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Just over a month ago, the U.S. population reached 300 million. In times past, reaching such a demographic milestone might have been a cause for celebration. In 2006, it is not. Population growth is the ever-expanding denominator that gives each person a shrinking share of the resource pie. It contributes to shrinking forests, deteriorating grasslands, falling water tables, collapsing fisheries, and eroding soils. We are using up oil as a pace that leaves little time to plan beyond peak oil. And we are discharging greenhouse gases into the atmosphere faster than nature can absorb them, setting the stage for a rise in Earth’s temperature well above any since agriculture began. Humanity’s collective demands surpassed the earth’s regenerative capacity some 25 years ago. I will address just a few of these trends, following with descriptions of what happens when population growth collides with resource scarcity. 
Water Scarcity

More people require more of everything, including water. The world is incurring a vast water deficit—one that is largely invisible, historically recent, and growing fast. Because much of the deficit comes from aquifer overpumping, it is often not apparent. Unlike burning forests or invading sand dunes, falling water tables are often discovered only when wells go dry.
This global water deficit is recent, the result of demand tripling over the last half-century. The drilling of millions of irrigation wells has pushed water withdrawals beyond the recharge of many aquifers. The failure of governments to limit pumping to the sustainable yield of aquifers means that water tables are now falling in countries that contain more than half the world’s people.
The link between water and food is strong. We each drink on average nearly 4 liters of water per day in one form or another, while the water required to produce our daily food totals at least 2,000 liters—500 times as much. This helps explain why 70 percent of all water use is for one purpose—irrigation. Another 20 percent is used by industry, and 10 percent goes for residential purposes. With the demand for water growing in all three categories, competition among sectors is intensifying, with farmers almost always losing.

Overfishing

As population grows and as modern food marketing systems give more people access to these products, seafood consumption is growing. Indeed, the human appetite for seafood is outgrowing the sustainable yield of oceanic fisheries. Earlier this month, a report was released indicating that with current seafood consumption, the world’s oceanic fisheries will be history by 2048. As Boris Worm, the lead author of the study, said, “Our children will see a world without seafood if we don’t change things.” 
Shrinking Forests

At the beginning of the twentieth century, the earth’s forested area was estimated at 5 billion hectares. Since then it has shrunk to 3.9 billion hectares—with the remaining forests rather evenly divided between tropical and subtropical forests in developing countries and temperate/boreal forests in industrial countries.
World forest loss is concentrated in developing countries. Since 1990, the loss in these nations has averaged 13 million hectares a year, an area roughly the size of Kansas. Overall, the developing world is losing 6 percent of its forests per decade. The industrial world is actually gaining an estimated 3.6 million hectares of forestland each year, principally from abandoned cropland that is returning to forests on its own, as in Russia, and from the spread of commercial forestry plantations.
Unfortunately, even these official data from the U.N.’s Food and Agriculture Organization (FAO) do not reflect the gravity of the situation. For example, tropical forests that are clearcut or burned off rarely recover. They simply become wasteland or at best scrub forest, yet they are still included in official forestry numbers. Plantations, too, count as forest area, yet they also are a far cry from the old-growth forest they sometimes replace. Of the forests that do remain standing, most are small or so highly disturbed that they no longer resemble the fully functioning ecosystems they once were. 

Cars vs. Land

In the United States, more people mean more cars. This in turn means paving more land for roads and parking lots. For every five cars added to the U.S. fleet, an area the size of a football field is covered with asphalt. More often than not, the land being paved is cropland simply because the flat, well-drained soils that are good for farming are also ideal for building roads and parking lots. Once paved, land is not easily reclaimed. As environmentalist Rupert Cutler once noted, “Asphalt is the land’s last crop.”
The same is true when incomes in developing countries rise. China’s burgeoning economy tells this well. Should its economy continue to increase at close to the rate it now has, by 2031, it could have three cars for every four people, as the United States now does. At that point, its fleet would total 1.1 billion vehicles, well beyond the current world fleet of 800 million. Providing the roads, highways, and parking lots for such a fleet would require paving an area roughly equal to China’s land in rice, its principal food staple.

Throwaway Economy

More people also usually means more garbage. New York City, for example, generates 12,000 tons of garbage a day, a flow that requires 600 tractor-trailers—fully loaded—to leave the city each day headed for remote landfills in New Jersey, Pennsylvania, Virginia, and Ohio. Trucking garbage to ever more distant landfills makes us more dependent on distant sources of oil.
The throwaway economy is on a collision course with the earth’s geological limits. Aside from running out of landfills near cities, the world is also fast running out of the cheap oil that is used to manufacture and transport throwaway products. Perhaps more fundamentally, there is not enough readily accessible lead, tin, copper, iron ore, or bauxite to sustain the throwaway economy beyond another two or three generations. Assuming an annual 2-percent growth in extraction, U.S. Geological Survey data on current economically recoverable reserves show the world has 18 years of reserves remaining for lead, 20 years for tin, 25 years for copper, 64 years for iron ore, and 69 years for bauxite.
The End of Oil
Even as the economy’s environmental support systems are deteriorating, the world is pumping oil with reckless abandon. Leading geologists now think oil production may soon peak and turn downward. Although no one knows exactly when oil production will peak, supply is already lagging behind demand, driving prices upward. 
Even though peak oil may be imminent, most countries are counting on much higher oil consumption in the decades ahead. Indeed, they are building automobile assembly plants, roads, highways, parking lots, and suburban housing developments as though cheap oil will last forever. New airliners are being delivered with the expectation that air travel and freight will expand indefinitely. Yet in a world of declining oil production, no country can use more oil except at the expense of others.
Developing countries will be hit doubly hard as still-expanding populations combine with a shrinking oil supply to steadily reduce oil use per person. Such a decline could quickly translate into a fall in living standards.

Competition for Natural Resources

The shrinkage of life-supporting natural resources per person that comes with population growth is threatening to drop the living standards of millions of people below the survival level. This could lead to unmanageable social tensions that will translate into broad-based conflicts.
For instance, access to land is a prime source of social tension. Expanding world population has cut the grainland per person in half, from 0.23 hectares in 1950 to 0.10 hectares in 2004. One tenth of a hectare is half of a building lot in an affluent U.S. suburb. This ongoing shrinkage of grainland per person makes it more difficult for the world’s farmers to feed adequately the 70 million or more people being added each year.
The shrinkage in cropland per person not only threatens livelihoods; in largely subsistence societies, it threatens survival itself. Tensions within communities begin to build as landholdings shrink to an area smaller than that needed for survival. The Sahelian zone of Africa, with one of the world’s fastest-growing populations, is also an area of spreading conflict as a result of this shrinkage.
In troubled Sudan, 2 million people have died and over 4 million have been displaced in the long-standing conflict of more than 20 years between the Muslim north and the Christian south. The conflict in the Darfur region in western Sudan that began in 2003 illustrates the mounting tensions between two Muslim groups—Arab camel herders and black African subsistence farmers. Government troops are backing Arab militias, who are engaging in the wholesale slaughter of black Africans in an effort to drive them off their land, sending them into refugee camps in neighboring Chad. 
In Nigeria, where 132 million people are crammed into an area not much larger than Texas, overgrazing and overplowing are converting grassland and cropland into desert, putting farmers and herders in a war for survival. Similar divisions exist between herders and farmers in northern Mali between the largely black African farmers and the ethnic Tuareg and Fulani herders.
Rwanda has become a classic case study in how mounting population pressure can translate into political tension and conflict. In 1950, Rwanda’s population was 2.4 million. By 1993, it was 7.5 million, making it the most densely populated country in Africa. As population grew, so did the demand for firewood. By 1991, the demand was more than double the sustainable yield of local forests. As trees disappeared, straw and other crop residues were used for cooking fuel. With less organic matter in the soil, land fertility declined. 
As the health of the land deteriorated, so did that of the people dependent on it. Eventually there was simply not enough food to go around. A quiet desperation developed that ignited into massive killings. In just 100 days, Hutus had killed an estimated 800,000 Tutsis and moderate Hutus. In some villages, whole families were slaughtered lest there be survivors to claim the family plot of land.
Many other African countries, largely rural in nature, are on a demographic track similar to Rwanda’s. Tanzania’s population of 38 million in 2005 is projected to increase to 67 million by 2050. Eritrea, where the average family has six children, is projected to grow from 4 million to 11 million by 2050. In the Democratic Republic of the Congo, the population is projected to triple, going from 58 million to 177 million.
Africa is not alone. With India’s population projected to grow from 1.1 billion in 2005 to 1.6 billion in 2050, a collision between rising human numbers and shrinking water supplies seems inevitable. The risk is that India could face social conflicts that would dwarf those in Rwanda. The relationship between population and natural systems is a national security issue, one that can spawn conflicts along geographic, tribal, ethnic, or religious lines.

Water Conflicts
Disagreements over the allocation of water among countries that share river systems is a common source of international political conflict, especially where populations are outgrowing the flow of the river. Nowhere is this potential conflict more stark than among Egypt, Sudan, and Ethiopia in the Nile River valley. Agriculture in Egypt, where it rarely rains, is wholly dependent on water from the Nile. Egypt now gets the lion’s share of the Nile’s water, but its current population of 74 million is projected to reach 126 million by 2050, thus greatly expanding the demand for grain and for water. Sudan, whose 36 million people also depend heavily on food produced with Nile water, is expected to have 67 million by 2050. And the number of Ethiopians, in the country that controls 85 percent of the river’s headwaters, is projected to expand from 77 million to 170 million.
Since there is already little water left in the Nile when it reaches the Mediterranean, if either Sudan or Ethiopia takes more water, Egypt will get less, making it increasingly difficult to feed an additional 52 million people. Although there is an existing water rights agreement among the three countries, Ethiopia receives only a minuscule share of water. Given its aspirations for a better life, and with the headwaters of the Nile being one of its few natural resources, Ethiopia will undoubtedly want to take more. With income per person averaging only $860 a year in Ethiopia compared with nearly $4,300 in Egypt, it is hard to argue that Ethiopia should not get more of the Nile water.
To the north, Turkey, Syria, and Iraq share the waters of the Tigris and Euphrates river system. Turkey, controlling the headwaters, is developing a massive project on the Tigris to increase the water available for irrigation and power. Syria and Iraq, which are both projected to double their respective populations of 19 million and 29 million, are concerned because they too will need more water.
In the Aral Sea basin in Central Asia, there is an uneasy arrangement among five countries over the sharing of the two rivers, the Amu Darya and the Syr Darya, that drain into the sea. The demand for water in Kazakhstan, Kyrgyzstan, Tajikistan, Turkmenistan, and Uzbekistan already exceeds the flow of the two rivers by 25 percent. Turkmenistan, which is upstream on the Amu Darya, is planning to develop another half-million hectares of irrigated agriculture. Racked by insurgencies, the region lacks the cooperation needed to manage its scarce water resources. On top of this, Afghanistan, which controls the headwaters of the Amu Darya, plans to use some of the water for its development.

Environmental Refugees

Although the modern world has extensive experience with political and economic refugees, we are now seeing a swelling flow of refugees driven from their homes by environmental pressures. This harkens back to the Dust Bowl era some 70 years ago, when nearly 3 million Americans were displaced.
With the vast majority of the nearly 3 billion people to be added to the world by 2050 living in countries where water tables are already falling, water refugees are likely to become commonplace. They will be most common in arid and semiarid regions where populations are outgrowing the water supply and sinking into hydrological poverty. Villages in northwestern India are being abandoned as aquifers are depleted and people can no longer find water. Millions of villagers in northern and western China and in parts of Mexico may have to move because of a lack of water.
Advancing deserts are also displacing people, squeezing expanding populations into an ever smaller geographic area. Whereas the U.S. Dust Bowl displaced a few million people, the abandonment or partial depopulation of 24,000 villages in China’s dust bowl provinces is displacing tens of millions.
In Iran, villages abandoned because of spreading deserts or a lack of water already number in the thousands. In the vicinity of Damavand, a small town within an hour’s drive of Tehran, 88 villages have been abandoned. And as the desert takes over in Nigeria, farmers and herders are forced to move, squeezed into a shrinking area of productive land. Desertification refugees typically end up in cities, many in squatter settlements. Many more migrate abroad.
While deserts are now displacing millions of people, rising seas promise to displace far greater numbers given the concentration of the world’s population in low-lying coastal cities and rice-growing river deltas. During the twentieth century, sea level rose by 6 inches. In its 2001 report, the Intergovernmental Panel on Climate Change (IPCC) projected that during this century it would rise by 4 to 35 inches. Since 2001, record-high temperatures have accelerated ice melting making it likely that the future rise in sea level will be far greater than that projected.
The earth’s rising temperature is raising sea level both through thermal expansion of the oceans and the melting of glaciers and ice sheets. Scientists are particularly concerned with the melting of the Greenland ice sheet, which has accelerated sharply in recent years. If the Greenland ice sheet, a mile thick in some places, were to melt entirely it would raise sea level by 23 feet, or 7 meters. 
Even a one-meter rise would inundate vast areas of low-lying coastal land, including many of the rice-growing river deltas and floodplains of India, Thailand, Viet Nam, Indonesia, and China. A one-meter rise in sea level would inundate half of Bangladesh’s riceland. Some 30 million Bangladeshis would be forced to migrate, either internally or to other countries.
Hundreds of cities, including some of the world’s largest, would be at least partly inundated by a one-meter rise in sea level, including London, Alexandria, and Bangkok. More than a third of Shanghai, a city of 13 million people, would be under water. A one-meter rise combined with a 50-year storm surge would leave large portions of Lower Manhattan and the National Mall in Washington, D.C., flooded with seawater. 
If the Greenland ice sheet should melt, the resulting 23-foot rise in sea level would force the abandonment of thousands of coastal cities and communities and Asia’s densely populated river deltas. Hundreds of millions of coastal residents would be forced to migrate inland or to other countries, spawning conflicts over land and living space. Rising seas and desertification will present the world with an unprecedented flow of environmental refugees—and the potential for civil strife.

Unless we respond to the environmental threats to our twenty-first century civilization, we are in trouble. The good news is that we have the broad outlines of a plan for making the changes needed. 
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