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1
            Introduction

         

         When I told friends that I intended to write a book about water the reaction generally ranged from gently quizzical to frankly sceptical. When I then said I believe that water will write the history of the twenty-first century, with profound implications for both humanity and the planet, it is fair to say eyebrows were raised.

         However, as I explained to them that only 3 per cent of the world’s total water is the freshwater we need to survive and that most of it is locked away in polar ice and glaciers they began to really listen. When I pointed out that this finite resource must serve 7.8 billion people today, compared to only 1.6 billion at the beginning of the twentieth century, and that competition for it could trigger global conflicts they started to pay attention. By the time we started to discuss how global climate change could affect the distribution of water, change the pattern of global disease and influence the potential for mass migration, they began to think that it was not such a crazy idea after all.

         Water, and its properties, affects everything in our natural environment and many of the things we take for granted in the world around us. For example, while the longest day in the northern hemisphere is on 21 June, the warmest summer weather and the warmest 2sea temperatures are in July and August. By the same token, while the shortest day of the year is 21 December, the coldest weather is in January and February, and the coldest waters do not warm up till well after the spring equinox on 21 March. If our warmest and coldest periods were purely about the amount of energy we receive from the sun we should be at our hottest by Midsummer’s Day and our coldest by Christmas. Yet, we are not. We probably never stop to think that this phenomenon is driven entirely by the physical properties of water, namely that water warms up and cools down much more slowly than land. While water has the most profound influence on human existence, we often fail to recognise its impact.

         There have been three main drivers behind this project. The first is my belief that our primary, and most basic, human right must be access to clean water, not just for health but for life itself. I have spent much of my life discussing access to freedom, democracy and human rights and how we should promote and expand them. They are all important ways in which we can improve the human condition but, when it comes down to it, you can survive, however imperfectly, without them. The same cannot be said about water.

         The second driver is my disgust at the way we dirty and pollute our natural environment. The trigger for this was when I first watched, with horror, pictures of the giant patches of debris, mostly plastic, floating in our oceans. Considering the life-giving nature of our great blue spaces and their ability to influence our health and well-being through currents, weather and basic foodstuffs, what we have done in recent decades is an unparalleled act of environmental vandalism, the reversal of which we should all make our business.

         The third element is the sheer number of potential conflicts developing around the world which have water as a potential trigger point. All things being equal, we might be able to negotiate our way 3through this increasing tension between upstream and downstream nations, but the changes in global climate are making this an uphill struggle as the mismatch between population and resources becomes ever greater. If we fail to recognise the warning signs, there is a real danger that we could be sleepwalking into a nightmare.

         Of course, many people have written books about water that are more subject specific, more expert and that are more substantive, but I wanted to bring a slightly different, perhaps broader, perspective to the subject, to tell the tale of water in a more complete way. This is not a book for experts as virtually everything within it is in the public domain, but I wanted to be able to join the dots in a way that doesn’t always happen. It has been a source of frustration to me, not least in political life, that we tend to look at problems in isolation, in policy silos, rather than in the integrated way in which they exist in the real world.

         Unless we can tell this most crucial story in a way that is comprehensible and compelling then we are unlikely to achieve the wider consensus, beyond the scientific community and subject specialists, that is crucial for wider change.

         I have always had a strong interest in natural history, history and science. As an eight-year-old, I was given a book called Discovering Science, which awakened my interest in a whole range of subjects that eventually led me to study medicine. The net result of these interests has ultimately led to my addiction to natural history and ‘how the universe works’ programmes on TV. The initial wonder of how excess dust and debris turned into our beautiful world has given way to fears about the consequences of the self-destructive behaviour of our planet’s most successful species.

         As a doctor, I learned early on that the physiology of water balance and circulation is a key determinant of both good health and 4disease processes. Most people know that we are made of 50 to 60 per cent water and can last for only a short time without it. Few people, however, understand that, in evolutionary terms, we are more water efficient and some of our kidney structure is closer to aquatic mammals than any other anthropoids. This raises some interesting questions about the traditional savannah theory of human development. In other words, the story of water in human evolution is itself evolving!

         As a minister in the British Foreign & Commonwealth Office, who answered for development and aid issues in the House of Commons, I was able to see for myself how much clean water and proper sewage meant to some of the world’s most deprived populations. It was while launching such a project in Calcutta that I first met and became friendly with Mother Teresa. I still have one of the last letters that she wrote to me before she died.

         As Defence Secretary, I was concerned by the potential for water shortages to cause conflict around the world. The dramatic growth of the human population desperately scrambling to ensure adequate water supplies for agriculture, industry and human consumption is well understood, if underestimated as a security issue, but the speed at which tensions over shared water can explode into outright conflict and the potential for military escalation is not yet fully appreciated. If countries are willing to use some of the most dangerous weaponry available if their arterial water supplies are disrupted or diverted (as Pakistan has hinted over the potential disruption of the Indus), how can we create the mechanisms for conflict resolution, including in international law? How do we deal with the growing power imbalance between upstream nations and their downstream neighbours?

         As International Trade Secretary, I began to understand the 5importance of water in the global trading system and how using it inappropriately could be economically and ecologically disastrous. It comes as a big surprise to most people to discover that the biggest dairy farm in the world sits in the Saudi desert and requires around 2,000 litres (L) of water to produce 1 litre of milk or that the amount of water required for the irrigation of global cotton crops alone is equivalent to twice the total annual water footprint for the entire United Kingdom.

         This book is set out in four parts. The first establishes the context for the rest of the book. It looks at how we evolved from water, how earth became the blue planet and how water is distributed. Understanding that the water cycle most of us learned about in school means that we live in a closed system where water is neither created nor destroyed, brings into sharp focus the impact that an exploding population can have on fixed supply. If it seems a bit dry at times (excuse the pun) it is key to making sense of the later sections, especially those dealing with climate change. It also lays out new findings relating to the relationship between our own journey from primates in Africa to humans today. Why are we so different to other primates, how did we come to have much greater water efficiency and what did our interactions with other species, such as the Neanderthals, mean for our later development?

         In Part 2 I look at the politics of water and the potential for future conflict.

         It is predicted that by 2030 around 47 per cent of the world’s population will be living in areas of high water stress and there will be growing tensions between upstream nations, who control water supplies near their source, and downstream nations, who depend on plentiful and predictable supplies.

         Tibet is home to the greatest store of freshwater outside the polar 6regions and the rivers arising from it supply water for drinking, agriculture and industry to over 40 per cent of the world’s population. As its glaciers start to shrink due to global warming, it does not take a genius to see where conflict for the world’s most basic resource might lead. China now controls the source of all Tibet’s major rivers with an ever-expanding dam-building programme to bolster its dominance. Those who believe that the Chinese obsession with Tibet is about identity, culture or the Dalai Lama should think again – this is largely about control of a single commodity: freshwater. Across the world, tensions are building. In the tinderbox of the Middle East, disputes are longstanding – between Syria, Turkey and Iraq over the Tigris–Euphrates basin, between Jordan, Lebanon and Israel over the Jordan River and between Iran and Afghanistan over the Helmand River. In Africa, the nations of Egypt, Sudan and Ethiopia compete for the control and use of the waters of the Nile while further south, disputes over the Great Lakes simmer. Will we be able to create mechanisms to resolve growing tensions or will burgeoning populations with their increasing demands for evermore water push us to breaking point?

         It also considers the chokepoints in the great global maritime trade routes and their vulnerabilities, a subject that has suddenly thrust itself back onto the international political agenda with the potential restrictions at the outlet of the Red Sea, due to the actions of the Iranian-backed Houthi rebels.

         The third part of the book examines how water is essential for good health, but how it can also transmit diseases that remain a tremendous scourge on many parts of the world. Water imbalance can produce problems ranging from the common hangover to life-threatening pulmonary and cerebral oedema (water congestion of our lungs or brain) at high altitudes, while waterborne diseases 7claim the lives of around 3.5 million people each year, with over 2 million children being lost. What can we learn from our past victories over these afflictions in the developed world and what risks are we running for their re-emergence? More importantly, how can we better co-ordinate our international response to afflictions like the neglected tropical diseases that affect some of the poorest people in our world and have a disproportionate impact on women and children? When it comes to the development of the sanitation most of us take for granted, how can the lessons of our own history be applied to the developing world, how much will it cost to give everyone access to clean water and decent sanitation and who should pay?

         The fourth and final section looks at the future of water. The water we use in our daily lives cannot simply be accounted for by how much we drink, how much we use for cleaning and bathing or our regular daily activities. We need a better understanding of how the food we eat and the clothes we wear can have a massive impact on how water is used in different parts of the world and how the choices we make as consumers can make a profound difference, for better or worse, to people thousands of miles away. Before we consider the impact of climate change itself on the earth’s water systems, what are the likely impacts on human health and disease, and how will this affect global issues such as migration? Finally, of course, comes the subject of climate change itself. Whatever anyone’s belief about its origin, the evidence of global warming is all around us and will have profound implications, even if we arrest its current acceleration. We need to find solutions to the human and environmental impacts of the process and the potential impact on the global climate and living conditions, while simultaneously trying to control the exacerbations caused by an ever-increasing human population. 8

         In the end, water turns out to be a much more complex and fascinating subject than it might first appear and many of my friends have concluded that it is, actually, an interesting subject to write about.

         This book is not intended as a science textbook, but to tell the story of water as our story, the story of the human race and, indeed, our entire world. I hope it will provoke greater interest in the debate around the single most important issue of our time while we have time left.
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            Part 1

            Water, the World and Us10

         

      

   


   
      
         
11
            Chapter 1

            Water and Human Evolution

         

         Knowing how our planet got here, where water came from and our own place in earth’s story is key to understanding both the magnificence and fragility of nature. Hopefully, it will also give us a sense of humility about humanity’s place in the broader sweep of time and remind us of our duty to protect, rather than destroy, our wonderful inheritance.

         TIME

         To understand our relationship with the natural world around us, we need to have a feel for the concept of time. It is not an easy task to grasp the vast numbers involved as we move from millions to billions. To put things in context, the Big Bang, the beginning of the universe, was 13.8 billion years ago. The earth was formed much later, some 4.5 billion years ago, and through a range of processes, gradually developed into the blue planet that we have today. Against this enormous period of time, modern humans have inhabited the planet for a mere 200,000 years or so. How do we put this vast difference in time in a comprehensible context? We can leave the breadth of time between the formation of the universe and the formation of 12earth to one side for now and concentrate on the time between the birth of our planet and today.

         My favourite analogy is that of the Empire State Building in New York City. It has 1,860 steps up to the 102nd floor. Let’s assume that all the steps right up to the 102nd floor represent earth time with the formation of the planet at the very bottom. The earliest cellular life may have emerged around 3.5 billion years ago (although that timing remains somewhat controversial), that is, by the time you have climbed 402 steps to the 22nd floor. The first simple animals do not emerge until you have climbed 1,610 stairs to the 88th floor. If you keep climbing, you will find that fish emerge on the 90th floor, insects on the 93rd and reptiles on the 95th. We are now only seven floors from the top. The dinosaurs ruled the world for 135 million years from around 230 million years BC – that means that they own the territory between the 97th and 100th floors. The small mammals that were to survive the dinosaurs’ extinction first appeared on the 97th floor, but the primates, from whom we are descended, didn’t arrive until the 101st floor.

         And we humans? You have to get to the top step of the top floor before you find us. In fact, if the history of the earth is represented by 102 floors and 1,860 steps, you need to reach the top 10th of the last step before we turn up. New kids on the block doesn’t do us justice – we are merely a blink of an eye in earth time.

         EARLY LIFE

         How did this phenomenal journey from dust to humanity take place?

         At first, all developing life on earth, including our ancient ancestors, lived in the sea. For about half of earth’s lifetime there was no oxygen in the atmosphere until, around 2.7 billion years ago, a 13group of microbes called cyanobacteria evolved. They changed the course of our planet’s history by generating energy from sunlight and producing bubbles of oxygen, which would eventually create the atmosphere we take for granted today.

         As the atmospheric conditions changed, around 430 million years ago, plants began to colonise the planet’s bare landscape and produce new food and resources that would fuel evolution and development. Fish evolved from ancient vertebrates in the sea and, 30 million years later, some of them crawled out of the water to begin the evolutionary process that would result in today’s biodiversity, including our own species.

         It was not an easy ride for these early lifeforms away from the comfort and protection of their watery world as they had two huge problems to confront. The most immediate was how to stop the water in their bodies from evaporating directly into the air and the other was how to ensure that their eggs would survive in a harsh, dry environment. The first problem was solved by remaining in damp and moist habitats as much as possible, which reduced water loss and led to the gradual evolution of waterproof skin. The second problem was more difficult. While amphibians, which were now also developing, were able to lay eggs in the water, the land-based species had to develop eggs that could survive in the dry if they were to reproduce and survive. The solution was that, eventually, eggs became wrapped in several layers to create what is known as an amniote egg, the same model that today sees human embryos develop within amniotic fluid contained in the amniotic sac. It was this great evolutionary development, allowing an enclosed watery environment, that enabled the emergence of the entirely land-dwelling species that would eventually diversify into today’s reptiles, birds and mammals. 14

         HUMANS ARRIVE

         Having conquered the challenges of moving from a wet world to a dry one, the stage was set for the evolutionary process that would result, hundreds of millions of years later, in the development of the most successful animals of all: humans.

         For the last 150 years or so there has been a consensus around what has been referred to as the ‘savannah’ scenario of human evolution.

         This suggests that our earliest ancestors emerged around 2 million years ago, living in water-rich rainforest or moist woodland. At first, we were knuckle walkers, like today’s gorillas and chimpanzees, but eventually we stood up and walked on two feet. This gave us great advantages in hunting for food across the East African savannah and enabled us to see further and travel faster. Our brain increased in size and our pelvis shortened. These anatomical differences brought their own consequences. The shorter pelvis, for example, explains why birth is more difficult in modern humans than in other primates. As our brains got bigger, but birth canals got smaller (because of standing upright), it meant that there had to be a shorter gestation period in humans, which is why we give birth to relatively immature offspring who are much more dependent on their parents than other species and are unable to walk much before twelve months of age. In today’s medicine, along with its greater fear of litigation, this combination of larger heads and smaller birth canals has contributed to the huge increase in births by Caesarean section.

         Generation by generation, the march of evolution went on and we continued to develop out on the grasslands and on the edge of the forests until eventually, some 70,000 years ago, we walked out of Africa and began to spread across the rest of our world. As we did 15so, it was not without cost for those we encountered on our travels, a pattern we were destined to repeat throughout our history.

         Eventually, we would wipe out whole other groups, such as the Neanderthals, though not before they, in turn, left an indelible mark on us. Such was the preponderance of mating between our ancestors and their hairy neighbours that their genes mingled with ours. The lasting impact of this sexual imperative to reproduce is that for many of today’s humans, other species, like the Neanderthals, have made a permanent contribution to our own genome. Those who have taken the now readily available home DNA tests may have already discovered this, much to their surprise. Of the 7,462 DNA variants I had tested, 256 traced back to the Neanderthals. This accounts for under 2 per cent of my DNA, although it was pointed out that I have more Neanderthal DNA than 75 per cent of the others who have been tested!

         For the next 60,000 years, our population slowly increased as the Stone Age progressed. Then, around 10,000 years ago, following the end of the last Ice Age, a seismic change occurred which set the scene for the population explosion which has continued to the present day. That change was a fundamental realignment of our relationship with the world around us, namely, the mastery of irrigation and the development of agriculture. The rest, as they say, is history.

         OUT OF WATER?

         Nowadays, the ‘savannah hypothesis’ of evolution is not unanimously held and new data is resulting in revisions to that narrative. Back in 1960, the marine biologist Alister Hardy proposed what has come to be known as the aquatic ape hypothesis. It suggested that some of our human ancestors took a divergent evolutionary 16pathway, adapting to more watery habitats and hunting around the seashore for shellfish and other foodstuffs. Hardy’s theory was not particularly well received by the scientific community at the time and has generally tended to be something of a fringe belief for the sixty-plus years since its publication. Recently, however, there has been an increasing interest in the relationship between water and primate development. It is an interest I share though I don’t believe that the aquatic ape hypothesis itself is the answer, as there is insufficient evidence to support its claims.

         Research published by Herman Pontzer, Associate Professor of Evolutionary Anthropology at Duke University, and his colleagues, has demonstrated that one of the features distinguishing humans from chimpanzees and other apes is our water efficiency. The human body uses 30–50 per cent less water per day than our primate relatives. This suggests that something happened during our evolution to reduce the amount of water that we need to remain healthy.

         Certainly, a change in our ability to conserve water may have enabled our ancestors to travel further from watering holes and rivers and allowed them to search for food more effectively. Our thirst response may also have changed, behaviourally and physiologically, resulting in a lower craving for water per calorie. This is consistent with the fact that the water to calorie ratio of human breast milk is 25 per cent less than that of any of the great apes. In other words, human babies require less water for the same amount of energy and nutrition. It has also been postulated that when we started to develop more prominent noses, around 1.6 million years ago, we were able to conserve water by condensation and reabsorption in a way that flat-nosed chimpanzees and gorillas cannot do.

         Professor Clive Finlayson, the eminent palaeontologist and director of the Gibraltar National Museum, suggested in his book 17The Improbable Primate that natural selection has rewarded those best able to locate key resources like water in areas of scarcity. He argues that this was the birth of the ‘rain chasers’ – humans who were suited to long-distance walking and running. The increased mobility that ensued, as well as the large-scale consumption of meat by our ancestors (unrivalled among other primates), gave us a game-changing evolutionary advantage. Finlayson also argues that drying periods in the earth’s climate over the past few million years were the driving force not only for humans to emerge but also for the extinction of the Neanderthals around 30,000 years ago.

         When I met with Professor Finlayson in Gibraltar, he had just returned from his latest excavation in Gorham’s Cave, part of the cave complex that is a UNESCO World Heritage Site and considered to be one of the last known habitations of the Neanderthals in Europe. We spent some time discussing the Neanderthals’ disappearance and its implications for our own genetics and evolution.

         OUR NEANDERTHAL COUSINS

         The Neanderthals’ disappearance is viewed by some as a true extinction. Others contend that Neanderthals did not become extinct, but were assimilated into the modern human gene pool. I think that this explanation stretches credibility a bit too much. However, it is important to grasp that the percentage of Neanderthal genes in each individual may not represent exactly the same genes. Therefore, it has been suggested that 20 per cent, and perhaps even more, of the Neanderthal genome still exists in the human population today. It is suggested that interbreeding probably took place in the Near East during an early part of the human journey out of Africa but before their arrival in Europe.

         This fits with the view expressed by Professor Finlayson and 18others, that habitat degradation and fragmentation occurred in the Neanderthal territory long before the arrival of modern humans. According to this view, we would have arrived in areas previously occupied by Neanderthals after the latter were already extinct and the two species would never have met in Europe. Certainly, there is growing evidence to suggest that climatic instability during the millennia leading up to the Last Glacial Maximum (around 20,000 years ago) may have been a driving force in the Neanderthal extinction. Modelling of climatic stress based on new data has found that stress peaks at around 65,000 and 30,000 years ago, the second instance appearing to be more prolonged and severe than the first, and possibly related to the Neanderthal extinction.

         So, was it human competition or changes to climatic conditions that caused the Neanderthals to disappear?

         In medicine, we say that ‘common things occur commonly’ so it might be that a combination of factors – environmental deterioration as well as competition for resources – were responsible.

         To add to the complexity of the argument, we know that these were not the only potential neighbours for early humans. It has been proven that Neanderthals and Homo sapiens deviated from each other around 600,000 years ago and continued to evolve in very different parts of the world. Fossils of Neanderthals have been found across Europe and Asia, in areas as remote as southern Siberia. Four-hundred thousand years ago, however, the Neanderthal line itself split, with the emergence of the Denisovan line. The Denisovans ranged from Siberia to Southeast Asia and may have persisted until as recently as 30,000 years ago, based on the genetic legacy of living Southeast Asians. Genetic sequencing from both modern humans and Neanderthals tells us that our species interbred. This might have been the result of consensual mutual 19courtship, or it could have resulted from something altogether less friendly – we will never know. The genetic data, however, suggest that while the two species first encountered each other when Homo sapiens made their early excursions out of Africa, the Neanderthal genes that we possess today come from much larger migrations that modern humans undertook around 60,000 years ago.

         Whether or not interbreeding was successful appears to depend on several factors. Recent studies suggest that the modern human Y chromosome completely replaced the Neanderthal Y chromosome when male Homo sapiens started to mate with female Neanderthals. Since the Y chromosome is passed from fathers to sons, when male Homo sapiens mated with female Neanderthals, future generations of Neanderthals inherited the Homo sapiens version of a Y chromosome. Thus, the flow of genetic material went in one direction only. That makes it likely that while Neanderthal fathers may have produced ‘human’ children with human mothers, human fathers did not produce ‘Neanderthal’ children with Neanderthal mothers.

         All this raises further questions. If modern DNA evidence is correct and not only were Denisovans surprisingly diverse, but they may have been the last humans other than Homo sapiens on earth, will we find further evidence of interbreeding in the future? It may well be that multiple lines of our ancient ancestors bred with us and that what we think of as distinct Homo sapiens may be much more hybrid than we imagined.

         A WATERY PATH TO EVOLUTION?

         Gorham’s Cave is located on the southeastern face of the Rock of Gibraltar. Although it is only a few feet away from the Mediterranean today, when it was first inhabited, at least 125,000 years ago, 20lower sea levels would have meant that it was nearly three miles from the coast. It is likely, therefore, that much of the archaeological evidence relating to the Neanderthals, their lifestyles and settlements, now lies beneath the sea. Their relationship with water has been of increasing interest to scientists in recent years and provides useful clues to the story of our own evolution.

         From the work of Professor Finlayson and others, we now know that Neanderthals could probably swim and dive. Evidence based on more than 170 handmade shell tools found in an Italian cave suggests that they may have also swum underwater to retrieve live clams to shape into tools. The type of clams in the area suggest that our Neanderthal cousins could retrieve shells from water that was at least 13 feet deep. Recent discoveries made during the summer of 2023 at a newly named cave in Gibraltar – the Neanderthals’ Grotto – show the extensive exploitation of marine molluscs, especially limpets, by Neanderthals.

         Other fossil evidence also points to the Neanderthals’ aquatic lifestyle. Bony growths found in their ears are a feature they share with modern-day humans who spend time in cold and wet surroundings, leading to the condition’s name of ‘surfer’s ear’. These growths, known properly as external auditory canal exostoses, suggest that aquatic foraging was a big part of the Neanderthal lifestyle. This appears to support the theory that at least some primates adapted to life in landscapes other than the savannah, including living near water.

         This anatomical clue was recently studied by palaeontologist Erik Trinkaus and his colleagues at Washington University in St Louis, Missouri when they looked for these bony growths in the remains of seventy-seven ancient humans from the later Pleistocene period, which lasted until the end of the last Ice Age, around 11,700 years ago.

         The researchers found that around half of the twenty-three 21Neanderthals they studied showed signs of these growths. This was more than twice the prevalence they discovered in the other groups of ancient humans they had studied, suggesting that Neanderthals had, indeed, been water foragers.

         All this was a great vindication for Peter Rhys-Evans, a leading ear, nose and throat (ENT) surgeon in London and one of the UK’s foremost head and neck cancer surgeons. In a paper on ‘surfer’s ear’ in 1992 he had predicted that if these exostoses were found in skulls from this period, it would be firm fossil evidence for the fact that our ancestors frequently swam and dived. He postulated that a phase, which saw us wading through water, could be linked to unique human characteristics such as erect posture, loss of body hair and the distribution of our body fat deposits. Perhaps most interestingly, he suggested that such a developmental pathway is responsible for the fact that we have a completely different heat regulation system to other primates and that the shape and structure of our kidneys is much more like those of aquatic mammals than those of our ape cousins. Is it possible that a marine diet rich in fish oils and proteins also fuelled the brain development that resulted in our intellectual advance and dominance as humans? It doesn’t take much stretching of the imagination to believe that if our ancient ancestors did indeed walk out of the African savannah to populate different parts of the world, then many of them would have ended up on the coastlines of a world of which two-thirds is covered in water.

         It seems certain that future research will help to unravel exactly how close our relationship to water has been in shaping our species and, therefore, our planet and its future.

         But before we turn to current and future human interaction with our watery world, we need to explain how it became wet in the first place and what the origins of ‘the blue planet’ are. 22
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            Chapter 2

            Our Watery World

         

         BLUE

         At first, after the Big Bang, there was just dust and gas. Then,  around 4.5 billion years ago, a small and distant part of this giant cloud began to collapse in on itself. The centre developed into a star, the one we know today as our sun. In time, the rest of the cloud flattened into a disc from which the planets, their moons and the asteroids in our solar system were formed. All of us – planets, moons and living beings – must, therefore, be made from the same basic building blocks. We are all, as they say, stardust.

         On one of these hot, rocky planets something remarkable happened. Not too close to the sun to be scorching hot and not too far away to be freezing, the earth formed in what scientists call the habitable zone and what popular culture refers to as ‘the Goldilocks zone’. The result was the creation of a unique and beautiful blue planet. The second man to walk on the moon, Buzz Aldrin, recalled how awestruck he was when ‘I could see our shining blue planet earth, poised in the darkness of space.’

         We are unique among the rocky planets of our solar system in having liquid water on our surface. But why exactly is our planet blue when water itself appears colourless? The reason is the way that sunlight is selectively scattered as it travels through our various 24watery layers, beginning with the water vapour in our atmosphere. Like all molecules, water molecules will preferentially absorb different wavelengths of light. The most easily absorbed are infrared, ultraviolet and red light, meaning that the deeper the water, the bluer it appears. That is why the shallow waters around, for example, the Aegean islands in the Mediterranean will appear azure while the vast Pacific Ocean is dark blue. Since our planet is mostly covered in water, and most of that is the ocean, we appear blue from the distance of space.

         THE WATER CYCLE

         A great deal of this book revolves around one basic process – the water cycle. Probably the most important point the reader must recognise is that the water on earth exists in a closed system which means little, if any, enters or leaves. It is constantly recycled so that the water we drink today may have fallen as rain that once dribbled down the back of dinosaurs or that the snow on which we enjoy skiing may have once been part of a tropical sea. The cycle really has no beginning but is a constant movement from and between the different water states – vapour, liquid or solid. It is driven by nature’s great engine, the power of our sun, which heats the water in our oceans and throws water vapour up into the atmosphere where it mixes with water that is transpired from plants and evaporated from the soil.

         As this all cools, it forms clouds whose particles may grow and collide to form precipitation which can fall as tropical downpours, temperate drizzle or mountain and polar snow. While some of this snow may thaw in spring to feed many of our rivers and provide much of the world’s drinking water and irrigation, other snow may fall onto glaciers or the polar ice caps and be trapped there for many 25thousands of years. Since it covers the largest part of the world’s surface, most rain falls back into the ocean, while some falls onto land becoming the surface run-off which shapes our valleys and canyons before it eventually finds its way back to the sea. Other water may accumulate in freshwater lakes while some seeps into the ground via infiltration, thus creating huge underwater aquifers capable of storing water for hundreds or thousands of years. As we will see later, the pace at which the water cycle operates can have a profound impact on our weather, a key element in the effects of climate change.

         FROM DRY TO WET

         But how did the earth become as watery as it is today? It is a mystery that has consumed us for centuries, and one that science is only now beginning to unravel. Since everything on our planet is composed of elements from the solar nebula, one way or another, the water that we have today must have originated from this mass of dust and gas. There have been long, and sometimes passionate, debates about whether water formed along with the earth or whether the planet began completely dry and was later bombarded with water, for example in the form of ice, from elsewhere. Some believe it is a combination of the two processes.

         One of the ways in which we can start our detective work is to determine how long water has existed on earth, given that we know that the planet itself is around 4.56 billion years old.

         A GEM OF A STORY

         Gemstones might seem like an unusual place to begin this story, but science has a way of finding answers in the most unusual places. Zircon, which has been used as a gemstone by humans for thousands 26of years, contains some very interesting clues. Its chemical name is zirconium silicate and it is common in the earth’s crust. While zircon crystals are usually small they can also grow to several centimetres. For hundreds of years, gem-grade zircon has been found in material deposited by rivers in places like Sri Lanka, Cambodia and Vietnam, the primary sources for the best gem-quality stones. More recently, deposits have been found as far apart as Nigeria, Madagascar and Australia.

         The stones come in a wide range of colours, including blue, yellow, red and purple. The variety of their tradenames reflects the huge natural variability in their presentation. Hyacinth or jacinth stones are transparent and reddish-brown, starlite are greenish blue, sparklite are colourless and stremlite blue. Depending on the quality of the stone, prices can vary from around $50 to approximately $400 per carat and zircon is probably the only natural gemstone that comes anywhere near imitating a diamond.

         It is originally formed by the crystallisation of magma, the hot liquid and semi-liquid rock that exists under the surface of the earth, or in metamorphic rocks which are formed by the transition of one type of rock to another due to very high temperatures and pressures inside the earth.

         Zircons are highly durable and resistant to chemical attack, so they are among nature’s great survivors. More importantly, zircon contains the radioactive uranium-238 isotope which allows us to determine its age with the precision of plus or minus a million years (which may sound like a big margin, but is extremely accurate when we are measuring it out of several billions).

         In the early 1990s, a few grains of zircon were found in a sandstone in Western Australia dating back 4.2 to 4.3 billion years. Knowing the age of the zircon and studying the ratio of oxygen isotopes in 27samples, scientists now believe that zircon interacted with cold water on the earth’s surface about 4.3 million years ago.

         This suggests that liquid water and an atmosphere must have existed soon after the formation of the earth itself, much earlier than preliminary estimates had suggested and causing us to rethink previous suppositions about the state of the early earth.

         CARRIERS FROM SPACE

         So, if water existed on the planet relatively soon after its formation, how did it get here? It has been suggested that around 4.5 billion years ago, when the earth was around 60 to 90 per cent of its current size, the planet was bombarded by what are known as icy planetesimals and then grew by their accumulation to its current size, eventually producing surface water. (Planetesimals began as grains of ice and dust in the material orbiting the early sun which gradually clumped together and became the building blocks of the rocky planets.)

         The two main candidates suspected of providing water to the earth through such a system of ‘crash and deposit’ are firstly, asteroids, which lie between the orbits of Mars and Jupiter and secondly, comets from the cold outer reaches of the solar system. By looking at the chemical fingerprint of different water isotopes on earth and comparing them with those of different icy bodies in the solar system, we can continue to follow the clues and build a picture of where our water may have come from.

         While comets trap their water as ice, asteroids lock the components of water, oxygen and hydrogen inside minerals. Some of the most magnificent features of the night sky are key constituents of the story of how the earth was formed and its potential source of water. The brightest asteroid visible from earth, sometimes even 28with the naked eye, is Vesta, which constitutes an estimated 9 per cent of the mass of the entire asteroid belt. Discovered in 1807, it is the only known remaining rocky protoplanet. Much of Vesta’s southern hemisphere is covered by craters created when huge amounts of material were ejected following enormous collisions one to two billion years ago. Some of this cosmic debris fell to earth as meteorites and repeated studies have shown that they have a similar distribution of water isotopes as those that exist on our planet. Of course, this is not cast-iron proof that Vesta was the source of our water, but in recent years there has been a growing consensus that asteroids are most likely to have been the primary source of the water that makes up our oceans today.

         The space probe Rosetta (named after the Egyptian stone which enabled the deciphering of hieroglyphics) was built by the European Space Agency and launched on 2 March 2004. Ten years later, on 12 November 2014, Rosetta carried a lander module named Philae (named after an obelisk written in Greek and Egyptian) which performed the first successful landing on a comet in a stunning display of how far space technology had come. What Philae discovered was a difference in the chemical footprint of the isotopes (compared to that of the asteroids), suggesting that only around 10 per cent of the earth’s water was likely to originate from comets (although in 2018, during the passage of another comet, analysis suggested that this number might be somewhat larger).

         So, whatever the exact numbers, it seems certain that at least some water was brought to earth by asteroids which contained its building blocks: hydrogen and oxygen in mineral form. This raises another intriguing question. If asteroids such as Vesta were the foundations of terrestrial planets like our own, and contain the 29building blocks of water in mineral form, how much water might be locked inside the earth itself?

         It is astonishing to realise that, while most of the planet is covered by the oceans, they only make up an estimated 0.023 per cent of the total planetary mass – a tiny amount. Even adding the additional water that exists in ice, lakes, rivers and groundwater, we still only reach a minuscule proportion of that total mass. It is now thought that a significant amount of water must exist in the earth’s crust, its mantle and its core, and while estimates vary quite widely it is thought that around three times the mass of the oceans could be stored in the earth’s mantle, while the core might contain four to five oceans’ worth of hydrogen.

         All of this is a somewhat complicated way of leading us to the concept of a second water cycle – the deep-water cycle which involves the exchange of water between the surface and the earth’s mantle.

         THE DEEP-WATER CYCLE

         In cross-section, our planet consists of the outermost layer, the crust, which sits on top of the mantle and which, in turn, surrounds the molten outer core and solid inner core.

         The earth’s crust, the cool, hardened place upon which all life lives, ranges in depth from around 3 to 44 miles (5 to 70 kilometres), yet although it covers the whole of the earth’s surface, including the continental landmasses and the ocean floor, it makes up only 1 per cent of the entire volume of the planet. Everything alive in our world sits on this thinnest of coverings.

         In contrast, the mantle makes up around 84 per cent of the earth’s volume. It extends to a depth of over 1,800 miles (more than the 30distance from New York to San Antonio, Texas) and temperatures here can reach over 4,000°C.

         The outer core is around 1,430 miles (2,300 kilometres) thick, much denser than the mantle crust and is thought to consist of around 80 per cent iron. The inner core, which has an estimated temperature of around 5,400°C is also composed mainly of iron but is thought to also contain a substantial number of heavy elements such as gold and platinum.

         How does this help us to understand the deep-water cycle?

         Most people will have heard about plate tectonics, the movements and rearrangements of the earth’s outer shell (the lithosphere) which help to explain the building processes of mountains, volcanoes and earthquakes. Our ability to reconstruct these movements gives us an insight into the evolution of the earth’s surface and an ability to reconstruct the shape of previous continents and oceans. Tectonic plates are around 62 miles (100 km) thick and consist of two types of material: oceanic crust and continental crust, and while their activity began between 3.3 and 3.5 billion years ago, the earthquakes and tsunamis that show the restlessness of the deep, especially in the Pacific Ring of Fire, are a testament to their continuing activity today.

         When tectonic plates collide, in a process known as subduction, the heavier plate dives below the other and then sinks into the mantle. In this way, oceanic crust, upper-mantle rock and sediments are carried deep into the earth, along with the seawater trapped in the minerals present in all these materials. The net result is that water is recycled to the planet’s interior and may then play an important role in geological processes such as the formation of magma and the lubrication of earthquake-producing fault zones. 31

         WHEN PLATES AND WATER MOVE

         The effects on the surface of the ocean can be dramatic. On 11 March 2011, in Japan, the fourth most powerful earthquake ever recorded struck, generating tsunami waves that reached almost 130 feet high in some places. It is thought that this terrifying phenomenon was created because the quake happened in a subduction zone where the tectonic plate lying under the Pacific Ocean had been trying to slide under the continental plate that holds up Japan and other landmasses. Having been stuck against each other for hundreds of years and having built up enormous pressure, the plates finally moved, causing an awesome destructive effect on the surface.

         As ocean water runs down into the earth’s crust and upper mantle in a subduction zone, it can become trapped and, with the huge pressures and temperatures that exist there, can be forced into a non-liquid form as hydrous minerals (wet rocks) which lock the water into the geological plate. This in turn continues to edge deeper and deeper into the earth’s mantle, taking the water with it and creating an enormous recycling from the surface to the interior of the earth.

         Recent studies of the Mariana subduction zone in the Pacific have suggested that over four times more water is being carried to depths below 100 km than we previously thought. This created a new riddle as a long-term net influx of water to the deep interior of the planet is inconsistent with our knowledge of geological behaviour. Changes in the global sea level over the past 3 to 4 billion years have only consisted of a few hundred metres compared to the average ocean depth of around 4 km. This suggests that, over time, fluxes of water in and out of the mantle are roughly balanced with water returning to the surface from volcanic activity and ocean hotspots. Since the 32amount of water being carried down by subduction is much more than we previously thought, then it seems logical that we also need to increase our previous assessments of the amount of water being expelled by volcanic activity if balance is to be maintained.

         This recycling of water from the surface to the interior of the planet and back again is part of the same wider closed system. Just as with the surface-water cycle, the earth operates as a closed system where water is neither gained nor lost, but where a glorious equilibrium is established between the atmosphere, the surface and the interior of the planet itself that makes our blue world possible. Since it is neither gained nor lost, how it is distributed and used, and by how many, are the key elements that will shape our future.
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            Chapter 3

            All the Water in the World

         

         FRESH AND SALTY

         Not only is water the only substance on our planet that can be present in all three states – as a solid (ice or snow), liquid (water) or gas (water vapour) but, as far as we know, earth is the only planet where water is present in all these states. Although the total amount of water remains the same, the distribution between its three different states can vary enormously, as it has throughout earth’s 4.5 billion-year history.

         Today, around 97.2 per cent of all our water lies in the oceans, 2.15 per cent is in glaciers and other ice, 0.61 per cent exists as groundwater, 0.009 per cent as freshwater lakes, 0.005 per cent in soil moisture, 0.001 per cent in the atmosphere and a mere 0.0001 per cent in our rivers. Consequently, and by a huge margin, the greatest amount of our water is saltwater in the seas and oceans, with an average salinity of approximately thirty-five parts per thousand. In other words, 3.5 per cent of the weight of seawater comes from the dissolved salts (over 90 per cent of which is sodium chloride), which is roughly equivalent to 34 grams of salts in 1 kilogram of seawater. 34

         
            [image: ]

         

         From the point of view of human, and other animal, survival, it is a sobering thought that only 3 per cent of the earth’s water is freshwater and that with much of it locked away in glaciers, ice and the atmosphere, there is only a staggeringly small amount – 0.3 per cent to 0.5 per cent – available for our use. Add to this equation the rapid increase in the human population, which currently sits around 7.8 billion, and it is easy to see why competition for water resources will be a major issue in the future, especially when we consider that it took over 2 million years to reach a human population of 1 billion but only 200 more years to reach 7 billion.

         When it comes to the saltiness of the seas, how did the salt get there, how do we measure it and what does it signify?

         Salt in the ocean comes from two main sources – runoff from the land and openings in the seafloor. In the beginning, the seas were probably not very salty at all, but as the rainwater that falls on land is slightly acidic, it erodes and breaks up rocks, transporting their minerals to the ocean. It is estimated that, around the whole 35world, rivers will carry about 4 billion tonnes of dissolved salts to the oceans each year.

         Hydrothermal fluids are another route by which salts reach the ocean. Water from the ocean itself seeps into cracks in the seafloor and is heated by magma from the earth’s centre while salt-rich fluids are released through vents on the bottom. The release of minerals from underwater volcanic eruptions may also result in salts directly entering the ocean.

         It is thought that about the same tonnage of salt that reaches the oceans from rivers is deposited as sediment on the bottom of the ocean each year. The result of this balanced input and output is that the oceans are no longer getting saltier.

         Perhaps surprisingly to many, the salinity of the oceans and seas is not uniform but varies naturally in different parts of the world. Some oceans are saltier than others and even within the same oceans, some parts of the surface portions are saltier and some less salty than others. The Atlantic Ocean is the saltiest overall, although it is slightly less salty near the equator and at the poles. Why is this? The answer is that the tropics receive the highest rainfall on a regular basis and the large amount of resultant freshwater that lands there flows into the oceans, thus reducing the salinity of the surface water. In the polar regions, as might be imagined, the level of the surface water salinity is lower due to the melting of snow and ice in summer. The saltiest waters of all are in the Red Sea and the Persian Gulf, where salinity levels are close to 40 per cent because of the very high rates of evaporation and very little freshwater flowing into the seas because of their arid climates. Over the past three decades the amount of snow falling over, and into, the Arctic and Antarctic oceans has increased, providing a greater input of freshwater with the consequent reduction in the saltiness of the water. The change 36in density that this can produce can affect the global circulation of the oceans, and thus weather patterns, something that we will explore later.

         We all know how adding salt to water reduces the temperature at which it freezes – this is the reason behind putting salt on our roads and pathways in winter. It is the same in nature, with water that is less salty freezing at slightly higher temperatures and water that is more salty freezing at slightly lower temperatures, an effect which can be clearly seen in the polar regions.

         Yet there is one effect of the interaction between water and salt that might have surprised the main character in Samuel Taylor Coleridge’s classic poem ‘The Rime of the Ancient Mariner’ when he complains of ‘Water, water, every where, Nor any drop to drink’, usually quoted as ‘not a drop to drink’. Surprisingly, although the oceans contain a large amount of salt, sea ice contains very little. Since ice is unable to successfully incorporate salt into its crystalline structure, sea ice only contains around 10 per cent of the salt that is present in the seas. The sea that was everywhere may not have provided a drop to drink, but sea ice is actually drinkable and potentially lifesaving. It is a pity that the Ancient Mariner didn’t know to save some of the ice from the Antarctic ice shelves as a perfectly usable source of water for later in his voyage.

         THE DISTRIBUTION OF WATER

         Today, more than 70 per cent of the planet is covered by the estimated 321,000,000 cubic miles of water that is represented by the oceans. Despite our understandable obsession with the terrestrial world, it is thought that between 50 and 80 per cent of all life on earth is found below the surface of the oceans. I still find it astonishing that in an era where we have started to explore the vast realms 37of space, more than 80 per cent of our ocean is still unmapped and unexplored.

         Of the oceans, the Pacific is by far the biggest with 48.3 per cent of the total water on the earth’s surface, the Atlantic is next with 22.4 per cent, then the Indian with 19 per cent, the Southern Ocean with 5.2 per cent and the Arctic with 1.35 per cent.

         As the global climate has picked up, the resultant warming of ocean waters has produced two main consequences – rising sea levels and more frequent and more powerful storms. The increase in atmospheric carbon dioxide has resulted in increasing acidity and the increased flow of freshwater from melting glaciers may have the ability to alter the currents that affect and drive our weather patterns. While it is difficult to establish clear models that can predict exactly how these changes might manifest themselves, they represent uncomfortable, if less extreme, echoes of some of the more severe events in the history of the earth and we will look at them in more detail in later chapters.

         The 2.15 per cent of our water that is locked in the planet’s glaciers are mainly located in Greenland and Antarctica, although Tibet is often referred to as ‘the third pole’ due to the large amount of ice there. Glaciers, which can be up to two miles thick, cover around 10 per cent of the world’s landmass and play a major role in climate regulation due to how they reflect the sun’s light and their potential to release more water, through seasonal melting, into the oceans. Such is the amount of water locked away by this process, it has been calculated that if all the glaciers in the world were to melt simultaneously then we would see sea levels rise by around 260 feet.

         GROUNDWATER

         Of the available freshwater on earth, the vast majority is groundwater. 38This includes soil moisture, permafrost, swamp water and the water contained in the world’s aquifers. Aquifers are bodies of water-saturated rock or sediment within which water can move around freely. There are two types: confined and unconfined.

         In confined aquifers there is always a layer (impermeable material such as rock or clay) that lies above and below, separating the water from the surface of the land. This leads to the water being under pressure so that if the aquifer is penetrated by the digging of a well, the water will rise above the surface and can be utilised for agriculture or human consumption.

         In an unconfined aquifer (also known as a water table aquifer) the water is not pressurised but at atmospheric pressure. As a result, it can rise and fall and, because aquifers of this type tend to be closer to the surface, they are more likely to be affected by both drought and pollution which can dramatically diminish their use.

         Aquifers need to be both porous and permeable, and they include a range of rock types such as sandstone (the most common consolidated rock type), conglomerate and unconsolidated sand and gravel.

         Groundwater is not static and can travel through fractures in the rock or through areas that are weathered, i.e., broken down by physical, chemical or biological processes. Since rainwater is slightly acidic it can react with the limestone and cause it to dissolve, creating underground cavities and cavern systems.

         The voids in the rock, created as limestone goes into solution, can weaken the structure of the land and cause collapses at the surface. These collapses are the phenomenon known as sinkholes, an item we are increasingly seeing reported in the media. Sinkholes are often a direct conduit to the groundwater and, as well as being areas which can bring human, social and economic damage are, 39in terms of water, areas where contamination can easily infiltrate the aquifers.

         Water in the aquifers can be extremely old and even filled with what is known as ‘fossil groundwater’, which is defined by the United Nations Educational, Scientific and Cultural Organization (UNESCO) as ‘water that infiltrated usually millennia ago and often under climatic conditions different from the present, and that has been stored underground since that time’. Confined aquifers may contain water that has been present for millennia and the fossil water that is found in some of the world’s driest regions today may have been laid down in periods when they encountered much wetter and more humid periods in geological history. Some of these aquifers, in these arid climates, are being depleted of this historic resource at a rapid rate and they will not be refilled, resulting in potentially catastrophic groundwater depletion. Others are more fortunate to lie under land that receives much higher levels of rainfall, which allows them to be replenished over time.

         Even where there is water to replenish them, aquifers are at risk from human pollution. Around the world, the underground storage is being poisoned by petroleum products leaking from underground storage tanks, by nitrates from the overuse of chemical fertilisers and farming, the excessive use of pesticides, and fluids leaching from landfill and waste sites.

         Nearly 60 per cent of China’s underground water is polluted (even according to state media) which underlines just how severe the country’s environmental problems really are. According to India’s National Institution for Transforming India (NITI), almost 70 per cent of all the country’s freshwater, whether in aquifers or on the surface, is now contaminated. Yet, this kind of problem is not confined to poorer developing nations. In the United States, for 40example, the Memphis Sand aquifer in Tennessee sits below one of the country’s most polluted coal ash landfills where the nearby groundwater contains levels of arsenic over 350 times that deemed to be safe.
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