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Depleting natural capital
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	 Aquifers








The vast Ogallala underground aquifer stretches across most of the US High Plains, providing water for crops and people from Texas to as far north as South Dakota (Figure 1.1). The irrigated corn, soy and cotton grown across this region provide almost a quarter of America’s harvest. This may not continue: in many places across the region water is being extracted from the aquifer at more than 100 times the rate of natural replenishment. As a result, the water table under the ground is dropping sharply and in some places has completely disappeared. Most of the High Plains area is naturally dry, getting far less rainfall than necessary to sustain crops such as corn when grown using conventional agricultural techniques. Future climate change is likely to reduce the amount of rain, exacerbating the shortage of water.


The over-extraction of water for irrigation is threatening the US’s future ability to produce food from its breadbasket. The problem is getting worse as expanding cities in the southern US increase their use of the Ogallala aquifer, further threatening the ability of farmers to irrigate their crops, and helping to drive up the price of food. The aquifer is part of Earth’s ‘natural capital’, an endowment of a valuable resource that is being rapidly depleted by the current generation to the probable detriment of the people of the future.


Overuse of shared water resources occurs across the world. In China, the rapidly growing demands of Beijing and other mega-cities are rapidly running down the water stored in the aquifers of surrounding regions. The Hebei Plain around Beijing can annually provide about 7 billion cubic metres of fresh water to urban areas without depletion of the aquifer, but is currently producing almost twice this figure, with further increases year-on-year. Groundwater is being depleted rapidly, with scientists forecasting that the water table will drop 40 metres by 2030. The water that is pumped from underground is increasingly polluted. Some parts of the aquifer have dried up, causing land subsidence, falling agricultural production and local water shortages.



[image: image]  Figure 1.1 Ogallala aquifer
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Many countries in the Middle East are also rapidly running down their reserves. Rulers have traditionally bought social peace by providing abundant fresh supplies but the consequences are becoming more obvious every year. By 2040 Abu Dhabi will have completely used up all its groundwater supplies – which took many millennia to accumulate – if it does not moderate its wasteful use of water. Desalination is at best a partial solution in the Middle East; the production of fresh water from the sea is highly energy intensive and produces salts that cannot be easily stored. Throwing the waste back in the sea increases local salinity, affecting fishing stocks and changing the coastline ecology.


Although we all find it difficult to define the word ‘sustainability’, we can immediately see when today’s exploitation of our natural world is threatening the future, or causing clashes between the lucky and the disadvantaged. The determined and deliberate overuse of ‘fossil’ water, which in many places was laid down in natural aquifers at the end of the last Ice Age, is perhaps the most obvious example everywhere across the globe. In the High Plains of the US, the hinterlands of Chinese cities, the rich and poor countries of the Middle East, and in numerous other regions, today’s users are running down underground reserves and in so doing are affecting the life chances of future generations. Disputes between countries and between urban dwellers and farmers in Texas or central China are exacerbated by the abiding sense that one group is profiting by exploiting limited resources not available to others.
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	 Reversing an aquifer’s decline








Humankind recognizes the foolishness of the destruction of vital aquifers but action to protect underground water supplies is rare. To be successful, the restoration needs a strong authority, such as a government, able to ban the drilling of wells or put such a high price on water that farmers and householders carefully ration their use. One successful example is the improvement of the Sparta aquifer across the boundary of the US states of Arkansas and Louisiana. In the mid-1990s water levels were dropping, threatening supplies to homes, farms and businesses. A greater threat was the destruction of the geology of the aquifer itself: as water was pumped out, the weight of surrounding rock threatened to crush the porous structure of the layer containing the water. The loss of the aquifer would have been irreversible. Additionally, salt and other minerals might have polluted surrounding water supplies.


One calculation suggested that extraction needed to fall by almost three-quarters and action was taken at the end of the 1990s. Industries needing large volumes began to use groundwater in rivers rather than from the underground source. Other users began to be charged for their water and successful efforts were made to reduce water consumption. Water levels in many of the wells that tap the aquifer have now risen. The aquifer is still well below the level of the early twentieth century but the immediate threat to fresh-water supply has lifted.
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	 Overfishing








In the case of aquifers and other natural assets that can be freely exploited by many, no individual has a substantial incentive to maintain the long-run viability of the shared resource. You might try to restrict your use in order to conserve a valuable resource but others will still take what they can. This phenomenon is often called ‘the tragedy of the commons’ and the most obvious example is the overfishing of the oceans. Since no one owns or controls most of the open sea, ruthless pillaging has destroyed some of the world’s most productive fisheries. Fewer and fewer fish survive to reproduce, cutting supplies now and in the future.


Despite advances in the technology for finding and netting fish, the total weight taken from the world’s oceans is now less than it was in 1990. Current fishing patterns – using larger ships, bigger nets and focusing on areas not yet fished – suggest that the slow worldwide decline in ocean catches will continue and probably accelerate. The North Atlantic fisheries have been particularly badly affected, with most species suffering severe depletion. Estimates of the total weight of cod in the North Sea shows an all-too-typical pattern over the last 50 years (Figure 1.2).



[image: image]  Figure 1.2 North Sea cod stocks
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Source: DEFRA


Across the Atlantic, even worse problems hit cod stocks off Canada (Figure 1.3). Huge factory trawlers overfished the northern cod and almost completely cleared the adult species from the sea in the 1990s. The smaller fish on which the cod had fed increased rapidly in number and size. One study showed a nine times expansion in the total mass of the predator-free fish. These newly numerous fish ate the remaining baby cod as well as unsustainably large volumes of the zooplankton on which they normally feed. The effects cascaded further as phytoplankton, the food source for zooplankton, became far more prevalent as their predator disappeared. The phytoplankton consumed more oceanic nitrogen, producing blooms on the sea surface that reduced the availability of oxygen to other marine creatures. It was not just the loss of the cod that mattered; it was the effect across the whole of the marine ecosystem. The disappearance of the predator triggered large, and wholly unpredicted, changes in biodiversity.



[image: image]  Figure 1.3 Decline of Atlantic cod stocks
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Source: Millennium Ecosystem Assessment


Twenty years later these ecological effects are very gradually unwinding. Cod can now be found off Newfoundland again but the total number of these fish is probably less than 10 per cent of the level of the 1980s. Even at this level, local fishermen continue to put pressure on the Canadian government to allow the rebirth of the cod fishing industry. Understandably, long-term sustainability often comes a remote second to the need to earn money this month.


Allowing fish stocks to rebuild in order to increase the weight that can sustainably be harvested in the future is proving a worryingly difficult problem all around the world. It seems simple enough – all we need to do is work out the maximum weight of a particular fish that an area of the ocean can support and then calculate the amount that can be harvested each year without running down the stock. For any individual fish, scientists can provide estimates of these values with a few months’ work. Nevertheless, severe overexploitation continues, reducing future yields of fish to well below these optimal levels. As one scientist once commented, ‘If we can’t solve the overfishing problem, what hope do we have of ever getting to grips with really difficult issues such as climate change?’


Some countries have shown that fish stocks can be carefully rebuilt. The summer flounder or fluke is an important species for both commercial and recreational fishing off the Atlantic states of the US. Harvests fell catastrophically in the late 1980s as a result of previous over-extraction. After several failed attempts to reduce the catch, fishing regulators eventually succeeded in enforcing strict limits on the weight of fish landed. By the summer of 2011 the number of summer flounder had rebuilt to a level that scientists said was adequate and the limit on catches was relaxed. Carefully enforced laws, rigorous science and a willingness to stand up to those who want to harvest too much today can produce sustainability.
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	 Transferring the costs of our consumption








Fresh water and fish are two examples of one generation’s willingness to run down the world’s natural capital at a severe cost to the people of the future. Examples of this behaviour abound, and not just in our time. As Jared Diamond points out in his highly influential book, Collapse, civilizations as diverse as the Anasazi of New Mexico, Easter Island and the Central American Mayan culture seriously abused the ecological systems on which they relied, and suffered – sometimes to the point of catastrophe – as a result.


Many separate civilizations, each covering a tiny fraction of Earth’s surface, have destroyed themselves by their unsustainable behaviour and abuse of the local environment. Life elsewhere has continued normally. Humankind’s technical progress has now created a more general threat, or rather series of threats. The resources of oil, gas and coal in the Earth’s crust, used in ever-increasing volumes around the world, have given us domination of the entire planet and a remarkable increase in material prosperity. Unsustainable behaviours arising from the running down of natural capital can now take place on a planetary scale.


As a way of illustrating our implicit decision to take easy prosperity today and to ignore the future, George Monbiot’s book Heat uses the powerful analogy of the legend of Faust, a person who traded a period of 24 years of worldly satisfactions for eternal damnation. Humankind, Monbiot says, appears to have entered into a similar deal with the planet that it inhabits. And, like Faust, some of the effects may be irreversible. Depleted aquifers may cease to function, fish stocks not return and greenhouse gas increases change our climate for millennia to come, even if we stop emitting CO2 today. On current trends, we face at least a 3 to 4-degree increase in temperature by the end of the century, increasingly dangerous floods and droughts, and a potentially disastrous rise in sea levels.
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	 Sustainability








Now is a good moment to say what this book is about. Two hundred years ago most of humankind lived a lifestyle that was sustainable. We used the biological production of the land in the form of food from animals and from crops, wood for fuel and for building, fibres such as linen and wool for clothing. Humankind quarried small amounts of stone for building and mined limited amounts of iron ore for the metal items most useful for everyday life. Lifestyle then may have been sustainable, in the sense of being able to continue for ever, but it certainly wasn’t comfortable for any but the very rich. Food supply was unreliable, lives were short and disease an ever-present threat. Backbreaking work was the daily norm.


The exploitation of fossil fuels, starting in the UK and spreading around the world, has given us the ability to provide food for billions of people, machines that do all our heavy work, and vital conveniences such as electricity for lighting and natural gas for heating. It has allowed us to devote resources to improving lives through the application of science. Our buildings use steel that has been smelted using coal. Plastics made from oil give us indestructible packaging to protect our food as it is shipped hundreds of miles in diesel-fuelled trucks.


Virtually nobody wants to return to the days before we had almost limitless supplies of cheap energy. Whatever you may think of today’s oil prices, they are still a tiny fraction of how much it would cost to hire human beings to do the same amount of work. A manual labourer working for £10 an hour, and without help from fossil energy, might provide 5 kilowatt hours of useful energy in a working day. This amount of energy is contained in half a litre of petrol, costing less than a pound in Britain or a dollar in the US.


The sustainability challenge can be simply expressed. If current forecasts are accurate, world population will peak at about 10 billion in 2050 before declining, probably sharply. (After this point sustainability will become less of a challenge because resource needs will have started to fall.) Can we offer all the 10 billion the prospect of secure food and water supply, abundant supplies of energy, reasonable clothing and shelter, and access to telecommunications and computing? Are we able to do this without dangerous loss of biodiversity or catastrophic pollution of land, sea and atmosphere? In other words, are we able to create a world where the conditions in which the most prosperous 1 or 2 billion live today have been extended to everybody in a much larger global population at mid-century?


This is the most difficult challenge the world has ever faced. There is no doubt it is technically feasible – the progress of science means we are getting better and better at creating sustainable solutions – but I sometimes doubt whether we have the far-sightedness to wrench the world away from the exploitative habits of the past century or more. This book is about where sustainability is easy to achieve, where it is difficult but feasible, and, most important, where it is impossible without painful changes in lifestyle.


It is also a plea that the world accepts that new technology has a vital role in giving us the advances that make long-term prosperity possible. The argument for sustainability is simply an ethical one – it is wrong to inflict the severe problems caused by us onto future generations – and solutions are to be found in science and in engineering. Sustainability is about calculating the limits humankind has to live within, and then using our scientific genius to give us all a good life within those boundaries. To paraphrase David MacKay, author of a highly influential book on sustainable energy, we need numbers, not adjectives, when assessing the severity of the problem and its possible solutions. I hope you will find some of the crucial numbers in this book.
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Are we going to run out of anything?


The achievement of sustainability requires us to meet two deceptively simple conditions:



1  The world’s current use of minerals, fuels and the products of the soil must not reduce the resources available to future generations if this constrains their standard of living to below ours.



2  Our management of the planet must avoid pollution, disruption or degradation that makes it substantially more difficult for future generations to match our material prosperity, health or pleasure in our physical surroundings.


This chapter is largely about the first of these two conditions: Are we likely to run out of raw materials?


The Earth’s crust provides humankind with just three broad categories of supplies:



1  Fossil fuels. These provide the energy to give us protection from heat and cold, meet our transport needs and allow us to escape physical drudgery by using machines. Much smaller quantities are used to make plastic and fertilizers. In the developed world fossil fuels provide us each with roughly 120 kilowatt hours a day of useful energy in the form of electricity, natural gas and refined oil products such as petrol. (To help put this in context, the typical European house uses about 10 kilowatt hours of electricity a day.) We use about three or four times as much energy as before the Industrial Revolution.



2  Minerals. The most important minerals are the ores from which we make metals. Sand, gravel and limestone, the most important ingredient of cement, give us the materials to make buildings.



3  Biomass. This is the word for everything created, directly or indirectly, by the process of photosynthesis. This covers all our sources of food, wood for fuel, paper and construction, and fibres such as cotton and wool. Biomass is also increasingly used to make liquid fuels for transport. Carbohydrates such as corn are used to make a petrol substitute while food oils, made from such things as palm nuts, are used to replace diesel. To give us a sense of scale of our use of biomass, a human being needs about 2 kilowatt hours of food energy each day, less than 2 per cent of the energy we get from fossil fuels. Of course, we also need fresh water, for agriculture and for our own needs.


Perhaps, like me, you find it difficult to believe that all our needs can be reduced to these three classes of materials. If so, just think through the things you have used in the last day. Food comes from the sun, either directly in the form of plants or indirectly from animals or fish that have eaten plants. Plastics are made from oil, our housing is largely made from cement, steel and wood, and our clothes either from fossil fuels or from cotton from the fields.
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	 Fossil fuels








We hear lots of talk about ‘peak oil’, suggesting we are rapidly running out of energy. It is certainly proving difficult to find new large oil fields that are as productive as the world’s best reserves in places like Iraq or Saudi Arabia. Nevertheless, it is indisputable that there are vast reserves of fuels left.


Figures from BP in Figure 2.1 show that estimated oil reserves have risen substantially in the last two decades. Although some people criticize the optimism of these figures, BP suggests that without any new fields the world has about 46 years of oil left at current rates of consumption. If we include the so-called ‘unconventional’ sources of oil from tar sand deposits and other sources, the reserves will probably last at least 100 years.



[image: image]  Figure 2.1 BP’s figures for proved reserves of oil
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Source: BP Statistical Review of World Energy 2012



The same picture is true for gas (see Figure 2.2). The world has supplies to last at least half a century, even before considering the impact of hydraulic fracturing, or ‘fracking’, of shale rocks. ‘Fracking’ is a technique that increases available global reserves, perhaps by a factor of ten or even a hundred.



[image: image]  Figure 2.2 BP’s figures for proved reserves of natural gas
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Source: BP Statistical Review of World Energy 2012



It is not worth even giving the figures for coal. Much of the world is sitting on coal that is cheap to mine and ship to remote power stations. Additionally, coal can be converted to gas and to oil. The crucial point is this: we are not going to run out of fossil fuels at any time in the near future.
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