


  Which Little Pig Are You?

  
  


  A MATTER OF RELATIVITY


  In response to a moderate earthquake that had struck a foreign country and damaged a significant number of engineered bridges and buildings, the government had dispatched a team of experts to perform earthquake reconnaissance activities. The team’s mandate was to travel across the affected region, to document the extent of the damage, to determine to the extent possible what caused the extensive damage suffered by the infrastructure, and, most importantly, to report on whether such a disaster could happen at home.


  Sad but true, there is always much to learn from disasters that kill and injure thousands of people and produce billions of dollars in damage and losses. Teams of engineers have conducted earthquake reconnaissance visits after damaging earthquakes all over the globe in the past decades, so this was by itself not an unusual thing to do. However, this time, it was different. Not only had this earthquake caused $40 billion in damage, but it did so by striking a country that considered itself a leader in the development and implementation of modern seismic design codes and standards; a nation that was part of that elite club of players whose members represent more than 60 percent of the world’s net wealth; and, most significantly, a friendly nation with whom the government had long-standing close ties. On that account, there was potentially much more to learn than usual from the earthquake damage, and the findings from the earthquake reconnaissance mission were sure to be valuable.


  So, the government got its report.


  What happens once a technical report is printed and submitted very much depends on the political forces at play. Countless reports “rest in peace” on library shelves; less fortunate others are “filed” in bankers boxes buried in archives. Yet, when the stars align and the timely words fall in receptive ears, lucky reports serve their purpose and can lead to changes in building codes, enhance design specifications, or fulfill some other noble purposes mostly invisible to the public. In some rare instances, parts of these reports that have had an impact are quoted by politicians.1 For whatever the reason may have been, in one such moment, an elected government official2 deemed it appropriate to reassure the public and commented on the many bridges that collapsed during the earthquake in that other country. He emphasized that the way bridges were designed there was different than at home and that, contrary to what had been observed in that other country, the nation’s bridges were safe. “Safe!”


  That elected official was a representative of the Japanese government commenting on the damage from the January 17, 1994, magnitude 6.7 Northridge earthquake that struck at 4:30 a.m. near Los Angeles and during which many bridge spans and overpasses either fell off their support or collapsed due to column failures. Most significantly, one of those collapsed spans occurred along the busiest freeway in the U.S. (Interstate 10), which, as a result, was closed to traffic for almost three months.3 These collapses could have been of dramatic consequence had the earthquake not happened so early that day, but instead during rush hour with cars zooming by at more than seventy miles per hour.


  The Japanese official’s confident statement undoubtedly reassured the population at the time. Most unfortunately, he was wrong.


  Exactly one year to the day after the Northridge earthquake, the Great Hanshin earthquake struck near Kobe at 5:46 a.m. on January 17, 1995. Beyond demonstrating that, statistically speaking, large earthquakes have a propensity to strike on a January 17 before business hours (one can really make statistics say anything), this magnitude 6.9 earthquake destroyed many bridges across the region,4 including large segments of the elevated railway for Japan’s iconic bullet train—which could have been of dramatic consequence had the earthquake not happened so early that day, but instead during rush hour with trains zooming by at more than two hundred miles per hour. Also noteworthy, the elevated Hanshin Expressway that ran though Kobe suffered massive damage over nearly its entire length, and a segment of it collapsed in such a spectacular manner that photos of it made the front page of magazines and newspapers worldwide—and, not to forget, provided sensational opening footage for the television evening news. Beyond bridges, the earthquake also damaged more than one hundred thousand buildings,5 triggered about three hundred fires that burned for days, and debilitated Kobe’s entire infrastructure. And Kobe’s port, one of the world’s busiest at the time of the earthquake, was ravaged by the earthquake and never recovered its stature.


  So much for “safe.”


  However, that was not the worst of it. This earthquake was also embarrassing for the Japanese government for a number of other reasons.


  First in the list of embarrassments6 is the fact that the prime minister learned that the Kobe earthquake had occurred, not from government agencies, but rather from broadcast news. Unlike some other countries, where the president wants to be (or already is) the most powerful man/woman on earth, in Japan, the prime minister only aspires to be a good leader for his nation—sometimes acting as a manager of timid transformational forces, most often plenty happy to tend to the day-to-day business of presiding over the government. Nonetheless, it remains that the prime minister is the top decision maker in the country.7 It is the prime minister’s office where the proverbial “buck” is supposed to stop, so from the head-of-state perspective, being the last one to know amounted to losing face—a particularly painful thing in many parts of Asia. Comparing the prime minister to a father (or mother, but Japan has not yet elected a woman to that position), it would be like having dad watch television in the den upstairs and learn on the news that a few hours earlier, somebody broke into the kids’ bedroom in the basement, thrashed the place and set the curtains on fire, while the kids huddled in their closet. In 1995, the World Wide Web did not exist, but emails, telephones, CB radios, telegraphs, and smoke signals all existed; the fact that the prime minister’s office did not receive an official notification of the earthquake and of its severity before news crews could be dispatched illustrates how local authorities were taken by surprise and the extent of their disarray following the earthquake. Part of this confusion can be explained by the fact that, in spite of evidence to the contrary, the general belief was that future large earthquakes were certain to strike soon in the Kanto area of Japan, close to the more than thirty million people that lived in and around Tokyo, but certainly not so in the Kansai area, close to the more than twenty million people that lived in the contiguous towns of Kobe, Osaka, and Kyoto (see end of chapter).


  Second subject of embarrassment: the post-earthquake response was aggravatingly slow. For example, it took nine hours before the military was ordered to assist, and, thereafter, army vehicles spent hours stuck in massive traffic jams created as the population either tried to leave or to return to Kobe, winding around town to circumvent the collapsed bridges. In many instances, when firefighters finally reached burning homes (and sometimes entire burning neighborhoods), it was often to no avail as waterlines had been ruptured. To top it off, as a matter of national pride, the government reflex was to decline international assistance until shamed to do otherwise. The US offer of a nearby aircraft carrier that could have provided a floating two-thousand-bed medical facility was declined, and Swiss dogs specially trained in post-earthquake search-and-rescue operations were held for days in quarantine at the Kansai airport.8 In fact, the government’s response was so poor that the Yakuza (which is the Japanese mafia) reportedly took it upon itself to provide food and water to residents in some neighborhoods (which is, after all, not totally surprising given that a large part of organized crime’s activities are about providing services that the government does not). Part of the problem was attributed to the fact that there was not an equivalent to the US Federal Emergency Management Agency (FEMA) in Japan at the time—although FEMA has had its problems with disasters too, as will be addressed later.


  Third embarrassing matter: recovery was uneven. On the positive side, repair of bridges progressed at an impressively brisk pace; in fact, train service throughout Kobe was completely restored in four months, which is impressive considering that Kobe’s three separate train lines (JR, Hanshin, and Hankyu), in addition to the Shinkansen (bullet train), each suffered damage over more than 20 miles of elevated tracks. However, the number of gas lines failures was so large that it took approximately three months to fully restore service to all customers. Three months can be an untenable delay for those who depend on gas for heat and cooking; contrary to transportation, where there are alternate roads and/or means of transportation that can be taken, there is only one line supplying gas per residence, and no alternative. Furthermore, because of earthquake damage or fires, a lot of people became homeless overnight. In rural settings, people can literally camp in their backyards, but in one of the most densely populated countries in the world, life is far from pastoral, and a lot of people were displaced. As a gauge of the problem, seventy thousand people spent two months or more living in temporary shelters, and some temporary housing units provided by the government remained needed for over five years. Of course, some optimistic spirits have professed that the post-earthquake recovery went smoothly considering the circumstances, but had this truly been the case, maybe Kobe’s deputy mayor in charge of reconstruction would not have doused himself in kerosene and set himself on fire fourteen months after the earthquake,9 becoming in the process one of the many victims of post-disaster stress—although not all those so afflicted have set themselves ablaze.


  Now, at this point, it is important to emphasize that the Japanese were not ignorant of their exposure to damaging earthquakes. Quite on the contrary, and this is best explained by a department store analogy.


  In Japan’s crowded urban environment, department stores are typically multistory buildings often located at major train stations (not coincidentally, since some of the stores were originally owned by railway companies). Although the practice has tended to disappear in recent years, some of the bigger stores still employ young “elevator girls,” dressed in the company uniform, whose purpose is to cheerfully greet customers entering the elevator, graciously thank them as they leave, and in-between call out the services provided on the floors at every stop. Going up, they would announce:


  
	Basement: Food department—the quintessential Japanese grocery store, providing everything one may desire, from blemish-free perfectly shaped fruits (a national obsession) to live octopus.


	Ground level: Cosmetics and beauty products—yes, that, by itself can fill an entire floor.


	First floor: Women’s fashion.


	Second floor: More women’s fashion—yes, that, by itself can fill more than an entire floor.


	Third floor: Men’s fashion.


	Fourth floor: Sporting goods.


	Fifth floor: Home furnishing—from water purifiers to waterbeds.


	Sixth floor: Kids clothes, stationery, and toy department—the only place in the world where one can buy an Ultraman figurine (not your typical superhero—readers will have to Google it to appreciate).


	Top level: Restaurants of all kinds, which display, next to their entrance, plastic replicas of their main menu items—most convenient for the locals or international visitors who cannot quite decipher the Kanji, Katakana, and Hiragana symbols that combine to create the Japanese written language.




 So, Japan, in a nutshell (and arguably in its collective subconscious), is a department store of disasters, where one would find:


  

  	Ground floor: Floods—for example, thousands died in the summer of 1953 when dikes along rivers failed due to heavy rain.


  	First floor: Landslides—another consequence of downpours, and a widespread problem given that 73 percent of Japan is covered by mountains.


  	Second floor: Earthquakes.


  	Third floor: Earthquakes—yes, that by itself can fill more than an entire floor.


  	Fourth floor: Fires and conflagrations—for example, 143,000 people died in Tokyo in 1923, when the fire caused by the earthquake caused more destruction and death than the earthquake itself. Note that, given the predominance of timber in Japanese residential construction, other cities there burned down on their own without the triggering effect of an earthquake, such as Hakodate, Hokkaido, in 1934.


  	Fifth floor: Tsunamis, which are massive waves triggered by off-shore earthquakes. It is reported that 21,959 people died during the 1828 Sanriku earthquake and tsunami that struck Tohoku, the largest to hit Japan until the 2011 Tohoku earthquake and tsunami during which fewer people died (15,896), but which is considered to be the costliest natural disaster in recorded history (some estimates reach $360 billion),10 and that created a meltdown at the Fukushima Daaichi Nuclear Power Plant complex.


  	Sixth floor: Typhoons and storm surges, which go hand-in-hand—more than 19,000 people died in the 1828 typhoon that made land-fall on Kyushu with 180-miles-per-hour winds.


  	Seventh floor: Volcanoes—the Japanese islands are dotted with 110 active volcanoes, and while Mount Fuji near Tokyo has been dormant since 1707, a 2018 government study11 indicates that a repeat of that event would paralyze the economic capital of Japan indefinitely.


  	Eighth floor: Nuclear Bombs—Hiroshima and Nagasaki are the only two cities ever leveled by nuclear weapons. On August 6, 1945, 70% of Hiroshima’s buildings were destroyed, and over 100,000 people died instantly or in the subsequent months from the effects of radiation.


  	Top floor: Godzilla—this is actually where the collective subconscious part comes into the picture. As world record holder for the longest continuously running movie franchise, with thirty-one Japanese full-length features since 1954, a bad actor in a latex Godzilla suit, scaled as needed to always be taller than Japan’s tallest building of the day, has trampled and destroyed countless scale models of Japanese cities, as the embodiment of the subconscious conviction that the country is perpetually on the brink of being annihilated by forces beyond its control. In short, Godzilla means: “If you live in Japan, beware that some disaster is always lurking around the corner.”




  No one spending time browsing through the Japanese department store of disasters can miss the fact that disasters—including earthquakes—have consistently occurred throughout Japan’s history. Hence, prior to the 1995 Kobe earthquake, everybody in Japan knew that they lived in earthquake country. How they acted in the years prior to that earthquake very much depended on their perception of the risk of it happening soon, in their very own backyard, and of the possible consequences of that event. For each organization and each individual, the level of preparedness very much depended on the complex juggling of relative priorities that takes place in the human psyche. And that is not unique to Japan, but rather universal.


  Which brings up the Three Little Pigs.


  There have been many versions of this classic nursery rhyme, from 1853’s England to today’s YouTube (with Disney’s Silly Symphony adaptation about halfway), so everybody is presumably familiar with the story. In a nutshell, a first Little Pig builds a straw hut and the second one a house of sticks. This is expeditious and leaves plenty of time for frivolous play and to ridicule the third Little Pig who labors to build a brick home. Then, out of the blue, as if nobody saw it coming, a “Big Bad Wolf” shows up and blows away the first two huts. Depending on the age of the audience, the first two pigs either find refuge in the fortress of the compassionate third Little Pig or end up in a delicious pulled-pork sandwich. The moral of the story is that hard work pays off and—evidently, here—that the third Little Pig is a better engineer: It pays to build a more resilient structure.12


  Indeed, the Three Little Pigs story is most relevant here, when dealing with extreme events and circumstances, because not all houses are created equal and some will suffer more damage than others during any disaster. However, one of the most important points of the story, but one that is not stated even though it is at the root of countless decisions, is that if no wolf ever came, the first two Little Pigs would have won, so to speak, with more free time to enjoy life and dollars to spare—which is essentially counter to the lesson underscored by the nursery rhyme. Likewise, when it comes to earthquakes, investments in earthquake protection measures may never actually provide any return on investment in the lifetime of the investor if no damaging earthquake occurs. The same is true for all other extreme hazards or life-impacting conditions. Therein lies the dilemma. One can invest resources and energy in hope of maybe reaping a benefit in some distant future. However, even when fully aware of the risk, betting on the probability that no disaster will occur, to spend time and money instead on things providing immediate rewards, is always an option. And a most attractive one at that.


  As such, at any point in time, depending on circumstances and timing, everybody can be any one of the three Little Pigs, which makes preventing disasters an uphill battle.


  This is what is explored at length in this book.


  ON THE DISASTER TRAIL


  Kobe or Tokyo?


  After a long day spent visiting a number of research labs in the Tokyo area, some Japanese engineers and I were in a small family-owned restaurant—the type where a television is on a shelf along the wall behind the chef. We were enjoying a glass of sake while waiting for the sushi, when all were jolted.


  “Earthquake. Nice!”


  “Hai!” they replied.


  The shaking was mild and the entire room moved for only a few seconds, with a bang, as if a small truck had rammed the building. It was not scary but it is always impressive to feel an earthquake—and fun too when they are small and there is no damage.


  “You haven’t seen anything yet,” they added, smiling, looking at their watch. “Minutes.”


  Sure enough, within three minutes, on the television, a news anchor interrupted the ongoing programming to report that a magnitude 4 earthquake had just happened, showing on a map the epicenter where it occurred and a map of the area over which it was felt. Wow. Being able to report in such “near-real-time,” in mid-1994, was state-of-the-art, and as impressive as the earthquake itself.


  I mentioned to them that I was going to be in Kyoto during the first six months of 1995, with my family, and that I hoped they would also get the chance to feel such small earthquakes and live a similar experience. They laughed and replied, “There are no earthquakes in Kyoto. That is in the southern half of Japan. If you want to experience earthquakes in Japan, you have to be near the Tokyo area, in the northern half of Japan.”


  Of course, six month later, on January 17, 1995, the magnitude 6.9 Great Hanshin earthquake shook the entire Kansai area that includes Kobe-Osaka-Kyoto (in the southern half of Japan), killing more than five thousand people and creating over $100 billion in damage. It was the largest Japanese earthquake since the 1923 Kanto earthquake that devastated Tokyo and the surrounding prefectures.


  The “Big Bad Wolf” had visited Southern Japan.





  Earthquakes Happen Because . . .


   


  THE DNA OF AN EARTHQUAKE


  Those who fundamentally believe that the earth is flat, or that the 1969 moon landing is an elaborate hoax filmed in a Hollywood studio, or that earthquakes are deliberate actions of God (or gods) to destroys sinful cities that have attained the “Sodom and Gomorrah” elite status, are likely to find this section offensive and can easily skip it without detrimental effects on their reading enjoyment (however, note that requests for pro-rated refunds of the book’s cover price are non-receivable).


  Early on in the history of humanity, the best brains of the world were quick to figure out the mechanisms that, every now and then, unpredictably, made the solid bedrock of all civilizations shake, rattle, and roll frantically for a few terrifying seconds. When these great thinkers experienced shaking strong enough to move all frames of reference into an infernal dance and frightening enough to violate their beliefs in the immovability of the world, when the surge in adrenalin amplified the acuteness of their senses and distorted their perception of time and space, they understood it all. They were able to explain what had happened and thus re-stabilize a world that had been tilted out of balance for a moment, although unaware that various nations had established similarly accurate, competing models of how the universe triggered such tremors.


  In India’s model, the Earth was supported by four gigantic elephants standing on the back of an even bigger turtle, itself standing on a cobra quite sizeable in itself. Understandably, any twitch by any one of those pillars of the world created terrifying ground motions.


  The Japanese model, of superior simplicity, understood that all of the nation’s islands rested on the back of Namazu,1 the giant catfish pinned at the bottom of the sea by a demigod holding a stone on its head. Whenever the demigod got tired—as all demigods do every now and then—the pressure released and the catfish managed to wiggle, generating all those vibrations that wreaked havoc at the surface.2 Today, in a society where cute characters that look like childish-artwork (known as Kawaii)3 are ingrained in culture and marketing, cute little catfishes are still used to symbolize earthquakes, for example in the logo of the 2020 World Conference in Earthquake Engineering4 and of the Japan Meteorological Agency Earthquake Early Warning System.5 In the latter logo, a worried (but cute) yellow catfish is broadcasting warning waves from its antenna-like (but cute) tail.6


  It goes without saying that Japan and India were the more advanced civilizations. Had all of the world’s fine thinkers met at some Antiquity’s International Conferences, the Japanese and Indian delegates would have had quite a laugh at the Siberian model of the earth resting on a giant god-driven dog-sled in which earthquakes occurred when dogs scratched their fleas, as well as other equally misguided models that relied on giant frogs or dragons.


  Eventually, it became obvious to the sages and savants that the gods did not need fishes or dogs, and could perfectly wreak havoc on their own. Some were baby gods, in Mother Earthquake’s womb, creating earthquakes every time they kicked her tummy, as any pregnant woman knows; others were full grown gods who carried the earth in their arms or on their shoulders and had a bad day or a fit of anger every now and then.


  Other earthquake-creating gods had more complex personality issues, like the Scandinavian god Loki. There, as in all Norse mythology, the narrative gets complicated: in a nutshell, for having murdered his brother, Loki was sentenced to spend the rest of eternity tied to a bunch of big rocks deep within the earth, which so annoyingly happened to be located right under a poison-dripping snake. With each abrupt twist by Loki to avoid a falling drop of venom, came—what else—an earthquake.7


  At the other end of the spectrum, for simplicity, were the super-specialists, like Rūaumoko, the Mauri god whose main job description is to create earthquakes and volcano eruptions, which he triggers by merely walking around New Zealand. Yes, that country is quite seismically active: one earthquake per Rūaumoko step to be exact.8


  Eventually, some civilizations came to their senses and realized that gods were not needed to create earthquakes. Even the Greeks—who long held that earthquakes were caused by Poseidon striking the ground with his trident—eventually accepted Aristotle’s more rational and elegant explanation that earthquakes were nothing more than the results of crazy winds trapped in underground caverns, struggling to escape.9


  Yet, for most nations, moving away from the view that turtles, dogs, frogs, fishes, dragons, and annoyed gods were responsible for creating earthquakes was a hard transition—particularly when the prevailing theology wholeheartedly embraced the due rewards and punishments of divine justice. Which brings 1755 Lisbon into the fore.


  At that time, the capital of Portugal was flush in gold imported from its Brazilian colony, and flush with religious orders. As ecclesiastic establishments of the era generally excelled at enriching themselves, their growing wealth attracted more devotees, and by 1750, Portugal counted more than 200,000 priests, nuns, and friars, and no less than 409 monasteries and 129 convents of 12 monastic orders (ranging from the Franciscans, with approximately 200 monasteries, to the Carthusians with only two).10 All of that while Portugal’s entire population was approximately two million people,11 and its size half of that of today’s Florida. To say that Lisbon was the capital of what considered itself to be a pious nation is, by all counts, an understatement. With Franciscan, Bernardine, Augustinian Dominican, Jesuit, Benedictine, Carmelite, Paulist Hieronimite, Loios, Trinitarian, and Carthusian orders running the show, Catholicism had a monopolistic control of the Portuguese faith.


  Presumably holding the record for largest number of prayer candles burning per square miles (outside of the Vatican), to the eyes of all these devout Catholics, if a city had to be in God’s good graces, it had to be Lisbon. Or so they might have thought, until that fateful All Saints’ Day in 1755, when many of Lisbon’s quarter of a million people were in church celebrating the spiritual bridge between heaven and earth provided by all of the Church’s known and unknown saints.


  Suddenly, in the Basilica de Santa Maria, chandeliers began to swing madly, the walls of the cathedral rocked, and the congregation rushed out to the streets. From the square in front of the church, where they were joined by other residents fleeing from all nearby buildings, some reported seeing the spires of the Basilica wave “like a cornfield in a breeze.” Then it stopped. Terrified, most stayed there and prayed, asking for God’s protection. The response came promptly. Shaking resumed, with more power than before. The shock was so severe that the heavy masonry façades of the Basilica and of adjacent grand buildings collapsed toward the square, burying everybody in stone rubble—or, symbolically, in piled up tombstones.


  Forty minutes later, a tsunami hit Portugal’s shore; it flooded the harbor and the downtown area. To top it off, throughout all that violent shaking, some of the burning votive candles uncontrollably spilled their vows all around, igniting all nearby combustible materials, including the tapestries ubiquitous in those days to both insulate and decorate churches. In other buildings, collapsing wood floors and roofs sometimes landed in burning fireplaces, which added more fuel to the problem. From there, it grew into a conflagration that burned for three days. It is estimated that 85 percent of Lisbon’s buildings were destroyed and that 15 to 30 percent of Lisbon’s population died from the earthquake-tsunami-fire triple whammy.12


  All these deaths and damage did not make the Lisbon earthquake that different from other similar catastrophes prior. What was remarkable, rather, was its timing: smack dab into the Age of Enlightenment.


  It did not matter that Catholicism focused on afterlife, with heaven and hell being the essential outcome as reward or punishment for present life, providing a meaning for the current existence. Those embracing a life of religious devotion were hard pressed to explain why a God of mercy and justice would decide, out of the blue, to unleash fire and fury on a city that was considered to be a bastion of the faith, to destroy its sacred temples, and to wipe out disciples by the thousands. Crushing them under collapsing basilicas, to make it worse. So, to some thinkers, either the faithful of Lisbon had been wrong all the time to believe in a merciful God, or earthquakes had to be caused by something else altogether that had nothing to do with God.


  Before the earthquake itself, in the early stages of the scientific revolution, philosophical optimists, such as Leibniz, seeking to reconcile scientific understanding and religious beliefs, had advanced that God had created the best possible of all worlds.13 They believed that the universe created by God was a Celestial Clockwork14 that had to be, maybe not perfect, but the best of all possible outcomes—the premise being that since only God can be perfect, the universe could only be “nearly perfect.” Leibniz, a world-renowned mathematician,15 claimed to have logically proven this. As such, the philosophical optimists had painted themselves into a corner: Either God had created the best possible world, or God did not exist. As such, the Lisbon earthquake severely shook and fractured the foundations of that philosophy. The widespread destruction and death throughout the city could not possibly be understood as being the outcome of a near perfect divinely ordered clockwork, created by a God of goodness and mercy. Only an uncaring and dark force could have so harshly swept away so many Christian lives and churches—crushing the philosophical optimists in the process.


  The irony of the Lisbon earthquake was not lost on the critics of religion. As one of the most highly regarded satirical polemicists at the time, Voltaire had a blast. The Lisbon earthquake led him to write the novel: Candide: or, The Optimist—his magnum opus. Not surprisingly, the book was officially banned by the Church, on account of religious blasphemy and political sedition, which must have made for great publicity, as it became the best-seller of 1759, and is alleged to have been the fastest selling book ever at that time.


  While the contentious matters of philosophy and religion attracted all the attention then—as is often the case now—behind the scenes, a more scientifically inclined thinker looked at the 1755 Lisbon earthquake from a different perspective. Since earthquakes were not anymore, literally, acts of God, it made sense to try to understand what they are. By definition, this can effectively be considered the birth of seismology, even though the word itself did not exist at the time. Based on his studies of the Lisbon earthquake, the English geologist John Michell published in 1760 the first scientific article attempting to explain what created earthquakes.16 Like most scientific publications, this one “flew under the radar,” was not banned by the Church, and was most probably not a best seller. Evidently, it would have been a miracle of science for the first study on such a complex and difficult topic, on a phenomenon that cannot be directly observed or measured, to reach conclusions that were flawless. So, not surprisingly, he was totally wrong when he stated that earthquakes are caused by boiling water from nearby volcanoes, but it was a nice try, nonetheless. However, he hit a bullseye when he stated that earthquakes create shock waves and that, like any other traveling wave, the location where the earthquake was triggered could be determined by triangulation, knowing the time when the waves were felt at various locations—a brilliant insight given eighteenth-century technology. Note that it took almost a century after Michell—until 1846—before the words “seismology” and “epicenter” were coined by Robert Mallet.17 Mallet was an engineer who detonated underground bombs, like mini earthquakes, seeking to measure the speed of shock waves in various kinds of soils.


  From there on, the most broadly known achievements of seismology were to develop: (1) the Mercalli Intensity scale to measure the severity of the earthquake by correlation to the damage it produced, and (2) the Richter Magnitude scale to measure the inherent power of an earthquake as a physical phenomenon by itself, independently of the damage it produces (more on that later). Development of the knowledge to understand what geophysical process actually produces earthquakes took much longer, and that story follows a tortuous path, because before getting there, one first had to recognize that the surface of the earth was not static—a fact that was hard to swallow. In other words, a map of planet earth purchased three billion years ago at the Galactic Hitchhiker’s store is nowadays completely obsolete, because every continent and many other parts of the earth’s surface have moved over time.18


  Once upon a time, all of the earth’s continents slept together, as in a hippie commune. Africa was spooning with South America, and North America embraced both at the same time.19 This consensual intimate relationship between all partners lasted for a while, but eventually, like many similar polyamorous relationships where equilibrium is difficult to maintain, it did not last. Since their “break-up,” the continents have been moving away from each other, like partners from a violent divorce. In other words, not only is the earth shaking every now and then, but it does so because its continents are traveling. Some take their time, moving about half an inch per year, while others race through at four inches per year.20


  The idea that continents were once snugging together can be traced back to 1596, when the Dutch cartographer Abraham Ortelius—who is credited for having created the first modern world atlas—noticed how well South America and Africa would fit together if they were two pieces of a worldwide jigsaw puzzle. He even went as far as suggesting that they might have been torn-away by earthquakes and flood.21 History does not say if any of his contemporaries took the idea seriously, or dismissed it as the senile ramblings of a sixty-nine-year-old dinosaur in an era when life expectancy was about forty years. Irrespectively, many respected individuals reflected on this over the course of the following centuries, and most notably through the nineteenth century,22 with the geographer Antonio Snider-Pellegrini going as far as showing in an 1858 map how Africa and South America could have fit together. Yet, while some other geographers probably thought in similar terms, it is the thirty-two-year-old German meteorologist Alfred Lothar Wegener who apparently first coined the term “continental drift” in two papers published in 1912.


  Even though a 1912 meteorologist who publishes in scientific journals is more credible—albeit sometimes less well paid23—than one who presents the weather forecasts during the evening news, in the eyes of geologists that credibility was apparently not worth much. To put it mildly, Wegener’s theory was not met with much enthusiasm. He certainly had supported his theory with evidence of matching geologic structures and fossils where South America and Africa would have been once glued together, but he had no explanation as to what force could have propelled the continents apart from each other.


  Yet, over the fifty years that followed in the twentieth century, it was found that the movement of continents over time was the only possible explanation to a number of other scientific observations. For example, when rocks are formed, some of the minerals that are embedded in the rocks lock in the orientation of the earth’s magnetic field. When rocks of different ages were compared, the orientation of the magnetic field was different, so either the magnetic north pole drifted over time, or the continents did. If the magnetic north pole had drifted while all continents remained where we know them to be today, then at any given point in time, the magnetic pole location would have been recorded to be the same by all rocks on all continents. It was not the case, so only the drifting and rotation of continents in different directions could explain this discrepancy in the data. Likewise, early studies that surveyed the deep ocean floors provided tons of evidence that the seafloor of the Atlantic Ocean was spreading in both directions from the mid-oceanic ridges,24 expanding the width of the ocean at those locations. Imaging techniques decades later showed that, in the Pacific Ocean, a layer of the oceanic crust was pushed under other layers, reducing the width of the ocean there. This makes sense since the circumference and diameter of the earth, as a sphere, was not observed to grow.


  Rapidly, it was possible to map the boundaries of all the moving “plates” at the surface of the earth, where either “new earth” was pushed out at the bottom of the oceans, or where “old-earth” was pushed in.25 This rapidly became the plate tectonics revolution.26 Furthermore, the birth of space-age satellite-based geodesy in the late twentieth century made it possible to measure the drift of each of these individual plates using the Global Positioning System (GPS).27 As a result, plate tectonics is nowadays a widely recognized and accepted phenomenon.


  The plate tectonic revolution was also timely, as it tied together nicely with “on the ground” observations following earthquakes. This all helped explain what creates earthquakes—finally, getting to a credible explanation.


  Thirty miles northwest of San Francisco, the San Andreas Fault crosses the Point Reyes National Seashore. The long and narrow Tomales Bay at the northeast edge of the National Seashore makes it clear on a map where Point Reyes is sawed away by the San Andreas Fault. This straight line cut, clearly visible from aerial photographs, is inconspicuous at ground level, particularly when the fault is inland. Hence, when an Olema Valley farmer built a picket fence, years prior to 1906, unbeknown to him was the fact that it was perpendicularly crossing the fault—and that he had built a monument that would decades later belong to the federal government. All because when the 1906 earthquake hit, the land on the west side of the San Andreas Fault moved north. The part of the fence sitting on that side of the fault came along for the ride, sheared off from the rest of the fence, and traveled a grand total of sixteen feet (a road crossing the fault further north close to Tomales Bay shifted twenty feet).28 A replica of the west and east remnants of that fence are now part of the Earthquake Trail in the National Seashore, as a reminder of the 1906 earthquake.29


  Geologists knew that earthquakes occurred along faults, and the San Andreas Fault had already been identified eleven years earlier.30 Events such as the 1906 earthquake made it possible for them to witness the slippage that developed along the fault during that earthquake and formulate theories—such as the elastic rebound theory—to explain those locally observed permanent shifts. In essence, the elastic rebound theory can be explained as follows. If the surfaces that meet at the fault line were perfectly lubricated, like two pieces of polished steel sprayed with 10W40, the relative movement between both sides of the fault would occur continuously, at a slow rate imperceptible to the human eye. However, rough rocks are not polished, but rather locked together along surfaces going miles deep in the ground and hundreds of miles horizontally. They do not slip easily. The continental plates may be stuck together at their edges (that is, at the fault line), but that does not prevent them from continuing to displace relative to each other. Like two dog owners moving away from each other while their dogs dig their paws determined to stay put together. If the dog leashes are rubber bands, as the owners move further away and progressively more energy accumulates in the stretching leashes, Fido and Fluffy are setting themselves up for quite a rebound.


  The energy locked in a major fault is enormous, and when that energy is released, earthquakes are produced by the rocks along the fault grinding on each other during that rebound. The sheer magnitude of this energy makes nuclear bombs look puny. For example, the 2011 Tohoku earthquake released energy equivalent to 9.32 million megatons of TNT, which is roughly six hundred million times the energy of the “Little Boy” nuclear bomb that exploded over Hiroshima in 1945.31 To be clear, the plan hatched by the zany sociopathic villain in one of the worst-ever James Bond movies, which consisted of blowing up a single bomb inside the San Andreas Fault to wipe out Silicon Valley, was ludicrous, a severe case of bad math, and bad movie making.


  It takes time to build up all that energy along a fault before it releases. If a fault always slipped twenty feet during each earthquake, and the relative movements between two plates were recorded to be one inch per year, this would imply that there would be an earthquake every 240 years. Unfortunately, there are at least two reasons why this will not happen as simply as that. First, seismic faults are not Swiss Cuckoo clock parades of wooden characters recurring at perfectly regular interval. Across a segment of fault miles deep and hundreds of miles long, rocks not only lock together in a random fashion, but there is no way to see how they are locked together. Second, humans have only been recording useful information about specific ground motions for a few hundred years—or less in some cases.


  Earthquakes that have happened before human settlements are not forever lost though. Seismologists have dug trenches across faults in search of geological evidence of prehistorical earthquakes in the rock layers, which has made it possible to determine that the San Andreas Fault near San Francisco has ruptured at an average interval of two hundred to three hundred years.32 Over a million years, the fact that the San Andreas Fault moves at a relative rate of roughly one inch per year33 adds up to a total displacement of one million inches, but in fits and starts. At that rate, given that the fault slices California north to south, all the way down to Southern California, Los Angeles will become a suburb of San Francisco in only twenty-four million years. By the way, it is always great fun to see the bewilderment of those who watch an accelerated video animation of that phenomenon and think that it will happen in twenty-four years because they fail to see the “x106” in small print next to the numbers on the counter (which is a mathematical shortcut to say 24,000,000).


  Nonetheless, while everybody can visit the sixteen-foot offset in the fence at Point Reyes, there is no way to know if the 1906 earthquake released all of its locked strains, or only some of it, leaving a lot of it temporarily locked and accumulating more stresses for another imminent release of energy. This means that the next “Big One” there could be anytime (and, to make it more exciting for San Franciscans, keep in mind that the city is surrounded by other equally dangerous faults expected to rupture sooner).34


  All of that is to say that, bottom line, earthquakes have happened for as long as the earth has existed, and most probably will continue to do so for as long as it will exist. This process cannot be stopped.


  Might as well learn how to live with them.


  CAN’T ESCAPE THEM IS BAD; CAN’T PREDICT THEM IS WORSE


  DISCLAIMER: Some scientists underscore that there exists an important difference between a prediction and a forecast. Some argue that a prediction must define at what specific time and location an event will occur, whereas a forecast is expressed as probabilities over a short time window.35 Others argue that a forecast relies on calculations using past and present data to extrapolate into the future, whereas a prediction can be based on facts, judgment, experience, opinion, or a crystal ball.36 As interesting a nuance as this may be, to the general public (and throughout this book), the two words are used interchangeably and context will be sufficient to determine whether the words refer to hours of calculations by an egghead using complex models running on a cluster of supercomputers, or an opinion from Grandpa after sniffing the air for a few seconds.


  Anyone who believes that scientists will soon be able to provide a warning of exactly when and where an earthquake of a specific size will strike has been watching “way too many” bad Hollywood disaster movies. Barring an explosion of amazing scientific or engineering breakthroughs (each of the E = mc2 jaw-dropping kind), this is not likely to happen in this lifetime. Pessimists will argue that funding research focused on short-term earthquake prediction is like throwing dollars into a money pit, with little expectation of return on investment. Hard-core pessimists will add that it is more of a black hole than a money pit, sucking resources into oblivion. Optimists (and most definitely those who thrive on this kind of research funding) will argue that breakthroughs are imminent and that the benefits that society will reap by being able to make such predictions will far outweigh the costs of the research. Whether or not such predictions really can be of any value will be examined later, but it remains true that the inability to make short-term credible predictions has been frustrating to seismologists, particularly because it often seems to be the only thing that people want to know about earthquakes.37


  In the long history of failed earthquake predictions, the “Parkfield Experiment” is a special example of optimism blown to pieces. Parkfield is a world famous, minuscule village located near the middle of the 750 mile-long San Andreas fault with a population of eighteen persons (in 2007).38 World famous in the seismological community that is. It happens to be located along a part of the San Andreas Fault that creeps at a constant rate of roughly an inch per year.39 In fact, the ends of a bridge built in 1936 across the fault40 have continuously moved laterally with respect to each other, bending the bridge by more than five feet since.41


  Moderate earthquakes of roughly magnitude 6 are known to have occurred there previously in 1857, 1881, 1901, 1922, 1934, and 1966. At some point in the early 1980s, someone brought up the fact that not only did this correspond to an average of twenty-two years, but it also seemed to happen like clockwork about every twenty-two years—as long as the geological clock can be forgiven for not having Swiss-watch accuracy, because the 1934 event clearly fell out of line by a substantial margin. Nonetheless, this unusual regularity in observed seismicity, coupled with the fact that seismographic records (available only for the last two in that series) showed identical epicenter locations along the fault, was alluring. If Mother Nature was to throw a wild earthquake party in Parkfield twenty-two years after 1966, seismologists surely did not want to miss it—as far as an earthquake can be an exhilarating proxy for sex and booze when it comes to a seismological wild party. As such, in 1985, the US Geological Survey (USGS) issued a bold but official prediction that the next magnitude 6 earthquake in Parkfield would occur in 1988—the very first such prediction by the USGS. The USGS is a serious agency of the federal government whose mandate is to “provide science about the natural hazards that threaten lives and livelihoods.”42 It not only published this prediction in Science magazine,43 but also officially informed the governor of California—evidently catching the media’s immediate attention. Wisely recognizing that the creeping motion of the San Andreas Fault did not operate as perfect clockwork, it qualified its prediction by stating that there was a 95 percent chance that a magnitude 6 earthquake would occur there in the ten-year window between 1983 and 1993. It was a fairly safe bet to make, since it called for a relatively small earthquake in an area where only a few ranchers lived, thus avoiding the risk of a panic and economic depression due to fleeing residents—in case anyone there trusted the government’s prediction. Given that the 1985 prediction was already encroaching, two years into that ten-year window, $20 million44 were spent in a rush to “pepper” the Parkfield area with instruments, such as seismometers, strain-meters, creepmeters, GPS receivers, and other state-of-the-art gadgets to record everything physical and chemical that could occur in rocks, soil, and ground water, during and after the event.45


  Then, 1988 came and went without any magnitude 6 earthquake occurring in Parkfield. So did 1989, 1990, 1991, 1992, and, finally, closing the window with a big disappointment, 1993. In short, Parkfield could have been to seismologists what Woodstock was to hippies, if the main attraction had actually showed up to perform—but it did not.


  A magnitude 6 earthquake eventually occurred in Parkfield in 2004, which prompted some to victoriously proclaim that the predicted earthquake had occurred after all, “as predicted,” only a bit later than originally foreseen.46 Those likely to find solace in that argument are probably the same ones who would not mind if the groom or bride showed up sixteen years late to their wedding, expecting guests to have waited in the aisles.


  As a consolation prize, all those still dreaming of an earthquake-Woodstock can travel to the Parkfield café, rated by TripAdvisor as the best (and only) restaurant in Parkfield,47 to take a selfie with the café’s big outdoor steel water tank where is inscribed in vivid letters: “Earthquake Capitol [sic] of the World—Be Here When It Happens.” Admittedly, the best and the brightest might have been seduced by the simplicity of the measured constant creep-rate along the fault and the perception of a steady return period in Parkfield. Critics have described the assumptions underlying the prediction as simplistic and possibly politically motivated.48


  In fact, Parkfield is nothing but one more unsuccessful experiment. Actually, hundreds of millions of dollars have been spent by various government agencies and research funding agencies throughout the twentieth century in support of research on earthquake prediction—with, arguably, nothing to show for it.49 This was often done in spite of repeated testimony by engineers that it would be more pragmatic instead to fund research on how to design buildings to perform better during earthquakes.


  Funding for research on earthquake prediction peaked in the 1960s and 70s, and proponents of this research used a battery of scientific approaches and measurement techniques to prop their optimism in this wild goose chase. Many felt they had to catch up to the Russians and most particularly the Chinese who claimed great successes in earthquake prediction.


  Indeed, in the mid-1970s, the Chinese government claimed that they had nailed the science of earthquake prediction. In one such success story, they had issued an official warning at 10 a.m. on February 4, 1975, predicting that an earthquake was to occur soon in the Liaoning Province.50 The fact that this is a large province covering 56,332 square miles—being more than 350 miles at its widest point51—somehow got lost in the official narrative. When a magnitude 7.3 earthquake actually occurred nine hours later, near Haicheng, located right in the middle of that province, wild claims were made to the effect that the scientific foresight precisely had pinpointed the location of the earthquake ahead of time. It was also claimed that the government accordingly had ordered the city to be evacuated, but no such evidence has ever been produced. In any case, the earthquake killed 1,328 people in Haicheng—hardly a success story by any standard. The truth of the matter, though, is that hundreds of foreshocks occurred over a three-day period before the large devastating earthquake hit, including hundreds of shocks in the early hours of February 4—foreshocks being small earthquakes that damage nothing but usually scare people enough to make them sleep outside out of precaution, particularly when foreshocks come in swarms. Therefore, while it is true that the Chinese seismologists made a successful prediction, anybody with an IQ above 50 might have also successfully called this one.


  The problem is that most large earthquakes are more sneaky than that and do not provide the luxury of foreshocks. That was the case for the tragedy of the Tangshan earthquake that hit on July 28, 1976. In spite of the Chinese claims (emboldened by the “success” of the Haicheng prediction eighteen months earlier) that seismologists there had nailed the science of earthquake prediction by monitoring water levels in wells, concentration of radon and other chemicals in groundwater, inclination of the land using tilt meters, changes in magnetic fields, temperature anomalies, and changes in the behavior of dozens of species of animals, the plain fact remains that nobody—absolutely nobody—foresaw the Tangshan earthquake. By the official count of the Chinese government, it killed two hundred forty thousand people, making it one of the deadliest earthquakes in recorded history. Although some unofficial estimates report six hundred fifty-five thousand victims, the true number will likely never be known because one plus one equals whatever the government needs in some regimes.


  In an entire textbook devoted to the topic of earthquake prediction written by the German-Chilean-Mexican renowned seismologist Cinna Lomnitz,52 each scientific method that has once been considered valid or promising for earthquake prediction is reviewed, explained, and—more importantly—debunked. As stated loud and clear in the book’s concluding chapter, earthquake predictions are about as successful as predictions of economic recessions or the outcome of elections. Simply put, earthquakes cannot be predicted.


  Today, posted on the USGS website is the definitive statement: “Neither the USGS nor any other scientists have ever predicted a major earthquake. We do not know how, and we do not expect to know how any time in the foreseeable future. USGS scientists can only calculate the probability that a significant earthquake will occur in a specific area within a certain number of years.” On that last point, the USGS typically does so to provide the values (and maps) of seismic parameters used for the design of buildings and other infrastructure, using statistical modeling to forecast over a fifty-year period.


  In summary, none of the prediction methods proposed in the past work. Still, facts have never prevented colorful characters from making claims to the contrary.


  QUACKS AND CLOWNS, OR GENIUSES?


  As the geologist Jim Berkland used to say, “It’s really very simple to predict earthquakes, and anyone could do it. The hard part is being right.”53 Following the principle that most broken clocks can give the right time twice per day, if one predicts earthquakes often enough, a successful prediction is likely to occur at some point.54 Since people are inclined to remember only successes, the red carpet is usually ready for charlatans, pseudo-scientists, prophets, and attention seekers.


  Sometimes it is all about packaging. For example, there is apparently a guru out there advertising his services to expecting parents, claiming that he has the mind power to control the universe such that they will get a kid of the gender of their choice. In fact, he is so confident in his special “skill” that should his intervention fail in their specific case, he will fully refund them his $5,000 fee. With such an ironclad money back guarantee, what is there to lose? Inevitably, the guru is bound to be right half the time, and thus to keep his fee half the time, which makes for a pretty lucrative business. Earthquake prediction by quacks, clowns, and prophets can be somewhat similar in concept, except that it is not always clear if there is any monetary gain to be made in this case. In this era of social media, some have been ingenious in turning prediction websites into dollars, but most seem motivated by love of the limelight or by an eagerness to save lives using their sixth sense, extrasensory perception, psychic gifts, or super-powers. Many have also been skillful in getting free publicity by attracting media attention.


  In a world where “infotainment”55 is king and “information” is not, clicks and likes and eyeballs matters more than substance. What does it say when all international media outlets considered it newsworthy to report the story of a ten-year old grilled cheese sandwich that sold for $28,000 on eBay because the burn patterns on its toasted bread purportedly showed the image of the Virgin Mary?56 Although some argued that the face looked more like Greta Garbo or Marlene Dietrich than the Virgin Mary,57 it made perfect sense to hard-core believers that only a miracle from Jesus’s mother could keep a ten-year old sandwich free of mold. Some have ventured scientific explanations as to why a ten-year old grilled cheese can be mold-free,58 some have taken advantage of the frenzy to explain the brain’s tendency to formulate familiar images in clouds, ink blots, or other random patterns (a phenomenon called pareidolia),59 and others have simply called it a hoax.60 Not to forget those who took advantage of the news coverage to advertise toasters that can burn a perfect image of Jesus on the morning daily bread.61


  If that entire circus is considered legitimate news, it then stands to reason that any atypical or free-spirited earthquake prediction will get its fifteen minutes of fame. Examples include the prediction by a self-proclaimed Dutch “quake-mystic” that an 8.8+ magnitude earthquake was to strike California on May 28, 2015 (it did not happen),62 and (broadening the horizons a bit) that a “megaquake” of magnitude 8 or greater was to occur somewhere on the planet between December 21 and 25, 2018 (it did not happen), and that a magnitude 7 earthquake was to occur on the planet on April 12, 2019 (it did not happen either).63 Considering that at least one magnitude 8, eighteen magnitude 7, and 150 magnitude 6 earthquakes occur each year on the planet,64 lowering the size of the predicted earthquake with each prediction is an excellent strategy to eventually hit the jackpot. Another brilliant strategy would consist of enlisting 365 Nostradamus-minded friends to each pick a day of the year and post on Facebook their prediction of a magnitude 8 earthquake somewhere on the planet on that day; one of them is sure to be crowned a genius by all media when the yearly magnitude 8 happens. Even more so if it happens near a populated area rather than in the middle of nowhere as is more frequently the case.


  Also, since making a prediction on a hunch costs nothing, might as well aim high: a Pakistani visionary with a “sixth sense” alerted the governments of seven Asian countries on November 2017 that a massive tsunami was expected within two months in the Indian Ocean (it did not happen).65 This benevolent warning forced all the emergency response agencies in those countries to be on alert just in case—not because anyone believed it, but rather because nobody wanted to be blamed if by sheer coincidence such a tsunami did happen that month.


  What matters for a prediction method to be credible is repeated successes under close, independent, expert scrutiny, and predictions by “free-spirited theorists” have not scored well on that account. Predicting earthquakes by looking at the shape of clouds, lights, electric signals,66 vapors, snowpacks, aching bunions, and other unrelated phenomena has happened consistently over the years and has—not surprisingly—been consistently ignored by the scientific community.67


  It is amazing (and possibly disturbing) that brash forecasts based on nothing more than hunches or pseudoscience receive massive media attention and have even prompted many to stock-up on supplies and brace themselves for the upcoming jolts, while forecasts anchored in real science often fail to generate excitement—or often any response at all. Or maybe it is not so surprising, given that some people pay fortune tellers to “read” their future in tarot cards (cartomancy), lines in the palms of their hands (chiromancy), crystal balls (crystallomancy), shapes of clouds (nephelomancy), numbers (numerology), tea leaves (tasseomancy), and even the wrinkles, cracks, bruises and dimples on butt cheeks (rumpology).68 For instance, in 1968, clairvoyant Elizabeth Steen predicted that a giant earthquake would destroy San Francisco that year, and moved with her family to Spokane, Washington69—followed by thirty-five other families equally moved by her mystical prophecy. Evidently, nothing happened in 1968, but others built on that prediction after the fact. Combining it with an earlier prediction by another “prophet” and a fictional account in a book of California falling into the sea in 1969, some people became convinced that the fateful event would occur in April 1969. Arguably, these were the “groovy” sixties, when hard drugs facilitated prophecies and conspiracy theories were plentiful—after all, if the government lied about JFK’s assassination, the moon landing, and flying saucers in Area 51, why not earthquakes? This might explain why hundreds left the state, sometimes incited by preachers leading the flock to safety, in spite of all the public announcements and newspaper articles attempting to counter the rumor by providing factual information. Again, nothing cataclysmic happened—San Francisco made it through the year.


  There is, in principle, no limit to the possible escalation of media madness and nonsense driven by a “precise” earthquake prediction. This was well illustrated by the dozens of national and international media news crews that drove satellite and radio vans to New Madrid, Missouri, on December 3, 1990, waiting for the earthquake predicted by Dr. Iben Browning to happen. Dr. Browning’s PhD was in the field of zoology, with minors in genetics and bacteriology.70 He became a business consultant in various scientific fields. His prediction of a magnitude 6.5 to 7.5 earthquake to strike in New Madrid on December 3 was based on the expectation that the alignment of the Moon and Sun with the Earth on that date, combined with a few other astronomical factors, would create record tides last seen 179 years ago. Given that a series of large earthquakes of up to magnitude 8 had occurred in the New Madrid area from December 16, 1811, to February 7, 1812 (that is, 179 years before 1990), it apparently all added up. To put things in perspective, Browning predicted that bridges across the Mississippi River would collapse and that a third of the buildings in Chicago would suffer damage from the upcoming earthquake. No matter how many experts discredited the prediction, nor how many scientists explained that none of it made sense, media could always find someone to make comments that left enough uncertainty in the air.


  Prior to the D-day, members of emergency response agencies in Missouri and nearby states attended seminars to learn about earthquakes and made sure all their equipment was ready to deploy. Many of these agencies conducted earthquake drills and prepared emergency shelters equipped with food, water, and medical supplies. More than a thousand emergency responders participated in a mock disaster drill in St. Louis. The Arkansas National Guard performed a drill for a scenario that assumed a magnitude 7.6 earthquake with 4,950 dead, 25,097 seriously injured, and 98,020 left homeless. At least sixteen hundred members of the Kentucky National Guard were on call. Leaflets on how to mitigate losses from earthquakes were widely distributed.


  Schools around the New Madrid area in Arkansas, Illinois, Indiana, Missouri, and Tennessee closed on December 3, some for three whole days just to be safe. Some businesses closed, including an aluminum plant with fifteen hundred employees. Some people decided it was best to leave town for that day. Christmas parades and seasonal concerts were canceled. Religious activities abounded, and a preacher used a van equipped with megaphones to preach about—why not?—the end of the world. Of course, for many people, December 3 turned out to be a great outdoor event, with rock bands, “quake-burgers,” “Shake Rattle and Roll T-shirts,” and all the stuff typically found in a tailgating party or a holiday celebration.


  As expected, December 3 passed, the earthquake did not happen, and the news crews went back home. All that remains from that temporary insanity is some old T-shirts, maybe some survival toolkits, and a fascinating USGS report that was produced in an attempt to understand how such an unfounded prediction attracted so much attention.71 The report contains nearly two hundred pages of press clipping (as a small but representative fraction of the total number of news articles published) that “built-up” the frenzy by promoting the prediction and informing people on what actions to take to prepare, survive, and live after the earthquake. The report concluded that, as one of its many findings, “what began as an interesting story, but one not given particular credibility, evolved into a contagion that promoted Browning’s prediction. Many educated and otherwise sensible people were caught up in believing that perhaps Browning was right. New York’s finest ad agency could not have done it better.”


  Once all is said and done, there is only one method to predict earthquakes that is 100 percent infallible. It is known as the Richter Law of earthquake prediction—from the same Richter who invented the earthquake Richter scale and the seismograph, no less. This best-kept secret states that every earthquake takes place within three months of an equinox,72 and to this day, no earthquake has ever occurred outside of this range (it usually takes a few seconds to do the math on that one).


  More seriously, the only possible way to predict the future occurrence of earthquakes is to review information from all sound scientific bases— fault-slip rates, average return periods of past earthquakes, and other seismological data—and provide a probabilistic assessment. Notably, for the San Francisco–Oakland–San Jose Bay Area, a region crisscrossed by multiple faults that have been extensively studied for decades by the best minds in the field, the official prediction is that there is a 72 percent chance for one or more earthquakes of magnitude greater than 6.7 to occur between 2014 and 2043.73 That is informative in some quantitative way, and hopefully helpful to incite people to prepare, but it is probably no more useful than if the Three Little Pigs were told that there is a 72 percent chance that the Big Bad Wolf will show up some time in the next thirty years.


  ON THE DISASTER TRAIL


  Make It Stop


  Three days after the Christchurch earthquake in New Zealand, I was awakened at 3 a.m. by a rather strong aftershock. There had been a few more during the night strong enough for me to open an eye, think “aftershock,” and fall back to sleep, but that one was much stronger. It also lasted longer. It said, “are you sure it was a good idea to fly down here, dummy?”


  I got out of bed and walked to the window. Across the street, the masonry building that had collapsed the day of the big shock was there, in the dark, as a grim reminder of what happens to those poorly equipped to face the forces of nature. I remembered that a good friend once told me, “Some people chase butterflies, others chase earthquakes.” Not quite. You cannot drive around to “catch” an earthquake when it happens, like the storm chasers who follow dark clouds to catch tornados, but you can walk through the rubble it creates. Actually, more importantly, you can walk in the buildings still standing up to diagnose why they suffered specific types of damage. In research labs, we spend hundreds of thousands of dollars to tests specimens that are parts and pieces of buildings—or even to test scale models of entire buildings on shaking tables—in well controlled experiments, to investigate how things will behave during future earthquakes. Here, nature gave us all the results of many full-scale experiments, leaving damaged “specimens” everywhere. All that is needed is to figure out what the actual properties of the tested specimens were—as a sort of “reverse engineering” problem.


  Staring at the collapsed building in the dark, I remembered another evening, almost twenty years earlier, in Los Angeles following the Northridge earthquake, in another hotel whose architecture suggested that it was built with a decent amount of reinforced concrete walls and was therefore likely to be safe for a few nights during a post-earthquake visit. In the penthouse restaurant of that other hotel, an aftershock started to shake the room. A woman at a table nearby started to shout: “Not again! Make it stop, make it stop!” She was quite frazzled. She might have been one of the twenty thousand people whose house got damaged, forcing her to stay in a hotel. There had been more than $20 billion worth of damage to single-family homes north of Los Angeles, in Northridge—only half of it insured.74 Here in Christchurch, thousands of homes were similarly damaged (the newspapers mentioned one hundred thousand homes needing repairs, ten thousand to be demolished and rebuilt),75 but most of it was insured to some degree.


  Looking at the collapsed masonry building across the street. Its damage. So predictable. Everybody knows how unreinforced masonry buildings collapse during earthquakes. Not much new to learn there. So predictable. As the saying goes, it is not a matter of “if,” but only a matter of “when.” The big “when” question for which there might never be an answer.


  That was when, lost in thought, I remembered the expert from NASA whom I had met fifteen years earlier. Without doubt, a credible scientist. I had completely forgotten about him. He had told me then—with a certain excitement—that NASA had totally figured out how to aggregate data from various satellite-based sensors to be able to predict earthquakes accurately. This breakthrough discovery was soon to be announced. Of course, such an announcement from NASA never came in the end. NASA had not predicted any of the world’s earthquakes in the fifteen-year span since our encounter either—Christchurch included. For sure, if anybody ever finds the Holy Grail that makes earthquake prediction possible—and especially NASA—it will not be kept secret.





  Earthquakes to Tsunamis


   

  JAPAN—A REDEEMING VIEW


  The National Railroad Passenger Corporation, known as Amtrak, receives roughly $1.5 billion per year in subsidies from the federal government (corresponding to approximately 30 percent of its total income)1 to provide passenger train services to the nation.2 In return for this small investment, Amtrak’s customers have the pleasure of playing the popular game “Guess what time your train will arrive.” The Amtrak “report card” sets the punctuality goal as follows: If trains running on a given line arrive within fifteen minutes of their scheduled arrival time at least 80 percent of the time, it is a success.3 To be clear, this means that if a train scheduled to arrive at 8:00 a.m. actually arrives at 8:14 a.m., it is considered to be “on time.” However, for trains running on lines for which Amtrak does not receive subsidies from states (in addition to its massive federal government subsidies), the passing grade is set at 70 percent. On the basis of these generous passing-grade definitions, in 2019, seventeen of the twenty-eight state-supported Amtrak routes failed to achieve the self-imposed 80 percent standard, and fourteen of fifteen of the other routes failed to achieve the 70 percent standard.4 According to Amtrak’s Office of Inspector General, in 2018, passengers traveling to Atlanta on the Crescent line arrived “on schedule” (recall that this is defined as meaning no more than 15 minutes late) 3 percent of the time. These were the lucky folks; everyone else suffered an average delay of 124 minutes, and 46 percent of the trains were delayed by more than two hours.5


  Further north, Canada’s ViaRail does not fare any better. On some regional lines, federal government subsidies amount to approximately $600 per passenger, for arrivals late by two hours on average.6 On January 20, 2019, passengers traveling from Montréal to Halifax (775 miles away) arrived at their destination thirty-three hours later than scheduled,7 for a total travel time of roughly fifty-five hours (equivalent to fourteen miles per hour, the average speed of someone riding a bicycle—but still an impressive four times faster than if riding a donkey at steady pace).8


  In both countries, delays are largely because passenger trains travel on corridors owned by freight railroads. Amtrak owns only 3 percent of the tracks on which it travels;9 ViaRail none. A train with three hundred containers generates $600,000 of income to those who own the tracks, while ViaRail pays them $25,000 to run a passenger train on the same line.10 It does not take a degree in accounting to figure out why cows on a freight train to the slaughterhouse have priority over folks on their way to the daily grinder. Strangely, this state-of-things seems to be considered normal—or, at least, not enough of a concern nationwide to trigger riots in the streets by angry mobs of passengers demanding change.


  In Japan, the picture is a little bit different. At a typical suburban train station, on a weekday at rush hour, where trains are scheduled to stop by every twenty minutes, there will be nobody on the railway platforms. No adults, no kids, no dogs. Nobody. That is, until two minutes before the train’s scheduled arrival time, when suddenly a mob storms the station and fills the platform, packing it elbow to elbow. Two minutes later, as expected, the train arrives on time, the doors open, and the mob rushes in—squeezing everybody already on board a bit more in the process. The doors close and departure is on time.


  Seeing a deserted station become so crowded at once may be disturbing to the casual tourist, but it makes complete sense. With the train arrival and departure times being known to the minute—and reliably so—what is the point of waiting on a railway platform when there are more enjoyable or important things to do in life?


  Japanese train conductors have a clock on the dashboard and specific checkpoints that must be met—almost to the second—along the route, and anyone can lean on the window behind the conductor and watch the process unfold (like clockwork, literally). This is critical given that, for Japanese railways, a train arriving one minute behind schedule is considered officially delayed.11 This typically happens only when an earthquake causes operation stoppage or when people commit suicide by jumping on the tracks in front of an arriving train—and when that happens, apology notes are immediately distributed to all passengers so that they can give these notes to their bosses to in turn excuse their tardiness showing up to work.12 In fact, in two instances, Japan’s Metropolitan Intercity Railway Company issued an apology because its Tsukuba Express connecting Tokyo and Tsukuba departed the station twenty seconds early (November 2017) and twenty-five seconds early (May 2018).13 The official apology14 stated, “The great inconvenience we placed upon our customers was truly inexcusable.” Such a fact may be mindboggling to the average North American (even more so when stuck in a US train that is hours late), but in a country where crowds are used to storming the train station seconds before the departure time, it all makes sense. Since 1984, the average delay over a year for the Japanese bullet train (Shinkansen) has exceeded one minute only twice: it was 1.1 minutes in 1985 and 1.3 minutes in 1990.15


  As they do for their train system, the Japanese take the construction business very seriously. As such, it is worthwhile here to provide a balanced view of the Japanese’s relationship with earthquake preparedness, response, and recovery—good and bad. This relationship is valuable to appreciate because, nowadays, the Japanese viscerally know that their homeland is earthquake country—maybe more so than any other nation. Nowhere in Japan can one hide from earthquakes. In fact, every year since 2005—maybe in some ways to be more proactive and make amends for the Kobe earthquake—the Japanese government has released a colorful earthquake map indicating the probability of powerful damaging earthquakes occurring within the next thirty years in the various parts of the country. From red in Tokyo and Yokohama where the odds are 85 percent and 82 percent respectively
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  Addendum

  
  


  When the final draft of this manuscript was submitted to the editor at the end of November 2021, the daily number of new COVID cases in the United States was reported to be its lowest in four months, giving hope that the end of supply-chain shortages was in sight, and the thought of a nuclear war was far from everyone’s mind.


  Not even four months later, when the copyedited manuscript was being reviewed (mid-March 2022), things had taken a turn for the worse.


  Supply-chain problems were nowhere near being resolved, to the point where cars were being sold with missing parts to be delivered later.1 Not only were semi-conductors, cotton, shoes, toys, and tons of other stuff in short supply, but so were the truckers needed to haul it all.2 Even the publishing industry suffered, impacted by a paper shortage delaying publication of books (including this one) by months.


  To make it worse, to prove that the world has no supply-chain problems when it comes to despots, Russian troops invaded Ukraine. As a result, the price of gas at the pump was reaching new record highs worldwide, the value of the Russian ruble collapsed, Russia was on the verge of defaulting on its debt, and Vladimir Putin launched an attack on the Chernobyl nuclear power plant3 and announced that he had put his nuclear arsenal on high alert, just in case he felt like pushing the button to launch World War III.4


  What will be the state of the world when this book is finally published? Unpredictable, as all the disasters mentioned earlier. However, it is hoped that, as stated at the beginning of the preface, “If you are reading these words right now, you are most probably not dead. At least, not yet.”
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