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FOR JAMES, WHO WILL SPEND HIS WHOLE LIFE DEALING WITH THIS. AND, OF COURSE, FOR CARO AND FLOR.




Introduction


Recent scientific evidence has … given us a picture of the physical impacts on our world that we can expect as our climate changes. And those impacts go far beyond the environmental. Their consequences reach to the very heart of the security agenda.

—Margaret Beckett,
former British foreign secretary

THIS BOOK IS AN ATTEMPT, peering through a glass darkly, to understand the politics and the strategies of the potentially apocalyptic crisis that looks set to occupy most of the twenty-first century. There are now many books available that deal with the science of climate change and some that suggest possible approaches to getting the problem under control, but there are few that venture very far into the grim detail of how real countries experiencing very different and, in some cases, overwhelming pressures as global warming proceeds, are likely to respond to the changes. Yet we all know that it’s mostly politics, national and international, that will decide the outcomes.

Two things in particular persuaded me that it was time to write this book. One was the realisation that the first and most important impact of climate change on human civilisation will be an acute and permanent crisis of food supply. Eating regularly is a non-negotiable activity, and countries that cannot feed their people are unlikely to be ‘reasonable’ about it. Not all of them will be in what we used to call the ‘Third World’—the developing countries of Asia, Africa and Latin America.

The other thing that finally got the donkey’s attention was a dawning awareness that, in a number of the great powers, climate-change scenarios are already playing a large and increasing role in the military planning process. Rationally, you would expect this to be the case, because each country pays its professional military establishment to identify and counter ‘threats’ to its security, but the implications of their scenarios are still alarming. There is a probability of wars, including even nuclear wars, if temperatures rise 2 to 3 degrees Celsius. Once that happens, all hope of international cooperation to curb emissions and stop the warming goes out the window.

As this is a book about the political and strategic consequences of climate change, for the basic science and some of the more common physical global-warming scenarios, I have depended mainly on published secondary sources, such as the 2007 Intergovernmental Panel on Climate Change Fourth Assessment Report and the 2006 Stern Review on the Economics of Climate Change, supplemented and updated with interviews where necessary. Indeed, in some ways the interviews are the real foundation of the book: trekking around a dozen countries talking to the scientists, soldiers, bureaucrats and politicians who are immersed in these issues on a daily basis has been an enlightening experience, and one that did much to restore my trust in the rationality of human beings. All indented quotations in the text are taken verbatim from my interviews with the speakers unless some other source is given.

There must remain some infinitesimal possibility that the skeptics are right and everybody else is wrong, but the evidence for global warming caused by human activities is so strong that urgent action is required. The potential cost of doing too little, too late is vastly greater that the cost that might be incurred by doing more to fight global warming than turns out, at some later date, to have been strictly necessary.

The scenarios that precede each chapter are not intended to be predictions, but only examples of the kinds of political crisis that could be caused by climate change. Neither are they components in some larger vision of how the future will unfold; each stands alone, and it is of no importance if one should contradict another. When I quote experts from interviews or other sources in these scenarios, it is solely to illustrate that some assumption I am making is regarded as plausible by the experts, and does not imply that the person quoted agrees with or has even seen the scenario in question. The dates I have assigned to the various scenarios are particularly arbitrary, and could easily be pushed down several decades if global warming proceeds more slowly than the latest evidence seems to suggest. All that said, I have tried to make the scenarios as credible as possible, drawing on a lifetime of analysing how the world works as an international-affairs journalist. Sometimes I even got it right.

And here, right up front, are four conclusions that I have reached after a year of trailing around the world of climate change—four important things that I did not fully understand when I started this trip. First, this thing is coming at us a whole lot faster than the publicly acknowledged wisdom has it. When you talk to the people at the sharp end of the climate business, scientists and policy-makers alike, there is an air of suppressed panic in many of the conversations. We are not going to get through this without taking a lot of casualties, if we get through it at all.

Second, all the stuff about changing the light-bulbs and driving less, although it is useful for raising consciousness and gives people some sense of control over their fate, is practically irrelevant to the outcome of this crisis. We have to decarbonise our economies wholesale, and if we haven’t reached zero greenhouse-gas emissions globally by 2050—and, preferably, 80 per cent cuts by 2030—then the second half of this century will not be a time you would choose to live in. If we have done it right, on the other hand, then the fuel that drives our cars and planes, like the power that lights our homes and runs our industries, will not produce carbon dioxide or other greenhouse gases. Use as much as you want, or can afford.

Third, it is unrealistic to believe that we are really going to make those deadlines. Maybe if we had gotten serious about climate change fifteen years ago, or even ten, we might have had a chance, but it’s too late now. Global greenhouse-gas emissions were rising at about 1 per cent a year when the original climate-change treaty was signed in 1992; now they are growing at 3 per cent a year, and most of Asia, home to half of the human race, is rapidly moving into industrialised consumer societies. To keep the global average temperature low enough to avoid hitting some really ugly feedbacks, we need greenhouse-gas emissions to be falling by 4 per cent now, and you just can’t turn the supertanker around that fast. So we are going to need geo-engineering solutions as stop-gaps to hold the temperature down while we work at getting our emissions down, and we should be urgently examining our options in this area now. There is a very broad consensus that we should not even discuss geo-engineering techniques because of the ‘moral hazard’ they represent—because we might choose geo-engineering methods instead of emissions reductions—but we get only one shot at solving this problem, and we will probably fail without geo-engineering.

And fourth, for every degree that the average global temperature rises, so do the mass movements of population, the number of failed and failing states, and very probably the incidence of internal and international wars. Which, if they become big and frequent enough, will sabotage the global cooperation that is the only way to stop the temperature from continuing to climb.

I should mention, finally, that I am known in some circles for having worried aloud at some length about the threat of nuclear war during the bad old days of the Cold War. (So much so that one well-known environmentalist, whom I have known for half my life, accused me of ‘hopping aboard’ the issue of climate change when I asked him for an interview, as if I hadn’t paid for the tickets to ride his train.) But the threat of nuclear war and nuclear winter that hung over the late twentieth century, the danger of runaway climate change that besets us now, and the unknown but predictably terrifying crises that will imperil our children and our grandchildren even if we stop global warming, are all facets of the same basic truth: as a species, we have achieved critical mass.

There are now so many of us and we consume so much that it would take about 30 per cent more planet than we actually have to support us sustainably. If all the rest of the world’s people attained a ‘Western’ standard of living, we would need three to four planets. This particular crisis about the climate is soluble, mainly by moving on from the technologies of the Industrial Revolution to ones that are less crude and less damaging environmentally, but our powers have grown so great that in a larger sense the crisis is now permanent, although its specific character will change from time to time. We may not even have the luxury of having to confront only one apocalyptic crisis at a time (although that would be nice). For example, by the 2020s, we may be plunged into a struggle over the proper role of artificial intelligence that is just as important to the future of the human race as getting our impact on the climate under control. And out beyond the ‘known unknowns,’ as former U.S. secretary of defense Don Rumsfeld put it, lie the ‘unknown unknowns.’

As the petty officer who dominated my life during navy basic training used to say: ‘If you can’t take a joke, you shouldn’t have joined.’



SCENARIO ONE:


THE YEAR 2045

Average global temperature: 2.8 degrees Celsius higher than 1990.

Global population: 5.8 billion.

 

SINCE THE FINAL COLLAPSE of the European Union in 2036, under the stress of mass migration from the southern to the northern members, the reconfigured Northern Union (France, Benelux, Germany, Scandinavia, Poland and the old Habsburg domains in central Europe) has succeeded in closing its borders to any further refugees from the famine-stricken Mediterranean countries. Italy, south of Rome, has been largely overrun by refugees from even harder-hit North African countries and is no longer part of an organised state, but Spain, Padania (northern Italy) and Turkey have all acquired nuclear weapons and are seeking (with little success) to enforce food sharing on the better-fed countries of northern Europe. Britain, which has managed to make itself just about self-sufficient in food by dint of a great national effort, has withdrawn from the continent and shelters behind its enhanced nuclear deterrent.

Russia, the greatest beneficiary of climate change in terms of food production, is the undisputed great power of Asia. However, the reunification of China after the chaos of the 2020s and 2030s poses a renewed threat to its Siberian borders, for even the much reduced Chinese population of eight hundred million is unable to feed itself from the country’s increasingly arid farmland, which was devastated by the decline of rainfall over the north Chinese plain and the collapse of the major river systems. Southern India is re-emerging as a major regional power, but what used to be northern India, Pakistan and Bangladesh remain swept by famine and anarchy, due to the collapse of the flow in the glacier-fed Indus, Ganges and Brahmaputra rivers and the increasingly frequent failure of the monsoon. Japan, like Britain, has withdrawn from its continent and is an island of relative prosperity bristling with nuclear weapons.

The population of the Islamic Republic of Arabia, which had risen to forty million, fell by half in five years after the exhaustion of the giant Ghawar oil field in 2020, and has since halved again due to the exorbitant price of what little food remains available for import from any source. Uganda’s population, 5 million at independence in 1962, reached 110 million in 2030 before falling back to 30 million, and the majority of the survivors are severely malnourished. Brazil and Argentina still manage to feed themselves, but Mexico has been expelled from the North American Free Trade Area, leaving the United States and Canada with just enough food and water to maintain at least a shadow of their former lifestyles. The Wall along the U.S.–Mexican border is still holding.

Human greenhouse-gas emissions temporarily peaked in 2032, at 47 per cent higher than 1990, due largely to the dwindling oil supply and the Chinese Civil War. However, the release of thousands of megatons of methane and carbon dioxide from the melting permafrost in Arctic Canada, Alaska and Siberia has totally overwhelmed human emissions cuts, and the process has slid beyond human ability to control. The combined total of human and ‘neo-natural’ greenhouse-gas emissions continues to rise rapidly, and the average global temperature at the end of the century is predicted to be 8 or 9 degrees Celsius higher than 1990.

Prognosis: Awful.



CHAPTER ONE


The Geopolitics of Climate Change

THE SCENARIO I’VE JUST DESCRIBED is not the sort that the climate modellers produce; they wisely stay well clear of any attempt to describe the political, demographic and strategic impacts of the changes they foresee. My scenario also posits a higher global average temperature for 2045 than the bulk of the models predict, but 2.8 degrees Celsius higher by that date is within the range of possibility, especially if some of the positive feedback mechanisms—such as the partial failure of the oceanic carbon sinks, the melting of the permafrost and an ice-free Arctic Ocean in the summertime—begin to operate within this period. Unhappily, recent data from the tropical oceans, the permafrost belt and the Arctic Ocean suggest that all these feedbacks may be starting to kick in now, much earlier than expected.

The scenario also assumes that the governments of the planet will not have taken advantage of the twenty-year window of opportunity that we still have to get global emissions of greenhouse gases down by 80 per cent. It assumes that mid-century will see the world on the upper path of global heating, with the planet’s average temperature already 2 or 3 degrees Celsius hotter and heading for 8, 9 or 10 degrees hotter by century’s end. In this world, our worries are not just hotter summers, bigger hurricanes, rising sea levels and polar bears swimming for their lives. We are trying to avoid megadeaths from mass starvation and, quite possibly, from nuclear wars—and the odds aren’t good.

This is a world in which food imports are no longer available at any price, as there is a global food shortage. But there are still relative winners and relative losers: the higher-latitude countries—northern Europe, Russia, Canada—are still getting adequate rainfall and are able to feed themselves, while those in the mid-latitudes are in serious trouble. Even the United States has lost a large amount of its crop-growing area as the rain fails to fall over the high plains west of the Mississippi, persistent droughts beset the southeast, and the rivers that provided irrigation water for the Central Valley of California cease to flow in the summertime. Countries of smaller size, like Spain, Italy and Turkey on the northern side of the Mediterranean (not to mention those on the southern side), find that their entire land area is turning into desert and that they can no longer feed their populations. The northeastern monsoon that brought rain to the north Chinese plain has failed, and the rivers that watered southern China have suffered the same fate as those that provided California’s water: now they only flow in the wintertime.

This is a world where people are starting to starve, but it is not always the familiar scene of helpless peasant societies facing famine with numb resignation. Some of the victims now are fully developed, technologically competent countries, and their people will not watch their children starve so long as there is any recourse, however illegitimate, that might save them. So the lucky countries in the northern tier that can still feed themselves—but have little or no food to spare—must be able to turn back hordes of hungry refugees, quite probably by force. They must also be able to deal with neighbors who try to extort food by threats—and these desperate neighbors may even have nuclear weapons. Appeals to reason will be pointless, as it is reasonable for nations to do anything they can to avoid mass starvation.

If the climate modellers will not generate this kind of scenario, who will? The military, of course.

The military profession, especially in the long-established great powers, is deeply pessimistic about the likelihood that people and countries will behave well under stress. Professional officers are trained to think in terms of emergent threats, and this is as big a threat as you are going to find. Never mind what the pundits are telling the public about the perils of climate change; what are the military strategists telling their governments? That will tell us a great deal about the probable shape of the future, although it may not tell us anything that we want to hear.

In Britain, climate change has been taken seriously at the official level for a long time, and the British Armed Forces are free to discuss any scenarios they want. The DCDC Global Strategic Trends Programme 2007–2036, third edition, 2006, a ninety-one-page document produced by the Development, Concepts and Doctrine Centre within the British Ministry of Defence, is ‘a source document for the development of U.K. Defence Policy.’

In many ways, it is a remarkably sophisticated document. At one point, for example, it observes that ‘by the end of the period [2036] it is likely that the majority of the global population will find it difficult to ‘turn the outside world off.’ ICT [information and communication technology] is likely to be so pervasive that people are permanently connected to a network or two-way data stream with inherent challenges to civil liberties; being disconnected could be considered suspicious.’ But on the political and strategic impacts of climate change, it is surprisingly terse. Here is all it has to say on the matter:

The future effects of climate change will stem from a more unstable process, involving sudden and possibly in some cases catastrophic changes. It is possible that the effects will be felt more rapidly and widely than anticipated, leading, for example, to an unexpected increase in extreme weather events, challenging the individual and collective capacity to respond …

Increasing demand and climate change are likely to place pressure on the supply of key staples, for example, a drastic depletion of fish stocks or a significantly reduced capacity to grow rice in SE Asia or wheat on the US plains. A succession of poor harvests may cause a major price spike, resulting in significant economic and political turbulence, as well as humanitarian crises of significant proportions and frequency …

Water stress will increase, with the risk that disputes over water will contribute significantly to tensions in already volatile regions, possibly triggering military action and population movements … Areas most at risk are in North Africa, the Middle East and Central Asia, including China whose growing problems of water scarcity and contamination may lead it to attempt to re-route the waters of rivers flowing into neighbouring India, such as the Brahmaputra …

A combination of resource pressure, climate change and the pursuit of economic advantage may stimulate rapid large-scale shifts in population. In particular, sub-Saharan populations will be drawn towards the Mediterranean, Europe and the Middle East, while in Southern Asia coastal inundation, environmental pressure on land and acute economic competition will affect large populations in Bangladesh and on the East coast of India. Similar effects may be felt in the major East Asian archipelagos, while low-lying islands may become uninhabitable.

There now, that wasn’t so bad, was it? A shortage of fish here, a major price spike in food there, a little border war between China and India over re-routing the rivers, and a few tens of millions of climate refugees heading north out of sub-Saharan Africa and Bangladesh. If that’s the sum of the damage that climate change will bring in the next thirty years, we can live with that.

Unfortunately, that isn’t the end of it. This exercise in future-gazing only takes us out to 2037, not to 2045. Far more importantly, it is dated December 2006, which means that the climate forecasts it is using come from the Intergovernmental Panel on Climate Change’s 2001 report, not its 2007 report. Essentially, the data it is using are on average close to ten years old. That makes a big difference, because the data and the forecasts have been getting steadily worse. The next iteration of the DCDC report will at least refer to the 2007 IPCC report (although that is already seriously out of date too), and is likely to feature much darker scenarios on the climate-change front.

So if the British Armed Forces aren’t producing up-to-date scenarios about the political and strategic impacts of climate change, who is? The American military? But here we have the problem that the U.S. government, from the inauguration of President George W. Bush in January 2001 until sometime in late 2006, was in complete denial about climate change. In subsequent months, the phrase ‘climate change’ was finally heard to pass the president’s lips unaccompanied by disparaging remarks several times; so in late March 2007, the U.S. Army War College sponsored a two-day conference on ‘The National Security Implications of Climate Change,’ at which civilian strategists and active duty and retired officers explored a wide range of climate-related security issues. It seems clear that the military had been chafing at the bit for some time previously, however, since the following month saw the publication of a study that had been in the works for at least two years. At the time when it was commissioned, no bureaucratic warrior experienced in Washington’s ways would have risked putting his or her name on a study of the geopolitics of climate change, so the Pentagon farmed the job out to the CNA Corporation.

I have long been interested in and concerned about how environment affects security, and I spent eight years at the Department of Defense with that portfolio, environmental security. I was approached by a group of foundations several years ago and asked specifically if I would examine the national security implications of climate change, and for that purpose I assembled the Military Advisory Board of retired three-and four-star generals to assist us in that effort.

In our report, we were looking primarily over the next thirty to forty years. There are certainly disruptive events that could potentially occur earlier. An extreme weather event, or multiple extreme weather events, could occur at any time. But the more significant implications probably occur over the next several decades, and then of course far into the future. Unless we begin to reduce greenhouse-gas emissions and change the way we use energy, we really have some frightening futures.

—Sherri Goodman, general counsel, CNA Corporation

The CNA Corporation is actually the old Center for Naval Analyses, descended from the group of scientists who brought the fledgling methodology of ‘operational research’ to bear on the problem of anti-submarine warfare during the Second World War, and subsequently on other problems of naval strategy and tactics as well. It is now described as ‘a federally funded research and development center serving the Department of the Navy and other defense agencies.’ It produced its report, National Security and Climate Change, in April 2007.

The exercise involved choosing eleven recently retired three-and four-star generals and admirals from all four services, exposing them to the views of a large number of people working on climate change or related fields, and then writing a study on which the retired military men were asked to comment and elaborate. It created quite a stir when it was published, precisely because it effectively circumvented the Bush ban on treating climate change as a real and serious phenomenon.

You already have great tension over water [in the Middle East]. These are cultures often built around a single source of water. So any stresses on the rivers and aquifers can be a source of conflict. If you consider land loss, the Nile Delta region is the most fertile ground in Egypt. Any losses there [from a storm surge] could cause a real problem, again because the region is so fragile …

We will pay for this one way or another. We will pay to reduce greenhouse-gas emissions today, and we’ll have to take an economic hit of some kind. Or we will pay the price later in military terms. And that will involve human lives. There will be a human toll. There is no way out of this that does not have real costs attached to it.

—General Anthony C. ‘Tony’ Zinni, USMC (Ret.), former commander in chief, U.S. Central Command,
National Security and Climate Change, April 2007

The National Security and Climate Change study is sixty-two pages long and very well sourced, but it doesn’t really offer scenarios. It covers all the bad things that may happen if global warming progresses past a certain point, region by region, but it doesn’t even specify what that point is. Indeed, it resembles a more concise version of all the books that have been published by various luminaries over the past couple of years rehearsing all the undesirable things that will happen to us if we don’t pull our socks up and deal with global warming: a dab of science, a shopping list of small and large disasters in no particular order (not even in a likely time sequence), and a good deal of exhortation to take this seriously.

The real point of the exercise was probably to persuade a largely military audience of the importance of climate change by having the retired generals and admirals give it their imprimatur. A panel of experts wrote the actual report, but the senior officers were each given an entire page to express their views on the contents and the topic—and it is their testimony that is the heart of the matter. They are intelligent men of considerable experience, so they offer coherent and convincing testimony. But they are clearly selling something.

People are saying they want to be convinced, perfectly. They want to know the climate science projections with 100 per cent certainty. Well, we know a great deal, and even with that, there is still uncertainty. But the trend line is very clear. We never have 100 per cent certainty. We never have it. If you wait till you have 100 per cent certainty, something bad is going to happen on the battlefield. That’s something we know. You have to act with incomplete information. You have to act based on the trend line …

The situation, for much of the Cold War, was stable. And the challenge was to keep it stable, to stop the catastrophic event from happening. We spent billions on that strategy. Climate change is exactly the opposite. We have a catastrophic event that appears to be inevitable. And the challenge is to stabilise things—to stabilise carbon in the atmosphere. Back then, the challenge was to stop a particular action. Now, the challenge is to inspire a particular action. We have to act if we’re to avoid the worst effects.

—General Gordon R. Sullivan, USA (Ret.), former chief of staff, U.S. Army, National Security and Climate Change, April 2007

What they are selling is a mission. The next mission of the U.S. armed forces is going to be the long struggle to maintain stability as climate change continually undermines it. The ‘war on terror’ has more or less had its day and, besides, climate change is a real, full-spectrum challenge that may require everything from special forces to aircraft carriers. So it’s time to jolt the rank and file of the officer corps out of their complacency, re-orient them towards the new threat and get them moving.

Does this sound cynical? I don’t really mean it to. The professional military exist because the civilian societies that pay for them believe they are necessary, and in a world of complexity and chance, where universal love has not yet been established as a governing principle, there are occasions when they are needed. It is their job to identify and define threats to the well-being of the society that employs them, and it is only as a by-product of that process that these threats also provide further justifications for the existence of the armies and navies. It took them a while, given the roadblock of the Bush administration, but they are definitely there now.

MICHAEL KLARE: Not just the U.S. military but also the intelligence community … view climate change as a major factor in what the world will look like (in the future) and the consequences for national security, and they are deeply concerned about this.

GD: What do you think made them shift?

MICHAEL KLARE: Like everybody else, I think it’s a change in consciousness. That’s a combination of zeitgeist and the work of Albert Gore and the IPCC—everybody’s consciousness has been changed by all of that. Number two, the scientific evidence has become overwhelming in the past couple of years, so they’ve been affected by that just like everybody else.

GD: Is there also an element of opportunism here? The military always need threats in order to justify their budget. Is this a new one?

MICHAEL KLARE: I would say that it’s as much fatigue with their current mission as opportunism. Their current mission is Iraq and Afghanistan, and I know that the professional military is completely sickened and fatigued and exhausted with that mission, and I think that it must be somewhat refreshing for them to talk about something that bears no taint whatsoever of the Bush administration, the Global War on Terror, Iraq, Afghanistan and so on.

—Michael Klare, defense correspondent for The Nation

Whatever their motives, the American military and intelligence communities are now fully committed to playing a leading role in the struggle to contain the negative effects of climate change. Indeed, there is some grumbling in Washington that they are out to ‘militarise’ climate change. This new commitment has led to the production, both inside and outside the Pentagon, of serious studies of what the future will look like politically and strategically as global warming progresses, and what the role of the military will be in that world. The most readily available of these studies is The Age of Consequences: The Foreign Policy and National Security Implications of Global Climate Change, co-published by the Center for Strategic and International Studies (CSIS) and the Center for a New American Security (CNAS) in November 2007. (As soon as it was completed, the team who wrote it was asked to brief the National Intelligence Council.)

While CSIS is a long-established Washington think tank with a broad range of interests, the CNAS is a recent spin-off that focuses more directly on climate change. Both institutions, however, are supervised by people who have been at the heart of American debates on strategic policy for decades. The board of trustees of CSIS includes former U.S. deputy secretary of state Richard Armitage, former secretary of defense Harold Brown, former national security adviser Zbigniew Brzezinski, former secretary of defense William S. Cohen, former secretary of state Henry Kissinger, former assistant secretary of state Joseph Nye, former secretary of defense James Schlesinger, former national security adviser General Brent Scowcroft, USAF (Ret.), and a who’s who of corporate CEOs. The board of directors of the CNAS includes former secretary of defense William Perry, former secretary of state Madeleine Albright, former secretary of the navy Richard Danzig, former undersecretary of defense William Lynn and former director of operations at the Joint Chiefs of Staff, General Greg Newbold, USMC (Ret.). It may also be relevant that the CNAS board of directors and the lead authors for The Age of Consequences include a significant number of former senior security officials in the Clinton administrations of 1993–2000.

The lead authors of the three scenarios in the study include John Podesta, who served as chief of staff to President Clinton in 1998–2000; Leon Fuerth, national security adviser to Vice President Gore and a member of the Principals’ Committee of the National Security Council in 1993–2000; and R. James Woolsey, Jr., head of the Central Intelligence Agency 1993–95, who served as a foreign policy adviser to the Republican presidential candidate, Senator John McCain, in 2008.

The political/strategic scenarios elaborated by these authors are based on physical climate-change scenarios developed from the data in the IPCC’s 2007 report by Jay Gulledge, senior scientist and program manager for science and impacts at the Pew Center on Global Climate Change. The non-alarmist, ‘expected’ scenario for 2040 begins with the A1B emission scenario in the IPCC’s 2007 report, a scenario that assumes continued rapid economic growth in the emerging industrial powers like China and India, a mid-range estimate for human population growth, and significant advances in non-fossil-fuel energy technologies and in the efficiency with which fossil fuels are used. Of the six different scenarios that the IPCC considered, A1B is neither the most optimistic nor the most pessimistic, but it does assume a continuing widespread dependence on fossil fuels. Under this scenario, the atmospheric concentration of carbon dioxide will be nearing 700 parts per million by the end of the century, although by 2040 it probably will not have passed 500 parts per million yet. (The pre-industrial concentration of carbon dioxide was 280 parts per million, and we are currently at 390 parts per million.)

Most importantly, this first Age of Consequences scenario accepts the IPCC’s conservative assumptions about the ‘sensitivity’ of the climate to increased levels of carbon dioxide in the atmosphere. It assumes that, by 2040, average global temperature has risen only 1.3 degrees Celsius above the 1990 average that the IPCC uses as a baseline, with a best estimate of 2.8 degrees Celsius above the 1990 figure by century’s end. As non-alarmist scenarios go, however, it is already pretty worrisome, even for 2040.

The scenario goes something like this. Since temperatures are usually cooler over the oceans, which cover two-thirds of the Earth’s surface, an average global temperature rise of 1.3 degrees Celsius would mean that it is 2 degrees Celsius hotter or more over the land masses, even hotter in the middle of the continents, and much hotter in the high latitudes—up to 4 or 5 degrees Celsius hotter in the high latitudes around the poles. Accelerated melting of glacial ice will raise sea levels worldwide by 0.23 meters by 2040 (with much more to come, of course) and that, combined with more violent storm systems, will produce storm surges that will inundate some densely populated river deltas, especially in South, Southeast and East Asia. Much land will be lost permanently, and tens of millions of refugees will seek new homes and livelihoods in neighboring areas that are already fully occupied. Some of those areas will be across international frontiers, and the potential for conflict is very high. India, for example, is already building a 2.5-meter fence along the full length of its three-thousand-kilometer border with Bangladesh, one of the countries that is likely to generate very large numbers of refugees as its low-lying coastal areas are lost to the sea.

Similar waves of refugees will be created in other parts of the world by massive droughts that drive farmers off their land as global warming changes the rainfall patterns and deprives the subtropics and the lower mid-latitudes of much of their rain. There will be enormous pressures on the southern U.S. borders as Central America and the Caribbean reel under the combined impact of failing crops, more severe hurricanes and sea-level rises. Europe’s southern frontiers will face equal pressures from migrants from Africa—another early victim of failing rainfall—while the Mediterranean parts of the European Union will themselves be suffering from chronic and increasing drought. The southwestern United States will suffer more frequent and longer-lasting droughts that cause problems, not only for agriculture, but for its fast-growing cities, while low-lying coastal areas in the Gulf and mid-Atlantic states will face the risk of multiple Hurricane Katrinas. Some small island nations in the Indian and Pacific Oceans may have to be evacuated and abandoned altogether.

The near absence of tentative words like ‘would’ and ‘may’ in this section of the study is quite striking—but then, as the authors say, ‘It is not alarmist to say that this scenario is the best we can hope for. It is certainly the least we ought to prepare for.’ It is a deeply conservative forecast that presumes that no positive feedbacks kick in to accelerate the warming—and the authors find it so implausibly optimistic that they immediately offer an alternative scenario for 2040, which they entitle ‘Severe Climate Change’:

[This alternative scenario] assumes that the [IPCC 2007 report’s] projections of both warming and attendant impacts are systematically biased low. Multiple lines of evidence support this assumption, and it is therefore important to consider from a risk perspective. For instance, the models used to project future warming either omit or do not account for uncertainty in potentially important positive feedbacks that could amplify warming (e.g., release of greenhouse gases from thawing permafrost, reduced ocean and terrestrial CO2 removal from the atmosphere), and there is some evidence that such feedbacks may already be occurring in response to the present warming trend. Hence, climate models may underestimate the degree of warming from a given amount of greenhouse gases emitted to the atmosphere from human activities alone. Additionally, recent observations of climate system responses to warming (e.g., changes in global ice cover, sea level rise, tropical storm activity) suggest that IPCC models underestimate the responsiveness of some aspects of the climate system to a given amount of warming. On these premises, the second scenario assumes that omitted positive feedbacks occur quickly and amplify warming strongly, and that the climate system components respond more strongly to warming than predicted. As a result, impacts accrue at twice the rate projected for emission scenario A1B.

And so we are plunged into the nightmare world of scenario two, Severe Climate Change, a world only thirty years hence in which the average global surface temperature is 2.6 degrees Celsius above 1990 levels, with higher temperatures over land and much higher temperatures in the high latitudes. Accelerated melting of the Greenland and West Antarctic ice sheets has already raised sea levels worldwide by half a meter, and storm surges driven by much more powerful weather systems are already causing crippling inundations in low-lying port cities like New York, Rotterdam, Bombay and Shanghai. London might buy itself fifty or a hundred years by building a second, higher Thames Barrier but, in general, the outlook is for successive retreats inland to new, makeshift ports that will eventually be inundated in their turn as the sea level continues to rise. This continuing abandonment of existing assets and reinvestment in new, temporary port facilities will impose heavy burdens even on once-rich societies.

Meanwhile, densely populated river deltas, such as those in Bangladesh, Egypt and Vietnam, are already generating huge numbers of refugees as the land is eaten away by successive storm surges. Crop yields are falling steeply in these regions (which provide a disproportionate amount of the world’s food). The irreversible destabilisation of the ice sheets means that a further sea-level rise of four to six meters is inevitable over the next few centuries, so all the major river deltas are ultimately doomed, and civilisation is condemned to centuries of continuous retreat as coastal lands are drowned.

Agriculture has become ‘essentially non-viable’ in the dry subtropics as ‘irrigation becomes exceptionally difficult because of dwindling water supplies, and soil salination is exacerbated by more rapid evaporation of water from irrigated fields.’ Desertification is spreading in the lower mid-latitudes. Fisheries are damaged worldwide by coral bleaching, ocean acidification and the substantial loss of coastal nursery wetlands—but then most major ocean fisheries will probably have collapsed through overfishing well before 2040 anyway, with no help from climate change. The scenario makes no attempt to calculate the global availability of food in 2040, but its many references to refugee flows and regional shortfalls indicate an implicit assumption that there is no longer enough food to go around.

But it is the magnification of these physical effects by likely political and social responses that particularly concerns the author of the ‘2040 Severe Climate Change’ scenario, Leon Fuerth. As he points out in The Age of Consequences document, ‘If the environment deteriorates beyond some critical point, natural systems that are adapted to it will break down. This applies also to social organisation. Beyond a certain level climate change becomes a profound challenge to the foundations of the global industrial civilisation that is the mark of our species.’

Region by region, Fuerth assesses the probable impacts. In the United States, agriculture is practically at an end in California’s Central Valley due to the failure of the rivers that used to be fed in the summer by the melting snowpack on the Sierra Nevada and Rocky Mountains, and the major cities of the southwest are suffering drastic, permanent water shortages. Rainfall declines steeply over the high plains west of the Mississippi, intensifying reliance on irrigation water pumped up from the giant Ogallala aquifer and speeding its depletion. Coastal populations in the southeastern states who are under constant attack from wild weather events will initially benefit from federal projects to protect them, but the attempts will fail: ‘The idea of resisting nature by brute engineering will give way to strategic withdrawal, combined with a rear guard action to protect the most valuable of our resources. Optimists might hope for a gradual relocation of investment and settlement from increasingly vulnerable coastal areas. After a certain point, however, sudden depopulation may occur.’ And under all these stresses, the author suggests, the federal system itself may start to weaken, with Washington off-loading the burden of coping with the constant, multiple disasters onto state governments, as its own resources become inadequate for the task.

Meanwhile, the far more severe consequences of climate change in Mexico, Central America and the Caribbean, where drought has become the new normal, puts huge pressure on the U.S. border, where ‘problems will expand beyond the possibility of control, except by drastic methods and perhaps not even then. Efforts to choke off illegal immigration will have increasingly divisive repercussions on the domestic social and political structure of the United States.’ (By 2040—although the study does not explicitly mention it—some 20 per cent of the U.S. population may be of Hispanic origin.)

Problems with Canada will accumulate too, over fishing rights on both coasts, over water resources (especially if the U.S. decides to divert water from the Great Lakes, on which two-thirds of Canadians rely, to compensate for the effects of climate change elsewhere), and over navigation and resource rights in the newly ice-free Arctic Ocean. Moreover, the study states that ‘it cannot be excluded that Canada’s tensions with the United States will play into domestic issues affecting the stability of Canada itself: most notably, the Western provinces’ new role as oil exporter.’ (This is presumably a coy reference to separatism in oil-rich Alberta.)

In Latin America generally, the report predicts, severe climate change will be a death blow for democratic governments, and ‘Chavez-like governments will proliferate.’ Large regions will become essentially lawless or fall under the control of criminal cartels, and the United States, lacking the means to help local authorities to restore order, ‘will likely fall back on a combination of policies that add up to quarantine.’ The study implicitly assumes that the United States has already abandoned its more far-flung strategic commitments by 2040 and withdrawn to Fortress America, but it is a fortress surrounded by hostile neighbors. ‘The result … will be to render the United States profoundly isolated in the Western Hemisphere: blamed as a prime mover of global disaster; hated for measures it takes in self-protection.’

Africa is the continent that takes the worst hit from climate change in almost every scenario, and this one is no exception. ‘The northern tier of African countries (i.e., Morocco, Algeria, Tunisia, Libya) will face collapse as water problems become unmanageable, particularly in combination with continued population growth,’ writes Fuerth, pointing out that, in Morocco’s case, intense drought will destroy not only its irrigation agriculture but also its hydroelectric power generation. The countries of the Maghreb may try to tap into underground aquifers in a ‘zero-sum struggle for survival’ but even the Great Nubian Sandstone Aquifer, currently the object of a US$20-billion Libyan mass-irrigation project, would be largely drained in fifty years. Further east, wars between Egypt, Sudan and/or Ethiopia over attempts to divert the waters of the Nile and its tributaries for upstream irrigation projects are a growing possibility by 2040, and the whole Nile Delta is at risk from storm surges.

In sub-Saharan Africa, ‘hundreds of millions of already vulnerable persons will be exposed to intensified threat of death by disease, malnutrition and strife.’ The primary cause will be long-term drought, but the weakness of the infrastructure in most African countries will lead to a proliferation of failed states that exacerbates all the problems and generates huge waves of refugees. Many will follow the familiar paths north towards Europe, but there will also be a strong southward flow towards South Africa (which will be facing severe drought problems of its own).

In the Middle East, rapidly growing populations and declining water supplies will intensify existing hostilities everywhere. Attempts at an Israeli–Palestinian peace settlement will be abandoned indefinitely ‘because of a collective conclusion that the problem of sharing water supplies must be regarded as permanently intractable,’ and even war between Israel and Jordan over access to water is conceivable. Iraq, Syria and Turkey will become trapped in an ‘escalating struggle’ over Turkey’s control of the headwaters of the Tigris and Euphrates rivers. In the Gulf countries there will be a rapid expansion of nuclear power for desalination of sea water, and this will facilitate ‘the regional proliferation of nuclear weapons as insurance against predation.’

All the Asian rivers that rise in the Himalayas and on the Tibetan plateau (Indus, Ganges, Brahmaputra, Salween, Mekong, Yangtze) will initially flood for decades as the glaciers and the snowpack melt, and then shrink drastically, especially in the summer months, once the glaciers and the snowpack are gone. This will lead to food shortages and cross-border disputes over water in the Indian subcontinent, and nuclear-armed India and Pakistan will face the risk of war over the Indus River. (The largest contiguous area of irrigated land on Earth is on the lower reaches of the Indus river system, in Pakistan, but the headwaters of the rivers are in India.) Indian democracy may fail under these stresses.

China’s shrinking rivers will affect not only food production across southern China but also the country’s ambitious hydroelectric schemes, like the Three Gorges Dam. The weakening of the northeast monsoon will cut grain production on the north Chinese plain, and China’s industrialised coastal regions will take a severe battering from rising sea levels and stronger storm systems. The autocratic Chinese regime may seek to fortify its domestic position, rendered shaky by these blows, by directing popular anger outwards at Taiwan, Japan or even the United States.

Authoritarian regimes are also likely to arise in Europe, especially in Russia, where the regime ‘will anchor itself ideologically in Russian nationalism, and economically on the basis of a dominant energy position, which it will exploit aggressively.’ But similar things will be happening politically in Western Europe under the impact of an influx of illegal immigrants from northern Africa and other parts of the continent. It will be an influx ‘impossible to stop, except by means approximating blockade.’ Hostility to Muslim communities in particular will increase; efforts to integrate them into the European mainstream will collapse and ‘extreme division will become the norm.’ Economically, the European Union will have its hands full as almost every major port faces inundation and the whole country of the Netherlands has to be rescued from the sea.

Now, there are obvious criticisms that can be levelled at this scenario, and the most prominent ones arise from the American perspective of the author. Borders are not nearly as hard to control as he believes. Even the U.S. border with Mexico could be sealed, at a tiny fraction of the amount spent annually on the war in Iraq, if the United States ever decided that it was willing to forego the constant influx of cheap labor that is facilitated by the current deliberately porous border controls. The notion that Europe cannot control its sea frontiers with Africa is simply laughable; it is just not yet willing to use physical force to defend them. And Fuerth’s exaggerated concern about the reliability of Muslim minorities in Europe, though not without echoes in the debate in Europe itself, is primarily a reflection of post-9/11 American obsessions that do not address contemporary European realities.

Nevertheless, the true insight of Fuerth’s analysis lies not in the regional analyses, but in his observation that ‘massive nonlinear events in the global environment will give rise to massive nonlinear societal events. The specific profile of these events will vary, but very high intensity will be the norm.’

LEON FUERTH: Complexity theory … originates in very obscure mathematics that were developed to try to describe extremely unruly physical events, but it has developed a path that runs towards human events as well, and especially towards the interaction of physical and human events, which makes it very interesting for the purposes of dealing with something like climate change.

The essential insight in complexity theory would be: Don’t think of this as a linear process. Think of it as a process where at any point some small change of inputs could produce a massive, unexpected flip in outputs … Expect that any solutions you apply are likely to further disturb the system, leading to an infinite series of surprises. Very different from the kind of approach that is often taken in public policy, which is that you only need to do THIS, and the problem will be solved now and forever … Once you realise that, you begin to try to analyze different regions of the world and even different countries from the perspective of how their political systems will change, whether these are domestic or international.

GD: What you’re saying, essentially, is that we’re looking at potential system collapse, politically as well as physically.

LEON FUERTH: This whole thing is an interaction between human beings as a highly organised industrial civilisation, and the world’s physics and chemistry and so on, and the consequences of things that we already have done, and set in motion, before we were smart enough to recognise the patterns.
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