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DESERTIFICATION:
Earth's Silent Scourge

(Posted September 13, 2004)
 
INTRODUCTION
"A nation that destroys its soil, destroys itself." 

-- President Franklin D. Roosevelt
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	Internally displaced people walk through a dust storm, Denan, Ethiopia. (AP Photo/Brennan Linsley)


The word "desertification" may not be familiar to some readers; however, it goes to the core of global environmental concerns that increasingly preoccupy people on all continents of the globe.

This book, published by the State Department's Bureau of Oceans and International Environmental and Scientific Affairs and the Bureau of International Information Programs, attempts to define, explain, and offer suggestions about how to deal with the insidious process of land degradation in agricultural and forest areas worldwide that is known as desertification.

Although some aspects are hidden from human sight, desertification affects everybody on the planet by robbing global soil of nutrients, degrading agricultural production, spreading dust throughout the globe, contaminating water, and making it far more difficult to remedy poverty and hunger.

Some of the causes are natural cycles of weather; some relate to human population increase and farming practices. However, it is clear from many historical and contemporary examples that enlightened land management can mitigate or remedy the problem. Herein lies the hopeful side of the story.

Chapter 1 defines the scope and nature of the problem, noting that "the earth's landmasses are losing as much as 24 billion [thousand million] tons of topsoil every year." The chapter goes on to discuss the catastrophic human consequences, and finally the global attempt to deal with the issue embodied in the United Nations Convention to Combat Desertification that went into force in 1996.

Chapter 2 discusses the American experience of disastrous desertification, as reflected for the most part in the spoilage of Midwestern agriculture during the 1930s. Only government-mandated reforms in land management salvaged the environment and agricultural potential of the American Midwest.

Chapter 3 discusses the early signs of desertification that need to be tracked in order to "take action to reverse land degradation before it becomes severe." Such observation can involve data relayed from space satellites to computers, as well as local research and awareness.

Chapter 4, "Land Management," makes it clear that the solution to desertification lies ultimately in the practices of local people. Given sufficient ownership of land to profit from its fertility, and knowledge of simple practices that offset desertification, farmers in all parts of the globe can reverse the process.

Chapter 5, "Water," concludes the publication by showing how loss of land through desertification and loss of water are intrinsically interconnected, as irrigation systems needed to coax more crops out of deteriorating soil inadvertently deposit salt into soil, leading to a deadly cycle of environmental decay.

This book, then, is a wake-up call for those in all nations of the world concerned about the future of the natural planet. The causes of desertification vary from place to place, and the solutions have been defined only in part. Continued attention to this problem is needed as increasing human population makes demands on land, water and crop resources and the food and habitat they provide. 

PROSPECTS AND PROBLEMS
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	Linear transverse sand dunes impinging on a village, northern Sudan, 1985. The dunes move in response to regional northerly winds. (Courtesy of Ted A. Maxwell, National Air and Space Museum, Smithsonian Institution)


In the mind's eye, the word desertification may conjure up images of vast expanses of sand relentlessly invading neighboring fertile land. But, in fact, desertification is a much more subtle and insidious process that can take place far from vast, sandy deserts. In effect, desertification is a term that refers to the ongoing degradation of land. And this degradation begins when overcultivation or overgrazing robs heretofore fertile soil of nutrients, and destroys its vegetation, leading to wind and water erosion of fertile topsoil and loss of agricultural or forest productivity. When these forces combine to render the land virtually useless, the result is called desertification.

The term desertification itself is somewhat misleading. Desertification does not refer to the spread of existing deserts, which naturally expand and shrink with fluctuations in rainfall. Rather it describes what results when people overuse or misuse dry, semi-arid and dry sub-humid lands. Climate variations, especially drought, often hasten the process. In just a few seasons, precious topsoil that has built up over centuries can blow or wash away. The Worldwatch Institute estimates that the earth's landmasses are losing as much as 24 billion [thousand million] tons of topsoil every year.

The natural and social consequences of desertification can be devastating. It may take centuries for topsoil to rebuild or forests to regrow. And if the damage is too severe, the land may not recover. In addition, when aggravated by drought, desertification can lead to widespread famine, displacement of people from their homes, and social unrest and conflict. It is a pattern repeated throughout history, as author Alan Grainger has noted in his book Desertification: "When soil fertility was not replenished or the soil was allowed to deteriorate, civilizations either declined or colonized other areas. It is no coincidence that many ruins of great temples and palaces are today found amid sandy wastelands."

Significant regions of the planet are imperiled by desertification. But, as the peril continues, steps are also being taken to combat the problem. The Sahel region of Africa is famous for one of the great human tragedies of the 20th century. This band of semi-arid land -- which spans the continent between the Sahara Desert to the north and the moist savannas to the south -- has always been a fragile ecosystem. By the early 1970s, explosive population growth and rapid depletion of the land, combined with a severe, six-year drought, brought the Sahel to the breaking point. Faced with useless land and nowhere else to go, more than 200,000 people and millions of their cattle starved to death. 

But out of this catastrophe came the first global attempt -- and the first legally binding global treaty -- to stem desertification. The Convention to Combat Desertification (CCD), a United Nations treaty that came into effect in 1996, broke new ground by stressing partnership among countries rich and poor, and between national governments and the local people most affected by the problem. It represents the best hope yet for stopping the march of desertification, which already threatens some 30 percent of the land on earth.
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	A 2003 dust storm near Kabul, Afghanistan, shrouds a child collecting cow dung for fuel. (AP Photo/Rafiq Maqbool)


The Disappearing Land
Desertification certainly is not new. As early as 2000 B.C., the Sumerians described land that turned to desert after all the trees were cut. In the fourth century B.C., Plato complained of land that "compared to what it was, is like the skeleton of a body wasted by disease." Today, on an increasingly crowded planet, desertification reaches most corners of the globe.

According to United Nations' statistics, the impact is staggering:

More than 250 million of the earth's inhabitants are directly affected by desertification; 135 million are in danger of being driven from their land. The livelihoods of one billion people -- nearly one-fifth of the world's population -- are at risk.

  70 percent of all drylands used for agriculture already are degraded.

  More than 110 countries have land at risk of desertification.

  The worldwide price tag for desertification: 42 billion dollars a year.

Unsustainable farming practices -- activities that deplete the land faster than it can recover -- are the main culprits behind desertification. Overcultivation, for example, exhausts the soil by robbing it of nutrients. Overgrazing by livestock destroys vegetation that protects topsoil from erosion and compacts the land so that it cannot retain moisture. Leveling forests for fuel wood or to clear land for unsuitable farming removes trees that bind the soil to land. Poorly drained irrigation turns land salty, leaving it worthless for growing crops. The United Nations likens the process to a disease on the planet with patches of degraded land erupting separately, then gradually merging to create, in effect, a new wasteland.
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	A woman carries branches gathered from a forest preserve in Haiti. So much land in Haiti has been cleared for fuel or farming that only one percent is still forested. (AP Photo/Daniel Morel)
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	A farmer in Senegal coaxes growth on still-functioning dryland. (Photo by Mike McGahuey/USAID)


Specifically, the term desertification refers to degradation in three types of ecosystems, defined as arid, semi-arid, and dry sub-humid. These are lands of limited productivity, easily altered by human activities, that circle the globe.

Although desertification is felt most acutely in the developing countries of Africa, the continent with the highest proportion of dry land affected by the process -- 74 percent -- surprisingly, is North America. More than 30 percent of the land west of the Mississippi River in the United States, as well as portions of the three prairie provinces of Canada, are showing signs of desertification.

The problem is also severe in Asia, where the U.N. estimates that more than 1.2 billion hectares already are distressed. Since the 1950s, in China alone, sand drifts and newly desertified lands have swallowed more than 6 million hectares of forests and shrub lands, 2.32 million hectares of rangeland, and 680,000 hectares of cultivated land. Some 24,000 villages, 30,000 kilometers of highways, and 50,000 kilometers of waterways are relentlessly threatened by sand and dust.

But desertification knows no national boundaries. One-quarter of the Latin America and Caribbean region, for example, is desert and drylands. Even in the cold, humid climate of Iceland, grazing and deforestation have led to severe soil erosion and creation of a 5000-square-kilometer desertified area that is perhaps the largest sandy area in the world outside of arid regions.

Global Impact
Desertification is more than a problem of localities. Desertification can harm the environment and influence weather thousands of kilometers away -- even on the other side of the world. Bare, eroded land floods easily and contributes to silting of rivers, streams, and reservoirs. Thus contaminated water and sediments carried down rivers contribute significantly to pollution of the oceans. Conversely, increasingly unsustainable attempts to irrigate parched land rob rivers of their water and in turn dramatically shrink such large lakes as the Aral Sea and Lake Chad. Giant yellow clouds of dust from storms in China can travel over 13,000 kilometers across the Pacific with the jet stream in the upper atmosphere, causing haze and air pollution alerts on the West Coast of the United States. In one two-week period in April 2001, the Earth Policy Institute tracked a yellow dust cloud that originated with a cyclone in northwestern China and southern Mongolia all the way across North America to the Atlantic Ocean.

Desertification can have a serious impact on the social and political climate as well. In many countries, poverty is the main driving force behind unsustainable farming practices that degrade the land. Poverty forces people to eke as much as possible from the land, even after they recognize signs of damage. When productivity falls, these subsistence farmers face even greater poverty or, worse yet, starvation. At the very least, they are uprooted from their homes, forced to abandon their now-worthless land. By 2020, the United Nations estimates that some 60 million people will be forced to migrate from desertified areas in sub-Saharan Africa toward northern Africa and Europe.

Finding Solutions
The good news is that desertification need not be permanent or inevitable. Solutions range from the simple and traditional, such as rotating crops or terracing sloped fields, to high-tech satellite monitoring of vulnerable areas.

"The difficulty is in maintaining people's economic productivity while you are halting or reversing the desertification process," says Franklin Moore, director of the Office of Environment and Science Policy for the U.S. Agency for International Development (USAID). "Generally, solutions must be accompanied by helping people find another means of economic pursuit."

Indeed, the realization that the people most affected by the problem need to be part of the solution is at the core of the current effort to curb desertification. Horrified by the tragic drought and famine in the Sahel, the international community first tackled the problem on a global level at a U.N.-sponsored Conference on Desertification in Nairobi, Kenya, in 1977. A Plan of Action to Combat Desertification emerged from that conference but soon stalled for lack of government and financial support.

The next major step came in 1992, when world leaders attended the United Nations Conference on Environment and Development, or Earth Summit, in Rio de Janeiro. The "Earth Summit" called on the United Nations to draft a legally binding convention to address desertification. After 13 months of negotiations, the United Nations Convention to Combat Desertification was adopted in Paris on June 17, 1994, and went into force in December 1996. So far, 191 countries, including the United States, have ratified or acceded to this historic accord.
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	Part of the solution: Chinese workers plant trees on a terraced slope near Beijing, China. (AP Photo/Xinhua, Wang Chengxuan)


Its stated aim is "to combat desertification and mitigate the effects of drought? particularly in Africa, through effective action at all levels, supported by international cooperation and partnership arrangements . . . ." The Convention divides participants into groups -- developed and developing nations, and "affected" and "not affected" nations. Affected developed nations include the United States, Canada, Australia, and some European countries. Affected developing nations -- those needing assistance to deal with desertification -- include most African nations, as well as China, India, Mexico, Brazil, Chile, Argentina, Mongolia, and the states of Central Asia.

Signing on to the Convention obligates developed nations actively to support and help fund efforts of developing countries, particularly those in Africa. It also obligates affected countries to develop and implement national action programs, paying special attention to the socioeconomic factors that contribute to desertification. Most developed countries already have mechanisms in place to deal with the problem. The United States, for example, tackles the issue at the state level and through the Department of Agriculture's Natural Resources Conservation Service and the Department of the Interior's Bureau of Land Management, which oversees more than 80 million hectares of public lands in the Western regions of the United States.

Ground-breaking Accord
However, the heart of the Convention is its democratic, "bottom-up" approach that stresses partnership rather than assistance. Its first principle stresses that people who bear the brunt of desertification, and who best understand the ecosystems in which they live, must be involved in decisions about how to restore damaged land and prevent further degradation. The Convention highlights "the important role played by women," who in developing countries do much of the work on the land and are often most affected by desertification -- but who may have little voice, even in their own communities.

Unlike previous attempts to combat desertification, the Convention emphasizes the need to go beyond immediate causes, such as overgrazing and deforestation, and tackle the underlying poverty that compels people to act against their own long-term interests.

In addition to providing for local participation, National Action Programs must include long-term strategies for sustainable development, give particular attention to protecting lands not yet degraded, and devise early drought-warning systems. The Convention also specifies voluntary actions, such as developing alternative forms of livelihood "that could provide incomes in drought prone areas."

With some 60 National Action Programs and 10 regional and sub-regional programs in place as of 2004, the tough job of implementing them lies ahead. A Committee for the Review of the Implementation of the Convention oversees progress and fosters the exchange of information and innovative solutions among affected countries.

In addition, as they struggle with desertification, countries need to heed the call to develop parallel national strategies for implementing the CCD and two other closely linked conventions that also grew out of the 1992 Earth Summit -- the Convention on Biological Diversity (CBD) and the United Nations Framework Convention on Climate Change (UNFCCC). Desertification directly threatens the rich diversity of plant and animal life found in dryland ecosystems. Some of the most important global food crops, such as barley and sorghum, originate in dry areas. Dry lands also supply a third of all plant-derived medications, as well as valuable resins, waxes, oils, and other commercial products. The CBD has a program for dry and sub-humid lands that sets out key activities countries can take to protect the biodiversity of these regions.

The connection between desertification and climate change is not yet clear. The practices that lead to desertification, especially widespread burning of trees for fuel and to clear land, can add to the greenhouse gases that contribute to global climate change. On the other hand, reforestation to reclaim degraded land may help to offset climate change through carbon sequestration. Although scientists are not yet sure how such rising levels of greenhouse gases will in turn affect the rate of desertification, they are projected to aggravate the process in certain arid, semi-arid, and dry sub-humid areas. Decreases in rainfall in these areas may result in decreases in soil fertility, agricultural livestock, and forest and rangeland production. Potential increases in the frequency and severity of droughts are likely to exacerbate desertification.

The Convention has focused global attention on the need to combat desertification, as has the U.N.'s designation of June 17 as World Day to Combat Desertification and Drought. Now in its ninth year, the day has generated attention from national leaders, the Pope, and officials of the United Nations. In a message marking the World Day to Combat Desertification 2003, U.N. Secretary General Kofi Annan noted that "fighting desertification must be an integral part of our wider efforts to eradicate poverty and ensure long-term food security." He called on all nations to "recommit ourselves to the goals of the Convention, and to achieving sustainable development for all, including the dryland rural areas where the world's poorest people live."

THE U.S. EXPERIENCE
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	A dust cloud of eroded soil engulfs ranch buildings in Oklahoma, 1935. (AP Photo)
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	An Arkansas farmer and his son hunch against the dry wind, 1936. (AP Photo/Arthur Rothstein/FSA)


During the 1930s, in the midst of the Great Depression, people on the Great Plains of the American Midwest feared the world was coming to an end. The land was so parched by persistent drought and record high summer temperatures that nothing would grow. Winds whipped the loose soil into huge dark blizzards that swirled across the countryside, blanketing everything in their path.

On the day after "Black Sunday," April 14, 1935, when the worst dust storm struck Oklahoma, a reporter referred to the besieged area as "the dust bowl of the continent." The name stuck and has been used ever since to describe the tragic combination of land degradation and weather extremes in the southern Great Plains. Seventy years later, many experts still consider America's Dust Bowl the classic example of how misuse and overuse of the land, aggravated by drought, can turn productive soil into dust -- a process today called desertification. The U.S. national response to the Dust Bowl also has become the classic success story of how government and citizens working together can reverse the process and prevent it from happening again.

From Dust to Dust
The area in the United States known as the Great Plains is a vast, dry prairie that was a sea of grass when the first European settlers arrived. In fact, geographically, the Great Plains extends 4,000 kilometers from northern Canada to New Mexico and Texas; and stretches eastward about 640 kilometers from the Rocky Mountains to eastern South Dakota, Nebraska, Kansas, and Oklahoma. Wind and drought are common on this flat, semi-arid land, where serious dry spells occur in roughly 20-year cycles. During the 1800s, the area was labeled on maps as the "Great American Desert." One officer on a 19th century military expedition to the region declared it "almost wholly unfit for cultivation, and of course uninhabitable by a people depending upon agriculture for their subsistence."

Yet, in the ensuing century, settlers poured into the region, lured by free land, vast open spaces, and the hope of new lives. In particular, in the early 20th century, ample rainfall, high grain prices during World War I, and the promises of advertisers promoting settlement in the area lured more and more farmers to the southern Great Plains. Bringing with them crops and farming practices better suited to the humid conditions of the eastern U.S., these farmers plowed millions of hectares of native grasslands to plant wheat. By the 1920s, the new gasoline-powered tractor made it possible for a farmer to cultivate 20 hectares a day -- compared to a little more than one hectare with a horse and plow. When wheat prices dropped, farmers simply planted more. And when all the best land was in use, they moved on to marginal lands, increasing the likelihood of crop failure and soil erosion.

Then, in 1931 came one of the worst droughts ever to strike the region. Substantial rains would not resume for nearly ten years.

As the wheat withered and with no native grasses left to hold the fine earth in place, topsoil that had taken centuries to build up was soon gone with the wind. The dust churned into gigantic dark clouds that reached miles into the sky, blotting out the sun for days.

"The winds unleashed their fury with a force beyond my wildest imagination," said Kansas wheat farmer Lawrence Svobida, interviewed for the Public Broadcasting System program, Surviving the Dust Bowl. "It blew continuously for a hundred hours and it seemed as if the whole surface of the earth would be blown away. As far as my eyes could see, my fields were completely bare." 

A Mass Exodus
By the mid-1930s, the Dust Bowl's devastation had engulfed 40.5 million hectares in the panhandles of Oklahoma and Texas, western Kansas, and eastern Colorado and New Mexico. This environmental disaster triggered a social upheaval that led to one of the largest migrations of people in American history. With the nation already in the grip of the Great Depression, prices plummeted for a bumper wheat crop in 1931, just before the drought began. Financially overextended and unable to harvest another crop as the drought worsened, many farmers lost their land when banks foreclosed. Tenant farmers were driven from their homes as larger farms failed. With the national unemployment rate at 30 percent, there were no other jobs to be found. Food was in increasingly short supply, and famine was a very real threat.

Faced with such desperate circumstances, thousands of families piled their meager belongings into cars and trucks and headed west, hoping for a better life. By 1940, 2.5 million people had left the Midwest, reducing the population of some rural areas by as much as 40 percent. Two hundred thousand of those people headed to California.

With its mild climate, long growing season, and great diversity of crops, California seemed like the promised land. In fact, it was anything but. For those who did make it to California, there were too few jobs and too little pay. Like the fictional Joad family in John Steinbeck's novel about the Dust Bowl, The Grapes of Wrath, many families were forced to live in squalid roadside camps or to follow the crops as migrant workers, working for pennies a day or sometimes just for food.

Government to the Rescue
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	Following the worst of the "Dust Bowl" drought, farmers employed by the CCC planted trees to reclaim the soil, as in this Oklahoma photo from 1935. (AP Photo)
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	This aerial view of farmland in Wisconsin beautifully indicates the beneficial effects of strip cropping. (Photo by Erwin Cole, USDA)


As the Depression gripped the nation, the newly elected president, Franklin Roosevelt, promised a New Deal to rescue the nation from its economic woes. Within months of his inauguration in 1933, dozens of new agencies and programs were established to put people to work and tackle the problems that had led to economic collapse. In addition, for the first time, the federal government took a strong hand in efforts to prevent the soil erosion and agricultural abuses that had led to the devastating desertification of the Great Plains and to reduce the region's vulnerability to future droughts -- a conservation legacy that continues to this day. Hugh Hammond Bennett, of the U.S. Department of Agriculture (USDA), and a leader in the soil conservation crusade, declared that "no nation or race within historic time has been so wasteful of its agricultural lands as we of the United States." When the Soil Erosion Service was created in 1933 as a temporary agency under the National Industrial Recovery Act, Bennett became its director. Using equipment and seeds supplied by the government and labor provided by men enrolled in federal job programs such as the Civilian Conservation Corps (CCC) and the Works Progress Administration (WPA) that were part of the New Deal effort to put unemployed men to work, the Soil Erosion Service was able to build support among farmers and show them how to reduce erosion on their land. The agency taught such techniques as terracing -- creating a staircase of wide flat rows along a hillside to hold water -- and contour plowing -- plowing across a slope, instead of up and down, so that the soil forms ridges that help slow the flow of rain water.

The Soil Conservation Service (SCS) within the Department of Agriculture was established as a permanent entity in 1935, and still exists today under a different name, the Natural Resources Conservation Service (NRCS). SCS continued to rely on the CCC and the WPA to provide labor for demonstration projects to promote new farming methods. As noted, contour plowing of fields and contour furrows on grassland improved water retention and prevented runoff. Stripcropping, in which close-growing crops, such as wheat or alfalfa, were alternated with wider-spaced crops like corn, also helped to slow down water flow and control wind erosion, especially when strips were planted perpendicular to prevailing winds. Conservation tillage that left crop residues on the surface of fallow land anchored loose soil and helped increase nutrient content. Planting patches of trees surrounded by lower shrubs created effective windbreaks on the flat, open land.

The most novel approach -- and the key to the SCS's long-term success -- came in 1937 when President Roosevelt persuaded the states to adopt standard legislation creating soil conservation districts. Through these districts, local involvement became the centerpiece of the soil conservation movement, with the federal agency serving in an advisory capacity. Because the districts were managed by locally elected officials, farmers had a direct role in determining how to deal with conservation problems in their own regions. Working with the districts, SCS was able to extend its technical assistance to areas beyond the demonstration projects.

One of the most important preventive measures undertaken by SCS was identification of the most vulnerable lands. "They emphasized use of the soil survey to figure out which lands were most likely to have a wind erosion problem and encouraged the farmer to put that land in pasture and plant crops on land that might have better soil retention," explains NRCS historian Douglas Helms. In addition, to make the best use of all their land and better withstand fluctuations in weather and prices, farmers were encouraged to diversify by dividing their operations into a combination of farming and ranching.
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	"Cover crops" mitigate soil erosion between trees, California, 2001. (Photo by Gary Kramer, USDA NRCS)


A Lasting Legacy
These concepts developed to cope with the greatest agricultural crisis in American history continued in use during later soil conservation efforts, such as the Great Plains Conservation Program (GPCP) created by Congress after another severe drought struck the Plains in the 1950s. Under the GPCP, the government signed long-term contracts with farmers that called for various conservation practices. In return, the government shared the cost or provided financial assistance for other improvements, such as wells and water lines for irrigation and more fencing for windbreaks. "By far the greatest emphasis was on converting cropland on the erodable sandy and thin soils back to grassland and improving rangeland and pastures to further diversify farming-ranching in the plains," Douglas Helms writes in a history of the SCS. Although the GPCP was replaced by later programs, the emphasis on conservation tradeoffs remains. Farm bills in recent years have required farmers to practice conservation on their land in order to stay eligible for federal agricultural assistance. 

Nearly 70 years after the Soil Conservation Service was founded, its successor agency, the Natural Resources Conservation Service, remains a strong force in American agriculture.

Today, the agency works with farmers and some 3,000 soil conservation districts nationwide on a wide range of additional issues, including control of polluted runoff from fields and manure storage facilities, timber management, and improvement of wildlife habitat.

Drought and winds still plague the Great Plains, but with the safeguards now in place, it is unlikely that the area will ever experience another desertification disaster on the scale of the Dust Bowl. In the 1930s, President Roosevelt summed up the Dust Bowl disaster when he said, "A nation that destroys its soil, destroys itself." Through the programs set in motion, the United States has demonstrated over the course of time that government and citizens, working together, can reverse the ravages of desertification.

EARLY WARNING
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	This 1996 photograph taken in Senegal by the United Nations Food & Agriculture Organization (FAO) as a prelude to land reclamation symbolizes the disastrous results of soil loss. (FAO/12787/Ch.Errath)


The adverse consequences of desertification to the planet, to regions, and to individuals are now well known. It is also clear that human effort, sustained over a period of time, can reverse desertification. It is critical, then, that efforts to combat desertification include early warnings about areas at risk so that local people -- as well as regional and national governments -- can take action to reverse land degradation before it becomes severe.

The Convention to Combat Desertification (CCD), a United Nations treaty that went into effect in 1996, states that nations who are parties to the convention should coordinate collection and analysis of scientific data on drought and desertification to make possible "early warning and advance planning for periods of adverse climatic variation?." Because the origins of desertification are complex, the Convention also acknowledges that early warning systems must rely on data from a variety of sources -- from high-tech instruments aboard satellites orbiting the earth to the traditional knowledge of local people who over thousands of years have learned to interpret and react to changes in the world around them.

Watching the Wildlife
"Based on my own experience in developing countries, there is a lot of expertise in traditional knowledge," says Richard Ohlemacher, policy advisor at the U.S. National Oceanic and Atmospheric Administration (NOAA). "These people know the environment they live in, they know the wildlife, and they read the interactions between the landscape and the life around them. They watch behavior of the birds, where bees build their nests, and it tells them things. There are long oral traditions that tell the history over many generations."
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	A farmer in China's Xinjiang Uygur Autonomous Region pedals through a heavy sandstorm. (AP)
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	A dried-out riverbed in Morocco shows the ominous results of a three-year drought. (AP Photo/Jalil Bounhar)


Recognizing the value of such wisdom, the Convention urges signatories to "protect, integrate, enhance and validate traditional and local knowledge," as well as ensure that local populations benefit from any commercial use of their knowledge.

Thus, the Convention values traditional knowledge in the form of "grassroots indicators." Many indigenous peoples rely on observations of plant and animal life to predict the timing and amount of rainfall and the fertility of the soil. The Digo people of the Coast province of Kenya, for example, watch the migration of monkeys and butterflies to determine whether it will rain. If red ants appear and frogs are noisy, rain, they believe, is imminent, so farmers hasten their planting. If certain birds make a different cry or the local mango tree produces a lot of fruit, rains will be poor, and farmers may try to plant as much as possible while looking for alternate sources of income. The Bantu-Kambas in Kenya's eastern province believe that many shrubs in forests of few trees suggest fertile soil and land that should be cleared for cultivation, while the presence of many trees with "top roots" means that the trees have "eaten" the soil. Black soil has more "oil" and therefore is more fertile, they say, but soil that is sandy or reddish in color is poor and should not be planted until rain begins to fall.

The reliability of some grassroots indicators has been borne out by scientific study. The types and amounts of vegetation that grow naturally, for example, are now widely recognized as barometers of land status and a kind of living history of land use. Natural grazers such as antelope, giraffe, and other large animals may keep an ecosystem in balance by each eating different plants. But cattle graze exclusively on grass, and once the grass is gone, opportunistic shrubs and unpalatable bushes take over, often spreading rapidly and sucking nutrients out of the soil. In a number of areas, such as in Namibia in southwestern Africa, this increase in woody vegetation, known as "bush encroachment," is considered to be part of the process of desertification.

The Role of Science
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	Satellites can monitor subtle climate changes on earth. This image, from NASA, shows the TERRA satellite with an advanced MODIS (moderate resolution imaging spectroradiometer), which can scan for drought and many other vital signs of the biosphere. (Image by Reto Stockli, NASA Earth Observatory)


As useful as they may be, grassroots indicators are limited to localized areas. Scientific monitoring makes it possible to see the big picture and chart trends regionally, nationally, and even globally. To track changes that could lead to desertification, scientists rely on a combination of ground-based instruments and remote sensing, primarily from orbiting satellites.

Weather observation satellites date from the beginning of the "space race" in the early 1960s. In 1972, the U.S. National Aeronautics and Space Administration (NASA) launched the first of the so-called environmental satellites capable of measuring and forecasting a number of variables about the earth's environment. These have become so sophisticated that current versions can measure almost everything about the earth's ecosystem -- winds, waves, vegetation, soil moisture, atmospheric chemistry, land and ocean temperatures, and even the thickness of the polar ice sheets.

As a result of such technology, scientists today study daily transmissions of data from a variety of instruments aboard government and commercial satellites. Thus, they can pinpoint areas at risk of desertification and predict weather phenomena such as the famous El Niño ocean current, which can cause droughts in various parts of the world. One such instrument, the Advanced Spaceborne Thermal Emission and Reflection Radiometer (ASTER), for example, can measure how fast water leaves the earth's surface both through direct evaporation from bodies of water and through transpiration from plants. Perhaps the most valuable tool for calculating risk of desertification is the Advanced Very High Resolution Radiometer (AVHRR), which measures the infrared and near-infrared radiation reflected by plants. By doing so, it produces a sort of "greenness index" that enables scientists to map the amount and vigor of vegetation around the globe. These sensitive instruments can produce sophisticated and reliable data. One pioneer in this technology, Dr. Compton Tucker, a senior earth scientist at NASA's Goddard Space Flight Center in Maryland, has been monitoring vegetation boundaries in sub-Saharan Africa since 1980.

As a result of his work, he has been able to determine that the Sahara desert in Africa is not extending into fertile lands to the south of its boundaries, as had long been feared. Although the southern border of the Sahara advances and retreats from year to year depending on amount of rainfall, the desert's overall size has not grown.

Tucker also is using high-resolution satellite data to count individual trees and bushes at two sites in Senegal and one site in Mauritania in the transition zone between the Sahara and the Sahel region to the south. A lower density of trees and bushes could signify desertification, either because the area has become more arid or because people have cut them for firewood, exposing the land to wind and water erosion. Satellite data also could determine if vegetation palatable to livestock has been replaced by unpalatable woody plants -- a sign that overgrazing is destroying the productivity of the land.

But even satellite imaging has its limits. Most scientists agree that it will not completely replace ground-based observation. Tucker's satellite counts of African trees and shrubs have been supplemented by the work of another scientist -- forest ecologist Dr. Patrick Gonzalez of the Nature Conservancy who on foot surveyed forest species over several hundred kilometers in Senegal and consulted old maps and village elders to determine how various types of vegetation had shifted over time. Gonzalez found that a decline in species richness suggestive of desertification has significantly limited options for local people. Useful firewood is limited to two botanical species, and 25 species of plants used for traditional medicines have diminished significantly. Eight species that provided fruit and leaves in past droughts have disappeared from more than half of their range, decreasing chances that people could find the emergency foods that have sustained them during past famines.

Such field surveys can corroborate information from satellites or reveal gaps in the data, Tucker says. From field surveys, scientists also learn how big a bush has to be in order to count it from a satellite or whether a satellite might do something like count two big trees as one. "If you don't do field work, you can easily draw wrong conclusions and extrapolate them over huge areas," Tucker emphasizes.

Another important tool, known as Geographic Information Systems (GIS), allows scientists to work with data from both ground-based and satellite sources to get a picture of how forces work together to influence desertification. Using sophisticated computer software, experts can overlay a basic terrain map, for instance, with maps showing changes in rainfall, vegetation, population density, or agricultural patterns over a period of many years. "Data from a number of sources is processed and turned into pictures, graphs, charts that give us information to understand land degradation, desertification, climate, natural disasters -- anything about the earth," says Ohlemacher.

Geographers with the U.S. Department of Agriculture's Natural Resources Conservation Service have used GIS in conjunction with soil maps and data on soil temperature and moisture from 25,000 ground-based monitoring stations around the globe to map "tension zones" vulnerable to desertification and the social conflicts it might help trigger. They concluded that more than 75 percent of the world's population lives in regions that do not have a high capacity for grain and feed production. The most high-risk tension zones, which include the countries of West Africa, the northeast corner of Brazil, and large areas of Central and southern Asia, cover nearly 12 million square kilometers and are home to more than 1.4 billion people.

Making Use of the Data
Scientific information obtained in recent years has led to intriguing findings about how desertification affects the environment around the globe. Research indicates that dust generated by land degradation may actually accelerate the desertification process. Israeli scientists studying satellite images of dust clouds off the Atlantic coast of Africa and over the eastern Mediterranean found that dust and other particles in the air, such as from burning of forests, cause water droplets in clouds to be smaller, leading to decreased rainfall and worse droughts. In short, they concluded, dust begets dust.

Other research suggests that desertification in Africa may contribute to algae infestations, coral diseases, and die-offs of sea urchins in the Caribbean. It is well documented by satellite imaging that dust from Africa crosses the Atlantic Ocean. Components of soil on islands throughout the Caribbean, as well as in the Amazon rain forest, are known to originate in Africa. Scientists suspect some of that dust carries nutrients that fertilize pernicious algal growth in the Caribbean and bacterial, viral, and fungal diseases that attack marine life.

The challenge is to put all of this research data to practical use. An ad-hoc panel on early warning systems created under the Convention to Combat Desertification has concluded that early warning information on drought and desertification is not yet being used adequately in long-term national planning. The ability to predict droughts and weather phenomena such as El Niño up to six months in advance is, however, making it possible for nations and regions to prepare for acute droughts and food shortages that could result. The Famine Early Warning Systems Network (FEWS NET), funded by the U.S. Agency for International Development, collects satellite and ground-based data on weather, crop, and rangeland conditions to monitor the impact of desertification and variations in climate. FEWS NET in turn uses this information to warn 17 African nations and several regional centers in Africa of potential threats to their food security and works to strengthen their ability to deal with food crises.

A broader challenge is for the international community to coordinate their long-term efforts to monitor the earth's environment. To that end, ministerial-level representatives of more than 30 nations met in 2003 for the first Earth Observation Summit, hosted by the U.S. Department of State. The participants agreed to a 10-year plan to develop a comprehensive, coordinated earth observation system that will further improve global decision-making on climate and environmental issues.

LAND MANAGEMENT
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	The Keita Project, in Niger, managed by the U.N. Food & Agriculture Organization, has been a major attempt to reclaim damaged land. This photograph shows women building dune fences made from dried millet stalks, to stabilize or "fix" the dunes. (FAO/15337/F. Paladini)

	 
[image: image17.jpg]




	Dune fixation, as shown in this 1989 photograph from the Keita project in Niger, can stabilize soil and reclaim it for agricultural uses. (FAO/18876/F. Paladini, R. Carucci)


Every spring in China, the "yellow dragon" rears its ugly head, roars down from the north, and descends with a vengeance on Beijing. The dragon is dust -- massive clouds of it -- and it causes respiratory ailments, shuts down airports, and destroys crops in and around the Chinese capital.

The dust moves on to invade Korea and Japan and, propelled across the Pacific Ocean by the jet stream air currents, eventually the western United States. Similarly, dust from the drylands of Africa travels across the Atlantic toward the multifarious islands of the Caribbean, where it is suspected of causing everything from an increase in hurricanes to die-offs of coral reefs.

These global dust storms are the result of desertification, which now affects 70 percent of all drylands on earth. Increasingly, overcultivation, overgrazing, and deforestation, aggravated by drought, are destroying vegetation and leaving precious topsoil exposed to wind and water erosion. The Worldwatch Institute estimates that, in just the past two decades, the planet has lost enough topsoil to cover the entire cropland of the United States. Trees, too, are disappearing at an alarming rate. According to the World Bank, almost half of the earth's original forest land has been destroyed, most of it during the past 30 years.

As bleak as it sounds, the situation is far from hopeless. In a number of African countries hard hit by desertification, farmers are controlling erosion, managing natural regeneration of trees and a rich diversity of other plants, and taking pride in rehabilitating degraded land. In short, they are creating or restoring natural capital through more intensified management.

Farmers are increasingly treating farming as a business that goes beyond subsistence. As such, they invest in measures that give the highest returns and reduce risks. While high-tech advances, such as plants genetically engineered to resist adverse conditions, play a role in combating desertification, farmers are learning to combine these advances with traditional systems of land management, where local control and an appreciation for a region's natural diversity can help guarantee sustainable farming practices. For example, farmers in the Upper Niger River Valley Zone preferentially use fertilizer and improved seed varieties on fields where they have built up soil organic matter and applied soil conservation measures. They know that the efficiencies of both the fertilizer and improved varieties will be optimized on such fields.

Battling Erosion
The first line of defense against desertification is preventing water and wind erosion. In hilly terrain, many farmers today rely on some variation of the ancient practice of terracing. In the African country of Burkina Faso, for example, farmers place lines of rock and debris on the contour, making sure the barriers are porous enough to let water seep through slowly. In areas such as Thailand and the Philippines, farmers are planting hedges of vetiver, a tall, deep-rooted perennial grass, to form easy-to-maintain living walls along slopes.

In regions so arid or so desertified that blowing sand is a constant problem, individuals and governments use sand fences often made of crop residue such as millet and sorghum stalks bound together and large boulders to keep the sand in place. Straw grids and drought-tolerant shrubs and trees also help decrease the action of wind on loose soil. In Niger's Majjia Valley, for example, windbreaks made out of tall trees reduce the drying effects of the wind to increase soil moisture for crops. By protecting the young plants and not having to replant, farmers extend the benefits of their rainy season by a week or more -- a period that sometimes separates a good season from a disastrous one.

Strip cropping, in which strips of grass or small grains are planted between other crops, can greatly reduce water erosion on cultivated fields. Another method gaining in popularity in South America and Africa is "no-till" farming, a variation of the planting-stick technique used by Native Americans and other early peoples to insert seeds into the ground. In no-till, residue from a previous crop is left on the ground, and the farmer makes a hole to plant the new seed without plowing up the ground. When the ground is undisturbed, wind and rain do not dislodge soil particles as easily. Organic matter in the soil receives less oxygen and decomposes more slowly, which increases fertility and helps the soil hold moisture.

Trees, of course, are an excellent barrier against wind erosion, whether planted along the borders of a single field or on a grand scale as in China's "Green Wall" project. Argentina and Mozambique are employing jobless young people to plant forests that will reclaim degraded land and generate income from forest products. The government of Afghanistan with the assistance of the U.S. government has launched the Afghan Conservation Corps with the same purpose: to provide work through tree-planting and soil and water conservation projects throughout Afghanistan.

Making the Most of Local Resources
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	A child in the Lake Volta region of Ghana holds a seedling to be used in a replanting project. (FAO/18405/P. Cenini)


In developing countries, there is increasing emphasis on planting or conserving a variety of species that offer multiple benefits. Getting renewed attention in Africa is a traditional land-use system known as agroforestry, in which trees are either retained or planted in fields and managed as resources along with crops and animal herds. In the Sahel region, devastated by severe drought and famine in the early 1970s, forests have been transformed into parklands, where carefully selected trees grow amid crops and pastures. Besides protecting the sandy soil from winds during the dry season and torrential downpours during the rainy season, the trees boost soil fertility and provide timber, firewood, fodder, fruits, and gums.

A relatively recent variation on agroforestry is a technique called "farmer-managed or farmer-assisted natural regeneration," says Mike McGahuey, a natural resource management advisor with the U.S. Agency for International Development (USAID). In this system, farmers allow several species of what are usually considered useless trees to grow to shrub size in their fields. Besides helping to control wind and water erosion, the trees contribute to soil fertility through their leaf litter. Some agroforestry systems have proved so effective that it is not necessary to leave fields fallow (unplanted) periodically in order for soil productivity to be maintained, McGahuey adds.

There are several tree species that have proved especially valuable for agroforestry in Africa. One is the Acacia albida, a leguminous tree that loses its nitrogen-rich leaves during the rainy season. Grain planted beneath these trees often gets a head- start, benefiting from the slight shading, moisture, and extra nutrients. The trees also provide high-quality browse and fruit for livestock.

Another stellar species is the shea butter tree, a popular field crop that grows throughout the semi-dry zone that stretches from West Africa to the Sudan. Women especially gather the seeds and render them into oil that is used for cooking and cosmetics and is starting to be used for chocolate production in Europe.

In the West African country of Mali, a versatile plant known as jatropha has been the centerpiece of a German government-sponsored project designed to provide renewable energy, erosion control, and income for villagers, especially women. Jatropha, a long-lived, drought-resistant perennial that is unpalatable to animals, makes an ideal living fence. It keeps animals out of fields, and its surface roots anchor the soil, reducing both wind and water erosion. Jatropha leaves, seeds, and latex traditionally have been used for various medical purposes. The seeds also yield oil that has proved to be an inexpensive fuel and lubricant for engines used to drive grain mills and water pumps.

Jatropha oil products can be used alone or in combination with other plant oils such as shea butter to produce a high-quality soap that village women can easily sell in local markets or nearby towns. The press cake that remains after oil extraction serves as an excellent organic fertilizer in an area where soil is rapidly depleted of humus and chemical fertilizers are very expensive.

The Importance of Land Tenure
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	Afghan Conservation Corps members prepare a planting site in Kabul. (Photo by Otto Gonzalez/USDA)
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	This experimental plot, managed by the International Center for Research in Agroforestry in Kenya, attempts to improve land by growing trees with crops. (World Agroforestry Centre, Nairobi, Kenya)


Agroforestry and other conservation measures work only if people have incentives to invest in the land. "Most land stewardship investments pay off only over a period of time, perhaps seven to ten years," says Jon Anderson, a natural resource policy advisor with USAID. "So, you need some security of tenure to know that you will profit from that investment in seven or ten years. If you don't know if you'll be able to farm the same piece of land year after year, you don't make the investments in soil and water conservation. The land becomes more degraded, and you end up with the desertification."

Africa provides a textbook example of the importance of land tenure. Prior to European colonization, land was controlled by elders within a village or group of villages who allocated land and established rules for use of resources, Anderson explains. People had no individual property rights, but they had security of access to a piece of land. During the colonial period, the colonial powers decreed that land belonged to the state, partly because they wanted to extract African resources for their homelands and partly because they feared conflict among various ethnic groups. The problem was that colonial rulers were unable to enforce the rules in many areas, so land was basically controlled by whoever got there first. When many of the African countries gained independence in the early 1960s, they either tried to retain the colonial land system or adopted a socialistic approach of collective land management. Either way, there were no local land rights.

In Africa, the good news is that many countries are moving toward decentralization, "going back to a system of local responsibility and rights over resources," Jon Anderson says. Unlike the traditional system, in which women had no role, the current effort aims to be participatory and equitable, making sure that women are included in decision-making. This is a point stressed in the Convention to Combat Desertification, which repeatedly emphasizes the full participation of people most affected by desertification and specifically mentions "the important role played by women."

The new decentralization is evident in places such as Mali, where communes encompassing five or six villages manage their own resources and decide, for example, whether to set aside an area as protected forest, whether to protect a certain tree species, or when to take some land out of agriculture. The process of making and enforcing their own rules has been particularly effective for rural communities when accompanied by cooperative-training programs. In these programs, often supported by USAID and other donors, communities learn and apply democratic principles to forest management. Because these local decisions have real consequences on the livelihoods of the community, the democratic lessons are usually well learned.

The return to agroforestry is made possible by a change in national control over forests, which prior to the 1980s allowed people in many African countries to get permits to go onto any land, regardless of who farmed it, and cut all the trees. "There was no incentive for anybody to plant a tree or not to take a tree when no one else was looking," says Mike McGahuey. But when Niger experimented with giving a local community some control over a forest, it found that trees regenerated within five years to the point where some harvesting could resume. Species that had not been seen in a generation sprang up naturally. "There is a lesson here that much of the developing world could learn from Niger," McGahuey says. "You don't put up a one-time technical fix. You create enabling conditions so that people who are the source of the problem find it in their interest to do something to solve it. It is almost always linked to finding ways to link better livelihoods with better management."

Loss of Traditional Knowledge
Farmers have been struggling with threats such as erosion and drought for as long as humans have tilled the earth. The ancient Chinese, the Mayans of Central America, and the Incas of the Andes independently devised methods of terracing -- planting crops on a staircase of flat steps to slow the flow of water down a hillside and prevent fields from eroding. Traditionally, farmers in dryland areas learned to meet their needs by maintaining a diversity of crop varieties, including ones that perform well under varying levels of rainfall, ones that mature at different times, and ones suited for various food and other uses. Farmers in the Andes, for example, cultivated as many as 3,000 different varieties of potatoes. Such diversity provided a minimum level of productivity, even under the most unfavorable conditions.

In many cases, social and political changes have compelled people to abandon traditional wisdom. Poverty and population pressures force many in Africa, for example, to eke as much as possible from exhausted soil and to cut forests for fuelwood or for additional farming space. Such misuse of the land has led to loss of the diversity that sustained people in the past and has left previously productive land desertified and useless. In many countries, farmers have lost touch with natural methods of planting, fertilizing, and pest control, turning instead to ever more efficient chemicals that unfortunately rob the soil of fertility-enhancing qualities in the long term, and sometimes to careless use of machines that leave soil exposed to wind and water.

The good news is that in all corners of the globe efforts are under way to reclaim desertified areas, prevent further degradation, and preserve traditional knowledge about how to care for the land. Many of these efforts are encouraged by the U.N. Convention to Combat Desertification. Among other things the Convention calls on nations to protect "traditional and local knowledge, know-how, and practices."

A Marriage of Science and Tradition
The answer to preventing desertification lies not only in traditional kinds of land management. There is clearly a role for the beneficial side of modern science, which can vastly improve agricultural efficiency by developing crops to resist drought, pests, or even salts left by irrigation water. Israel, for example, is developing saline-resistant varieties of tomatoes, melons, and grapes that also happen to be sweeter and firmer, making them ideal for export. They are also helping West African countries to use salt-tolerant forage species to reclaim lands lost to erosion and reduced volumes of fresh-water rivers. To preserve biodiversity and save endangered plant species, the Consultative Group on International Agricultural Research (CGIAR), which is sponsored by the World Bank and several U.N. agencies, maintains collections of germplasm -- the genetic resources -- of more than 3,000 crop, forage, and agroforestry species. The collection includes farmers' varieties and improved varieties, as well as the wild species from which those varieties were created.

Although scientists can assist and sometimes improve upon nature, in the end people must work with nature in order to prevent environmental catastrophes. "Desertification is by and large an unnatural process," says Jeri Berc, a soil scientist with the U.S. Department of Agriculture's Natural Resources Conservation Service. "So we should be going back and mimicking nature and getting our production within the boundaries of ecologically resilient systems." It is important, she adds, to "appreciate the sophistication of ecological agriculture" -- the traditional knowledge about the many different kinds of species that can be planted in the same terrain in rotation depending on different conditions.

But knowledge alone -- whether traditional or high-tech -- is not enough. To be truly successful, many common methods of land management to prevent desertification require economic incentives and the security of land tenure that enable people to live and farm sustainably on the land

WATER
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	This image of Las Vegas, Nevada, shows urban sprawl into a fragile desert ecosystem. Growing human population is stressing ecosystems, and water supplies, worldwide. (Photo by Lynn Betts, USDA NRCS)


On a planet that is 70 percent water, an increasing number of earth's inhabitants are echoing the words of the sailor in Samuel Taylor Coleridge's poem "The Rime of the Ancient Mariner": "Water, water everywhere, nor any drop to drink."

Water is rapidly becoming a precious commodity. According to the United Nations, four out of every ten people on the globe now live in areas where water is scarce. By 2025, the U.N. predicts, as much as two-thirds of the world population -- about 5.5 billion people -- may be living in countries facing serious water shortages.

Water -- the lack of it and the misuse of it -- also is at the heart of widespread degradation of the planet's dry lands, a process known as desertification. When water is scarce, thirsty land -- already stressed by overcultivation, overgrazing, and deforestation -- loses its ability to support vegetation, leaving precious topsoil exposed to erosion. The newly barren land cannot absorb water that is available. Rapid runoff leads to further erosion, downstream flooding, silting of rivers, streams, and reservoirs, and reduced water quality in major waterways and ultimately the oceans.

Even beneficial uses of water, such as irrigation of crops, can lead to desertification. Inefficient irrigation practices waste water and contribute to shortages, while over-irrigation robs soil of its fertility through water-logging and especially through build-up of salts left when water evaporates.

To galvanize action on the critical water problems the world faces, the United Nations General Assembly declared 2003 the International Year of Freshwater and 2005-2015 the International Decade on Water for Life. In recognition of the central role of water in the fight against desertification, the U.N also proclaimed water resource management the theme of the ninth World Day to Combat Desertification, celebrated June 17, 2003.

Beyond official proclamations, scientists, officials, and ordinary citizens around the world are working toward better management of watersheds and are exploring a wide range of techniques -- from centuries-old traditional methods to modern high-tech approaches -- to conserve and more efficiently use one of the planet's most precious natural resources.

The Growing Water Crisis
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	This Afghan sheepherder, experiencing drought near his home village, finds water for himself and his herd near Kabul, Afghanistan. (AP Photo/Amir Shah)
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	A woman in India uses a foot-pedal pump to gather water for irrigation. Appropriate technology can improve the condition of land and the lot of the farmer in most rural communities. (Courtesy of IDE, India)


Only about 2.5 percent of the water that covers the earth is fresh water, and much of that is locked in the polar ice caps or deep underground. According to the U.N. Environment Program, less than one percent of the world's surface or below-ground freshwater is available for human use.

Competition for this tiny and finite amount of fresh water is fierce. Water use has soared six-fold during the last century, more than twice the rate of human population growth. One in six people worldwide has no regular access to safe drinking water; half the world's hospital beds are occupied by people suffering from water-borne diseases. Some 200 scientists in 50 countries have ranked water shortages as the most worrying environmental problem for the new millennium.

Water scarcity is the "sleeping tiger" of environmental problems, says Sandra Postel, author of several books on water issues and director of the Global Water Policy Project. "It's going to have very important implications for agricultural production, the quality of the environment, and social and political stability at the local and regional level." Postel has estimated that "additional water supplies equal to 20 Nile rivers could be needed over the next 30 years just to satisfy new food requirements for a still-growing global population."

The Irrigation Dilemma
The problem, in short, is that we are using water faster than nature can replenish it, and much of that use is a result of waste and mismanagement. By far, the greatest waste occurs during irrigation of cropland. About 70 percent of all fresh water is used for agriculture, but an estimated 60 percent of that is lost to evaporation or leakage from inefficient distribution systems. While some water finds its way back into rivers or underground aquifers and may benefit users elsewhere, much irrigation water never reaches the crops it was intended to nourish.

Diversion of water for irrigation is lowering groundwater tables and draining rivers in nations such as the United States, China, and India. The Colorado River in the western United States and the Yellow River in China, for example, often run dry before they reach the sea. Some major lakes, notably Lake Chad in central Africa and the Aral Sea in central Asia, also are dwindling. Irrigation demands and repeated droughts have shrunk Lake Chad to a mere one-twentieth of its size in the mid-1960s, and U.S. scientists predict that the lake is destined to become little more than a "puddle." In the past few decades, the surface area of the Aral Sea has decreased by 50 percent and its volume by 75 percent. The sea's demise is a direct result of the former Soviet Union's diversion of water from the Amu-Darya and the Syr-Darya Rivers, which fed the sea, to irrigate millions of acres of cotton in the deserts of Uzbekistan. What was once the fourth largest inland sea is now mostly degraded land.

But perhaps the greatest tragedy of the Aral Sea -- and the greatest threat from over-irrigation -- is the inevitable build-up of salts left as water evaporates and retreats. The salt concentration of the remaining lake has increased from 10 percent to more than 23 percent, ruining a once-thriving fishing industry, and salt blankets the exposed lake-bed like snow. Winds blow the salt particles and pesticide residues as far as the Himalayas, causing widespread health problems among people in the region and diminishing crop yields, even in fields irrigated with water diverted from the lake.

Salinization is a major contributor to desertification because, as the salt saps soil of its fertility, the land rapidly becomes degraded to the point where it is unable to support any vegetation. In fact, historians believe that salinization of irrigated land may have contributed to the downfall of once-powerful ancient civilizations, such as Babylon and Mesopotamia. Today, an estimated 20 percent of irrigated land suffers from some degree of salinization. As a result, some of the world's most populous nations, such as China, India, and Egypt, are losing significant amounts of arable land.

The economic and social implications of such losses are considerable. Aaron Salzberg, senior advisor on water in the U.S. Department of State, cites the case of Uzbekistan, where 90 percent of cropland is irrigated and 60 percent of that irrigated land is now heavily damaged by salinization. "It is estimated that irrigated agriculture accounts for 35 percent of the country's GDP [gross domestic product], 60 percent of its foreign exchange earnings, and 45 percent of its employment," he says. "So, degradation of the land is going to have a significant impact not only on the country's capacity to grow economically but also on a large portion of the population that is now without jobs."

One promising solution to the irrigation dilemma is drip irrigation, in which water is delivered through perforated tubing on the surface or just under the soil and deposited drop by drop directly to the roots of plants. The method solves the problems of leakage from irrigation channels or canals and evaporation from spray irrigation. Because it is so efficient, it drastically reduces the amount of water needed for crops and slows the build-up of salt in the soil. Pioneered on a wide scale in the 1970s, drip irrigation has enabled farmers to raise crop yields significantly while cutting average water use by a third on each irrigated hectare. Nevertheless, the drip method is still used on less than one percent of the world's irrigated land. 

A nonprofit organization in India, International Development Enterprises, is trying to change that statistic by promoting simple, affordable drip systems to small farmers, who account for about 78 percent of India's growers. The cheapest, simplest kit consists of a bucket and a filter made from a plastic bottle, which can be used to irrigate 100 plants over a 25 square meter plot. A larger "drum kit" version can irrigate 100 square meters.

A much more high-tech solution to the salinization problem is the genetic engineering of salt-resistant plants, known as halophytes. a process well-developed in Israel. In Pakistan, where desertification caused by salinity is a major problem, researchers are exploring use of halophytes as sand-binding plants, for cattle forage, and to produce seeds that yield cooking oil.

Solutions Large and Small
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	Rooftop rainwater harnessing system, Philippines, 1987. The technology is well understood, economical, and potentially useful in many locales. (Photo by E. Dy Ong/IDRC)


While irrigation innovations are important, they are only one part of the solution. There is the ever-present challenge of ensuring an adequate supply of water to meet all needs. As global water use has skyrocketed, "engineers have met rising demands by building larger water projects and drilling ever more groundwater wells," says Postel. "But limits to expanding the supply are swiftly coming to light." The mega-projects are coming under increasing scrutiny and criticism because of what some see as their exorbitant costs, environmental destruction, and displacement of indigenous people.

There still is a need for dams and other water storage systems in parched countries, notes Aaron Salzberg. "In the United States, we have more than 6,000 cubic meters of water storage per capita, but in Ethiopia that number is 100 times less. We can survive a drought without famine, Ethiopia can't." 

But more and more, water experts are looking to conservation and efficiency to solve water woes. Research has shown that in most cases people are more likely to use water sustainably if they have a say in management of water supplies. On the local level, variations on simple, traditional approaches for capturing and storing water are proving valuable for ensuring a stable supply. In the highlands of Yemen, for example, the International Center for Agricultural Research in Dry Areas and Canada's International Development Research Centre helped farmers find ways to rebuild and buttress ancient water-saving terraces that had fallen into disrepair. As a result, men who had left the area to seek jobs in the cities eagerly returned to farming, discovering that food production in the newly-fertile fields was a profitable occupation.

On India's Deccan Plateau, Canadian and Indian researchers helped 10,000 poor tribal families use their own knowledge of the land and water sources to plug gullies and create small diversion systems to slow runoff and reduce erosion during the rainy season. Water pooled and seeped into the soil, increasing crop yields and replenishing groundwater supplies. The people also were encouraged to build rooftop rain collectors and storage tanks to provide year-round water supplies so that women and children would not have to spend every day of the dry season finding and carrying water to their families.

Indeed, rooftop rain harvesting has been practiced for centuries in chronically dry areas and in monsoon climates with seasonal downpours. The main challenges are keeping the water clean and developing cost-effective storage systems that can serve entire communities. An organization in New Delhi, the Center for Science and Environment, is actively promoting rainwater harvesting throughout India via training sessions, publications, videos, and its Web site. The organization provides detailed guidance for both urban and rural communities, using a variety of traditional and modern collection and storage devices.

Newer technology to capture water from the fog that forms along coastal cliffs or the dew from night winds has shown promise in arid regions around the world, from Chile and Peru to Oman, Nepal, and Tanzania. But so far these methods have not proved practical or economical on a large scale.

As water has become more precious, people in communities of all sizes are turning to creative ways of reusing wastewater. In small, impoverished communities in Senegal and Peru, aquatic plants such as water lettuce are successfully converting household wastewater to irrigation water safe for small vegetable gardens. Large-scale systems, such as an engineered wetland designed to treat all of the wastewater in Battambang, Cambodia's second largest city, have not proven as cost-effective.

Another relatively new area of water research and management involves recharging of aquifers -- underground waters flowing through bedrock and deep soil -- that have been depleted by overpumping or degraded by salinization and chemical contaminants. Recharging techniques also range from the simple, such as digging pits or trenches to collect rainwater, to the high-tech, such as injecting clean water under pressure into fissures in bedrock.

There is no one solution to water problems that works in every situation, notes Salzberg. Conservation techniques "must be adapted to a particular community, must be sustainable, and people have to commit to them," he says. "The challenge to us is to create a large enough toolbox, so to speak, so that people can pull from it the tools that are appropriate for them in their technical, social, and cultural setting."

Watershed Management
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	A farmer in Eritrea engages in drip irrigation, 1996, as part of an international development project. Intelligent use of water resources can improve lives and preserve useful land. (FAO/19432/R. Faidutti)


Reducing waste and assuring equitable distribution of water on a large scale requires responsible management of entire watersheds. By definition, a watershed is an area of land from which water drains on the surface or as groundwater into a common lake, stream, or river. Everyone on earth lives in a watershed, and everywhere land use upstream affects water quality for all those who live downstream. 

One issue is that watersheds follow the topography of the land; they do not respect political boundaries. "It's ironic that we often use rivers to delineate political boundaries, when in fact they may well run through a watershed that spans two countries," says Sandra Postel. "On the one hand, that river marks a boundary, but on the other hand it represents an ecological connection." About 40 percent of the world's population now lives in river basins shared by more than one nation.

Watershed management, then, may require an exceedingly high level of cooperation at all levels -- among villages, municipalities, states or provinces, nations, and entire regions. Although political unrest in some areas, especially the Middle East, has stymied efforts to produce regional water treaties, other parts of the world have made strides toward defusing water-related tensions. India and Bangladesh have signed a treaty on sharing the dry-season flow of the Ganges River, and the Nile basin countries meet regularly to foster cooperation on allocation of the river's water.

A New Water Ethic
Ultimately, it will require what Sandra Postel calls "a new water ethic" on the part of individuals, communities, and governments if we are to solve the water crisis and combat desertification. "Water is not just a commodity like oil or copper; it's the fundamental basis of life on earth," Postel notes. "We have to realize that water is finite, and it needs to be used and shared more equitably not just among people and among countries but also between ourselves and nature."
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Key Internet Sites
Center for Science and Environment, New Delhi Rainwater Harvesting.org
http://www.rainwaterharvesting.org/raincentre.htm

Consultative Group on International Agricultural Research (CGIAR)
http://www.cgiar.org/index.html

Desert Research Institute
http://www.dri.edu/

Eden Foundation
http://www.eden-foundation.org/project/desertif.html

Famine Early Warning Systems Network
http://www.fews.net/

Global Water Policy Project
http://www.globalwaterpolicy.org/

International Arid Lands Consortium
http://ag.arizona.edu/OALS/IALC/

International Center for Agricultural Research in Dry Areas
http://www.icarda.org/

International Institute for Sustainable Development: Forests, Desertification, Land
http://www.iisd.ca/process/forest_desertification_land.htm

National Geographic Eye in the Sky: Deforestation and Desertification
http://www.nationalgeographic.com/eye/deforestation/deforestationintro.html

Nature Conservancy
http://nature.org/

Patrick Gonzalez bio page on the Nature Conservancy site
http://nature.org/tncscience/scientists/misc/gonzalez.html

United Nations Convention to Combat Desertification
http://www.unccd.int/main.php

United Nations Development Programme: Drylands Development Center
http://www.undp.org/drylands/

United Nations Environment Programme: Division of Environmental Conventions: Atmosphere & Desertification
http://www.unep.org/dec/support/atmosphere_desertification.html

United Nations Environment Programme: Freshwater home
http://freshwater.unep.net/

United Nations Environment Programme: Global Resource Information Database (GRID)
http://www.grid.unep.ch/

United Nations Food & Agriculture Organization: Desertification
http://www.fao.org/desertification/default.asp?lang=en

United States Department of Agriculture: Natural Resources Conservation Service
http://www.nrcs.usda.gov/

United States Geological Survey: Desertification
http://pubs.usgs.gov/gip/deserts/desertification/

United States Geological Survey: Earthshots of Environmental Change: Aral Sea
http://edc.usgs.gov/earthshots/slow/Aral/Aral

United States National Aeronautics and Space Administration: Advanced Spaceborne Thermal Emission and Reflection Radiometer
http://asterweb.jpl.nasa.gov/default.htm

University of California, Santa Barbara: Desertification: Monitoring and Forecasting
http://www.gps.caltech.edu/~arid/body/body.html

World Bank Group: Land Resources Management: Desertification
http://lnweb18.worldbank.org/ESSD/ardext.nsf/17ByDocName/
KeyIssuesDesertification
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Epilogue
As this publication has shown, the problem of desertification, which threatens 30 percent of the earth's landmass and more than one billion people, is a very serious one that must be addressed at all levels -- international, regional, national, and local. It is a major environmental concern that increasingly affects people on all continents of the globe. These essays on the effects of desertification -- as well as the promising approaches to mitigation or prevention described here -- represent just part of the information available on this topic. More is available in the list of information resources on the facing page.

As the impact of desertification becomes widely understood, concerned governments, institutions, and individuals continue to develop new approaches and means of cooperation. Understanding the core relationships among desertification, water resources, and land management is essential to alleviate poverty and create sustainable development. Such understanding in the future may well be a way to improve the living standards of billions of people.

The United Nations General Assembly has designated 2006 as the International Year of Deserts and Desertification -- a strong reminder of the urgent need to address the far-reaching implications of this problem. United Nations Secretary General Kofi Annan recently summarized the goal of the U.N. Convention to Combat Desertification in this way:

"I look forward to working with governments, civil society, the private sector, international organizations and others to focus attention on this crucial issue, and to make every day one on which we work to reverse the trend of desertification and set the world on a safer, more sustainable path to development." 

