Summary


Desertification is the change of land and its vegetation that makes it unable to support life, becoming like a desert.  This is a global problem that seems to be expanding out from arid and semi-arid zones of the planet.  Desertification is considered a result of human activity that degrades the land beyond recovery.  Overgrazing and overfarming combined with clearcutting and other techniques that cause erosion can lead to desertification, though there is some evidence that the dry areas are expanding and contracting based solely on patterns of drought and rainfall.  Despite some conflicting evidence, most of the scientific community and the United Nations believe that desertification is an insidious condition that has become more serious during the last years of this century.  Remediation is in the hands of the human community, through changes in all aspects of agriculture, including tilling, crop choice, rotation schedules, and livestock grazing.  The United Nations and other public and private groups are encouraging nations to make policy changes to address this problem and attempt to reverse it before it is too late.  Action plans and greater public participation in environmental issues will serve to handle the problem and hopefully make it a non-issue for future generations. 

Understanding Desertification 


Desertification is defined as “the diminution or destruction of the biological potential of the land leading to desert like conditions.”  (Whitford 1992)  The United Nations at the 1992 Earth Summit expressed the condition as “land degradation in arid, semi-arid and dry sub humid areas resulting from various factors, including climatic variations and human activities.  (United Nations I, see Bibliography)  Nelson further defines it as 

a process of sustained land (soil and vegetation) degradation

in arid, semi-arid and sub-humid areas, caused at least partly

by man.  It reduces both resilience and productive potential

to an extent which can neither be readily reversed by removing

the cause nor easily reclaimed without substantial investment.



(Nelson 1990)

The term conjures up images of desert sands expanding over areas previously green and fertile, but it can take many forms and is not limited to farmland adjacent to arid zones.  (Eckholm 1977)  “Deserts themselves are not the sources from which desertification springs.”  (UNCOD 1977 in Mainguet 1994)  Small areas of land degraded by human activity and/or drought may develop far from the desert, but these areas can expand and connect with other areas, creating desert-like conditions.  (United Nations I)  “Desertification breaks out, usually at times of drought stress, in areas of naturally vulnerable land subject to pressures of land use.”  (UNCOD 1977 in Mainguet 1994)  The United Nations Conference on Desertification equates these patches with “a skin disease, [that] link[s] up to carry the process over extended areas.”  (UNCOD 1977 in Mainguet 1994)  Deserts act more like the ocean, ebbing and flowing on the meteorological tide.  Desertification is generally identified as a manmade condition, a result of inappropriate farming and land management techniques, and so remediation of the problem remains in human hands.  (Eckholm 1977)  Such a change in the dynamics of Earth’s surface will prove to have dramatic effects on the ability of all species to survive into the future.  Recognition of the problem now, at the turn of the century, has made it into a greater crisis, producing more interest by government and the public to address and resolve it.  Actions taken by the United Nations and other organizations has led to greater awareness and more attempts to develop technology, change social attitudes, and modify land management.  Desertification must be handled proactively because a wait-and-see attitude will only lead to further degradation.       

I.
What is desertification?


Desertification takes place when land is transformed by human and environmental factors such as farming, cattle raising, and drought.  Land once productive becomes unable to support any form of vegetation, leaving local humans and other organisms without a food supply or appropriate living conditions that promote their survival.  Land degradation is “a natural process that can be enhanced or dampened by human intervention“ (Blaikie and Brookfield 1987 in CIESIN 1999), and desertification is an advanced stage of land degradation.  (CIESIN 1999)  Deserts expand and contract with variations in rainfall, but desertification can be caused by human intervention and the use of crops unable to survive the unpredictable weather patterns.  There is much debate, however, about whether desertification is irreversible, and whether humans are the main cause for its existence.  (Kerr 1998).  Some scientists blame human activities, but others are convinced that land degradation occurs in cycles, and that overall evaluation of rainfall and weather conditions indicates there is no longterm problem.  (Kerr 1998)  Changes in the global temperature and climate are also considered contributing factors, which has served to cloud the issue.  (EPA 1999)  


Where does this occur?


Approximately 36 percent of the Earth’s terrestrial areas (45 million square kilometers) are classified as dry areas, inhabited by 15 to 20 percent of the global population.  (Mainguet in UNESCO 1995)  In 1928 Martonne and Aufrere identified five distinct diagonal zones of drylands susceptible to degradation:

1. From Northwest Mexico – the Sonoran Desert – to the southwestern United States.

2. The Atacama Desert, along the western base of the Andes from south of Ecuador to central Chile.  It runs east-west from Antafogasta to Patagonia in Argentina.

3. The diagonal strip from the Atlantic Ocean to China, including the Sahara, the Arabian Desert, the Rajastan Desert in Pakistan and India, the desert in Iran and the former Soviet republics, the Taklamakan in China and the Gobi in Mongolia.

4. The Namib-Kalahari in southern Africa.

5. Most of Australia.

(Martonne and Aufrere 1928 in Mainguet 1994)

The land surrounding these dry zones are also vulnerable to desertification.  (Mainguet 1994)  

There are several equations to calculate the dryness ratio of the land, and here is the least complicated one:



R = H + LE + energy reserve



P = N + E + water reserve,

where R  and P are the hydric and thermic balances, respectively.  H equals thermic turbulent flux towards atmosphere, E equals evapotranspiration, LE equals thermic turbulent latent flux, and N equals water excess or runoff and infiltration.  (Budyko 1958 in Mainguet 1994)  Scores assigned range from more than ten to less than zero, ten being true desert and zero being former rainforest.  (Hare 1985 in Mainguet 1994)  


Human Activity


The impact of human agricultural practices is considered by some scientists to be a major factor in desertification.  The UN Environment Programme claims that over 900 million people are at risk from desertification, based on data from the Food and Agriculture Organization, for population economically dependent on agriculture.  (Cardy 1994)  Over-cultivation removes nutrients from the soil while overgrazing consumes all available vegetation, leading to soil erosion.  (United Nations I)  Deforestation is another factor, with humans clearing land to make room for more crops to feed a growing population.  Nelson cites an example in Ethiopia by Gritzner that shows the rapid deterioration of the land area:

First phase:  The rate of wood harvesting exceeds the annual increment.

Second phase:  Wood becomes scarce, crop residue and dung are increasingly used for    fuel, nutrient recycling is therefore interrupted, soil conditions deteriorate.

Third phase:  Trees are virtually gone, crop residue and dung become the predominant fuel and now sell for cash, soil deterioration accelerates, yield decreases.

Fourth phase:  Dung becomes the only source of fuel, crop residues now go entirely to feed livestock, soil erosion is dramatic.

Fifth phase:  Total collapse, usually triggered by a dry period, emigration of people. 

(Gritzner in Nelson 1990)

Political instability and large debts have contributed to the problems in developing countries.   (UNESCO 1995)  Countries with large debts encouraged intensified grazing, leaving the ground bare and exposed to the wind.  (Steele 1997) Eighty-one percent of recorded deforestation has occurred in poor countries.  (UNESCO 1995)  Evidence of land degradation from overexploitation has been found in ancient civilizations.  (CIESIN 1999)  Modern problems with land use began during the colonial period, when the societal structure of native people was disrupted by the new arrivals, breaking down the framework for control of land and water resources.  (UNESCO 1995)  Farmers took over all arable land while herders had to lead their animals into scrub areas.  (UNESCO 1995)  Improvements in veterinary medicine allowed for larger herds, and indiscriminate digging of wells coupled with the loss of traditional agricultural practices have also contributed to the problem.  (UNESCO 1995)  Strict management of resources was forgotten, so that every available source of land and water was exploited.  (UNESCO 1995)  Shorter crop rotations were required to feed the growing population in urban areas, and pastoral nomadism was discouraged as unproductive and environmentally destructive.  (UNESCO 1995)  Poverty has increased as the land has dried out, leading to large-scale population migration, with one sixth of the population of Mali and Burkina Faso having left their homes to find more hospitable farmland.  (United Nations I)  Immigration of Mexicans into the United States may also be influenced by the decrease in arable land.  (United Nations I)  The estimated loss of income from desertification is $42 billion per year, with Asia losing $21 billion each year.  (UNESCO 1995)    

Developed countries have not remained immune either with at least eighteen of them suffering from desertification, which has been exacerbated as people from poorer countries move in and place further pressure on the land.  (CCD III, see Bibliography)  In North America, the dramatic impact of overgrazing on desert grasslands was recognized 1900, after the drought of 1891-1893 that killed 50-75% of the cattle in southeastern Arizona.  (Bahre and Shelton 1993, Griffiths 1901 in Rapport 1999)  Well-drilling to supply water for cattle has led to trampling and vegetation disturbance in concentric circles around watering points, with each troth only separated by a few kilometers.  (Rapport 1999)  The loss of plant life has led to erosion and reduced substrate stability.  (Rapport 1999)


The connection between desertification and changes in the temperature and precipitation has been analyzed with mixed results.  Whitford has identified an “uncoupling” of rainfall and productivity with landclearing, a product of the changes in the nitrogen cycle with the loss of vegetation.  (Whitford 1992)  

“Changes in vegetation can produce changes in fluxes of radiatively active gasses and a variety of organic volatiles to the atmosphere.  Redistribution of soil and water may produce “hot” spots for denitrification and for ammonia volatilization that differ in extent both spatially and temporally from undesertified ecosystems.”  (Whitford 1992)  The shift in vegetation types, from grassland to shrubland in the southwestern United States, for example, alters the conditions of the soil, by changing the nutrient and water distribution on the land, making it difficult for grasses to grow by accumulating the materials near the shrubs rather than spreading it evenly over the terrain.  (Whitford 1992)  With the increase in soil temperature, the rate of organic nitrogen accumulation decreases, leaving the remaining plants with few nutrients.  (Whitford 1992) 


Research done by Mouat, et al., indicates that desertification will become a much larger problem with the rise in global temperature by causing more evapotranspiration than precipitation.  (Mouat, et al. 1997)  The Desert Research Institute and USEPA developed a technique to evaluate and classify areas at risk for desertification in the United States.  (Mouat, et al. 1997)  The indicators were then integrated into a Geographic Information System (GIS), which helped to organize the data recorded.  (Mouat, et al. 1997)  The five indicators were: 

(1) potential erosion, 

(2) grazing pressure, 

(3) climatic stress, measure as a function of change in the Palmer Drought Severity Index (PDSI), 

(4) change in vegetation greenness derived from the Normalized Difference Vegetation Index (NDVI), and 

(5) weedy invasives at a percent of total plant cover.  

(Mouat, et al. 1997)  A multi-layered map of the at-risk landscapes was then created.  (Mouat, et al. 1997)   

A Natural Process

Based on analysis of satellite photographs, others have not found any evidence that the Sahel-Sahara Desert is expanding.  (Kerr 1998)  Natural fluctuations in rainfall appear to explain the changes in the Sahel, an area of vegetation along the southern edge of the Sahara.  (Kerr 1998)  The study shows that the edge of the Sahara has fluctuated during the past fifteen years, but that there has been no net loss of vegetation.  (Kerr 1998)  Such evidence seems to quash the fear of desertification, but it may only indicate that the desert is not getting bigger, rather than indicating there is no degradation of the vegetation in the area.  (Kerr 1998)  Through the use of NOAA satellites with Advanced Very High Resolution Radiometer (AVHRR), changes in vegetation were tracked over a  fifteen year period, which led to the conclusion that the Sahara has only moved with fluctuating precipitation, with no net change in rain-use efficiency.  (Kerr 1998)

II.
Case studies


In the semi-arid zone of Brazil’s Nordeste region, organic matter is used as fertilizer and the land is not plowed so the soil does not become compacted.  (UNESCO 1995)  Runoff water is captured small and a layer of plant debris is spread over the ground to maintain moisture in the soil.  (UNESCO 1995)  This material eventually becomes humus to fertilize the soil.  (UNESCO 1995)  Land used for grazing and farming is left partially shaded and fodder for animals is stored in silos to prevent drying.  (UNESCO 1995)  The only problem with the program is that large-scale irrigation is used, which can raise the salinity of the soil with evaporation.  (UNESCO 1995)  Salinization is a widespread problem, affecting large areas of land in developed and developing countries.  (UNESCO 1995)  For example, 90 percent of the land in Egypt and 68 percent of the land in Pakistan suffer from salinization, with salts collecting at the root level for crops or making the crust impenetrable.  (UNESCO 1995)  


In sub-Saharan Africa, a plan is to be developed to handle the various problems of demographics, large foreign debt, and the lack of democratic governments that characterize the region.  (Mabogunje 1995)  Improvements in health care and education, migration from the rural to urban areas, and a series of environmentally damaging but labor-limited agricultural policies have produced the region rapid transformation and degradation.  (Mabogunje 1995)  Large areas of forest have been cleared and are used constantly, with little time to lay fallow and recover nutrients.  (Mabogunje 1995)  Longterm loans from Western countries have yet to be paid off, and falling agricultural prices have further deepened the hole in which these countries find themselves.  Deteriorating living conditions and the high cost of goods with devalued currency has forced people to use cheap but environmentally harmful energy resources (coal and wood burning) in order to survive. (Mabogunje 1995)  Widespread poverty has made introduction of environmental improvements  difficult, despite quite abundant natural resources in the region. (Mabogunje 1995)  The rise of dictatorships in the region has led to political instability and a lack of public participation in reformation of public environmental policies. 

Soil nutrient loss has been the product of several factors, including erosion from deforestation, excessive cultivation, and little fertilization.  (Mabogunje 1995)  In this region detrimental land use has brought about desertification by causing permanent degradation, which leaves the land unable to support its inhabitants.  (Mabogunje 1995)  The fluctuating amount of precipitation has an impact on soil conditions, but the human element of overuse has stimulated the downward environmental spiral.  Catastrophic natural disasters such as droughts, floods, and windstorms have further exaggerated the weaknesses in regional environmental policy.  (Mabogunje 1995)

 Countries throughout the world have taken on programs to deal with desertification and adjust their national policies to reduce and possibly reverse degradation.  (United Nations II)  Programs created in Algeria, Cameroon, Ethiopia, Togo, Gambia, Ghana Uganda, Zambia, and Bolivia are designed to promote public awareness and make information more accessible.  (United Nations II)  Other programs in Senegal, Kenya, Uganda, and Mali will set up Desertification Funds to pay for remediation efforts.  (United Nations II)  Industrialized countries such as the United States and Canada are absent from the UN report, even though both nations are suffering from desertification in agricultural regions.  (United Nations II)   

III. What can be done to deal with desertification?

An African study on ten areas has served to discount the historical assumption that rapid population growth and density leads to farming activities too intense to be sustainable, by showing that farmers with small holdings took into account the value of natural resources available to them and did not exploit them to degradation.  (Mabogunje 1995)  Resources were renewed, e.g. planting trees to replace those used for fuelwood, resulting in an overall gain and protection of the soil system.  (Mabogunje 1995)  Environmental degradation continues to take place, but the study indicates that there are methods of agriculture that can handle the pressure of a large, dense population.  Positive results are indicated, but a widespread plan to encourage conservation and assign value to natural resource preservation will be needed to provide longterm resource protection.  (Mabogunje 1995)        


The United Nations has created various programs to prevent desertification and to handle the problems arising from drought and crop failure.  (United Nations I)  The United Nations Conference on Desertification, in 1977, produced the Plan of Action to Combat Desertification, made up of guidelines and recommendations for countries to use when developing their environmental action plans.  (United Nations I)  The delegates at the United Nations Conference on Environment in 1992 demanded that a Convention to Combat Desertification in Those Countries Experiencing Serious Drought and/or Desertification, Particularly in Africa,  be created by June 1994.  (United Nations I)  Some of the Convention guidelines include:

· active support of the efforts of affected developing country parties by developed countries;

· provision of financial resources from developed countries to developing ones;

· provision of access to technology and knowledge about desertification from developed countries to developing ones;

· establishment of strategies for combating desertification;

· promotion of awareness and participation by the local population in action to fight desertification; and 

· provision of laws, policies, and action programs to effectively handle desertification.

(United Nations I)  

The Convention emphasizes a “bottom-up” policy, encouraging the use of local and traditional concepts and technology to prevent desertification.  (United Nations I)  It promotes public participation in formulating action plans and implementing them successfully.  (United Nations I)  These plans require dramatic changes in public and governmental policy, as well as decentralization of authority and the empowerment of historically ignored groups.  (United Nations I)  The Convention entered into force in 1996.  (United Nations I)    


Nelson from the World Bank has identified a number of strategies that should be employed to handle desertification and lead to its reversal.  (Nelson 1990)  First, a permanent national system of land monitoring should be created to track long-term conditions.  (Nelson 1990)  Second, more money should be spent on expanding technology and understanding of the problem.  (Nelson 1990)  Research into determining the carrying capacity of dry areas in contrast to humid areas must be done to prevent catastrophic consequences like famine and political strife.  (Nelson 1990)  Third, research into the unique conditions and causes of desertification in particular areas should be performed so that remedies can be tailored to suit them.  (Nelson 1990)  Appropriate technologies also vary based on population and use density, affecting which crops are chosen and whether fertilizers need to be used.  (Nelson 1990)  Fourth, uniform global solutions cannot be implemented to handle the problem.  Fifth, national programs to fund experimental projects and technology should be created to promote participatory development.  (Nelson 1990)  Land distribution and control are important for appropriate agricultural uses and should be promoted from the local level upwards and by financial institutions.  (Nelson 1990)  Sixth, programs should be developed and implemented on the local, rather than regional level because of the uniqueness of each dry area.  (Nelson 1990)  Experience and research data should be shared, even if actual methods cannot be transferred from one location to another.  (Nelson 1990)  Seventh, governmental policy should be changed to promote local responses to problems in lieu of government intervention to bring resolution.  (Nelson 1990)  Eighth, policies for handling and possible promoting migration from dry areas should be created so that if migration does occur, it will not produce political, economic, social, and environmental instability.  (Nelson 1990)  Ninth, long-term planning and land development should be promoted to the extent they are needed without overwriting current management plans that are able to handle changing environmental conditions.  (Nelson 1990)  Farmers need to be encouraged to look beyond short-term gains when considering implementation of more environmentally viable technology.  (Nelson) 

IV. Conclusion

Adjusting methods of farming and irrigation in conjunction with international programs appears to be the best plan for handling encroaching desertification.  At a minimum, allowing for longer fallow periods and reducing erosion will help to slow down the rate of arid land expansion.  Greater understanding of droughts and rainfall must also be gained to provide a balanced picture for resolving the terrestrial conflict.  Reducing population growth is also a goal, but adjusting farming techniques and irrigation provides a quicker, less controversial solution for handling desertification right now.  Changing social ideals, political frameworks, and general attitudes toward the environment will take more time and effort to bring to fruition.  Recognition of the problem as the century ends has given it greater urgency, and perhaps that is appropriate.  Global responses must be swift, organized, and effective to prevent further degradation.  
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