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Desertification: Assessment and Control

Combating desertification requires assessment and monitoring of the type and severity of land degradation in the drylands, a determination of the causes of the land degradation which has occurred, and the selection and application of appropriate actions to counter the problem.  None of these three exercises is easy or uncomplicated.  The principal reason for the difficulty is that desertification, as was shown long ago, is not a simple technological problem.  Controlling water erosion of soils, for example, is a well-understood technical process.  Determining why agriculturalists do not act to stop erosion is a complex social and economic question for which there probably are no readily available explanations (Stiles, 1995).  Neglect of these non-technical factors by project planners and managers is not necessarily due to ignorance or lack of appreciation of their importance.  Most of the reluctance or inability to consider them arises from the time demands and the presumed complexity of doing so.

Assessment

Assessment of “desertification” as a whole (the sum of one or more individual land degradation processes, such as vegetation degradation, water erosion, wind erosion, salinity, etc.) is of little use.  Maps of desertification can have educational value but cannot be used by planners to propose control projects.  Planners need to know the severity of each degradation process because control of desertification demands, first and foremost, control of each process affecting the land.  These land degradation processes include, in addition to the major processes mentioned above, such environmental problems as soil structure deterioration, lowering of groundwater levels, pollution of groundwater supplies, loss of soil fertility, heavy metal and pesticide contamination in soils, and other damages to land productivity.

Desertification Status

Assessment of the status of desertification (land degradation) processes is essential for a village, district, region, or nation to make informed decisions on the financial and labor investment that should be made in its control.  The scale at which assessments are made largely determine their accuracy.  At the village level, people commonly do not possess quantitative data on the impact land degradation has had on the well-being of the community.  Nevertheless, the older farmers, pastoralists, and merchants usually will have a reasonably good idea of the degree to which land damage has affected the welfare of the villagers.  Also, they know what land is in good condition and in poor condition.  Local languages frequently have specific words to identify soils having different levels of productivity (Krupenikov, 1992).

The structured informed opinion technique (Dregne, 1989) for mapping land degradation can be useful at the detailed scale of a village.  Successful use requires participation of a representative group of villagers, not just the opinion of the village chief.  Collecting good judgmental information is no simple task.  Sending out a questionnaire, only, is not going to provide estimations that are comparable and based on the same assumptions.  The end product of a land degradation assessment for the drylands is a map showing the location, extent, and severity of each significant land degradation process (erosion, salinity, etc.).  From those maps, a map of desertification can be constructed, if desired.

Working with local people to assess the impact of land degradation is generally considered to be essential to the success of field projects.  After all, the beneficiaries-to-be of a project usually have the greatest to gain and the most to lose.  Assuring that these people do participate actively and effectively in the planning and execution of projects requires commitment, patience, a tolerance of contrasting views, and knowledge of local social and environmental conditions by whatever agency takes the lead, whether it be a government department or a non-governmental organization (NGO).  Communication is the key.

Desertification Maps

Desertification (land degradation) maps become less accurate as the size of the mapped area increases.  Maps at different scales serve different purposes, also (Table 1).  Global, continental, and national maps of desertification or of desertification processes are useful to inform people about the general status of land degradation in the drylands and to call attention to the presence or absence of a major environmental problem.  They have less value in detailed project planning at the catchment (watershed) and village levels.  Desertification control is site-specific, meaning that even though general principles of control of land degradation processes are well-known and widely applicable, deciding what trees to plant and what the shape of terraces should be depends upon local environmental conditions.

Informed opinion appears to be the best available procedure for constructing small scale maps (national, continental, global).  At the village (community) and watershed scale, however, informed opinion is not enough; actual field information is essential.  Effective project plans simply cannot be made on the basis of opinion.  Opinion can be useful for a first attempt at assessing the severity of any individual degradation process.  The second vital step is data collection on past and present land and productivity conditions.  Land degradation assessment in the state of New South Wales in Australia is an excellent example of small-scale map presentations for decision-makers (Graham et al., 1989).  One of the rare national maps of soil degradation is in a report from India (Sehgal and Abrol, 1994).

Costs

At all assessment scales, estimates of the cost of each desertification process should be made.  Those costs, optimally, would include on-site (farm field) and off-site (downstream) damage done or income foregone.  Decision-makers usually are interested in knowing the location and severity of land degradation.  What really gets their attention, though, is the cost of the damage done, first, and how much it would cost to stop and reverse the process, second.  In Australia’s state of New South Wales, one of the very few large-area estimates of on-site damage done by major land degradation processes–expressed as income foregone annually–has been made (Aveyard, 1988).  To considerable surprise, the most costly kind of land degradation was soil structure decline (soil compaction).  Prior to the cost determination, water erosion was believed to be the principal degradation process.  Table 12 presents a summary of the Australian analysis.  Canada conducted a similar survey for the nation for soil degradation (Science Council, 1986).

Table 11:  Impact of scale on use of desertification maps

Scale
Example
Use

Relative
Numerical



Very large
> 1:1000
Village
Setting priorities and planning field projects

Large
1:1000 to 1:10000
Catchment
Setting priorities and planning field projects

Medium
1:10000 to 1:50000
Region
Setting Priorities

Small
1:50000 to 1:1000000
Nation
Approximate location and severity of land degradation

Very small
< 1:100000 
Continental and global maps
General information on desertification

Table 12: Costs of Land degradation on Cropland in 

the Murray-Darling Basin, Australia

Degradation Process
Annual value of production foregone (US$)

Soil structure decline
$108,500,000

Shallow watertables
29,300,000

Acidification
18,900,000

Water erosion
3,800,000

Dryland salinization
300,000

Wind erosion
90,000

*Adapted from Aveyard, 1988.

Off-site costs of land degradation are much more difficult to estimate than on-site costs.  For that reason, no country other than the United States appears to have made studies of off-site damage costs, and that was for soil erosion, only.  Ribaudo et al. (1989) produced the figure of $7 billion as the average annual off-site damage cost of water and wind erosion.  The authors analyzed the cost of damage done by soil erosion to recreational facilities, reservoir capacity, navigation, commercial fishing, floods, and other facilities.  There are wide differences of opinion on how the damages should be calculated.

Monitoring

Monitoring land degradation would be done, desirably, as part of the data collection process before final decisions are made on setting priorities for new projects.  Monitoring land changes over time is required in order to determine land condition trends:  whether conditions are becoming worse, better, or staying the same.  Such monitoring rarely has been done before a project has begun.  Once a project is underway, monitoring land condition changes becomes one way to evaluate project effectiveness.  Ideally, indicators of change should be quantitative, sensitive to small changes, small in number, and simple to measure.  Finding indicators that are unambiguously related to a certain land degradation process or to desertification in general is difficult.

Most indicators are indirect.  For example, crop yield decline may be due to soil salinity but may also be due to other problems, such as insect infestation, that have nothing to do with land degradation.  Crop yield, then, is an ambiguous indicator that must be analyzed cautiously to avoid confusing a coincidence with a cause.  One of the very few unambiguous indicators of land degradation is salinization of irrigated lands.  As soil salinity increases, yields of farm crops invariably decline.  The rate of decline depends upon the salt tolerance of the crop.

It is critical that monitoring be done over a long enough period of time to truly assess meaningful trends in land degradation.  For irrigated lands, three years of monitoring may be adequate to measure trends in salinization and waterlogging.  Rainfed cropland monitoring of wind and water erosion probably gives significant results in five years.  Rangeland monitoring, by contrast, may require 20 to 40 years to establish range condition trends.  It takes longer in drier rangelands than in wetter rangelands to identify trends.

Indicators

Indicator monitoring is a scale-dependent process.  Numbers of massive dust storms occurring annually can be a useful indicator of wind erosion trends over large areas.  It has no value as an indicator of conditions around a single village.  Similarly, measuring the advance of gullies each year or two has meaning at the village or watershed level but is completely impractical as a large-area indicator. A report by Hammond et al. (1995) gives a highly instructive analysis of the selection and aggregation of environmental indicators.  The recommendations of the authors are directly applicable to land degradation indicators.  The major conclusion is that decision-makers and the public need highly aggregated indicators that, at the final stage, are few in number.  This means that data collection may involve a large number of indicators but the final presentation should be a few aggregated indices that are easily understood and can be compared in order to determine trends.  The Hammond et al. example called for aggregation of much primary data into 20 indicators that are combined to produce four highly aggregated indices.  Those indices would provide the principal published results of the exercise.  The use of maps to show spatial differences in land degradation is strongly endorsed, recognizing that degradation seldom occurs uniformly across a landscape or region.

International Cooperation

While each nation would focus its data collection and analysis efforts upon degradation processes of most concern to it, having a common core of indicators for all countries would greatly strengthen international cooperation against a shared problem.  Deciding what that common core would be can only be done by the countries concerned.  Before that core can be selected, countries would need to decide what data are needed and how much a country is able and willing to collect.

Causes of Land Degradation

There are two classes of causes of land degradation in the world’s dryland.  The direct cause is mismanagement of the land (human activity).  The indirect causes of the mismanagement may be many:  land tenure arrangements, export-import policies, political acts, drought, poverty, poor advisory services, little or no problem-solving research, population pressures, etc.  Combating desertification and developing a sustainable management program depends upon removing both kinds of causes.  Usually, the indirect causes are socioeconomic and not easily changed.  They also tend to be the basic causes, mismanagement being only a symptom of deeper problems.  By far the greatest challenge in combating desertification is to determine what the most important indirect causes of desertification are and, then, to find ways to correct the problems.  It is a time-consuming and difficult process, at best.

Combating Desertification

Techniques for combating desertification are, in fact, practices to control the several desertification processes that, in the aggregate, represent desertification.  The major processes are vegetation degradation, water erosion, wind erosion, salinization of soils, and soil compaction.  Locally important processes consist of heavy metal pollution of soils and groundwater, pesticide contamination, lowering groundwater levels, and some other damaging changes in land quality.  Reclamation procedures for each of these degradation processes are well-known.  The principal problem in using the procedures is that they are site-specific in their application.  Just knowing the general principles is insufficient because each site is unique, in one way or another.  Soils, climate, and land slopes are the variables that must be known in order to devise effective control methods.  Local applied research is the source of information needed to find suitable practices for each site.

Advanced Technology

Computers and satellites have brought development of two new technologies that are especially valuable in combating desertification.  Satellites have made possible global positioning systems (GPS) that can locate an object on the earth’s surface with unprecedented accuracy.  That accuracy permits repeated sampling of, for example, sites where vegetation changes are being monitored.  The great utility, in this case, is that permanent markers do not have to be placed at sampling sites.  GPS enables data to be collected in exactly the same spot year after year even in remote uninhabited areas.

The second significant technology utilizing computers is vastly improved Geographic Information Systems (GIS).  It is now possible to use desktop computer software to stack images of any maps and analyze them singly or in any combination.  GIS overlays greatly facilitate construction of maps that combine such different maps as those of population, road systems, location of crop and forest lands, etc. in a way not previously possible.  As with any study of maps, the results are only as good as the quality of the maps.  Poor maps provide poor information.  Assessment of desertification risk is the major contribution of GIS to combating desertification.

Satellite imagery holds great unrealized promise in inventorying environmental conditions, especially land degradation features.  The promise is yet to be fulfilled but progress continues to be made as satellites capable of higher and higher resolution (detail) are developed.  At present, colored images are immensely valuable to show landscape associations over large areas.  They still are unreliable for assessing land conditions in small areas, whether it be plant composition changes under grazing pressure or erosion damage.  For analysis of any satellite imagery, ground checking (getting ground truth) is generally indispensable.  High cost of satellite images is a deterrent to their use.
Aerial Photography

The most useful aerial photography to use in assessing ground conditions is low-level (e.g., 3,000 m) photography from airplanes.  Excellent preliminary surveys of land conditions, including desertification, can be made using low-level photographs.  Their big advantage is their large scale.  The cost for surveying a village or watershed area commonly is not high but they become prohibitively expensive to purchase and analyze when hundreds of photos are needed for large areas.  As with satellite images, extensive ground checking must be done.

Conventional procedures for combating desertification are effective when properly used.  Since most reclamation projects involve a degree of trial-and-error, it is wise to begin with improving small areas.  The cheapest and most effective methods can then be selected for application in larger areas.

Conclusions

Assessment of the current status of desertification in a country is the crucial first step in understanding and correcting the problem.  National assessment maps are needed by planners and decision-makers to establish priorities for desertification.  Every country government must decide whether priority for funds will go to education, health, road construction, industrial development, or to other pressing problems.  In the absence of reasonably good information on the cost of the damage land degradation does and the cost of repairing that damage, intelligent decisions cannot be made.

Combating desertification in the field is, in the final analysis, a local effort.  Only the local people are in a position to know what can be done that is socially and economically acceptable to them and will be continued after the initial project ends.  Most people are more interested in short term benefits than in saving land for the future.

Monitoring desertification indicators is required if the effectiveness of control activities is to be measured and changes made, where necessary.  Monitoring, unfortunately, must be a long-term activity if it is to provide needed information on land degradation trends.  Donor agencies dislike sponsoring long-term projects such as monitoring.  Support, then, probably will have to come from local and national resources.  That will not be easy to obtain.  Indicators will have to be few in number, highly informative, and simple to measure.  While the direct cause of desertification is mismanagement, indirect factors such as government policies and poverty usually are the root causes.

Advanced technologies for helping assessment and monitoring of desertification can be of great value.  Computers and satellite images have nearly revolutionized natural resource data collection methods.  Those tools, though, are expensive to use and do not substitute for on-the-ground studies and for deciding how to meet the site-specific requirements of land reclamation.
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