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Foreword


I first met Joel in 1974, as a new meteorology grad student at Pennsylvania State University. I won the department’s forecasting contest and caught the attention of Professor Myers, who was teaching the department’s main weather forecasting course. I became his teaching assistant and a couple of years later, after getting my master’s degree, survived a grueling interview process and landed a three-year contract at his budding company, AccuWeather.


And the rest is, well, history. Forty-five years later, I am still employed at AccuWeather, and Joel is still actively managing the company as executive chairman of what has become one of the world’s largest non-governmental weather forecasting entities, founded by Joel in 1962. I’ve had the privilege of eye-witnessing him through productive decades—his many innovations, relentless striving, and deep dedication in steering and growing AccuWeather and its forecasting victories leading to saving tens of thousands of lives and billions of dollars.


Of course, weather affects all of us nearly every day. From the rain that curtails our outdoor activities, to the blizzard that causes us to stock up on milk and toilet paper, to the drought that causes our food prices to rise, to the hurricane that causes extensive damage and increased insurance premiums, to the excess heat and poor air quality that threaten our health, weather plays a role in nearly every human activity. This book reflects Joel’s great interest in both weather and history, examining the weather and climate events that changed more than just our activities, but also altered the very flow of human history. The world would be a very different place today if not for these weather and climate events.


If not for the change in climate brought about when an asteroid or comet hit the Yucatan Peninsula sixty-six million years ago, dinosaurs might still be Earth’s dominant lifeform.


If not for dense fog and later, a sudden turn to colder weather, George Washington would have almost certainly been defeated and likely hung for treason.




If not for cold Russian winters, Napoleon might have conquered the world and Germany might have won World War II.


And if rain had only lasted an hour longer in Dallas on November 22, 1963, the presidential limousine would have had its glass top on, John F. Kennedy would have likely been reelected as president, and the United States might never have escalated its war in Vietnam.


So sit back and enjoy your reading—Joel is about to take you on a magical journey through the history of what was and even suggestions of how history might have been—if only the weather was different.


—Michael Steinberg











Introduction


Snow! Snow! Snow!”


I grew up in the northern part of Philadelphia within a couple of miles of the border with Cheltenham. My mother tells me that when I was three years old I fell in love with snow. When the flakes began to fall and made the world outside a beautiful, clean landscape, I would stand at the window, pointing, full of excitement.


Weather, I saw, can transform the world. I do not point at the window and say “snow” anymore, but I still find storms thrilling.


One of my most vivid early memories is of a snowstorm that happened when I was seven years old. My aunt was marooned in our house because the streets were impassable and everything was shut down. I kept coming downstairs during the night to look out the window at the snow that kept accumulating. It filled me with the same sense of awe and beauty, but now I was old enough to understand what an impact the snow had on the entire community. There were no cars on the road. It didn’t matter what plans my aunt or anyone else had made for the evening, we all had to stay inside and wait.


It was my first inkling of how not only the landscape, but also people’s lives can be transformed by the weather. If my family could be sidelined, so could generals, kings, presidents, even entire civilizations.


As fortune would have it, that same year my grandmother gave me a diary. I used it to record daily weather conditions, and I started to recognize patterns. I started getting up early to listen to the weather reports on the radio to see if I could figure out when the next snow was going to come. This began a life-long passion to try to understand and predict the weather.


The snowstorm that hit the Philadelphia area on November 6, 1953 did not go down in history as a great turning point in the nation, but it did have a major impact on my life. That morning, of course, I listened to the forecast before I set off to school on my bicycle. The radio said it would be cloudy with a high of 50 degrees and a chance of a shower. By the time the school day had finished, it was 33 degrees and snow was accumulating on the ground, falling at a rate of two inches per hour. It took me forty-five minutes to push my bike the one mile back to my house. I went to an open grass area and measured the accumulation and came up with thirteen inches even though the official total was only 8.8 inches. That measurement was taken at the airport, next to a river with lots of paved surfaces. What is true at the airport is not necessarily true in a neighborhood several miles away, which has a slightly higher elevation.


I started to think that maybe I could do better than the people I listened to on the radio, and this led me on the path that eventually became AccuWeather.


In its first years of operation, AccuWeather quickly became known for the accuracy of our forecasts (hence the name). When I first began gathering radio and television clients, I needed a brand name that would properly identify and represent the forecasts we were providing. After much consideration, I chose AccuWeather. It represented the most important distinguishing character of our forecasts, that we would be more accurate, more precise, more detailed than any other source. That was our goal, that was our mission, and that was the charge to all our early team members. That continues to be the case today.


It was important that we work hard to defend that brand and our first major test came in June 1972. Government forecasters, whose forecasts were available for free, were predicting that most of the heavy rains from Tropical Storm Agnes would occur in the western part of Pennsylvania, but would spare Eastern Pennsylvania. They were slow to recognize that Tropical Storm Agnes would produce serious flooding in Eastern Pennsylvania and particularly the Pocono Mountains, where ultimately about fifty people would die. AccuWeather predicted, well ahead of any other source, that there would be widespread flooding in those areas. The storm eventually came to be known as “Hurricane Agony.” It caused the waters of the Susquehanna River to rise to a record height, and the flooding caused extensive property damage along the river and its tributaries. But even though it is counted among one of the state’s worst natural disasters, thanks to our warnings and advice, several people avoided this fate. This was when the responsibility of my chosen profession really hit home. Early warnings are critical. Accurate weather forecasts can save lives. Over the years, thanks to our dedication to Superior Accuracy, AccuWeather’s forecasts have probably saved over ten thousand lives and prevented injury to tens of thousands more, and saved tens of billions of dollars in property damage.


In that sense, maybe you could say that the snowstorm in 1953 did change the course of history. That is how it is with the weather. The atmospheric phenomena are so vast that their impacts can be felt miles away or years down the line. Throughout the course of this book you will learn about the hurricanes, the snowstorms, the droughts, and even the sunny days that changed the course of history and even the path of civilization. I hope you will find these stories as fascinating as I have and come to fully appreciate the important role that weather events and climate have played in shaping humanity and civilization.


And of course, with climate change continuing, undoubtedly with a significant portion of it due to human activity, the story continues. A sequel to this book to be written in decades hence will hopefully include many more chapters showing that, through innovation, science, technology, creativity, and common purpose, humans will prevent the disasters that might occur if global warming exceeds a tipping point.











Chapter 1


The Comet That Ended the Age of the Dinosaur
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It is my firm belief that human history is, at its core, the story of how our species adapted to weather and climate and its changes through the course of time. Climate change has been with us since long before industrialization brought smokestacks and car fumes. Modern climate change, exacerbated by human activity, and how to respond to it is one of the major challenges of our time. But it’s only one chapter in a long history of humans’ relationship to climate. Variations in the earth’s tilt and orbit, solar cycles, continental drifts, and dramatic events such as volcanic eruptions and meteorite strikes have all caused shifts in the environment we inhabit, sometimes very dramatic ones.


Climate colors every aspect of the world’s various cultures from the clothes we wear (or don’t wear), to the foods we eat, to the holidays we celebrate, to the wars we fight and the gods we worship. Every great empire in history has risen or fallen, in part, because of changes in climate. Climate change causes droughts and booms in insect populations that cause crops to fail, livestock to die, and has triggered pandemics that have decimated whole populations. Changes in the temperature of the seas can alter coastlines and access to food from the waters. When these changes cause widespread famine, as they are especially prone to do in agrarian societies, it leads to political instability. Hungry nations are vulnerable nations. Mass migrations when one area becomes inhospitable lead to clashes over territory and spark wars. No society is immune.


In order to set the scene to tell this complex story, we must go back, way back, before recorded history to the most important climate event for humankind: a comet or meteorite strike that led to the mass extinction of the dinosaurs. This paved the way for our ancient ancestors to emerge as the dominant life form on the planet.


Sixty-six million years ago the earth was teeming with dinosaur life. These were not only the tyrannosaurus rex and brontosaurus that have fascinated generations of school children. Dinosaur remains have been found on every continent, as they adapted to various climates, producing great variety. There were carnivores and herbivores. Some were feathered, some had plates and horns, and some were warm-blooded. There were dinosaurs the size of small rodents and others up to 77 tons (70 tonnes) and 125 ft (38 m), ten times bigger than any land animal today. (But not bigger than the blue whale, which can get up to 198 tons/180 tonnes.) There were even dinosaurs who roamed verdant polar forests.


Then, in an instant, everything changed. A massive asteroid or comet, traveling at about 12 miles/20 km per second, hit the ground at an angle of around 60 degrees from horizontal in what are now the Yucatan Peninsula and the Gulf of Mexico. It struck sulfur-rich rocks with such force that it left a crater 90 miles/145 km in diameter. The 60-degree angle was perhaps the death knell for the dinosaurs. It was just the right angle to hurtle the maximum quantity of vaporized rock into the air. If it had come in from directly overhead it would have left a deeper crater, but not thrown up as much debris. If it had come in at a steeper angle, it would have skipped across the surface. A heat pulse, with the force of 100,000,000 atomic bombs, traveled 900 miles/1,448 km in all directions, and fires caused by frictional heating rained down upon the earth. Trees around the world burst into flame. Vaporized sulfur mixed with water created a thick aerosol haze and acid rain. The impact also set off a series of earthquakes, which triggered a 650-ft/198-m tsunami in what is now the Caribbean. This is similar to a sixty-story building. These events further spread the thick dust and debris. Between the vaporized rock in the atmosphere and smoke from the widespread fires, much of the sunlight was blocked.


Any plants that had been spared by the fire were soon killed by the continual darkness and cooling that followed. Photosynthesis was arrested even as the oceans were acidified by the rain. This caused a die-off of marine life. The food chain was entirely disrupted. (According to the United Nations Intergovernmental Panel on Climate Change, something similar, but on a much slower scale, is happening today. As our carbon dioxide emissions cause the earth to warm, they are also acidifying the oceans.) It was virtually impossible to distinguish day from night. Instead of blue skies or gray clouds that brought rain, the daytime sky was almost black with virtually no daylight and a constant thick precipitation of dirt and toxic acid. Temperatures did not climb much during the daytime as they do now, and since the entire world was significantly colder due to the debris in the atmosphere reflecting much of the sunlight back into space and thereby preventing the sun’s rays from warming the earth, it was a cold, dark, foreboding, otherworldly place. Almost no life survived. For a while, the earth was almost a dead planet, yet this toxic stew, as amazing as it is improbable, led to the eventual rise of humans as the dominant life form of the world of today.


Between 70 to 75 percent of all known species were wiped out. No animal larger than 55 lb/25 kg survived. Fortunately for humans, one such small creature, the cynodont, lived and became the ancestor of modern mammals.1


Even a slight alteration in the meteor’s trajectory might have been enough to spare some of the dinosaurs. Imagine what the world would be like today if that asteroid had missed the earth. A lot of time has passed since then, enough time for dinosaurs to evolve. In 1982, Dale Russell of the Canadian Museum of Nature in Ottawa published a paper that speculated the carnivorous dinosaur, Troodon, which had a large brain, could have evolved into a line of intelligent “dinosauroids.”


If intelligent mammals and intelligent dinosaurs developed side by side, climate events could have wiped out human life instead. In fact, some seventy to seventy-five thousand years ago it almost did. This was thirty-five times further back in time than when Jesus walked the earth. Since the advent of DNA studies, scientists have discovered that human beings have much less genetic variation than other primates. A single group of chimpanzees or gorillas has more genetic variation than our entire human population of 7.8 billion people.


Some scientists believe this is because of an event that wiped out a significant portion of the human population. Some estimates put the number of survivors at as few as five hundred procreating pairs of humans, while others suggest there were somewhere between one and ten thousand.


One of the main theories as to the cause of the die-off was the massive eruption of the Toba volcano on what is now the Indonesian island of Sumatra, which occurred around seventy-four thousand years ago. Its explosion sent a plume of gasses, rock, and ash 19 miles/30 km high. The debris was scattered as far away as Greenland and the volcano blasted enough molten rock (about 684 cu mi/2,800 cu km) into the atmosphere to build more than a million Egyptian pyramids.


Historic climate models suggest that the Toba eruption may have caused temperatures to plummet by as much as 30°F/-1.1°C. Such dramatic cooling could have allowed glaciers to dramatically advance, sea levels to drop signficantly, rainfall to slow, and plants to stop growing.


In the reduced sunlight and blanket of ash, nearly all broad leaf evergreen trees and tropical deciduous trees disappeared for several years.




There were, of course, no contemporary measurements of temperatures in those days. Archaeologists and geologists calculate, however, that in the wake of the Toba volcano, global mean temperatures dropped by an average of 22° F/12° C over the next five to six years, ushering in a thousand-year ice age. Homo sapiens were in danger of disappearing as other human species like the Neanderthals had, but a few survived in small groups in Africa, Europe, and Asia. It took twenty thousand years before our human population got back to its pre-volcano levels.


Not all scientists are convinced that the Toba volcano was responsible for the population bottleneck. Archaeologists have discovered evidence of settlements in India and Eastern Africa from the period that do not seem to have been greatly affected by the eruption. East Africa may also have escaped relatively unscathed. Do these settlements contradict the volcano theory or could survivors in these regions have thrived as people with other genetic traits were wiped out, accounting for the lowered genetic variation?


If it was not the volcano, what caused the prehistoric human population to contract seventy thousand years ago? Scientists can only speculate. Perhaps changes in climate unleashed a pandemic (we will read about a number of times in history when this happened throughout the course of this book).


Toba was not the first eruption of a super volcano, and it will not be the last. The next great ice age could start in Yellowstone National Park. The enchanting scenery of hot springs and geysers is caused by a giant underground magma chamber that extends halfway to the center of the earth. The Yellowstone volcano erupts on average every six hundred thousand years, and its seismic activity is constantly monitored. There are other super-volcanoes in the world, but few would be as lethal to so many millions. Scientists speculate that a volcanic winter caused by the eruption of Yellowstone is one thing that could reverse our current trend of global warming, but such a dramatic and sudden shift could be as devastating as the eruption of Toba.


So if the dinosaurs had survived and developed intelligence, and then lived through the subsequent extinction events that decimated the Homo sapiens population, maybe a descendant of the dinosaurs would be writing a book today about how climate favored their kind over us.


Many archaeologists, however, believe that the more adaptable mammals would likely have emerged dominant in any case, and the dinosaurs would have gone extinct one way or another because of the many climate shifts and ice ages that have happened in the intervening years. Any of these might have tipped the scales in favor of humans. As humans became more intelligent and dominant, they might have hunted dinosaurs to extinction.


John Pickrell, the author of a book on dinosaurs, believes that it is likely human hunting would have reduced dinosaur populations, but he likes to imagine a world in which some of the dinosaurs—maybe even the great tyrannosaurus rex—survived to the present day. “Though in our own past, large mammals were mostly wiped out, a few, such as elephants and rhinos hang on,” he wrote, “so perhaps it’s not too much of stretch to imagine a parallel world where today you could hop on a dinosaur safari, Jurassic Parkstyle, and enjoy spotting some of them, cameras and binoculars at the ready.”2




The Volcano Effect


Throughout the course of this book, we’ll learn of many instances in which climate change, brought about by volcanoes, affected the course of history. Volcanoes can affect the climate in a number of ways, depending on how they erupt. In some cases, they belch gas but relatively few dust particles reach the upper atmosphere. In a dramatic explosion, the volcanic particles can be launched well into the stratosphere. If the particles are small enough, they can remain in the stratosphere for several years and sometimes even for decades, reflecting solar radiation back into space, causing temperatures throughout the atmosphere to drop significantly. Temperatures then remain well below the historical average for many several years and, in some cases, even for decades. The particles reduce sunlight, which significantly reduces photosynthesis, thereby decreasing the number of plants that are available for food. In other volcanic eruptions, gases rather than particles are the main emission. The gases burst out of the volcano, and in those cases, the greenhouse effect exceeds the cooling effect from the reflectivity of the particles, resulting in the warming of the entire planet. Gases could also remain in the atmosphere for decades, so the global warming has a significant impact on the distribution of plant and animal life on the planet.


When the particles prevail and cooling occurs, over time snow naturally covers a larger fraction of the continents and for a greater percentage of the year. This then causes a feedback mechanism because the amount of energy that a surface reflects is determined by a property known as its albedo. The higher the albedo, the more solar radiation it reflects back into space and is not available to heat the surface of the atmosphere. In general, light surfaces have a high albedo while dark surfaces have a low albedo, and more heat is absorbed. The urban heat islands is one example where a low albedo causes higher temperatures in and around cities. The earth has an average albedo of 0.30, meaning it reflects about 30 percent of the sun’s energy. Water has a low albedo of 0.10, meaning that most of the sunlight reaching the ocean surface is absorbed and not reflected back into space. Snow, on the other hand, has an extremely high albedo of as high as 0.95, meaning clean, white snow reflects about 95 percent of incoming radiation back into space instead of being absorbed as heat. Even though the cooling effect from dust particles in the atmosphere (by reflecting solar radiation back out into space) is important for cooling after a volcanic eruption that produces a lot of particles, the snow cover that results from the cooling actually can be more important in cooling the earth than the reflectivity from the dust particles. In the Arctic and sub-Arctic regions of both the northern and southern hemisphere, once snow and ice turn into glaciers, they may survive for decades and centuries, continuing to keep those areas and ultimately the entire earth colder than it would have been without the volcanic eruption.


This creates a powerful positive feedback effect. The colder it is, the more snow there will be. There is an old expression I used to use—“snow begets snow”—because snow cover keeps the atmosphere colder and the next storm along the rainsnow boundary is more likely to have snow than rain, whereas without that snow cover a storm might have been more likely to bring rain. Some climatologists have theorized that a warmer planet actually means more snow in the Arctic regions, because more moisture is available—and that brings on the snow blitz theory of an ice age developing quickly, completely reversing the initial warming that triggered.


Think of this on a global scale and the impact can be significant. Even though the dust particles may fall out of the atmosphere from a volcanic eruption, most of them within three to five years, the lingering effect of the snow reflectivity can last for decades, literally changing the climate. Dramatic cooling can follow a series of volcanic eruptions, or one that erupts several times within a five-to-ten-year period and can cause cooling for up to a century. In the extreme, this (forgive the pun) snowball effect can lead to an ice age. In the last two million years, we’ve had four major advances and retreats of glaciers. The last of those reached its peak about fifteen to eighteen thousand years ago, and we’re still warming from the retreat and melting of that ice age today. At its peak the ice was 2 ½ miles thick over Montreal, Canada and the southern extent of the ice is marked by the rocks in Central Park. The impact of a “nuclear winter” brought about by nuclear explosions might be similar in some ways to the events that exterminated the dinosaurs and much of life that existed on planet Earth at that time.














Chapter 2


The Flood That Decimated Humanity
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The best known Biblical weather narrative is a story of weather forecasting. Thanks to a message from God, Noah was able to prepare for a coming flood that none of his neighbors believed was coming. When, as the Bible describes, all the world (or at least the area known as the world) was covered in flood waters, Noah, his family, and one pair each of all earthly animals were able to ride out the storm for forty days and forty nights in the ark he had built.


The Old Testament story is similar to other flood tales told throughout the Mediterranean region by the Greeks, Egyptians, Babylonians, and Sumerians. While the stories that emerged in the cradle of Western civilization are most familiar to us, flood narratives exist in almost every culture. They are so ubiquitous that a Hungarian psychoanalyst once speculated that they are a biological phenomenon, caused by the dreams that come when people sleep with full bladders. It is interesting that there are flood stories of lore in virtually every part of the world. These flood stories are not limited to the Mediterranean region.


But most scholars believe the ancient stories record actual world events. There’s even a word for folk tales that explain earthquakes, floods, fires, and so on: geomythology. Geologist David Montgomery, after studying flood myths of many cultures, concluded “… while flood myths share common elements—catastrophic inundation; a harrowing escape, usually by boat—the nature of the deluge varies from region to region. And the differences are telling. Often, the features of a fabled flood bear a striking resemblance to local geological processes, suggesting that many myths record real catastrophes witnessed in antiquity.”1 Humans have feared floods and moving water as long as they have been on Earth. What we characterize as floods may include rapid melting from the glaciers, storm surges from major hurricanes and storms, tidal tsunamis, giant waves caused by meteors, or a combination of rapid snow melt combined with heavy rain, particularly when water is funneled into narrow valleys. Even over the last few hundred years, millions of people on Earth have died in floods.


Montgomery found that many flood tales from coastal regions in Asia and in the North American Pacific Northwest sound a lot like they are referring to tsunamis, whereas the myths of arctic and alpine cultures sound more like glacial dam breaks. Montgomery finds Noah’s story similar to those told by people who live in areas that are dependent on rivers. They tend to tell stories of long periods of rain and slowly rising water.


The world’s oldest surviving written literature was a flood narrative found in what is present-day Iraq. Recorded on twelve stone tablets, the Sumerian Epic of Gilgamesh is an epic poem about a great king. One of the figures the king encounters is Utnapishtim, a man who was granted immortality after building a ship to save his family and samples of all species of animals. After surviving many long days of storms, Utnapishtim, like Noah, released a bird to search for dry land where the travelers could re-start humanity.


Irving Finkel, a curator at the British Museum and author of a book on flood narratives, told Time magazine, “There must have been a heritage memory of the destructive power of flood water, based on various terrible floods.”2


What many of these narratives have in common is great specificity about how the lifesaving ship was constructed. In the case of the Noah narrative, the ark is reported to be 300 cubits long, 50 cubits wide, and 30 cubits high. With a cubit being the distance from a man’s elbow to the tip of his middle finger (roughly 18–21 in/46–53 cm), this would be an ark of about 1.5 million cu ft/42,475 cu m, or about a third of the volume of the Titanic.


As author Avi Steinberg noted, “In its detailed measurements, the text seems to be an invitation to real-life reconstruction, as though the workability of the ship is presented in order to prove the reality of the rest of the story. The details for the construction of the ship represent the first time in the Bible that the narrator—or, if you will, the Lord himself—insists that the story is literally true.”3


The similarity in stories across cultures in the area known as the “cradle of civilization,” and the detail of the accounts, suggests that they might be different interpretations of the same real historic event.


What is now the Black Sea was once a mere lake. It was divided from the Sea of Marmara by a ridge. Around the lake were a variety of settlements in what are now Turkey, Bulgaria, Moldova, Ukraine, Russia, and Georgia. Suddenly, about 7,500 years ago, as the ice age drew to a close, glaciers began to melt. The water levels in the oceans and seas rose and the forces on the ridge dividing the lake from the sea could not handle the pressure and collapsed. We don’t know how fast this might have unfolded. If it occurred in a matter of days or weeks, it might have taken most people by surprise and they would have drowned. If it occurred over decades and centuries, it still would have had a huge disruptive impact on life, but some tribes and groups of people might have been able to adjust, migrate, and survive.


The fossil record shows that at this time freshwater mollusks were replaced with the saltwater variety. An ancient shoreline was found near the current coast of Turkey, and around it were buried stone tools and shards of pottery.


It is estimated that the collapse would have released 10 cu miles/42 cu km of seawater each day. As it flowed in, villages were inundated. When the flooding subsided, the lake, as well as the villages that surrounded it, was gone.


Around the time of the flood, archaeologists have observed that new people and cultures started to appear in such diverse places as Egypt, Prague, Paris, and the foothills of the Himalayas.


It is easy to imagine the protagonists of the flood narratives as the world’s first meteorologists, people who were keen observers of natural phenomenon and who took action on the basis of what they saw. Perhaps Noah (or Utnapishtim) realized that the glaciers were melting around him. Seeing the waters rising, he knew it was only a matter of time before all the cities he knew would be inundated. If a glacier melted at a constant rate it could have taken months or even years, giving the forward-thinking Noah ample time to build a large boat.


In 2014, filmmaker Darren Aronofsky earned both critical praise and religious protest for his depiction of Noah as “the first environmentalist.” Some Christian groups were offended by how the Hollywood version departed from scripture and many Muslim countries banned the film outright.


Whether Noah was, himself, an early scientist, his story has indisputably impacted the natural sciences.


Belief in the Biblical narrative colored how some of the progenitors of geology viewed the world. When Saint Augustine, in the fourth century, discovered seashells in mountain rock in a Roman province of Africa, he saw the fossils as proof of the great flood. The rising waters, he reasoned, were the only thing that could have raised sea life up to the tops of mountains.


In seventeenth-century Italy, a Danish philosopher, Hicolaus Steno, also referred back to Noah to explain his discovery of fossilized shark teeth inside rocks. He theorized that the earth must have risen out of a primeval sea. In his view, this involved six stages, one of which was Noah’s flood. Of course, geologists have taught us that as the earth’s crust moves and the continents create different forces, areas that were below sea level have been thrust up into a mountain a mile or higher, so geologists understand that fossils and seashells can be found on the tops of mountains, but when they were deposited they were at the bottom of a sea.


His explanation of how the sedimentary layers worked is known as the “law of superposition.” Steno explained that the oldest in a series of rock layers is found at the bottom, with layers becoming progressively younger as they work their way up. This is still one of the foundational principles of geology.


As for the theological significance of the story of Noah and the flood, that is something religious scholars will no doubt debate for centuries to come.











Chapter 3


The Tempest That Ushered in Egypt’s New Kingdom
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When Ahmose became king of Egypt upon the death of his older brother, sometime between 1500 and 1550 BC, he was only a boy. The kingdom of Egypt itself was at a low point. There was a real chance that the great civilization, already 1,500 years old, was on the verge of being wiped out. Egypt was occupied in the north, and the Hyksos, a Philistine dynasty, had been in discussion with the Nubians to the south with a plan to join forces and take over what was left of the once-thriving empire. By the time Ahmose died, Egypt had defeated both of these rivals, expanded its borders, and begun a massive construction program that laid the groundwork for the most prosperous and powerful era in Egypt’s history. In this period, the power structure of Bronze Age empires was entirely realigned.


A new translation of an ancient weather report sheds light on how this happened and explains the important role the weather and climate played. The report is in the form of a forty-line inscription in a block called the Tempest Stela, which was found in pieces in what is now Luxor. In Ahmose’s time, it was Thebes, the center of his rule. The text describes a great storm “without cessation, louder than the cries of the masses.” It was so fierce that it damaged the pyramids.


Two scholars at the University of Chicago believe that the storm was the result of a massive volcanic explosion at Thera, now known as the island of Santorini, in the Mediterranean Sea, which changed weather patterns in the region.1 (If this is the case, they argue that the reign of Ahmose, generally dated to about 1550 BC, was actually thirty to fifty years earlier than previously believed.)




The dominant weather pattern in this part of the world is known as the “Red Sea Trough.” It ushers in hot, dry air from East Africa. The aftermath of a volcanic explosion could have modified the atmospheric circulation enough to cause the heavy rains and flooding described on the Tempest Stela. The scholars speculate that the weather disruptions weakened the Hyksos by destroying their ports.


Another artifact dating to the reign of Ahmose is the Rhind Mathematical Papyrus. The best known example of a mathematical papyrus to have survived from Ancient Egypt, it was preserved in the tomb of its highly-educated owner. The papyrus shows that the Egyptian scholars had developed advanced mathematical skills including arithmetic, first-order linear equations, second-order algebraic equations, and geometric series. In addition to its mathematical prowess, the papyrus makes a special mention of thunder and rain, which Dr. Robert Ritner, one of the lead scholars of the Chicago study, cites as further proof that Ahmose paid close attention to the weather. In fact, Egypt’s particular climate most likely spurred the advances in mathematics itself.


Archaeologists believe Egypt’s climate was wetter in Ahmose’s time than it is today. Evidence for this can be found in a cave in the southwestern part of Egypt. Although it is surrounded by desert today, it is known as “the cave of swimmers” for its prehistoric rock art containing what appear to be depictions of people swimming. Yet its agriculture was, as it is to a large extent today, dependent on the regular flooding of the Nile River.


The Nile’s waters would rise and fall in a predictable pattern. There was an inundation period, which started around July, in which the water would rise and spill out into a series of canals built to supply water to nearby farms. Then, usually around the end of October, came a period of relinquishment. The waters receded, leaving rich deposits of silt behind. Close attention to these patterns ensured the Egyptians’ survival. In order to track the pattern, Egyptians developed one of the first writing systems in the world, as well as ink and papyrus on which to preserve it, and they developed a sophisticated calendar. The rhythm of life along the Nile inspired Egyptians to understand life as a cycle of death and rebirth, a view that helped shape their religion as well as those of their neighboring cultures, as we shall see in the next chapter.


This close attention to the weather put Ahmose in a strong position when the Hyksos were weakened by the storm. Ten years after his brother’s death, Ahmose launched a marine attack on the Hysksos capital of Arvaris, and followed this with a land campaign. Ahmose thus defeated the Hyskos and became pharaoh of an Egypt that stretched all the way to the Mediterranean. He then marched south and defeated the Nubians, taking over a territory rich in gold mines. Now prosperous, Egypt resumed trade with the cities of the Syrian coast. Thebes became the cultural and religious center of the country. The damaged pyramids were rebuilt and work began on Ahmose’s own pyramid. The era that was ushered in with Ahmose’s victory over the Hyskos is known as the Eighteenth Dynasty. It was the height of the empire’s power.


Egypt’s fortunes, with its dependence on the annual cycle of Nile flooding, would continue to be tied to climate fluctuations. A team of researchers studied the well-documented period known as Ptolemaic Egypt, which ran from the years 305–30 BC. They found that there was a strong correlation between revolts, political instability, and decreased expansion when Nile flooding was low and food production was important.2 But these hardships also spurred innovation.


Ptolemaic Egyptians created technology to get them through extended periods of dryness. By the third century BC, Egyptians had invented a rotary-wheel water-lifting machine and new methods of grain storage. Farming communities also created land sharing agreements so if the Nile did not flood as usual it was less likely that any one family would have all its fields in a drought area. These innovations helped maintain the stable society that produced such cultural gems as the Great Library of Alexandria, where scholars including Pythagoras, Euclid, and Archimedes pursued their studies.


While many ancient civilizations have made marks on the world that are still felt to this day, few have had the impact of Egypt. There are, certainly, no civilizations from that time that have captured the imagination of modern artists, poets, architects, and scholars as Egypt has. Some of Egypt’s stories and religious myths were passed on to Greece and Rome and had a direct impact on the development of modern religious belief.


Thanks to Egypt’s funereal practices, preserving the bodies of the departed as mummies, Egyptians knew how to dissect corpses, and the medical knowledge they gained was likewise passed on to the Greek and Roman doctors who followed. Many of the magnificent temples and pyramids that were preserved and rebuilt in Ahmose’s time stand to inspire artists and architects to the present day. Those tombs contained a wealth of information about the people who built them. Because we know so much about the daily life of ancient Egyptians, they hold a special fascination. Students continue to fill classrooms for courses that study the Egyptians, and museums continue to draw crowds with exhibits dedicated to them, even as the study of other ancient cultures declines. Both the Egyptians and the Mayan culture you will read about later reached their most prosperous times and scientific and cultural peaks during periods of favorable climate conditions for food production. However, it was the uncertainty of the weather and climate from year to year, and the great dependence of the success of their food supply and their society on favorable weather that caused them to excel in their knowledge of the calendar, science, and mathematics. Throughout history, societies that faced challenges that were able to be overcome have become the most advanced. At the other extreme, there are those societies where people could literally walk outside of their hut or cave and find sufficient food, requiring less innovation in order to survive. At the other extreme are the extremely harsh climates, where for example, extreme cold is such a constant threat that they have no time to innovate because they are simply trying to survive the elements. In between these extremes is where much of the innovation and scientific progress has typically occurred throughout history. Over the last hundred years, with the advent of air conditioning and more reliable heating of buildings, we have seen this restriction on innovation lifted.


In today’s world with trade and where wealthy countries are able to afford food wherever it is produced, we find the most innovation and scientific progress occurring in places where the seasons occur and where the weather is changeable. Changing weather from day to day and season to season tends to be more stimulative to the mind.


Restoration experts warn that many of these cultural treasures are now at risk as high temperatures and humidity associated with our era’s climate change batter the prehistoric stonework of temples and pyramids.











Chapter 4


Climate Disruption That Caused the Ten Plagues of Egypt


[image: Image]


In the Biblical story of the Exodus, God commands Moses to go to Pharaoh Ramses II and demand the release of the enslaved Israelites. When Pharaoh refused, God unleashed a series of ten plagues on Egypt: a plague of blood—in which the Nile ran red—plagues of frogs, lice, flies, livestock disease, boils, hail, locusts, darkness, and the killing of firstborn male children. The evening before the final plague, Moses instructed his people to sacrifice a lamb and paint their doors with its blood so the angel of death would know which homes were Hebrew and should be passed over, sparing their firstborn sons while non-Hebrew infants perished. This is the origin of the Jewish Passover, which celebrates the Hebrews’ liberation from slavery. Biblical stories are, of course, matters of faith, but they have continued to fascinate scholars who search for historic events that might underpin them.


Modern archaeologists widely believe that the series of plagues really happened in the ancient city of Pi-Ramses on the Nile Delta. It was the capital during the reign of Pharaoh Ramses II, who ruled between 1279 BC and 1213 BC. Then, around three thousand years ago, the great city was abandoned. What happened?


According to climatologists, the abandonment of the city corresponds with a dramatic climate shift. For most of Ramses’ rule, the climate had been warm and there was plenty of rain leading to bountiful crops, but this was followed by a prolonged drought, which was the catalyst for a series of disruptions.


Periods of low precipitation cause the soil to dry, creating a drought. Warmer temperatures can also lead to drought because they increase evaporation from the soil, thereby making it drier. When dry soil causes plants to die, the amount of moisture in the air is reduced even further, as the plants are unable to release water vapor into the air through the process called transpiration. Normally, some surface heat is removed as moisture evaporates, but when the land is parched, that heat remains trapped in the soil which in turn heats the lower atmosphere. Without water in the soil, it has less ability to conduct heat down into the ground, so the top layer of the land can become extremely hot. The result is a vicious cycle, where droughts increase heat, which makes the land drier, which increases the heat, and so on. When droughts and heatwaves happen together, the effect can be catastrophic. Even today, droughts are, according to the World Meteorological Organization, “the most detrimental of all the natural disasters,” responsible for about one-fifth of the damage caused by natural disasters each year.


One theory on the Exodus plagues is that the rising temperatures and drought caused the Nile to dry into a warm sludge. Such conditions are ideal for the growth of red algae. As the algae sucked the oxygen out of the water, it would kill any remaining fish and the water itself would turn the color of blood. This, in turn, could explain the abundance of frogs, which left their habitats near the river in search of food and subsequently died. Without frogs to eat the insects, flies and lice would proliferate.


Dr. John Marr, an epidemiologist who studied the ten plagues, argues that the “lice” referred to in the Bible could be another bug because the plagues happened about a thousand years before Aristotle classified insects. Marr believes that the culprits were culicoides, insects that lay eggs in dust.1 The larva that the eggs produce feed on decomposing animals such as rotting fish and frogs. Culicoides have been known to transmit two types of infections that affect cattle, horses, and sheep. This could explain the livestock deaths. The rotting livestock could then spread an airborne bacterial disease called glanders, which can cause boils.
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