
For example, we still beam an enormous amount of electricity into outer space in the form of stray photons from the area lights that we use in every city and along major roadways. These could (and should) be replaced with LED technology that uses a fraction of the electricity of halide and halogen lamps. Nothing prevents us from doing this today, other than inertia and a lack of urgency that it needs to be done.
We already know how to build houses that face the sun and use almost no energy, we know how to build smaller and more fuel-efficient vehicles, we know how to live, work, and play near where we live, and we have all the technology we need to live far more sustainably than we currently do. So what is holding us back? I submit that there’s nothing rational or logical or even economically sensible about our lack of action on these matters; the cause lies elsewhere.
Food
We know that healthy soils produce more and better food than ruined, nearly biologically sterilized dirt. Reason tells us that flushing vital and irreplaceable nutrients into the sea isn’t a good idea. Eventually we’re going to have to find some way of recycling nutrients back to the farms on which our food grows. We understand how to optimize yields for a given area based on the types of soils and the rainfall that exists there. We already know that growing some crops in arid regions is an energetic and biological mistake.
We don’t need any more studies, additional insights, or new books to be written. We already know all of these things, and many more besides. We don’t need a deeper understanding of what we need to do—we already have the necessary understanding. What we do need is the desire to make such changes a priority and to choose the sustainable path.
Food needs to be grown and consumed locally, and strategies for recycling the nutrients back to the farms need to be implemented. You can help start this process by demanding local foods, which is easy—just start buying them. By supporting local farmers, you help to secure the food that you and your community need in both the short term and the long term. Even better, start growing your own food in a garden, a window box, or even just a pot on the porch. Solutions to the issue of food, though daunting in scale, are easy to conceptualize and are already underway to some extent in virtually every community.
Energy
The prescription here is simple: We need to be as careful and conservative in our use of energy as we can possibly be. This means stop wasting energy. Not stop using energy; stop wasting it. That is a good first step. Given that fossil fuels are a “one and done” arrangement, sliding as they do down the frictionless entropy slide on their way to becoming lazy heat, we need to develop and nurture a brand-new appreciation for just how valuable energy really is. We really ought to see our fossil energy sources as the one-time, irreplaceable master resources that they are.
Currently, fossil energy sources are “valued” by an abstraction called money, which does an incredibly good job of masking their true worth by concealing the fact that they are limited and depleting. The idea that gasoline, a nonrenewable resource, is only considered to be “worth” a few dollars a gallon, when it capably performs the same amount of work as a human laboring for hundreds of hours, is just silly. Clearly it is worth more to us than its price would indicate. It should be valued more highly, and if it were, I’m confident that it would be used more wisely. If we want to preserve the order and complexity of our economy, and, by extension, of our society, then we need to begin by better appreciating the role of energy in delivering and maintaining both order and complexity.
It is this connection between the economy and energy that’s entirely missing from the current practice of mainstream economics. It’s almost as if the current practitioners of economic theory (with relatively few exceptions)1 are entirely unaware that the economy would have no form, no function, and no “life” without energy. This intellectual disconnect explains why we’re so deeply mired in the predicaments in which we find ourselves, and it explains why I view the risks to our future so seriously.
As Max Planck, the famous physicist, once said, “A new scientific truth does not triumph by convincing its opponents and making them see the light, but rather because its opponents eventually die, and a new generation grows up that is familiar with it.”2 In other words, science advances one funeral at a time. Historically, new ideas do tend to run into stiff opposition from the establishment. There are too many economists and other people in positions of power who seem to have no idea of the connections between the economy, energy, and the environment. When reality finally convinces enough of them that it needs to be taken seriously, in what sort of a world will we be living?
Luckily, we don’t have to wait for economists to arrive at the truth before we begin to act more rationally and use our fossil fuels as if they were an extremely valuable, nonrenewable, one-time inheritance.
Economy and Money
We can already tell that our debt-based, backed-by-nothing fiat currency is performing badly, and as its resource props are pulled away, it’s likely to perform even more poorly in the future and eventually wobble and fall. To counter this, we will need new forms of money, possibly several, that can operate tolerably well in a world without growth, along with people to manage them. Fortunately, several new forms of money already exist, including mutual credit arrangements (such as LET systems),3 demurrage money,4 and various forms of money that are backed by something tangible. If we were to put more of these kinds of currency into play alongside our current form of money, then we would have a more resilient ecosystem of money, where if one form gets into difficulty of some sort, there are others waiting to pick up the slack. If a single currency is like a concrete channel designed to carry the maximum amount of water, multiple currencies are like wetlands designed to maximize the buffering of the water levels in times of both drought and flood.
The very first step, however, needs to begin with the idea that you cannot possibly borrow more than you earn forever. The implication of this is that the U.S. government will need to cut spending to bring it in line with the actual economic realities that will result from “too much debt” and a looming resource predicament. The entire U.S. society needs to “deleverage”—a fancy word for “cut debt”—and begin to live more carefully within its true earning potential. We already know this; there are dozens of well-constructed models, books, and research papers showing that current spending is unsustainable. But it bears reminding—and begs for action.
Population
We cannot beat around the bush on this “third-rail” topic any longer: We need to stabilize world population at a level that can be sustained. If we don’t, then nature will do it for us, and not pleasantly, either. This means stabilizing world population in perpetuity, not only for a little while longer. We may not know what this stable level is just yet, and more study is certainly needed, especially in light of declining energy resources. But we should do everything we can to avoid badly overshooting the number of humans that can be sustainably supported on our planet while carelessly avoiding an examination of the role of petroleum in supporting those populations.
According to the work of professor William Rees, humans are operating well past the Earth’s sustainable carrying capacity, which is a function of two things: the number of humans on the earth and their standards of living.5 According to this work, every organism has an ecological footprint, and humans now require the equivalent of 1.4 Earths to sustain themselves. There are only two ways to solve this problem: reduce the number of people or lower living standards. If those are our options, would we prefer to have fewer people in the world enjoying elevated standards of living, or more people in the world with reduced standards of living? In other words, would we prefer prosperity or growth? Saying “both” is the same thing as saying “growth,” because in the battle between growth and prosperity, growth always wins.
Kicking and Screaming
What we need more than anything is to reshape the stories that we tell ourselves. Right now the “growth is essential” story is firmly lodged in our national and global narratives, and so that’s what we get—policies and actions that chase growth. If instead we shared a story that placed “long-term prosperity” as our highest goal, then we would hopefully get different actions and results.
But waiting for politicians to arrive at this new story on their own isn’t a compelling strategy. As we look back across the long sweep of history and note when the status quo was challenged and changed, we would find that such change was never intended by those in the center to radiate outward. Every single social gain of note—labor rights, civil rights, women’s rights, the environmental movement, or any other that you care to think of—began on the periphery of society and was brought, kicking and screaming, to the center.
If it seems as though I’m suggesting that a social movement is needed, it’s because I am. The story that I have told in this book needs to be spread far and wide. Others need to tell it in their own way, because we will need many teachers to get the message into every corner and down every side street. We need a tipping point of awareness about the true nature of the predicaments we face.
We each need to be responsible for helping to change the story so that we can have a better future. The alternatives are unacceptable.
The Good News . . .
Again, we don’t need anything that we don’t already have in order to turn this story around. We know what the issues are, and we know what we have to do. Now we need to make those things a priority.
Eventually we will do so, but with every passing day, our energy surplus shrinks, our other resources deplete, debts continue to climb, our environmental predicaments grow larger, world population continues to swell, and our range of potential reactions become fewer and ever more expensive. Our choice is to decide whether we wish to continue ahead with our foot on the gas pedal and risk hitting the wall at top speed, or give ourselves a sporting chance by applying the brakes now.
What we need is for our leadership to make profound, course-altering decisions, and we should put some effort into ensuring that this happens. But at the same time, it’s realistic to recognize that significant changes may not be made in time to prevent some serious disruptions. So call this “good news with an asterisk.” Yes, we have everything we need to begin making the right choices, but as a collective whole, it seems quite likely that we won’t choose enough of them in time to prevent disruptions from occurring. Read on for more about personal preparation and what you can personally do to make a difference.
CHAPTER 27
What Should I Do?
By now your head may be spinning as you think through the implications of the information contained in this book. The good news is that we can make different and better choices to buy ourselves more time and secure a better future. The bad news is that we probably won’t do everything or even most of what is needed at the national or global levels in time to prevent at least a few serious disruptions from occurring.
This possibility leaves you and your community in the position of having to undertake whatever sorts of modifications and preparations you deem appropriate. I’ve personally undertaken preparations that some might consider extensive and others would feel are wholly insufficient. We each must assess for ourselves what seems prudent and feels right, but we all should be doing something, no matter how trivial or insufficient it may seem.
Time to Get a Little Insurance
The purpose of this chapter is to nudge you toward gaining greater control of your future by becoming more resilient and better prepared. If it helps, think of these steps as insurance that you hope you never have to collect on. As a prudent adult, you probably have fire insurance on your house, maybe you have collision insurance on your car, and perhaps you have life insurance on yourself and your spouse because you know life is risky and you want to mitigate what risks you can. The same process applies here.
My philosophy on preparing is simple: Get started. Begin by doing whatever is easiest and fastest as a means of taking that first step. It doesn’t so much matter what your initial actions are, as long as they demonstrate an alignment between your life and the idea that major changes are on the way. Getting started is the key. Relief from worry is the immediate goal. I should note here that everything I recommend next represents things that I have personally done. I do what I say and I say what I do.
To me, becoming prepared is the act of a selfless, prudent adult seeking to control risk in his or her life, not the act of an antisocial loner or anxious doomer. There are no right or wrong answers or actions, since none of us know precisely what will unfold or when. Instead, we must prepare as if for a trip across open water—right now it seems calm enough, but you never know. Once the waters turn rough, you’ll only be able to make use of whatever preparations and training you happen to have brought along—no more and no less.
Becoming Resilient
The point of personal (and community) preparedness can be summed up in a single word: Resilience.
We’re more resilient when we have multiple sources and systems to supply a needed item, rather than being dependent on a single source. We’re more resilient when we have a strong local community with deep connections. We’re more resilient when we are in control of how our needs are met and when we can do things for ourselves.
We’re more resilient if we can source water from three locations—perhaps from an existing well, a shallow well, and rainwater basins—instead of just one. If we throw in a quality water filter (essential for the rainwater anyway), then just about any source of water becomes potentially drinkable.
We’re more resilient if we can grow a little bit more of our own food, rather than rely on a single grocery store. Our community gains food resilience when we demand local food, perhaps by shopping at a farmers market or purchasing a farm produce subscription (also known as “community supported agriculture” or CSA), thereby increasing the number of local farms and food sources.
We’re more resilient when our home can be heated by multiple sources and systems, perhaps wood and solar to complement oil or gas.
For me and my family, resilience now stretches well beyond the four walls of our physical home and deep into our local networks and community. But it began with focusing our initial efforts within our household.
Resilience has become the lens through which we filter all of our decisions. It’s a great simplifying tool. Should we buy this, or that, or nothing? Well, which action will make us more resilient? Should we invest in developing this new skill? Well, how will that help us, or our community, become more resilient? Should we plant these trees or those? Well, which ones will add the most to the natural diversity and abundance around us so that our environment will be more resilient?
It’s really that simple. Instead of finding ourselves overwhelmed by all the things we could or should be doing, we find our lives to be simpler and easier when we increase our resilience.
The first concept of becoming prepared is resilience.
Insufficient, but Necessary
We must become the change we wish to see. If we just sit back and wait for a world where people are living with a reduced footprint and in balance with our economic and natural budgets, we will wait forever, and that world will never come. It’s up to each of us to inspire others by first inspiring ourselves. The good news is that you are not and never will be alone on this journey.
But let’s be perfectly honest: No matter how grand the steps we might take to prepare for a potential environmental, social, or economic disruption, they are almost certain to be insufficient. Yet at the same time, they’re still necessary.
They’ll be insufficient because being perfectly and completely prepared is infinitely expensive. Even trying to maintain a specific standard of living may become too costly to bear. But actions are still necessary, even if they’re inherently insufficient, because they help us align what we do with what we know.
In my experience, when gaps exist between what you know to be true and your actions, anxiety (if not fear) is the result. So while the state of the world may contribute to your sense of anxiety, it’s a lack of action that lets it fester.
So we take actions because we must. If we don’t, who will? We change the world by changing ourselves. We reduce stress, fear, and anxiety in our lives by aligning our thoughts and our actions, being realistic about what we can preserve, and setting our goals and plans accordingly.
The second concept of preparation is that actions are both necessary and insufficient.
Set Targets
When considering preparation, the first question is usually, How much? Here I recommend setting a realistic goal, given the amount of money and time you have to devote.
My family’s goal has never been to be 100 percent self-sufficient in meeting any of our basic needs. Instead, our goal has been to increase our self-sufficiency to something—anything —greater than “none.” For example, until we got our solar photovoltaic panels, we were 100 percent dependent on the utility grid for our electricity. Now we’re just a tiny bit less dependent, perhaps 97 percent, but we can manufacture and deploy our own electricity if necessary, and that’s no small feat.
How big is the difference between being zero percent self-reliant and 3 percent? It’s huge. With our 3 percent, we can charge batteries, have light at night and, most important, prevent our fully stocked freezer from thawing during a power outage. We have some control over our electricity, the most critical energy source of them all to our daily lives.
Similarly, there’s an enormous difference between being zero percent and 10 percent self-sufficient for food production. At zero percent self-sufficiency, you rely entirely on the existing food distribution system. At something over zero percent, you may grow a garden, foster local relationships with farmers, plant fruit trees in the yard, keep a few chickens, and/or maintain a deep pantry, which means you can always meet some of your own food needs. Developing even a limited percentage of your own food sufficiency doesn’t take a lot of money, and it requires just a little bit of time. And it allows you and your family to develop skills and connections that will very likely make a huge difference at some point.
So why not set a realistic target that makes sense for you and your family, and then find a way to get there?
The third concept of preparation is to set realistic goals.
Being in Service
Reducing my own anxiety was reason enough to prepare, but an equally important objective was to be in a position to serve my community should that need arise in the future. Were a crisis to occur, I would fully expect to find many unprepared people scrambling around in a desperate bid to meet their needs, somewhat paralyzed by the situation and unable to react effectively. I feel it is my duty to reduce (not add to) the confusion and unmet needs and help out as many others as I can.
Some think of personal preparation as a selfish act, perhaps involving such things as guns and bunkers, but that’s not at all what this is about; in fact, it is the opposite. My experience in life tells me that being a good community member means putting your own house in order first. If you do, you’ll have a stable foundation to utilize, and you’ll be in a better position to add valuable resources and skills to community efforts. A strong community begins with strong households. It’s like a fractal pattern; the whole is reflected in the parts. A strong community cannot be fashioned from weak households.
My expectation is that communities will rally in the face of a disruption, an act that I have witnessed several times during hurricanes in North Carolina. But some communities will fare better than others, and the difference between them will be determined by the personal resilience of their respective citizen populations. Your challenge here is to first get your own house in order, and then work on ways that you can help to increase the resilience of your local community and personal networks.
You must be the change you wish to see. If it is your wish to live in a resilient community, you must become more resilient yourself. In order to best assist your seatmate, you must put on your oxygen mask first.
The fourth concept of preparation is that your community needs you to get yourself prepared.
Step Zero
Many people, when daunted by the potential magnitude of the coming change, immediately jump to some very hard conclusions that prove to be incapacitating. For example, they may have thoughts such as, I need to go back to school to get an entirely different degree so that I can have a different job! or I need to completely relocate to a new area and start over, leaving all of my friends behind! or I need to abandon my comfortable home and move to a remote off-grid cabin! These anxious conclusions may feel so radical that they’re quickly abandoned as unfeasible. As a result, nothing gets accomplished. Further, nearly everyone has hidden barriers to action lurking within.
My advice here is crisp and clear: Find the smallest and easiest thing you can do, and then do it. It doesn’t matter what that first step is. If that thing for you is buying an extra jar of pimentos because you can’t imagine life without them, then buy an extra jar next time you’re out shopping and put them in the pantry. I’m only halfway joking. I call this “Step Zero” to symbolize something minor that might precede step one. The point is that small steps lead to bigger steps. If you’ve not yet taken Step One toward personal preparation and resilience, I invite you to consider taking Step Zero first.
Other Step Zero examples might be taking out a small bit of extra cash to store outside of the bank in case of a banking disruption, buying a bit more food each week to slowly deepen your pantry, or going online to learn something more about ways you can increase your resilience around water, food, energy, or anything else you deem important to your future. It doesn’t much matter what it is, as long as you take an action that has meaning to you.
The goal of Step Zero is to break the ice now and get things rolling. My motto is, I’d rather be a year early than a day late.
The fifth concept of preparation is to start with small steps.
The Importance of Community
Of all the steps that I’ve taken, building my community has developed the most important element of my resilience. Whatever the future holds, I’d rather face it surrounded by the people I respect, admire, and love in my local community, people whom I trust and know I can count on. That’s my measure of true wealth.
In my case, I joined up with a number of other individuals who were interested in actively preparing for the future. Over the course of a year, we met as a group and went through each and every component of a self-assessment that we designed, covering nine basic areas of our lives. (You can find a free version of this self-assessment on my web site at www.ChrisMartenson.com/self-assessment.) We took a good, hard look at our then-current situations, made plans for preparation and change, and held each other accountable for following through with our plans. The support we shared was, and still is, invaluable.
The rest of my family has become deeply hooked into a wider community of people who are actively engaged in nature awareness, permaculture, native skills, fruit collection, and other pastimes that feel recreational but also offer deeper and more resilient connections to people and nature.
I would recommend working with people you trust or with whom you already share basic values. The closer they live to you geographically, the better. I have no interest in living in fear, and my plan is to live through whatever comes next with a positive attitude and with as much satisfaction and fun as I can possibly muster. So it has always been important to me to be in community with others who share this outlook.
I now count this group as one of the most important elements in my life. I know the people I can talk to about next steps, I know people whom I can count on in an emergency, and I know who will look after my family if I happen to be out of town when something big goes awry. And now that I have experienced the pleasures (and joys and frustrations) of working in a group setting on matters of preparation, I would immediately join or start another group if I happened to move to a different area.
It’s incredibly helpful to find people to join forces with as you step through the basics of self-preparation. I encourage you to consider seeking like-minded locals with whom to form such a group, if you haven’t already done so, and to encourage others to do the same.
My preparation group is now working outside of our core and exploring ways to help get our larger community into a more resilient position. I’m only as secure as my neighbor is, and we’re only as secure as our town, and our town is only as secure as the next town over. But it all begins at the center, like a fractal pattern, with a core of resilient households determining how the future unfolds.
The sixth concept of preparation is that community is essential.
Protecting Your Wealth
The time has come to put one foot in front of the other and take responsibility for your own financial future. We’ve entered some truly treacherous investing waters, where we must question everything and accept nothing, even (and especially) the base assumption that any given currency, be it the U.S. dollar or euro or yen, will retain its value. If you ascribe to the view that our structural predicaments in the economy, energy, and the environment won’t lend themselves to easy fixes involving injections of thin-air money and more government deficit spending, then you should take steps to protect your wealth from the likely consequences of those ill-fated efforts.
What follows are the initial steps that I undertook when I first became convinced of the depth and the seriousness of the predicament we’re in. Whether you choose to do something similar or very different is entirely up to you. I only offer these suggestions for your edification and consideration, not as specific investment advice.
1. Get out of personal debt. This means paying down what you can and taking on no new debt, especially if it won’t increase your future cash flows. During the Great Depression, debt was a killer. During the 1990s and 2000s, credit (debt) advanced the living standards of many and became to be viewed benignly as “something to manage,” but the ultimate price was high. Being in debt severely limits your options during good times, and it’s a positive destroyer during down times. Less tangibly, being out of debt feels really, really good, as if an invisible weight has been lifted. During stressful times like these, removing a nagging source of worry has a value all its own, which should not be underestimated.
2. Get some inflation protection. We can be fairly certain that we’ll see inflation over time, especially as resource constraints appear while electronic money presses are working hard to conjure up an economic miracle. But there’s another potentially concerning source of inflation in the trillions and trillions of dollars in U.S. debt held by foreign countries that would wreak havoc on the dollar if their holders felt it necessary to cash them in all at once.
So what does it mean to have good “inflation protection”? It means holding non–paper-based assets. Gold, silver, oil, grains, and base metals are a few examples that will suffice to help navigate the first period of transition away from paper and toward things. My personal choice has been to hold gold and silver, but there are many other reasonable vehicles. For those who are interested, there’s a short document available on my web site that details the hows and whys of gold/silver purchasing (www.chrismartenson.com/buying_gold).
On a longer-term basis, moving funds out of paper wealth and into productive assets will certainly be the way to go. In this regard, holding titles to productive sources of energy such as gas fields, oil reserves, woodland, and electrical production (such as wind towers and other alternatives) offers the best chance of return, regardless of whether your local currency holds its value or bursts into flames.
3. Diversify out of U.S. dollars. Many residents of European countries consider holding all of one’s assets in a single currency to be a sign of madness. Of course, Europe has a history of repeatedly and violently supporting the validity of this viewpoint, but you may also want to consider that the highly wealthy in the United States traditionally handle their affairs with assets in multiple currencies and countries. Having a bit of diversification here can be useful, and if you have the opportunity to hold foreign bank accounts, those can offer an important buffer. These opportunities are rapidly dwindling as the IRS and Treasury Department have been extremely active of late in shutting down such avenues for all but the very rich, who can afford the necessary legal teams required to establish foreign accounts.
What to Look for if Relocating
After coming to the realization that the future may well be quite different from the past, you may be thinking about whether your current location is where you want to stay. My wife and I picked up our entire family and moved to a place that we judged would provide an excellent quality of life under almost any circumstances. We specifically sought a town or city that would be a fun, enjoyable place during times of both relative abundance and declining energy, and we moved away from an area that struck us as dangerously resistant to new ideas and change.
Community
A detectably functioning community encompassing a healthy spread of ages and skills was a nonnegotiable element for us. The first thing we looked for was a vibrant community where people had already demonstrated an ability to self-organize to create what they wanted. Becca identified the presence of “cooperative grocery stores” (a.k.a. co-ops) as an indicator that the local culture had what we were looking for. Her reasoning was that if people cared enough about their food to organize and sustain their own commercial enterprise around it, then they were the kind of people we wanted to be around.
Once we found an area rich with co-ops, we dug around further looking for other signs of life indicating the local people were actively creating their own opportunities and meeting some of their own needs. Fairs, festivals, and cohesive traditions, such as holiday extravaganzas and block parties, are good indicators that the local population knows how to do more together than accidentally bump into each other at the nearest big-box store.
Next, we looked within each community to see if it was well represented by residents of all ages. We found a few that seemed predominantly inhabited by boomers or retired folks; this is a valuable subset within a community, but we were looking to find a balance that included young families with children along with our middle-aged peers. We also hoped to find a variety of skill sets represented, as having a good mix of tradespeople, business professionals, laborers, artists, thinkers, and doers was important to us.
Population Density
We also wanted to live near enough to other people that we would have ample opportunities to socialize and have fun within our local sphere. Movies, concerts, events, shows, parties, and so forth all require sufficient population density. So does finding the right kinds of people with which to create a new future. Children need a group of friends and the sense that they are living in the middle of someplace exciting. We didn’t want driving to dominate our lives, and we wanted to feel that we really knew our neighbors, so getting the density just right felt very important to us—neither overpopulated nor underpopulated.
Rural with Farmland
Next, we wanted to be in a semirural location with the specific distinction that the local cropland be sufficient to sustainably support the existing population. The area we chose has lots of working farms and some of the best soil in the country. This distinguishes it from places that appear rural but are merely wooded and/or consist of thin, poor soils and are therefore incapable of supporting much in the way of a vibrant, relatively dense local population. Basically, we steered clear of “dirt poor” areas. Yes, you can build soils over time, but starting with thick, healthy soils is a lot easier.
Water
Not much happens without plenty of fresh water, especially predictable crop yields. The area we chose has ample water in the form of rainfall, rivers, and ground water (aquifers), and isn’t overly prone to regular droughts. Water was another nonnegotiable element in our equation, and I wouldn’t feel at all comfortable living in a place where water availability was questionable. For instance, you couldn’t get me to own or invest in property in much of the American southwest, where the dominant source of water is a rapidly depleting aquifer. Definitely consider the available sources of water, both for regular and emergency use, when evaluating your location.
Work
Living and working and playing should ideally happen as close to each other as possible. We looked for an area that did not require significant amounts of driving to address all three of those needs. While many communities will figure out the relocalization details by necessity, we wanted to start in a place where at least some of the details had already been worked out. Do bike trails exist? Is there navigable water nearby? Does public transportation exist? Do people tend to live close to where they work? Some areas don’t offer the perfect answers to all three needs, but creative solutions may already exist . . .or perhaps they’re waiting for someone like you to implement them.
What Should I Do?
What should you do? The list is potentially endless in its details, but simple enough in total: Begin preparing for change. This chapter has offered just a sampling of potential areas of change. I invite you to visit my web site, www.ChrisMartenson.com, for more information on the many subjects that are involved in preparation and to stay abreast of current developments. I have done my best to make this process easier with a free, online preparation guide that addresses the suggestions raised in this chapter in more specific detail (www.ChrisMartenson.com/what-should-i-do).
The sooner you get started, the sooner you’ll begin to feel happier, more in control, and ready to face the future with your eyes fixed on the opportunities and options that do inevitably exist.
CHAPTER 28
The Opportunities
The story that I’ve told here is one of change. In any such story, both challenges and opportunities await. I’m hoping for a favorable, less painful outcome, but I’m also prepared for things to get worse before they get better. One thing that I absolutely don’t see happening is a one-way descent into chaos. Yes, there may be dips in the road, and, yes, it may be a long slog toward the light, but even so, we’ll pick ourselves up and carry on again. I see enormous opportunities waiting to be claimed, both during the period of adjustment and afterward.
The first opportunity in this story is to take advantage of this information to make changes in your life, investments, and community now, while the options remain abundant, reasonably accessible, and relatively easy. As I shared in the introduction to this book, my family and I have made enormous changes in our lives in response to this information, and we feel strongly that we are better off and enjoy a higher quality of life as a result. No matter how the future turns out, I will enjoy a better outcome because of my actions.
One set of opportunities that the future will not offer is anything that relies upon or requires a simple continuation of the past: an uninterrupted extrapolation of the past trajectory into the wild blue yonder. The energy for such a jaunt will be insufficient, and whether or not that turns out to be a limiting factor (as I believe it will be), the Great Credit Bubble will need to deflate quite a bit more before a renewed bout of debt accumulation can possibly begin again.
Below are the opportunities that I see, based on the understanding that energy and resources will have to be more carefully utilized in the future. Their careful stewardship and higher cultural value will support certain types of jobs, investments, and wealth accumulation, but not others. In most cases, I’m assuming that primary and secondary sources of wealth will triumph over tertiary forms, as we “get back to the basics” for a while. You may not share my assessment, and that’s perfectly all right; nobody has a lock on the future and what it might hold. If anything, I feel I’m more prepared than most to be surprised by how things unfold.
Still, here are a few basic “truths” that I think will shape the future significantly:
1. Net energy has peaked (or will soon), and this is a permanent condition.
2. The global energy allotment available for economic development and the economy itself will decline in lockstep.
3. Without increasing energy flows, the economy will “simplify,” which is a euphemism for a massive structural shift that may be incredibly disruptive for a lot of people.
4. Without growth, most tertiary forms of wealth, such as stocks and bonds, will lose an enormous amount of their current value.
5. As with any shift, there will be winners and losers, largely segregated by who sees the changes coming first and adapts most rapidly—and who doesn’t.
I reserve the right to change these views, should reliable new information arrive that runs counter to the data that formed these conclusions, and I encourage you to leave space in your thinking for changes based on new information that we may not even be capable of anticipating yet. But the past six years leading up to the writing of this book have seen an almost uninterrupted string of confirmations supporting the ideas and concepts contained herein. With that in mind, here are the opportunities that I see:
Resource Management and Materials Efficiency
In the future, reduce/reuse/recycle will no longer be just a feel-good slogan of environmentalists—it will be an important operating paradigm. Those countries and companies that perform the task of managing their energy and materials streams the most efficiently will fare better than the rest. There will be enormous opportunities in this arena going forward, including everything from point-of-source collection and separation, to recovery and reclamation services for waste streams, to designing more efficient production processes that absolutely minimize waste and loss. New jobs and skills will be required and created in this field. While doing more with less has always been the essence of good business, this field will require a parallel mind-set that can measure and incorporate the intrinsic value of things that simple prices based on money have traditionally overlooked.
If I owned a company that relied upon resource flows, I would seriously consider building up my inventories of those items most critical to value creation. I would trade a few points of profitability gained from cost-effective inventory management for the certainty of knowing that my business had what it needed to continue operating at a time when markets and circumstances might be too turbulent to support my resource requirements.
Part of the new measure of intrinsic value will need to include energy returned on energy invested, or EROEI. Companies and countries alike will need to begin making decisions based on the energy impacts of various factors. For example, should a government support investment in a new high-speed rail system, or the retrofitting of existing structures with additional insulation? Which one would be better for society in the long run? Right now, the decision would be based on cost and political considerations. In the future, the EROEI of the two options should be prominently displayed, like a window tag in a new car revealing the mileage per gallon of the vehicle being considered, so that this information can be weighed alongside other criteria. Developing useful EROEI estimates is not trivial work and will require the services of many bright people.
Food
Food is a multihundred-billion-dollar industry, and it will be undergoing a radical transformation over the coming years. Once the energy crunch begins, food will, by necessity, go up in price. The opportunity here, already being seized by communities in all corners of the world, is to get involved in the relocalization of food production, storage, and distribution. As a contrarian investor, when I look at a chart like this, I think that there’s only one way for food expenditures as a percent of income to go: up (see Figure 28.1).
Figure 28.1 Food Expenditure as a Percent of Income (U.S. Data)
Source: U.S. Geological Survey.1
Because of the massive energy subsidy provided by petroleum, food expenditures have trended down to all-time lows. When that subsidy is removed, the trend will reverse. One way to combat the trend will be to keep the energy costs of food production as low as possible. That will, in many cases, involve using much less packaging and consuming food much closer to its point of origin (this means no more 1,800-mile Caesar salads).
If you don’t have it in you to become a farmer, there are thousands of young people with strong backs and even stronger work ethics who are ready, willing, and able to take on the task but lack the capital to make it happen. If you have the capital, you can facilitate farming by buying a piece of fertile land and developing an agreement with people who will work and improve that land for you as they make a living off of it. It’s a win for both parties—your land, a reliable investment, will be steadily improved over time as it’s worked in a sustainable fashion, and the tenant farmers will be able to work a more profitable piece of land than if they had taken on debt to buy their own meager parcel.
The next opportunity will be in food storage. Once upon a time, everybody had a means of storing food throughout the winter, either in root cellars or by preserving food. Clearly those features are largely missing from our current landscape and will have to be replicated somehow. While some people will opt to recreate these features for themselves in their own homes, many won’t. For those people who won’t, engaging a local business to perform the food storage tasks for them may be the preferred option. Very few of these operations currently exist; they will all have to be conceived and constructed. Think of centralized root cellars, where local crops can be stored in idealized conditions under the watchful eye of an experienced person.
People cannot escape the need to eat, and the number of opportunities in this arena are almost too numerous to count.
Energy
The big opportunities in energy will be around the areas of efficiency and relocalization. I see a prime area of opportunity in energy retrofits and green energy solutions for existing houses.
When I decided to put solar hot water panels on my house, I began with the usual online research and investigation to determine what the various options and features were. To my surprise, I found only a patchy network of web sites offering very little structured, useful information. When I turned to local installers as a potential source of information, I was quite surprised that not a single one came to my house prepared to type my requirements into a simple spreadsheet and offer a range of quotes based on the two or three key components of the system in a “good”—“better”—“best” configuration. Each quote was laboriously crafted elsewhere, and in each case, materials took several weeks on average to be produced and delivered. When the components finally arrived, they were delivered in a rental truck driven by the proprietor of the retail operation himself from a location over four hours away.
These experiences tell me that the American solar industry is ripe for improvement, and therefore with opportunity. I got the clear sense that if even 1 percent of the people in my region decided to install solar components, the local installation capacity and regional distributors would have been completely swamped and unable to meet the demand.
As energy becomes more expensive—and it will—retrofitting existing structures to make them more energy-efficient will become a very important occupation. Everything from insulating, to air sealing, to subdividing the interiors of oversized McMansions into smaller living units will go through an explosive phase of growth. Many of these retrofits can be marketed and sold as pure investments in which the improved cash flows alone can justify such a project for the homeowner, but we can also almost certainly count on government tax credits and other incentives to continue to play a role in nudging these activities forward.
Financial Services
It’s time to dust off the old valuation books and begin to perform very basic fundamental analysis on individual stocks and bond offerings that will help separate the winners from the losers. Because growth will no longer work as a general, across-the-board concept, index fund investing won’t work. To deliver truly superior returns, or any at all, you’ll need to know everything about a company—especially its dedication toward energy and materials conservation—and much of this won’t appear in the annual report. The opportunity exists for fundamental analysis to regain its footing, and lots of jobs will be created in this area.
The future that I see will require far more nimble and alert money management than ever before. Many clients are going to demand a higher degree of engagement from their financial advisors, and this will open up new avenues for alert professionals in winning and retaining clients. The services to be performed here could include helping people find a qualified investment professional who can operate effectively in the new wealth-generating landscape of the future, or even training financial advisors toward better performance in that new landscape.
Unfortunately for the industry as a whole, I see a coming reduction in the amount of services currently offered. I doubt that the new future will be able to afford having 40 percent of its total profits funneled into the financial industry. But even though I see a lot of shrinkage visiting this industry, I also see plenty of work for those who can shift with the times.
Government Employment
This is one area where I can see only shrinkage. I think government pay, benefits, and total employment have all seen their peaks. In a reduced-energy environment, there’s simply no way to afford having one in six workers employed by the government at a far higher total wage package than private workers enjoy.
With that in mind, where’s the opportunity here? I think private companies are going to have to fill the void left by shrinking government services, hopefully at a more competitive, cost-effective rate (or the services will be dropped because they won’t be worth it). Everything from trash removal, to policing, to sewer, water, and road maintenance will be up for grabs, and many communities have already made the leap to private management in some of these areas.
Whether we think this is the right thing or the wrong thing is beside the point; government services in a time of declining energy are going to be a lot smaller or fewer in number than government services in a time of abundant energy. Yes, there will have to be some trade-offs, and some treasured services may disappear, but not all of them will, and finding the best and most cost-effective way to provide the preserved services will certainly involve a new equilibrium in these areas.
The second opportunity will be for consultants to come in to help make trade-off decisions and provide insights into how to manage the tricky business of doing more with less. I can also envision local politicians needing (or desiring) someone to blame for necessary cuts, and consultants could provide cover for difficult decisions that need to be made.
Money
Money is a nonnegotiable element of a rich and complex society. Most people currently rely on others to manage our money for them, which is right and proper, because money is a service and it cannot manage itself. We call those managers “bankers.” I see a future that involves different forms of money, offering both competition (which is healthy) and complementary forms of money. There’s an enormous risk that our single-currency systems—the dollar or euro or yen or what-have-you—will cease to operate effectively, or at all, in the future. Recognizing this, many communities have decided that having only one currency is both undesirable and entirely too risky. What happens if that one currency fails?
Just as important, every currency enforces some behaviors and punishes others. Debt-based money is very good at motivating people to get out of bed and work extremely hard, but it’s not very good at fostering long-range thinking, cooperation, or generational investing. Debt-based money enforces short-range thinking and a perpetual sense of scarcity.
But some communities want to foster long-range thinking and a sense of mutual abundance. The easiest and surest way to do this is to introduce a new money type or system that can operate in parallel with the current system—or perhaps even multiple new types and systems. This way, if the status quo fails for any reason, there will be backups. As I said in Chapter 26 (The Good News), these can operate like wetlands during a drought, continuing to feed the river of commerce even if the main tributary has run dry.
My prediction is that enormous opportunities exist for specialists to introduce and operate new money systems for local communities, perhaps even at the municipal, state, or provincial levels. Some of these types of money will be purely electronic, like mutual credit systems, and some may actually be backed by something tangible, such as a commodity like energy, food, or even gold or silver.
It would be a shame to suffer through a damaged economy simply because we relied on a single mismanaged money unit and failed to provide ourselves with an appropriate backup that could facilitate our economic exchanges in a time of need. It’s time to recognize that our current money system is no longer serving us; we’re serving it. We can both better control our risks and enjoy a future of our own design if we implement new, different, and improved money systems. Bernard Lietaer, one of the world’s leading experts on monetary systems and alternative currencies, said this about money:
While economic textbooks claim that people and corporations are competing for markets and resources, I claim that in reality they are competing for money—using markets and resources to do so. So designing new money systems really amounts to redesigning the target that orients much human effort.
Furthermore, I believe that greed and competition are not a result of immutable human temperament; I’ve come to the conclusion that greed and fear of scarcity are in fact being continuously created and amplified as a direct result of the kind of money we’re using.
For example, we can produce more than enough food to feed everybody, and there’s definitely enough work for everybody in the world, but there’s clearly not enough money to pay for it all.
The scarcity is in our national currencies. In fact, the job of central banks is to create and maintain that currency scarcity. The direct consequence is that we have to fight with each other in order to survive.2
Our current money system is damaged, its chances of survival aren’t robust, and we’d do well to build some redundancy and resilience into our experience by introducing and using other forms of money now, while we can. It’s my prediction that the difference between communities that merely survive and those that thrive in the future will depend, in part, on which ones have parallel currency systems in place.
Change Management
The enormity of the scope of the changes that I see coming will require whole new skill sets and specialties to be developed and delivered to individuals, companies, and governments alike.
Managing for growth is one skill set; managing for stasis or even shrinkage is a different skill set altogether. Consider the hapless municipal manager who only has experience in growing yearly operational budgets. Every department and function gains a little more in their budget each year. The manager develops skills in negotiating how much goes to each area and keeping everybody reasonably happy with their allotment.
But the reverse of that situation is an entirely different process. Cutting budgets requires knowing which items are essential and which ones aren’t. It involves making strategic decisions requiring a view of the future and knowing which services to retain, which to eliminate, and which to outsource. How does one plan for an uncertain future and then budget for it effectively? How does all of this get persuasively communicated to all the various stakeholders? The challenges are numerous, and the skills required to manage successfully here are quite often distinct from those that have been used during periods of active growth. Who will help bring these new skills to all of the municipal and corporate managers?
Reskilling will be important at all levels of the workforce, not just managerial. If my basic ideas hold true, then declining service jobs will be accompanied by a swing back toward manufacturing. Producing more local goods from local materials, especially recycled ones, will require an enormous retraining of a significant proportion of the workforce. In some cases, vital shop skills have been lost and will have to be regained somehow. There will be opportunities in the management and delivery of these reskilling services and lessons. But such dramatic work-life change isn’t easy, especially for those past a certain age or who have heavily invested in their prior careers, which means that part of the reskilling services will have to include psychological counseling and management.
Coming to terms with the vast changes is going to be difficult for many and will require the support and participation of individuals who are adept at change management.
The Greatest Opportunity of Them All
Your greatest opportunity is the chance to rethink everything: your priorities, what you do with your time, and how you relate to others. Great moments of change are opportunities to shift who you are and how you show up in the world. If you feel as though you have been performing in a dress rehearsal rather than living your true life, then perhaps this prospect of change is something to look forward to, not something to be feared.
The opportunity exists here to redefine your life into something with more meaning, greater community connections, and personal fulfillment. The most important thing you can do in the days ahead is to forge stronger community connections, and help your own local community become more aware of and prepared for the changes that are already beginning. For those without either awareness or preparation—and there will be many in every community—the changes are going to feel wrenching, confusing, and possibly overwhelming. You have the chance to help them even as you help yourself. I invite you to trust yourself and make the most of this magnificent opportunity.
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in Slow Tumble scenario
Chain reactions, exponential nature of
Challenges, opportunities versus
Change. See also Amount of change
future world and
opportunities in
over the next 20 years
Change management, in future
Checking account costs, in GDP calculation
Chemicals, in agriculture
Children, in relocating for the future
Chile, in Peak Oil Recognition scenario
China
coal production and consumption in
energy consumption in
nuclear power use in
in Peak Oil Recognition scenario
savings rate in
in Slow Tumble scenario
transitioning from oil to alternatives in
water depletion in
Cigarettes, as “money”
Civilization, soil and
Climate change, in coming economic crisis
Clinton, William J., debasement of inflation statistics under
Clipping, debasing coinage via
Closed system, economy as
Coal
as ancient sunlight
electricity from
energy resources to replace
as energy source
liquefaction of
time frame, scale, and costs of transitioning from oil to
tonnage mined versus energy obtained from
transitioning from oil to
world consumption of
world production of
Coal-to-liquids (CTL) concept
Cobalt, in steel
Coinage, debasing
Colonial scrip
Colorado River, water depleted from
Community
money in future
in preparing for the future
relocating to new
resilience and
Community connections, author and
Community supported agriculture (CSA)
Commuting, in relocating for the future
Competition, in future
Complexity
in economics
in end of growth
energy and
oil shortages and
in open systems
in Undulating Plateau scenario
via surplus energy
Complex societies, surplus energy as creating
Complex systems
energy needs of
inherent unpredictability of
unpredictability of
Compounding
alternative energy sources and
as exponential growth
pension underfunding and
supply and demand of oil and
Computers
in GDP calculation
modeling sand pile behavior with
Concentrated energy, diffuse energy versus. See also Energy density
Confederate money
Conflict, future world and
Conflicts of interest, investment and
Congress
entitlement programs and
in money creation
Conservation
future financial services and
in Peak Oil Recognition scenario
Consultants, future government employment for
Consumer loans
Consumer Price Index (CPI)
Consumption
energy for
investment and
in Slow Tumble scenario
Consumptive debt
as non–self-liquidating debt
Convergence, of future risks
Coolant, water as
Cooperative stores (co-ops), in relocating for the future
Copper (Cu)
mining of
ore quality and quantity of
Copper nuggets
Coral reefs, destruction of
Core inflation measure
Corn-based ethanol, oil versus
Corporate bonds
Cost
future increase in food
to replace oil with alternative fuels
Cost of living, cost of survival versus
Cost of living adjustment (COLA), truthful inflation reporting versus
Cost of survival, cost of living versus
Crash Course, The Internet seminars
Credit
as bubble fuel
cutting off
debt and
decline in personal savings related to
economic growth and
in end of growth
future of
and Great Credit Bubble
money printing and
in money system
peak global oil production and growth of
in preparing for the future
worldwide expansion of
Credit bubbles
Credit card debt
Credit expansion, investment and
Credit market debt
exponential growth of
in United States
total
Credit markets
exponential debt in
Credit systems, in future
Critical insight, foreseeable world economy and
Crop production, required to sustain population growth
Crops, fertilizers required by
Crop varieties, improvements in
Crop yields, optimizing
Cultures, money in
Currencies (currency). See also Cash; Money entries
collapse of
fiat
future of
mismanagement of
paper
in preparing for the future
Currency crashes
Currency crisis, future
Current economic predicament
debt and
of United States
“Current rates of consumption” assumption, in mineral depletion
Davis, Donald R., on nutrients in plants
Debasements
of coinage and money
defaults via
economic growth and
of government budget statistics
of official economic statistics
in Peak Oil Recognition scenario
of unemployment statistics
Debt
accumulation of
bubbles and
as claim on future money
critical assumptions behind
current economic predicament and
decline in personal savings related to
defaults and other outcomes of large-scale
defined
described
economic growth and
in end of growth
exponential
in foreseeable world economy
getting rid of
good versus bad
in Great Credit Bubble
history of
investment and
levels of
liabilities versus
monetizing
in money creation
peak global oil production and growth of
as predicament
in preparing for the future
quantitative easing and
restructured
settling
in three future scenarios
too much
truthful inflation reporting and
United States national
Debt-based money, in future
Debt-based money system
exponential nature of
“Peak Oil” and
Debt defaults, money creation and
Debt markets, history of
Debt-to-GDP ratio
current economic crisis and
of England following Napoleonic Wars
future
in Great Credit Bubble
understatement of
Decision making, in investment
Defaults. See also Partial defaults
economic consequences of
in end of growth
future growth and
by government
history of
large-scale
money creation and
via debasements
Deficits, debasement of official statistics on
Deficit spending, confiscation of wealth via
Deflation. See also Hyperdeflation
defaults and
in England following Napoleonic Wars
future
via debt defaults
Deleveraging
Demurrage money
Depletion
end of growth and
of environmental resources
of fresh water
of mineral resources
of nutrients from soil
of phytoplankton
of soil
in Undulating Plateau scenario
of world’s fish
Desertification
Design, disaster versus
Developed world
debt in
in foreseeable world economy
Development, quality and quantity of energy via
Diamonds, as unit of account
Diffuse energy, concentrated energy versus
Diffuse heat, conversion of energy into
Dinar, hyperinflation of
Dionysius of Syracuse, coinage debased by
Dirt. See also Soil entries
in relocating for the future
soil versus
“Dirt poor”
Disaster, design versus
Discouraged workers, removed from unemployment statistics
Discretionary consumption, energy for
Discretionary income, future of
Disorder, entropy and. See also Order
Dispersion, minerals lost through
Diversification, in preparing for the future
Diversity, resilience and
Divisibility, of units of account
Dollars
as backed by debt
collapse of
Federal Reserve and
as legal tender
in Peak Oil Recognition scenario
in preparing for the future
untied from gold
U.S. debt defaults and value of
as U.S. unit of account
Dot-com bubble
Doubling
bubbles and
current economic predicament and
as exponential growth
in Great Credit Bubble
in rule of 70
of total U.S. credit market debt
water depletion and
in Yugoslavian hyperinflation
Doubts, investment and
Dow Jones Industrial Average, bubbles and
Dry land farming
Dust bowl
DVD seminars, author’s economics
Earth
bounty of
carrying capacity of
in end of growth
mineral resources depleted from
oil as extracted from
as repository of wealth
Earthquakes, predicting
Ecological community, soil as
Ecology
algal biodiesel production and
biofuel production and
Economic booms, U.S. savings rate and
Economic collapse, future
Economic complexity
history of
via surplus energy
Economic crisis, in Argentina
Economic decisions
energetic decisions versus
minerals in
Economic decline, coming agricultural crisis and
Economic growth
alternative energy sources and
coal consumption and
debt and
depletion of oceanic fish and
end of
energy and
in England following Napoleonic Wars
exponential debt growth and
future debt and
future financial services and
future of
mineral resource depletion and
minerals in
necessity for
oceanic resource depletion and
oil demand and
oil production and
oil shortages and
peak global oil production and
politics and
tertiary wealth and
water depletion and
Economics
author and
of energy transitions
future world and
growth and
post-2007 plunge in
Economic slowdowns, investment and
Economic statistics, official debasement of
Economists, intransigence of
Economy
assessing trends in
bubbles in
coming crisis in
debasement of official statistics on
debt and
end of growth of
energy and
exponential debt in
exponential growth of
foreseeing
future of
government statistics debasement and
importance of energy in
monetizing debt in
money in future
“Peak Oil” and
as predicament
recent growth of
in three future scenarios
truthful inflation reporting and
Education, of author
Efficiency
of agriculture
in future
in obtaining electricity from coal
Electrical vehicles, in transitioning from oil to alternatives
Electricity
alternative energy sources for
coal used in production of
making do with less
oil and
self-sufficiency in
storage of
water consumed in generating
Electronic money, in future
Electronic money creation, settling debts by
Elements
import sources of
required to build motor vehicles
Eminent domain, in Peak Oil Recognition scenario
Employment. See also Job entries
economic growth and
future government
future management
future opportunities in
in Undulating Plateau scenario
in United States
End of Money, The seminars
End states, of open and closed systems
Energetic decisions, economic decisions versus
Energy. See also Alternative energy sources; Net energy; Work
assessing trends in
from coal
coming agricultural crisis and
coming crisis in
consumed in making fertilizers
crop production and
decline in flows of
diffuse versus concentrated
economic growth and
economic growth due to surplus
economy and
in end of growth
exponential growth and
for farming
foreseeing need for
forms of
future food supplies and
future of
future opportunities in
future world and
Great Credit Bubble and
law of conservation of
making do with less
as master resource
needed to mine minerals
in open and closed systems
quality of
quantity of
removed from inflation statistics
societal need for
stopping waste of
in transitioning from wood and coal to oil
in transitioning from oil to alternative energy sources
water and
in wealth creation
work from
world economy and
Energy budgeting
Energy consumption, U.S. GDP and
Energy creation, technology and
Energy density, required to do work
Energy depletion, as predicament
Energy efficiency
desirability of
in future
Energy exploration, energy required for
Energy Information Agency (EIA), U.S. coal consumption projections by
Energy production
energy required for
water in
Energy Returned on Energy Invested (EROEI)
in future
for natural gas
Energy sources
in foreseeable world economy
in three future scenarios
Energy transformation
technology and
Energy transitions, technology and
Energy use
by China
by source
exponential growth of
measuring
England
debt following Napoleonic Wars
historical debt crisis in
oil imports by
on oil production decline
peak oil production in
in South Sea Bubble
Entitlement liabilities, in foreseeable world economy
Entitlement programs
underfunding of
of United States
Entitlements
economic growth and
future of
in United States
Entropy
Environment
assessing trends in
coming crisis in
exponential growth and
foreseeing fate of
Great Credit Bubble and
in three future scenarios
Environmental use, exponential growth of
Equilibrium, in open and closed systems
Erosion, of soil
Ethanol
oil versus
in Peak Oil Recognition scenario
Europe
biofuel use in
inflation and deflation cycles in
in Peak Oil Recognition scenario
preparing for the future and
savings rate in
in Slow Tumble scenario
well maintained infrastructure in
European banks, quantitative easing among
Eurozone countries, money printing in
Exploration, quality and quantity of energy via
Exponential decline, in oil production
Exponential growth
concept of
end of
of energy to extract minerals
of future debt
in Great Credit Bubble
“hockey stick” pattern in
linearity versus
money creation and
oil shortages and
our world and
“Peak Oil” and
pension underfunding and
perpetual
real examples of
rule of 70 in
“speeding up” during
in three future scenarios
in total credit market debt
turning the corner in
unsustainability of
water depletion and
of world economy
Exporting
of nutrients
of water via food
Export Land Model
Exports, economic growth and
External defaults
Extinction rates, increases in
Extraction profile, for oil extraction
Face value, of Treasury bonds
False narratives, in economics
Family
in preparing for the future
in relocating for the future
Farm Bureau, inflation statistics reported by
Farmers
complex societies and
future food supplies and
local
Farming
future food supplies and
improving practices in
water depletion and
Farmland
in relocating for the future
required to sustain population growth
tract housing versus
Fast breeder reactors, as nuclear fuel
Federal Funds Rate
Federal prison system, “money” in
Federal Reserve (“the Fed”)
base money and
bubbles and
in debt-based money system
economic growth and
housing bubble and
inflation as controlled by
interest rates set by
money creation by
money management by
in Peak Oil Recognition scenario
quantitative easing by
on United States liabilities
Federal Reserve Act of 1913
money and
Federal Reserve notes
Feedback loops, in economy
Fertilizers
in coming agricultural crisis
energy costs of
improvements in
Fiat currencies/money
future of
in Peak Oil Recognition scenario
world economy and
Financial concepts, author and
Financial services, in future
Financial system, economic growth and
FIRE (Finance, Insurance Real Estate) sector, in Peak Oil Recognition scenario
First Law of Thermodynamics
First World, well maintained infrastructure in
Fiscal collapse, in Peak Oil Recognition scenario
Fish
depletion of world’s
toxins in
Fisheries
decline in
demise of shore-based
Fishing
Fit, goodness of
“Fixing the left axis,” turning the corner in exponential growth and
Food
complex societies and
depletion of
energy required to produce
exporting
future of
global requirements for
growing one’s own
grown locally
money and future of
physical need for
removed from inflation statistics
resilience and
self-sufficiency in producing
water and
Food bubble, water and
Food pyramid
Food shortages
water shortages and
Food storage, future food supplies and
Food systems, future world and
Foreign banks, in preparing for the future
Foreign languages, author’s work translated into
Formulas
Fossil aquifers
Fossil fuels. See also Coal; Oil entries; Natural gas; Petroleum
as ancient sunlight
carrying capacity of earth and
in coming agricultural crisis
energy resources to replace
in foreseeable world economy
solar power versus
stopping waste of
in three future scenarios
“Fourth E.” See Exponential growth
Fractional reserve banking, in money creation
France, nuclear power use in
Free checking, in GDP calculation
Fresh water
depletion of
depletion of fish from
Frozen Margarita model of oil extraction
Frugality, profligacy versus
Fuel, removed from inflation statistics
Fuel sources, for nuclear power plants
Fuel triage, in Peak Oil Recognition scenario
Fulfillment, personal
“Full faith and credit,” U.S. dollars backed by
Future
author’s preparations for
bubbles in
creating opportunities in
current economic predicament and
debt and
effects of money printing on
end of growth in
extrapolating past into
foreseeing
impact of U.S. savings rate on
inflation and
liabilities and
of mineral resources
net energy and
of oceans
opportunities in
outlook for next 20 years
“Peak Oil” and
preparing for
of soil nutrients
three scenarios for
using existing resources in
of water
Future rates of return, pension underfunding and
“Fuzzy numbers”
Galbraith, John Kenneth
Gasoline
energy available in
true value of
GDP deflator, real versus nominal GDP and. See also Gross domestic product (GDP)
Geithner, Timothy, on economic growth
General Motors (GM), stock prices of
Generations, between bubbles
Geometric growth, described. See also Exponential growth
German military, on oil production decline
Germany
money printing by
in Peak Oil Recognition scenario
Getting started, in preparing for the future
Ghawar oil field
Global economy
coming crisis in
foreseeing future of
Global energy allotment, future of
Globalization
future of
money printing and
Global oil discovery peak
Global oil production, energy from
Global oil production peak
in 4,000-year timeline
GDP growth and
Global trade, post-2007 plunge in
Goals, in preparing for the future
Gold (Au)
dollars untied from
investment in
as money
money backed by
in Peak Oil Recognition scenario
in preparing for the future
wealth protection via
Good debt, bad debt versus
Goodness of fit
Goods, in Slow Tumble scenario
Goods and services, measuring inflation in cost of
Government
debasement of economic statistics by
debt defaults by
defaults by
economic growth and
entitlement program underfunding by
Federal Reserve and
fiat money and
future of
in internal defaults
investment in electrical storage technology by
liabilities of
money printing by
on oil production decline
pension underfunding by
revenue sources for
in three future scenarios
truthful inflation reporting and
Government debt
defaults on
getting rid of
levels of
settling by printing money
too much
Government employment, future opportunities in
Government solvency, future growth and
Gravity
Great Credit Bubble
characteristics of
interest rates and
peak global oil production and
printing money to deal with
Great Depression
personal savings rate during
stock bubble preceding
Great Destruction, in Slow Tumble scenario
Greed
bubbles and
in future
Greenbacks
Greenspan, Alan
on gold and money printing
Greer, John Michael
Gross domestic product (GDP). See also Debt-to-GDP ratio
debasement of statistics related to
debt and
hedonic adjustments to
indicators that measure
inflation and
liabilities and
measurement of
overstatement of
peak global oil production and growth of
real versus nominal
truthful reporting of
U.S. energy consumption and
U.S. entitlement programs versus
Gross national product (GNP), savings rate as fraction of
Groups, in preparing for the future
Growth. See also Economic growth; Exponential growth
benefits of
coal consumption and
debt and
defined
economics and
end of
of future debt
future financial services and
future world and
geometric
during Great Credit Bubble
investment and
linear
managing of future
oil shortages and
pension underfunding and
prosperity versus
surplus energy for
in three future scenarios
Gulf Coast, in Peak Oil Recognition scenario. See also Gulf of Mexico
Gulf of Mexico
oil fields in
“Peak Oil” in
Gut sense/feeling, investment and
Halogen lamps, LED technology versus
Health care, weighting of inflation statistics related to
Heat, conversion of energy into
Heat content, from various grades of coal
Heating, resilience and
Heating oil, energy from
Hedonics, in government inflation statistics
Herbicides, agriculture without
Hierarchy of needs
High grading
Hirsch, Robert
“Hockey stick” pattern
in population growth
Holland, tulip bulb craze in
Home equity line of credit (HELOC)
decline in personal savings related to
Home food storage, future food supplies and
Homeowners, in GDP calculation. See also Housing entries
Hospitals, truthful inflation reporting versus
“Hot money”
Households
in preparing for the future
resilience and
House prices, income versus
Housing. See also Home entries
economic growth and
future world and
investment in
in Peak Oil Recognition scenario
resilience and
Housing bubble
characteristics of
Federal Reserve and
Housing markets
debasement of official statistics on
post-2007 plunge in
Hybrid electrical vehicles, in transitioning from oil to alternatives
Hydrocarbons
energy resources to replace
in foreseeable world economy
Hydroelectricity
energy use from
water consumed in
power production from
Hydrogen economy
fallacy of
oil versus
Hyperdeflation, future
Hyperinflation
future
in Zimbabwe
“Immaculate interest flows”
Imports
of coal by United States
of minerals by U.S.
money printing and
Import sources, of selected elements and metals
Imputation adjustments, to GDP
Income
bubbles and
debasement of official statistics on
debt and
future food supplies and
future of
house prices versus
truthful inflation reporting and
India
irrigation practices in
pilot breeder reactors in
in Slow Tumble scenario
Indonesian palm oil plantations, adverse ecological effects of
Industrial agriculture
to sustain population growth
unsustainability of
Industrialization, minerals consumed in
Industrial Revolution
economic growth and
in England following Napoleonic Wars
Industry, in Slow Tumble scenario
Industry Taskforce on Peak Oil, on oil production decline
Inflation. See also Hyperinflation
causes of
debasement of government statistics on
as default
defaults and
destructiveness of
economic growth and
future
future food supplies and
GDP and
gold standard and
indicators that measure
infrastructure maintenance and
management of
measurement of
from poor money-supply management
quantitative easing and
savings and
truthful statistics on
via debt defaults
via printing money
Inflation-adjusted GDP
Inflation protection, in preparing for the future
Information. See also Misinformation
foreseeable world economy and
future world and
investment and
Infrastructure
energy for maintaining
for extracting oil
future government employment and
for natural gas use
in Peak Oil Recognition scenario
United States versus Europe
Infrastructure changes, in transitioning from oil to alternatives
Inspiration, in preparing for the future
Instincts, investment and
Insufficiency, in preparing for the future
Insulation, future energy supplies and
Insurance
Intel, stock prices of
Intellectual advances, growth due to
Intelligence
future world and
in preparing for future
Interest
debt and
future debt and
and growth in debt
in money creation
Interest rates
Great Credit Bubble and
of Treasury bonds
Internal defaults
International debt crises
International Energy Agency (IEA)
on Chinese energy use
oil demand and
oil production and
world coal consumption projections by
International Water Management Institute, on water depletion
Internet
author’s seminars on
Internet revolution
Intuition
investment and
in problem solving
Inventories
in future
keeping track of
in Peak Oil Recognition scenario
Investment
author and
in foreseeable world economy
future opportunities in
in preparing for the future
questions about
resilience and
trusting oneself in
in Undulating Plateau scenario
Investment debt
Irrational financial behavior, bubbles as
Irreplaceable minerals
Irrigation
aquifers for
improvements in
in India
water for
Japan
oil imports by
in Peak Oil Recognition scenario
pilot breeder reactors in
quantitative easing in
Jobs
economic growth and
in future
future management
Job specialization, money and
Johnson, Lyndon B.
official budget statistics debased by
Juice-Box model of oil extraction
Just-in-time delivery systems
fragility of
in Peak Oil Recognition scenario
Just-in-time food systems, future world and
Kazakhstan, uranium reserves in
Kennedy, John F.
official unemployment statistics debased by
Keynesian stimulus, Great Credit Bubble and
Kotlikoff, Laurence J., on United States liabilities
Labor, wealth and
Labor markets, truthful inflation reporting and
LaFleur, Tim, on hedonic inflation statistics
Land, future food supplies and
Land-based resources, wealth and
Land use, in Peak Oil Recognition scenario
Law of gravity
Leadership, for long-term prosperity
LED technology, halogen lamps versus
Legacy
of coming economic crisis
debt in
Legal obligations, debts as
Legal tender, dollars as
Lending. See also Borrowing
economic growth and
in end of growth
by Federal Reserve
future of
in money creation
types of money created by
“Lens, the”
LET systems
Levins, Alejandro
Liabilities
debt versus
economic growth and
entitlement
entitlement programs as
pension
unfunded
United States
Lietaer, Bernard, on money in future
Lignite coal, production and consumption of
Limitations
on adopting existing technologies
on economic growth
end of growth and
on oceanic resources
on population growth
of technology
Limited resources. See also Carrying capacity
consequences of
exponential growth and
wealth and
Limiting resources, wealth and
Linear growth, described
Linearity, exponential growth versus
Liquefaction, of coal
Living standard
author’s
declining U.S.
economic growth and
world population and
Lloyd’s of London, on oil production decline
Loan defaults, money creation and
Loans, debt and
Local culture, in relocating for the future
Local foods
Long-term investment, in foreseeable world economy
Long-term prosperity
Lower socioeconomic brackets, savings rate among
M3 (total money stock), exponential growth in
“Macks”
Macondo oil field
Malthus, Thomas, on population growth
Management. See also Resource management
of coming economic crisis
in future
Mandatory consumption, energy for
Mandatory pension payments
Mania, bubbles versus
Manufacturing
economic growth and
future of
in Slow Tumble scenario
by the United States
Markets. See also Bond markets; Credit market entries; Debt markets; Housing markets; Labor markets; Stock markets; Total credit market debt
in Peak Oil Recognition scenario
in Slow Tumble scenario
Marxism, in end of growth
Maslow, Abraham, on hierarchy of needs
Mass transit systems, in Peak Oil Recognition scenario
Materials, in future
Matter, in open and closed systems
Meaningfulness, of the future
Media
economic growth as reported by
investment and
in Slow Tumble scenario
Median house prices, median income versus
Median income, median house prices versus
Medical technology, desirability of
Medicare
truthful inflation reporting versus
Medium of exchange, money as
Megatons to Megawatts program
Mercury (Hg)
in fish and sperm whales
increases in
Metals
economic growth and
import sources of
in preparing for the future
production of
required to build motor vehicles
Methanol, oil versus
Mexico
oil exports to United States by
oil production decline in
in Peak Oil Recognition scenario
Middle class, savings rate among
Middle East, in Peak Oil Recognition scenario
Mill, John Stuart, on wealth destruction
Mineral depletion, as predicament
Mineral resources
future of
quality of
quantity of
Minerals
depletion of
economic growth and
loss of irreplaceable
lost through dispersion
removal from soil via farming
required to build motor vehicles
U.S. imports of
Mining
of American coal
of copper
of uranium
Misinformation, investment and. See also Information
Mobs, bubbles and
Monetizing debt. See also Money printing
Money. See also Economics; Financial concepts
in Argentine economic crisis
barter versus
in coming economic crisis
creation of
debasing
debt and
debt as claim on future
defined
economic growth and
in end of growth
in energy valuation
future of
future possible deflation and inflation of
future world and
investment and
losing
loss of value of
“Peak Oil” and
quantitative easing and
as social contract
societal uses of
stability of
three characteristics of
in three future scenarios
time versus
types of
wealth versus
Money management, future opportunities in
Money printing
economic consequences of
in end of growth
in Eurozone countries
gold versus
government debt settlement by
hyperinflation from
in Peak Oil Recognition scenario
quantitative easing as
settling debts by
in Slow Tumble scenario
in Undulating Plateau scenario
for U.S. entitlement programs
Money supply
bubbles and
exponential growth of
exponential growth in
inflation and
management of
Money system
administration of
collapse of
credit in
exponential growth in
Federal Reserve in
future
hyperinflation in
money creation in
oil shortages and
quantitative easing in
societal uses of
types of money in
Monopolies, in South Sea Bubble
Mortgages
Motor vehicles. See also Automobiles
minerals required to build
in the United States
Municipal bonds
Municipalities, liabilities of
Municipal pensions, underfunding of
Municipal services, cuts in
Mutual credit arrangements
Mythology, in economics
Napoleonic Wars, England in debt following
National debt, of United States
Natural gas
as alternative energy source
as ancient sunlight
consumed in making fertilizers
in electric power production
energy from
importers of
time frame, scale, and costs of transitioning from oil to
Natural resources, future world and
Natural world, economy and
Nature, in end of growth
Needs hierarchy
“Negative growth”
consequences of
Net energy
Net Present Value (NPV), pension underfunding and
Net yield, of oil
New energy technologies, oil versus
New money
Newsletters, author’s economics
New technologies
Newton, Isaac, in South Sea Bubble
New Zealand
in Peak Oil Recognition scenario
spotting bubbles in
Nitrogen (N), as key nutrient in fertilizers
Nixon, Richard M.
debasement of inflation statistics by
dollars and gold and
No growth
consequences of
Nominal GDP
Nonlinearity, of exponential growth
Non–paper-based assets, in preparing for the future
Nonrenewable water
Non–self-liquidating debt
consumptive debt as
North Sea oil fields
Norway, oil production decline in
Notes, in money creation
NPK. See Nitrogen (N); Phosphorus (P); Potassium (K)
Nuclear chain reactions, exponential nature of
Nuclear energy/power
as alternative energy source
energy use from
oil versus
production of
time frame, scale, and costs of transitioning from oil to
transitioning from oil to
Nuclear warheads, as fuel source
Nutrients
depleted from soil
in healthy soil
U.S. exporting of
Oceans
depletion of fish from
food pyramid in
future of
as oxygen source
Ogallala aquifer
Oil. See also “Peak Oil”; Petroleum
alternatives to
as ancient sunlight
biofuels versus
depletion of
economic systems dependent on
energy from
energy required to produce
energy resources to replace
extraction of
finding and pumping
in foreseeable world economy
global discovery and production peaks for
as master resource
natural gas versus
new energy technologies versus
new production of
nuclear power versus
running out of
societal importance of
solar power versus
in three future scenarios
transitioning away from
uses of
wave power versus
wind power versus
world economy and
world population and
Oil demand, economic growth and
Oil discovery–production gap, in United States
Oil exports
Oil fields
developing
discovery of
oil production decline from
potential production from global
Oil prices, current increase in
Oil production
economic growth and
4,000-year timeline of global
global decline in
potential
worldwide
Oil production output gap
alternative fuels to fill
Oil rigs
Oil shales, oil reserves in
Oil Shock III, in Peak Oil Recognition scenario
Oil shortages
Oil-to-GDP ratio
OPEC oil fields
Open system, economy as
Opportunities
challenges versus
in coming economic crisis
created by growth
future energy supplies and
in future financial services
future food supplies and
in future government employment
in the future world
in preparing for the future
surplus and
Optimism, in coming economic crisis
Options, in coming economic crisis
Orange County, California, housing bubble in
Order. See also Disorder
creating
in end of growth
energy and
Ores
depletion of
quality and quantity of
Organizations, author’s presentations to
Outcomes, of predicaments
Overconsumption, in United States
Overexuberance, bubbles versus
Overfishing
Overnight money
interest rates for
Overstated GDP, understated inflation versus
Owner’s equivalent rent, in GDP calculation
Oxygen (O), in air
Palm oil plantations, adverse ecological effects of
Panics, economic growth and
Paper-based wealth
money as
Paper currencies/money
mismanagement of
in Peak Oil Recognition scenario
in preparing for the future
settling debts by printing
Paper wealth, future of
Parliament
of England
on oil production decline
Partial defaults
inflation as
Patzek et al. study
Paying off debt, economic consequences of
“Peak Coal,” alternative fuels and
“Peak Oil”
alternative fuels and
arrival of
coal and
in coming economic crisis
compounding and
described
existing oil field decline and
finding and pumping oil and
in foreseeable world economy
GDP growth and global
investment and
natural gas and
nuclear power and
oil demand and
oil extraction and
oil production and
oil production output gap and
peak exports and
quality and quantity of energy and
running out of oil and
transitioning from oil to alternative energy sources and
Peak Oil Recognition scenario, economic future in
Peat bogs, palm oil plantations on
Pension funds
fixing shortfalls in
future growth and
as savings
in Slow Tumble scenario
underfunding of
Pension liabilities, in foreseeable world economy
Pension payments, mandatory
Pension plans, as liabilities
People, bubbles and
Percentage rate of growth
“Perfect interest flows” theory
Perpetual exponential growth
as banking requirement
Perpetual-motion machines
Personal fulfillment
Personal savings rate, historic lows and decline in current
Pesticides, agriculture without
Petroleum. See also Oil entries; “Peak Oil”
as ancient sunlight
in electric power production
energy resources to replace
future food supplies and
in foreseeable world economy
as master resource
societal importance of
in three future scenarios
U.S. debt defaults and price of
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