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 LAND USE, LAND COVER AND SOIL SCIENCES W. H. Verheye Research Director, National Science Foundation, Flanders, Belgium, and Geography Department, University of Ghent, Belgium Keywords: Land, land cover, land use, land degradation, land evaluation, land value, soil, soil erosion Contents 1. Introduction 2. Land cover and land use 3. Land cover and land use changes 4. Factors affecting land cover and land use 5. The link between land use, land tenure, and land value 6. The value of land 7. Need for a rational use and management of the land Glossary Bibliography Biographical Sketch Summary Land is one of our most precious assets, and its use is multi-faceted. It provides food and shelter, it stores and filters water, and it is a basis for urban and industrial development. Land is, however, finite in extent. The combination of population growth, limited expansion of arable land, and the growing need for land for non-agricultural purposes, increases the pressure on – and competition for – the available space. In certain areas of the world available land per capita has reached a critical value of 0.15. Land which is physically available is not necessarily accessible to those who want to use it. First, the land surface and its inherent production potential are under continuous threat due to a variety of natural degradation processes and human-induced (mis)management. Second, access to land is mainly determined by customary rules – ethnic and religious rules among them – and by land tenure regulations. Squatting and other types of informal access occur in areas where the land tenure system is unclear, as is the case in parts of South America. Land derives its interest from the vegetation and crops that can be grown on it. Land cover and land use are, however, dynamic, and are affected both by natural phenomena, such as climatic events and natural disasters, and by human activities, although the impact of the latter has mainly been felt in the more recent centuries. Generally speaking, arable land is extending at the expense of forest and pasture. Non-agricultural uses, including those for urban and industrial infrastructure, are continuously on the rise.
 ©Encyclopedia of Life Support Systems (EOLSS)

Page 2
                        
                        

UNESCO-EOLS
 S
 SAMPLE C
 HAPTERS
 LAND USE, LAND COVER AND SOIL SCIENCES – Vol. I -Land Use, Land Cover and Soil Sciences - W . H . V e r h e y e
 There is a close link between land use (and its inherent changes), access to land as affected by land tenure, and land value. The common thread that binds all these together is the fact that land is becoming scarce and desired, and that it has become an asset and a primary tool for income generation, wealth, and power. In other words, land has an exchange value and a price. The gradual change from a rural to an urban society, in combination with the evolution from a concept of common ownership to one that is more individual, is reflected in the free-market economy, where land acquires value that is on a par with other tools of production. The value and the price of land are mainly determined by supply and demand, and by the underlying perception of the potential benefits that can be derived from the deal in question. There is a wide variety of valuation methods, focusing either on the inherent production potential and carrying capacity of land, or on its market value in a functional land market. Concern about the growing competition for land by an increasing number of users, and the risk of further degradation of valuable land and biotopes, calls for a more rational and sustainable use of the available space. Land zoning and land use planning are therefore major issues for future decision-makers. 1. Introduction The word “land” has many meanings. In Webster’s Dictionary of the English Language it applies to no less than ten subjects. Its common connotation is usually associated with a solid or specific part of the earth’s surface, a country, or a region, but land also stands for ground or soil, and for their specific qualities and properties. It is also used to distinguish rural regions from urban districts. Land is one of our most precious assets, and its use is multi-facetted. Land represents surface and space; it provides food, it filters and stores water; and it is a basis for urban and industrial development, leisure, and a wide range of social activities. Land also stands for property, and is a production factor because of the vegetation and crops that can be grown on it. It even embodies a number of non-material dimensions, such as homeland, place of ancestry, a basis for survival or wealth. It is also an object that is taxed and desired by governments and interest groups. The world’s land surface is finite in extent. Land is, moreover, constantly under threat of degradation, mainly as a result of intensive cropping, soil mining, and inadequate management, and of population pressure. Hence, agricultural outputs today have to procure food for twice as many people in the world as there were a generation ago, and in fifty years this is expected to be four times as many. The next generation is likely to see the highest population that the planet has ever experienced. This growing demand for food cannot be met indefinitely through intensification of crop production and biotechnological progress; it also requires the extension of arable land. The overall result is an increasing competition for land.
 ©Encyclopedia of Life Support Systems (EOLSS)
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 A commodity that becomes in short supply, that is desired, and for which different users are competing, acquires value. The more the competition for available land grows, the more its value increases. 2. Land Cover and Land Use Under natural conditions the interaction between atmosphere, hydrosphere, and lithosphere results in the formation of a loose soil surface on which a natural vegetation develops. This contact layer at the earth’s surface defines what is commonly called “soil” or “land.” Soil refers to the loose upper part of the weathering zone at the interface between the lithosphere and the biosphere. It constitutes the rooting zone for plants. The nature and properties of soils vary as a function of the type of parent rock, and of climate. It is rare for the land surface to remain bare and uncovered. This is the case under circumstances where the soil is too shallow and either chemically or physically too poor to allow plants to grow. Most often, the soil provides enough rooting depth, moisture, and nutrients for a plant cover to develop. Land has a somewhat broader meaning than soil. It too involves the natural resource attributes occurring at the earth’s surface but, unlike soils, it incorporates the wide range of environmental conditions and processes which, directly or indirectly, are related to those attributes. A technical and commonly accepted definition of land, as given by the UN’s Food and Agriculture Organization, is: an area of the earth’s surface, the characteristics of which embrace all reasonably stable, or predictably cyclic attributes of the biosphere vertically above and below this area including those of the atmosphere, the soil and underlying geology, the hydrology, the plant and animal populations, and the results of past and present human activity, to the extent that these attributes exert a significant influence on present and future uses of the land by man.
 (FAO, 1976) The land cover defines the biophysical state of the earth’s surface and immediate subsurface, thus embracing the soil material, vegetation, and water status. Originally, the term had a narrower meaning, and referred only to the type of vegetation that covered the land surface, but this concept was later broadened to include soils and biodiversity as well. The natural land cover is generally a good expression of the soil and vegetation pattern that goes with the natural environment. Hence in the humid tropics, where high temperatures and ample moisture are present throughout the year, soils are deep, highly weathered, and often devoid of major nutrients, and the corresponding vegetation tends to be dense tropical forest. In the subtropics, with an alternate dry and wet season, soil weathering is less intense; the profile is less deep, and still holds a good number of weatherable minerals in the root zone; the vegetation is moderately dense and includes many drought-resistant grasses and xerophytic trees. Towards the higher latitudes, soil
 ©Encyclopedia of Life Support Systems (EOLSS)
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 materials are less developed, and the natural vegetation holds more and more cold-resistant perennials or seasonal plants, which develop only in the warmer summer period.
 Figure 1. Distribution of major world soil groups in relation to climate (Voloboyev, 1956).
 The close relationship between the natural land cover, in terms of soil and vegetation, and global bioclimatical zones was first studied and identified by Russian and German geographers. Voloboyev correlated dominant zonal soil types with thermo- and hydro-ranges (Figure 1), while Trewartha’s work made it possible to integrate soil type and weathering zones with vegetation and bio-climatological areas at world level (Figure 2). In Voloboyev’s system (Figure 1) the world is subdivided into eleven major soil zones, closely related to the natural vegetation they carry. These zones range from Serozems and Desert Soils in the drier areas, to Tundra Soils in the arctic regions, and Laterites and Red Brown Savanna Soils in the tropics. The extension of these soils follows a world zonal pattern determined by moisture supply and temperature/energy criteria, technically translated into hydro- and thermo-ranges respectively. Hydro-ranges are defined on the basis of the ratio of annual rainfall to evapo-transpiration, and are hence
 ©Encyclopedia of Life Support Systems (EOLSS)
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 an expression of the plant-available moisture. Thermo-ranges are based on average annual temperatures with a direct impact on photosynthetic activity and related biomass production. Zonal soils are interrupted at the regional level by so-called azonal and intra-zonal soil and vegetation types. These are linked to the appearance of site-specific features such as the presence of salts or alkalis in the soil and their related vegetation, the presence of marshland areas with a swamp vegetation, and so on. Modern soil classifications like the FAO or USDA Soil Taxonomy systems nowadays put more emphasis on inherent soil properties, but have still maintained the underlying principle of world zonal differentiation, and the link with either the natural land cover or the land use potential for crop production.
 Figure 2. Major bio-climatological areas and soil weathering/major vegetation zones in the world (adapted from Trewartha, 1954).
 The close relationship between bio-climatology and soil properties is illustrated in Figure 2, in which the world is subdivided into seven climate/vegetation/ soil weathering zones. In arctic areas (unit 1) water is chemically inactive, and soil/rock weathering is limited to a physical breakdown only. Unit 2 defines the cold-temperate zone with a hydrophilous (tundra) forest vegetation, creating an aggressive acid soil weathering environment, and the formation of podzolic soils. Unit 3 characterizes the temperate prairie and Atlantic forest zone, dominated by bi-siallitic soil weathering (formation of expanding clays), but without iron individualization (which means that soils do not turn red in color). Zone 4 stands for the arid and subarid regions where, due to the lack of water in the soil profile, both the vegetation and chemical weathering are
 ©Encyclopedia of Life Support Systems (EOLSS)
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 limited. Zone 5 defines the warm-temperate and subtropical areas with intermediate dry season, including the Mediterranean zone, covered by (forested or grass) savannas, and dominated by a bi-siallitic weathering and iron individualization (which means that soils become red in color). Units 6 and 7 stand for the tropical wet and very wet areas covered by a dense tropical forest vegetation, and with a dominance of mono-siallitic (formation of kaolinite) or allitic (formation of kaolinite and toxic aluminum oxides) weathering respectively, with clear individualization and accumulation of iron. Land use differs from land cover because of the intentional role of people to adapt the natural land cover to their benefit. The land use connotation entails an interference by humans and an underlying intention to turn the natural land resources into a beneficial output. It entails both the manner in which the biophysical attributes of the land are manipulated, and the intent underlying that manipulation, namely, the purpose for which the land is used. According to the FAO concept, land use defines the human activities which are directly related to land, making use of its resources, or having an impact on them. In that context the emphasis is on the function or purpose for which the land is used, and particular reference is made to “the management of land to meet human needs.” The term includes both rural and urban or industrial uses. Land use automatically involves the concepts of optimizing the land use potential, land evaluation for example, and of land use planning. A distinction should be made here between present land use (the way in which the land is used at present) and potential land use (how it could be used with or without improvements). Land use may vary in nature and in intensity according to both the purpose it serves – whether it be food production, recreation, or mining – and the biophysical characteristics of the land itself. Hence, land use is shaped under the influence of two types of driving forces: human needs, and natural environmental features and processes. Land use and land cover are not equivalent. They may, however, overlap, and therefore be intermixed, because the distinction between the two is not always straightforward. The equivalence between natural pastoralism and unimproved grasslands is still clear, but it becomes vaguer when slight improvements in the grass cover have taken place. Likewise, it can be difficult to define the nature of forest exploitation if this takes place through a simple extraction of precious species from a natural forest (without further disturbing the original structure of the forest), or when this happens through the integration of a small recreation or wildlife reserve within the natural forest. The topic of land use and land cover has received ample attention in the international literature from Turner, Meyer, Moser, Briassoulis and others. The subject is also discussed in extenso in the contributions of Duhamel, Briassoulis, Ramankutty, et al., in “Land cover, land use, and global change”. 3. Land Cover and Land Use Changes Land use and land cover are dynamic. Changes may involve the nature (for instance, from a dense forest to a natural savannah, or to cropland) or intensity of change (for instance from a dense forest to either a temporary smallholder’s field under slash-and-
 ©Encyclopedia of Life Support Systems (EOLSS)
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 burn exploitation, or a permanent plantation), but may also include spatial (forest abatement at village level, or for a large-scale agro-industrial plant), and time aspects. There are different reasons for land cover and land use changes. In the first place, they are the result of a large-scale disruption of the ecological equilibrium created by climatic changes or natural disasters such as sea-level rises, volcanic eruptions, or tectonic movements. The presence of paleosols with obvious tropical characteristics in the South of Spain and Portugal is an indication of a former humid tropical climate at some time in the area. The famous cave drawings discovered in the Tassili and Hoggar mountains in the Sahara, picturing giraffes, elephants, palm trees, and other tropical features, are indicative of a climate that was definitely more humid at one time in this part of the world. Global climate change, though still very speculative, might have a similar large-scale effect. Set alongside these natural changes in soil, land cover, and biological activity, which have been happening for billions of years, humankind’s participation in these changes only dates back 10,000 years, and the last ten centuries in particular. In studying the nature of land use changes, Briassoulis distinguishes between three major types of changes: land use/cover conversions, corresponding to changes from one type to another; land cover/use modifications, which refer to alterations in the structure or function without a wholesale change from one type to another; and the maintenance of the land in its current conditions against agents of change (Briassoulis, 2000). In the case of agricultural land use, the changes may include intensification, extensification, and marginalization. Land use changes can move in two directions: either, in the negative sense, leading to land degradation and loss of (production) potential, or, in the positive sense, resulting in a higher value or potential. Land evaluation and land use planning are typical tools for optimizing the use of the land, based on its inherent potential, and a maximal tapping of that potential by the stakeholders. These aspects are discussed in more detail in “Land use planning”. Land use/cover changes also involve the modification, either direct or indirect, of natural habitats and their impact on the ecology of the site. Biodiversity, in its broadest sense, relates to the richness of living forms under natural conditions or, in other words, the multidimensionality of the living world. In a stricter sense, biodiversity refers to the (genetic) variety of different species, the variability among organisms and individuals, and the variety in ecosystems. Though the first studies of biodiversity hark back to Charles Darwin, it is only in the past twenty to thirty years that interest in biodiversity has revived. Initially it was mainly connected with the global loss of species, and with the appreciation of evolutionary aspects of biodiversity dynamics in relation to habitat conditions. Nowadays the focus is more on the loss of global biodiversity, and on the appreciation of the evolutionary aspects of its dynamics.
 ©Encyclopedia of Life Support Systems (EOLSS)

Page 8
                        
                        

UNESCO-EOLS
 S
 SAMPLE C
 HAPTERS
 LAND USE, LAND COVER AND SOIL SCIENCES – Vol. I -Land Use, Land Cover and Soil Sciences - W . H . V e r h e y e
 There is no consensus about the magnitude of the earth’s biodiversity. About two million species have been described (not only through present-day observations but also as a result of paleontological research), but the real species’ richness is undoubtedly much greater. The majority of extant species are concentrated in the tropics, and belong to a few phyla. Most of the species that have ever existed became extinct as a result of natural (namely, climatic or terrestrial) changes and disasters. Today the extinction of species is, however, largely the result of human activity, mainly related to land development, a process which has caused damage, habitat destruction, degradation, and fragmentation. Species restricted to isolated habitat fragments and reserves must rely either on their limited physiological tolerances, or on an evolutionary in situ adaptation. Land use changes, and their impact on nature and on societies, may easily lead to competition and conflict situations. This competition may occur at different levels: for example, mutually between farmers or any other individuals; between poor peasants and landowners; between farmers and pastoralists for grazing lands and watering points; between farmers and foresters; competition for urban and industrial expansion in the peri-urban fringe at the expense of arable or forest land, etc. This is a dynamic phenomenon, and is closely associated with changes within the society and in land use patterns. In the worse case such competition leads to conflicts, land squatting, and violence (see also Section 4.2.). In recent years a growing number of land conflicts have emerged that focus on the protection of the environment, and the preservation of biodiversity and wildlife. Through zoning regulations the limited land space can be used in a more rational way, and so-called green areas can be protected against land encroachment from expanding cities, or any other form of economically-inspired land development activities. Likewise, management restrictions can be imposed on agricultural land in order to avoid the further deterioration of the environment. Wise land-use policies require an enlightened balance between environmental concern and free market forces, leading to sensible restrictions on land use, for the benefit of society and future generations. This issue is discussed in more detail in Section 7. Land cover and land use changes can easily be monitored through remote sensing techniques. More details on this issue are given in “Land cover and land use mapping”. 4. Factors Affecting Land Cover and Land Use 4.1. Available Land The total land area of the world is fixed, except for minor changes in the increase or decrease caused by coastal sedimentation, volcanic eruptions, earth-quakes, or sea level movements. The extension and production potential of cultivable land can nevertheless vary significantly: it can increase through drainage, land leveling, irrigation, and other human interventions, and it can decrease as a result of water and wind erosion, salinization, depletion of mineral nutrients, and reductions in biological activity. In analyzing statistical land data it is therefore important to define clearly what type of land area is meant.
 ©Encyclopedia of Life Support Systems (EOLSS)
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 A soil resource inventory carried out by FAO in the late 1980s has estimated that of the 13,340 million ha of the world’s land surface that is free of permanent ice, only 3,030 million ha (23 percent) are potentially arable (FAO, 1991). The larger part of the world’s soil cover is either too cold, too dry, too wet, too steep, too shallow, or too saline to support profitable cultivation (FAO Statistical Yearbooks, 1970–96). The presently cultivated area in the world – arable land and permanent crops – is estimated at about 1,475 million ha (only half the potentially arable area); 3,200 million ha are under permanent pasture, and 4,050 million ha are forests and woodlands. Other land accounts for 4,615 million ha, of which 200 million ha are estimated to be covered by towns, roads, airports, industry, and other permanent infrastructure. Of the 1,475 million ha of potentially available land, about 71 percent is in developing countries, and 29 percent in developed countries. That is about in the same proportions as the current world population. The major available land reserves, in absolute figures, are located in Asia and Africa (Table 1).
 Year Available land (in million ha)
 World Europe Africa Asia S. Amer.
 1965 1399 152 190 447 82
 1970 1408 146 169 438 110
 1980 1427 140 175 449 101
 1990 1463 138 186 - 110
 1991 1441 138 181 457 115
 1992 1443 136 182 459 113
 1993 1447 136 187 468 102
 1994 1450 135 185 472 105
 1995 1476 134 192 516 120
 Table 1: Distribution of available land over the world (source: FAO Statistical
 Yearbooks, 1970-1996). The picture is, however, completely different when the amount of effectively cultivated land is also taken into consideration. In the developing countries as a whole only 36 percent of the potential cultivable land is used, while developed countries currently use 77 percent of their potential arable land. There is also a great disparity between, for
 ©Encyclopedia of Life Support Systems (EOLSS)
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 instance, Africa, where only 21 percent of the potentially arable land is used, and Southeast Asia, where the figure goes up to almost 92 percent. The amount of effectively cultivated land in the world has almost stabilized at 1,475 million ha (Table 1). In Europe the arable land surface has even decreased, mainly because of urban development. Large reserves of land that is unexploited – due partly to harsh living conditions and partly to the migration of its former settlers – still exist in South America, and have recently been the target of international land speculators. A further extension of cultivable land to meet the needs of a growing population remains possible, but will in the long term be restricted, due to physical constraints (too cold, too dry, too difficult for access, etc.), and poor living conditions. In addition, a further extension of cropping areas at the expense of natural areas will have to cope with environmental concerns, and with issues related to the protection of nature reserves and biodiversity. Land will therefore become scarce both from a mid-term and a long-term perspective. 4.2. Access to Land Land that is physically available is not necessarily accessible to those who want to use it. Hence, in discussing the available land area, a distinction must be made between land that is physically available, and land that is accessible, the latter being mainly determined by social and legal conditions. Access to land can be permanent or temporary. In the first case the land is generally held in property, while in the latter case the commodity is loaned or leased for a certain time against an indemnity or share in the production. The nature and flexibility of the regulations of access to land vary from country to country. Access to land can be obtained through many means, either legal through property acquisition following the current land tenure system – renting, leasing, sharecropping – or it can be imposed by law through land reform/redistribution and/or resettlement, or just be enforced by spontaneous occupation and squatting. In a free-market system access to land is influenced in the first place by price, as determined by the laws of supply and demand. 4.2.1. Formal access to land Societies have developed a large range of legitimate forms of access to land which are generally determined by current land tenure regulations and titling procedures. Hence, in some societies ownership and purchase of land by foreigners can be prohibited, or be subject to special laws. In many traditional societies, women only gain access to land through their social relationships with their husbands, or have no land rights at all (Afghanistan, Pakistan, and Bangladesh for example). Under customary law in many developing countries women are not normally allowed to own or inherit land, although they retain use-rights during their life-time so long as they remain in the husband’s household. In practice, however, many African women have
 ©Encyclopedia of Life Support Systems (EOLSS)
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 their own personal plots “given” to them by their husbands for production of crops for household consumption. The situation is somewhat unclear and variable from country to country for unmarried or separated women. Without clear ownership of the land women are, however, definitely denied access to other factors of production, notably credit for agricultural input that could help them increase production and benefits. With respect to the land rights of women in Kenya, it was reported by Davidson in 1998 that, though it is now legal for daughters to inherit land, in practice fathers continue to transfer land to their sons. An unmarried woman without children has the right to remain in the father’s compound where she cultivates with the mother, or she may be given a temporary plot of land to cultivate. It is assumed that she will eventually “marry away.” In cases where a woman is unmarried but has one or more children the situation is economically precarious. Either she must leave her father’s home to become a wage earner in an urban center, or remain at home and contribute her labor to her mother’s production unit. Occasionally a father will give his daughter a plot of land, though he is reluctant to do so because it means that in the future there will be less land for his sons. A separated woman must return to her natal home, and upon her return she becomes part of her mother’s production unit. If there is no land available she has no choice but to sell her labor off the farm. 4.2.2. Land tenure Access to land in the form of ownership, lease, or rent is generally regulated by land tenure regulations established by civil law or tradition. In Western countries, land tenure is closely associated with the cadastre (see also Section 5). This is a complete and up-to-date official register or inventory of land parcels in any state or jurisdiction, containing information about ownership, value, location, area, land use, and usually buildings and structures thereon. The pattern of land tenure in terms of owners and leaseholders of farmland varies between countries, and has altered significantly over time. In the European Union as a whole, for example, owner-occupancy accounts for approximately two-thirds of all farmland. Tenancy is still important in France and Belgium; it has increased over time in Denmark, and especially in Germany. Many farmers have some rented land in addition to the land they own, and such mixed tenure appears to be increasing, since renting extra land is often the only way to expand the total farm area. Sharecropping survives only in some Southern European countries. Traditional (or customary) land tenure is primarily based on customs, and refers to the rules accepted by a group of the ways in which land is held, used, transferred, and transmitted. These rules may have the force of law, that is they may be enforced by the courts of a country, even though they may be unwritten, and not incorporated, or specifically set out in any statutes. Access to land in traditional societies may also be defined by religious concepts of tenure and property rights. Payne (1997, cited in GTZ, 1998) reports that under Islamic tenure systems, for instance, land is classified into four main categories: mulk (land owned by and accessible to individuals with full ownership rights); miri (land owned by
 ©Encyclopedia of Life Support Systems (EOLSS)
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 the state, which carries tassruf or use rights which can be sold by the owner or inherited, but over which the state retains ownership); whaqf (land “stopped for God” and owned by religious foundations); and musha (land owned collectively, originally under tribal tenure). In urban areas mulk land has become wide-spread, and has facilitated the transfer and sale of land, though in some cities extensive areas of land remain in whaqf ownership, thereby restricting access, transfer, and development. In 1960 over 90 percent of Africa’s land was held under indigenous land tenure systems, and such systems continue to determine the actual use of the same amount of land today, whatever formal legal changes may have taken place. Every location has its own particular land tenure system which reflects the society at a particular time, and will no doubt evolve as the society develops. These are usually centered on a chieftancy system, and originally existed without written records. In many instances, customary tenure has now become codified in the law. In other instances, oral traditions and customs continue to fill the vacuum left by the deficiencies of the law and the official administration. The issue of land tenure from the viewpoint of its impact on present-day land use, income generation, and the value of land, is discussed in greater detail in Section 5. 4.2.3. Property and use-rights In traditional agricultural societies these rights rely on the first cultivation of fields and/or planting of trees, or on the digging of a well by those involved in animal husbandry, at least so long as no competing person or group makes a claim. These rights are created, for example, when immigration to a previously unsettled area occurs. In Africa, the land is afterwards generally integrated into the common (tribal) property and then falls under the traditional land tenure systems in terms of ownership and use rights; in Latin America it almost exclusively becomes private property. In former socialist countries, especially those in Central and Eastern Europe, all private land was nationalized at the political takeover in 1917 (for Russia) and 1946 (for the other countries), and thus became state property, in line with the Marxist-socialist philosophy that all tools of production – and this includes land on a par with labor and capital – should belong to the people. Land rights can then only refer to the use of the land, and can be allocated to individuals, state farms, or state controlled co-operatives. Access to land under those conditions was restricted and determined by social and political criteria. Since the early 1990s a process of de-nationalization, land restitution, and privatization has been under way, resulting in an emerging land market, the full development of which is still seriously hampered by pending uncertainties about landownership. In most developed countries the free-market system dominates the economy, whereby individual landownership is the rule. Access to land is currently achieved through purchase, donation, or inheritance, and subsequently formalized by legal registration. Purchase and sale in a functional land market are the most common means of access in a free-market economy, namely, property rights are transferred through a deal where one
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 receives the land for a non-recurring service in return. Temporary usufruct is obtained through lending or leasing agreements. 4.2.4. Inheritance This form of land transfer occurs not only in the case of private land property, but also in autochthonous land tenure systems, where use-rights of land (and trees or wells) are continuously passed on within a lineage or extended family, up to the point that the commodity comes into the inheritance system. In African and many Asian countries the majority of the inheritance is patrilinear, and where this is not explicitly the case women are under strong social pressure to abandon their rights. In India, daughters usually waive their land rights in favor of a brother to avoid being denounced as “selfish” and thus risk being alienated from their natal families. This may result in social pressure for women to bear as many sons as possible, as this can be their only means of security for access to land. In the Near East, women rarely own land, and when they do, it is often controlled or managed by male relatives until marriage, after which the titles are transferred directly to their sons. 4.2.5. Lending Lending allows for a legal temporary access to land, and occurs when families permit individuals or groups to use the land they own for a (limited) period of time, without expecting a fixed or quantitatively significant return. The borrower usually has total freedom in deciding how to use the land, though investments that would change its character so that the borrower could claim ownership, are not allowed. This includes, inter alia, the prohibition of planting trees, building houses, or digging wells. 4.2.6. Land lease This is the most common means of acquiring legal temporary access to land, in both developing and developed countries. In this case the tenant receives the right to use the land for a given period, and in return pays a fixed fee, either in money, in kind (a portion of the harvest), or in labor equivalent. Both a fixed rent and a sharecropping agreement are possible. In traditional societies, where labor and goods are not yet monetized, rent is usually due through share-cropping. Under this system, the payment is set as a percentage of the harvest (often on a 50/50 basis), and thus depends on the yield. Sharecropping arrangements are usually for one year, but can be extended if both parties agree. In the case of a fixed rent, the tenant must make a payment defined in the contract, either in money, goods, or labor on the owner’s other fields. A typical example of sharecropping is encountered in the Gambia, where part of the agricultural activities in some areas are carried out under a system of contract farming by so-called strange farmers. “Strange farmers” are temporary seasonal migrants from other parts of the Gambia or another neighboring country, Senegal or Guinea for example. Those farmers are given land by a compound head to grow a cash crop,
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 usually groundnuts, in return for an agreed amount of labor time (generally two to three days per week). They live in their adopted village for the cropping season, where they receive food, accommodation, and farming implements, plus the product of their work. They usually return to their own village in the trade season, and are free to repeat the exercise the next cropping year. The underlying background of the system is that young males from poor families need first to accumulate a certain amount of cash money – which they can never earn at their parents’ farm – before they can marry. Complicated tenancy and sub-tenancy systems have developed in Asia and Latin America, where they have been used for the supply of cheap labor in the haciendas. Lease relationships in those cases are often cemented in life-long, semi-feudal dependency structures as a result of a high degree of indebtedness; and, on the other hand, often characterized by legal insecurity due to verbal, ambiguous, and ad hoc amenable contracts. In a free-market economy land rents correspond generally to a percentage of land sale prices and expected earnings. The rents closely follow the evolution of land sale prices, but such rents may vary substantially from country to country. 4.2.7. Pledging This is a sort of indigenous mortgage through which an owner-occupier gives possession and use of his land to a pledge creditor (pledgee) in return for a cash loan. It is a form of land acquisition which is currently applied in Nigeria. The standard terms in the pledging agreement are that either the pledgee uses the land until the pledger pays back what he owes, or that the pledgee takes the benefit from the land as interest for a stipulated number of years in order to recover the money lent to the pledger. In the latter case, the pledgee cultivates only annual crops, and does not make any major investments or put up any structures, as making major improvement would be tantamount to claiming ownership. If the fixed number of years has passed and the pledger is unable to pay, the pledgee becomes the de facto owner of the land, and the pledger and his heirs are permanently dispossessed of the land. 4.2.8. Informal access to land Informal access to land generally occurs when the current legislation excludes a rather sizable or powerful group of people from their vital means for a basic living. This situation generally results in spontaneous occupation and squatting. Illegal land occupation occurs often at the edge of cities or along agrarian colonization zones with a minimum of basic public infrastructure. The occupation of private estates (land invasion) in areas suffering from failures of agrarian policy and social crisis is usually organized by a larger group living nearby, and having either social or ethnic links. The goal is to meet the enormous demand for individual ownership of land, or for more land and social facilities, emanating from the lower social strata in the (agricultural) community. Squatting, and illegal seizure and clearing of land, has become a common practice, according to a comprehensive German study, and has almost been institutionalized in Latin America (GTZ, 1998). The number of people clearing rainforest areas as a
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 “lucrative business” is rising in Guatemala, Colombia, Brazil, Peru, and Bolivia. By clearing a forest, the land is occupied and the plot is declared as owned property. In Brazil, the colonist is declared the owner after cultivating the land for one year, so long as no other governmental or private legal claim to the land can be proven. Thus, an area of land which is traditionally used for crop cultivation becomes an object of speculation, and is sold (or seized) for a profit, at a certain point in time, to medium or large landholders. In this manner “squatting as an occupation” contributes considerably to a rapidly advancing pioneer frontier of forest clearing. The individual benefit is disproportionate to the resulting soil degradation. In the Amazon region of Brazil 53 percent of all cleared forest area is illegal. Comparable processes are also found on the outskirts of cities. More details of land clearing practices in the Amazon basin are discussed at length in “Case studies on land use planning and management”. Land occupation and squatting, whether legal or illegal, are often associated with violence. Spontaneous occupation can secure de facto access to land in the case of squatters and land invasion of private estates, although it is not considered legitimate in any legal system. 4.2.9. Land reform and land redistribution A particular type of illegal occupation of land, later often legalized by a change of the law, is the nationalization of property by the state. This situation occurred at the time of the political takeover by the Marxist-socialist regimes in Central and Eastern Europe after the Second World War, and subsequently in a number of developing countries as well. This action fitted in with the Marxist-socialist ideology that land is a common natural resource which should belong to the people and not individuals. Land reform is often a direct outcome of land nationalization, and of the firm desire of political leaders to compensate a group of people for services rendered. It deals, basically, with an enforced structural change in access facilities to land in favor of people who, under normal conditions, would never be able to acquire property. Land reform and redistribution have been used since historical times to reward soldiers and veterans, while at the same time strategically securing border regions. Examples include the Roman settlements in North Africa and Gaul, or the implantation of kibbutz settlements along Israeli borders. The land reform programs in Zimbabwe, Angola, Mozambique, and Namibia also derive to some extent from the political will to reward former freedom fighters. Most land reforms are political in nature and include an element of force. They focus mainly on a change in the conditions of land tenure, in particular landownership. Land reform can take various shapes. These include, inter alia: first, reforms in favor of smallholders and the landless on the basis of expropriated large landholdings (usually with compensation), state property and/or land market interventions (South Africa, Brazil, Colombia, the Philippines); second, privatization of ownership or use rights in states formerly governed by a central planning economy (Central/Eastern Europe, Central Asia, Laos, Vietnam, Angola, Mozambique); third, legal and institutional reforms (Namibia, Tanzania, Bolivia); and, fourth, land reforms in favor of pastoralists and traditional local groups (Mongolia, Mali, Niger, the Maghreb).
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 If the seizure of formerly private property is compensated by indemnity payments, the action is usually acceptable under international law; if this is not done, the action keeps a certain aspect of illegality, whatever the ideological concepts behind it. The current turmoil about the land reform in Zimbabwe is a good example of how an internal political problem has turned into a question of international jurisdiction because of the persistent uncertainty of fair compensation payments. The historical background of the Zimbabwe land issue has been described by von Blankenburg and by Blume (von Blankenburg, 1994; Blume, 1996). At independence about 29 percent (11.3 million ha) of the land was cultivated by 4,800 large commercial farms (average farm size of 2,200 ha) under a free-hold system. Production methods were modern, and maize and tobacco yields – the main cash crops – were high and profitable. Poor subsistence cropping occurred on small local farms (average size 1.5 to 4.5 ha) in the remaining densely populated communal areas. After independence the Land Distribution and Resettlement Scheme of 1980 aimed at redistributing land from the commercial farms into 110,000 smaller farm units. Under phase 1 (1980 to 1992) 25 percent or 3 million ha of commercial land was acquired on a voluntary willing seller/willing buyer basis, and on a fair purchase/indemnity principle. Because the average production of the new farms dropped substantially, and the demand for more land distribution was larger than the supply of land, the 1992 Land Acquisitions Act introduced the concept of forced expropriation and abolition of the willing seller/willing buyer principle, with fixed appropriation fees and no appeal. It is obvious that the latter point in particular, whereby no commonly agreed sales price can be obtained, is a major problem for the implementation of the new Act, resulting in political turmoil at national and international levels. 4.3. Degradation of land Land degradation is the process of reducing the inherent quality, value, and production potential of the land by adverse external factors. Degradation involves physical and chemical aspects, and it occurs typically when the natural equilibrium is disrupted. This can happen as a result of natural phenomena, for instance rapid landslides, volcanic eruptions, or flooding, but it is mainly human-induced, for example in the case of the loss of forest cover and exposure to erosion. Hence, the phenomenon is most critical under conditions of population increase and/or when high population densities meet fragile environments. Soil degradation has taken place since time immemorial. It has contributed to the decline of civilizations at a level which is at least as important as military conquests. The collapse of the 1,700-year-old Maya civilization, in what is now Guatemala and Southern Mexico, has been attributed mainly to unprecedented deforestation in the Sierra Madre, followed by increased erosion, inadequate water control, and exhaustion of the soils. Likewise, the decline of the Babylonian and Assyrian Empires (1100 B.C.) was seriously affected by the silting and salinization of the irrigation system in the Mesopotamian Plain. Nowadays, much of the soil erosion along the Mediterranean coastlines and in the mountains of Asia Minor is still attributed to intensive deforestation in the Phoenician and Roman periods. It is illustrative in this respect that,
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 even today, more than 50 percent of the land in Turkey, and over 65 percent of Lebanon, to mention only two countries in the region, is exposed to moderate and severe erosion hazards. Systematic efforts to combat the loss of soil began in the USA in the 1930s after the disastrous “dust bowl” damage in the Mid-West. This phenomenon later led to the start of the Soil Conservation Service in the United States, and has constituted a major objective of the initial FAO and UNEP programmes since their creation in 1945 and 1972 respectively. In the 1980s intensified concern about soil degradation and damage to the environment resulted in the drafting of FAO’s World Soil Charter in 1981, and of UNEP’s World Soil Conservation Strategy in 1982 (FAO, 1981; UNEP 1982). A crucial step in the study of soil degradation was achieved with the initiation, in 1986, of the FAO/UNEP-supported project on Global Assessment of Soil Degradation (GLASOD). This study identified four major kinds of land degradation at world level, subdivided into twelve, plus three kinds of stable terrain. These are classified into four levels of severity, with an indication of the percentage of the mapping unit affected. Table 2 presents an overview of the results of human-induced soil degradation at world level, expressed in million hectares. These figures indicate that water-related degradation accounts for 55.6 percent, affecting a total of 1,093.7 million ha, followed by wind erosion (27.9 percent; 548.3 million ha) and chemical degradation (12.2 percent; 239.1 million ha); physical degradation is comparatively less important (Oldeman et al., 1990). The total degraded surface at world level accounts for 1,964.4 million ha, or an approximate 15 percent of the total land surface.
 Type Light Moderate Strong Extreme Total
 W: Water erosion :
 Wt: Loss of topsoil 301.2 454.5 161.2 3.8 920.3
 Wd: Terrain deformation
 42.0 72.2 56.0 2.8 173.3
 Total 343.2 526.7 217.2 6.6 1093.7 55.6%
 E: Wind erosion:
 Et: Loss of topsoil 230.5 213.5 9.4 0.9 454.2
 Ed: Terrain deformation
 38.1 30.0 14.4 - 82.5
 Eo: Overblowing - 10.1 0.5 1.9 11.6
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 Total 268.6 253.6 24.3 1.9 548.3 27.9%
 C: Chemical degradation:
 Cn: Loss of nutrients 52.4 63.1 19.8 - 135.3
 Cs: Salinisation 34.8 20.4 20.3 0.8 76.3
 Cp: Pollution 4.1 17.1 0.5 - 21.8
 Ca: Acidification 1.7 2.7 1.3 - 5.7
 Total 93.0 103.3 41.9 0.8 239.1 12.2%
 P: Physical degradation:
 Pc: Compaction 34.8 22.1 11.3 - 68.2
 Pw: Waterlogging 6.0 3.7 0.8 - 10.5
 Ps: Subsist. organic soils
 3.4 1.0 0.2 - 4.6
 Total 44.2 26.8 12.3 - 83.3
 Grand Total 749.0 38.1%
 910.5 46.4%
 295.7 15.1%
 9.3 0.5%
 1964.4 100%
 Table 2: Human-induced soil degradation for the world expressed in million hectares
 (source: GLASOD study by Oldeman et al., 1990) Loss of topsoil is the major phenomenon in respect of both water and wind erosion. Loss of nutrients (mainly, though not exclusively, concentrated in the topsoil) is the major factor in chemical degradation. In most cases the degradation phenomena are still light to moderate. The GLASOD study has made similar assessments for the various continents and has presented corresponding maps. Table 3 and Figure 3 are examples for Africa. A comparison between the global world and African data shows that water erosion is relatively less important in Africa (46 percent as against 55.6 percent at world level),
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 but that wind erosion is definitely more widespread (38 percent as against 27.9 percent at world level). Also, when the factors at the origin of land degradation are analyzed, it is clear that in Africa the major problem is the overgrazing (49 percent as against 34.5 percent at world level). Deforestation (14 percent) and overexploitation of land (13 percent) are comparatively less harmful than at world level, and are far behind bad agricultural management (24 percent).
 Type Light Moderate Strong Extreme Total
 W: Water erosion:
 Wt: Loss of topsoil 53.9 60.5 86.6 3.8 204.9
 Wd:Terrain deformation 3.6 6.9 11.7 0.4 22.5
 Total 57.5 67.4 98.3 4.2 227.4 46%
 E: Wind erosion :
 Et: Loss of topsoil 79.1 84.2 7.4 - 170.7
 Ed: Terrain deformation 9.2 5.1 - - 14.3
 Eo: Overblowing - - 0.5 1.0 1.5
 Total 88.3 89.3 7.9 1.0 186.5 38%
 C: Chemical degradation :
 Cn: Loss of nutrients 20.4 18.8 6.2 - 45.1
 Cs: Salinization 4.7 7.7 2.4 - 14.8
 Cp:Pollution - 0.2 - - 0.2
 Ca: Acidification 1.1 0.3 0.1 - 1.5
 Total 26.0 27.0 8.6 - 61.6
 P: Physical degradation:
 Pc: Compaction 1.4 8.0 8.8 - 18.2
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 Pw: Waterlogging 0.4 0.1 - - 0.5
 Ps: Subsist. organic soils - - - - -
 Total 1.8 8.1 8.8 - 18.7 4.0%
 Grand Total 173.6 191.8 123.6 5.2 494.2 100%
 Table 3: Tabulated data on human-induced soil degradation in Africa, expressed in
 million hectares (source: GLASOD study by Oldeman et al., 1990)
 Figure 3. Map showing human-induced soil degradation in Africa (source: GLASOD study by Oldeman et al., 1990) (full page)
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 FAO/UNEP’s study Our Land, Our Future (1996), and subsequent publications in 1997 and 1999, reveal that, while in 1950 some 115 million km² of the earth’s surface were non-degraded, vegetated land, just forty years later, almost 9 million km² (an area as large as China) were “moderately degraded,” with greatly reduced agricultural productivity (FAO/UNEP, 1996, 1997, 1999). A further 3 million km² were “severely degraded,” having almost completely lost their original biotic functions. About 100,000 km² are beyond restoration. When we look at the causes of the degradation of the world’s total area of degraded land (1,964 million hectares or 19.6 million km²), the picture is as follows:
 About 5,800,000 km² are degraded by deforestation. Vast reserves of forest have been degraded by over-harvesting and misuse or clearance for farm and urban use. Between 1975 and 1990, more than 2,200,000 km² of tropical forests were destroyed, mainly to provide new land for food production. Worldwide, tropical forests are being cleared at a rate of about 1 percent each year, with annual losses as high as 2 percent in West Africa.
 About 6,800,000 km² have been degraded by overgrazing. Overgrazing has damaged 20 percent of the world’s pasture and range lands, and recent losses have been most severe in Africa and Asia. Typically, animal herds compact the soils around waterholes, and subsequently strip the land of vegetation, reducing its capacity to retain moisture, and exposing soil to wind and water erosion. As rangeland productivity declines in developing countries, increasing pressure is put on forest and farmland as sources of feed.
 About 1,370,000 km² are degraded for fuel wood collection. Fuel wood and charcoal are the primary sources of energy in many parts of the world. Each year an estimated 1,730,000 m³ of fuel wood are taken from forests and plantations. As population pressure rises, rural people are removing vegetation from erosion-prone areas, exposing more and more land to degradation.
 About 5,500,000 km² are degraded by agricultural mismanagement. This leads to degradation phenomena such as wind and water erosion, soil salinization and waterlogging, and soil nutrient loss. Wind erosion, occurring after the land is left bare of vegetation or crops, affects more than a third of the land in the Near East, and almost a quarter of Africa north of the equator. Water erosion affects mainly steep land or unprotected sloping areas. It causes soil losses estimated at 25,000 million tonnes every year.
 Soil salinization and waterlogging are caused by poor drainage of irrigated land. Globally, about 400,000 km² of land are affected. Soil nutrient loss occurs when land is farmed beyond its regenerative capacity. This is increasingly the case in areas of shifting cultivation, where the population pressure has reduced fallow periods to virtually zero.
 About 195,000 km² are degraded by industry and urbanization. Urban growth, road building, mining, and industry are degrading land world-wide. Often, valuable agricultural land is lost: between 1967 and 1975, for example, almost 30,000 km² of good crop land disappeared under concrete in the United States alone. In developed countries, associated problems include pollution of soil by industrial and urban wastes, acid rain, overuse of fertilizer and inputs in feedlots, and oil and chemical spills.
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 4.4. Population pressure From an estimated 427 million in the year 1500, world population increased to 1,650 million in 1900, 3,600 million in 1970, and 5.2 billion in 1990 (Table 4). Recent projections point to a figure of around 10 billion by the year 2050. This corresponds to a growth rate of approximately 85 million per year, and the doubling of the present population within the next half century.
 Year Population (in millions)
 World Europe Africa Asia S. Amer. N + C Amer.
 600 237 24 37 166 - -
 1000 280 44 50 172 - -
 1500 427 82 85 223 40 -
 1900 1651 300 133 926 74 130
 1950 2486 430 217 1355 162 218
 1980 4449 484 479 2583 239 360
 1990 5295 498 642 3120 293 427
 1995 5716 505 728 3386 319 456
 1999 5978 509 766 3562 340 477
 Table 4: Evolution of population over the world (based on FAO Statistical Yearbooks
 on Agriculture, 1993-1999) Almost all of this increase has occurred, and will continue to occur, in the developing world, while elsewhere population levels are expected to stagnate. In Indonesia, for example, currently with a population of just over 200 million, the average population density has increased from 16 in 1961 to 77 per km² in 1990, and almost 100 per km² in 2000. In India, with an assumed annual demographic growth of 1.9 percent, the population had reached the one billion mark by the end of the century. In West Africa the population is expected to rise from 87 million in 1960 to 350 million in 2000 and 430 million in 2020, which corresponds to an increase of 490 percent over sixty years. In line with this evolution, urban populations will increase from 14 percent in 1960 to 40 percent in 1990, and are expected to reach 62 percent in 2020. A major factor in population trends is the rapid urbanization, mainly in developing countries. Of a total of 298 world metropolises with a population over 1 million, 175 are located in developing countries, including 44 in Latin America and the Caribbean. In the early 1950s Latin America held only six cities with more than a million inhabitants, but by 1990 this number had already tripled. Never before in history has the urban
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 population of a continent grown as fast as that: an increase of 123 million between 1975 and 1990, and an annual increase of 9 million between 1985 and 1995. By the year 2025 the urban population of Latin America is expected to comprise 85 percent of the continental total. Similar trends, though less pronounced, are observed in other continents. The combination of population growth, limited expansion of arable land, and more and more land being used for both agricultural and non-agricultural purposes, increases the pressure on, and competition for, the available land. Table 5 illustrates the available land per capita, and its gradual evolution over the past thirty years.
 1965 1970 1975 1980 1985 1990 1992 1995 1999
 World 0.42 0.38 0.38 0.32 0.29 0.27 0.26 0.25 0.25
 Europe 0.34 0.32 0.30 0.29 0.28 0.28 0.27 0.26 0.26
 Africa 0.62 0.58 0.52 0.36 0.32 0.28 0.26 0.26 0.26
 S.Amer. 0.49 0.49 0.47 0.41 0.39 0.37 0.38 0.37 0.34
 Asia 0.25 0.23 0.21 0.17 0.16 0.15 0.14 0.15 0.15
 Nigeria 0.61 0.54 0.48 0.38 0.33 0.30 0.28 0.29 0.28
 Senegal - - 0.44 0.41 0.37 0.32 0.30 0.27 0.24
 China 0.16 0.13 0.12 0.10 0.10 0.10 0.10 0.10 0.10
 Indonesia 0.16 0.15 0.15 0.16 0.16 0.16 0.15 0.15 0.15
 Pakistan 0.34 0.32 0.27 0.24 0.20 0.17 0.17 0.15 0.14
 Table 5: Evolution of available land per capita between 1965 and 1999 in various parts
 of the world (based on data from FAO Statistical Yearbooks, 1970-1999). Although there exists no scientific data on how correctly to interpret this land/human ratio, experience has shown that per capita values of less than 0.15 are often a signal of local food production not being sufficient to cover the local needs. Consequently, these are potential areas for food shortages, and hence land conflicts. These figures have nevertheless to be interpreted with care. In Asia, for example, many countries have almost reached the critical 0.15 level, but the lack of arable land is often compensated by improved farm technologies, and the use of double or even triple-cropping systems, whereby annual average rice yields of 10 to 12 tonnes can be obtained.
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 4.5. Modern trends in land use changes Demographic pressure and competition for land induce structural changes in modern societies, and have modified not only the rural/urban equilibrium, but also the existing land use patterns. Despite migration to the cities, population pressures are still on the rise in many rural areas, especially where good quality soils are present. Four major trends can be recognized in modern land use changes: first, the continuous expansion of arable land in order to meet the increasing food demands of a growing population; second, the rapid development of urban and suburban areas; third, the ongoing deforestation and loss of pasture lands in favor of (mainly) agricultural and urban areas; and, fourth, the increasing concern for protection of the environment, resulting in the creation of nature reserves. Arable land expands at the expense of forest land, whether under a legal and/or government-supported form (for example, Indonesia, Brazil), or as illegal land occupation and squatting (Brazil, the Philippines, Zimbabwe). It has been estimated that already more than 8 million km² of the virgin tropical rain-forest, mainly in Central and South America, Central Africa and Indonesia, have been cleared for agroindustrial projects and extensive cattle farming. Elsewhere in the tropics, large agro-industrial complexes for the production of palm oil, coffee, or rubber are replacing the smallholders’ settlements in tropical forest areas, while similar estates for sugar cane, pineapple, and other tropical export products have been installed in former savanna regions. In Guinea, Liberia, Ivory Coast, and Nigeria, more than 80 percent of the original forest canopy has already been affected. Extensive deforestation for timber exploitation is taking place in many tropical countries, but also in Canada and Russia, especially in areas where population densities are low, and large forest reserves still exist. In many African countries such as Sierra Leone, Benin, Togo, and many others, forest exploitation is not only focusing on (economic) timber production, but also on the collection of fuel wood and charcoal, which are the main energy source for the local population. In Indonesia, which still has extensive forest reserves, deforestation is extremely important in the outer islands of Kalimantan, Sumatra, and Irian Jaya. The rate of deforestation between 1970 and 1990 in Indonesia is estimated at between 9,000 and 12,000 km²/year, depending on the source. Deforestation has mostly affected Sumatra (50 percent of original forest cover lost), Malukku and Nusa Tenggara (56 percent lost), Kalimantan (59 percent lost), and Sulawesi (60 percent lost). Between 1969 and 1989, an approximate 1.4 million ha of forest land was cleared for the resettlement of people under the Transmigration Program. The loss of pasture land in favor of arable farming is a well-known phenomenon in the Sahel region, and is to some extent, directly or indirectly, encouraged by government decisions. It is a direct threat to traditional extensive livestock raising. In the Senegal and Niger River floodplains, grazing areas traditionally used by Peul pastoralists have substantially decreased, and access to watering places for the cattle has seriously been
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 hampered, due to the continuous expansion of irrigation schemes or (commercial) rainfed cultivation, such as the so-called “groundnut scheme” in Senegal. In those areas where land and water rights are traditionally shared between agriculturalists and pastoralists, the changes in land use pattern often end up in open or latent conflicts, as recently experienced in Senegal, Mauretania, Mali, and Niger. Due to urbanization and industrialization, ever increasing amounts of arable and forest lands in and around suburban areas are being transformed into building plots, industrial zones, infrastructure projects, and recreational areas. At present, and for the first time in history, the urban population in the world is overtaking the number of rural settlers. Urbanization and industrialization are closely linked to economic growth, and are therefore a typical feature of the developed world. However, urban development is also rapidly taking place in developing countries, and it is estimated that in those countries as a whole some 14 million ha were converted into urban land between 1990 and 2000. In Indonesia for example, to mention only one of those countries, with 22 percent of the population already living in urban areas in 1980, major cities have almost doubled in size over the past twenty years, and it is believed that, at present, 50,000 ha of good arable land are lost annually to city expansion in Java alone. In recent years there has been growing concern about nature protection and the preservation of special biotypes, in other words, the maintenance of biodiversity. This attitude has been reflected in the introduction of recent legislation to regulate the use of land, even including land that is privately owned. In many countries, especially in the developed world, this policy has been implemented in part through physical planning and zoning (see also Sections 3 and 7). The underlying principle of this zoning strategy is to create the conditions for governments, in the medium and long term, either to acquire nature protection reserves in direct ownership and management, or to impose strict exploitation rules in existing rural areas. In this respect, a number of recent EU directives have imposed very stringent environmental rules in selected – in other words, biologically valuable – agricultural areas in Belgium, the Netherlands, and Germany, restricting the use of mineral fertilizers, the transfer of livestock waste products to the open field during part of the year, and, once the present owners are no longer in business, even the continuation of farming. In many of those cases, zoning is taking agricultural land out of exploitation, while designating it an exclusive objective of nature protection. 5. The Link between Land Use, Land Tenure, and Land Value If, in broad terms, one can consider that under the present conditions land cover reflects mainly the natural, more or less undisturbed, status of the land, and that land use focuses more on the purposeful impact of people on the land resource, then the changing land use pattern – both in terms of the nature of the change, and its intensity – is a good expression of the growing interference of humankind on nature. These changes are relatively small in areas with low population density, but increase substantially in areas where, due to greater population pressure, the competition for land, and the conflicts related to it, increase.
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 One of the major side-effects of this competition and source of conflicts is that the use of land has to be regulated, and that the rights and obligations of owners and tenants have to be protected. While in most traditional societies land issues are generally tackled on a consensus basis, supported by recommendations from the highly respected Council of Elders (which does not mean that there are no persisting conflicts), in Western societies it has led to the creation of a cadastre and the introduction of a land registration and land tenure system. Land property and rights in western societies are generally registered in a cadastre. This is a technical term for a set of records showing the extent, value, and ownership (or other basis for use or occupancy) of land. Cadastral maps are essentially descriptions of the parcels of land, with reference to which rights in land are defined, and the holders of these rights identified. The formal record of rights is normally contained in one or more registers that in some countries are known as the “Land Books.” Cadastral systems were first developed in Europe to support land taxation, which was a major source of government revenue. They were also used for managing and controlling the population, and became a central component of a broader land administration system. The eleventh century Domesday Book of William I in England, and the cadastres of Napoleon I in France, and in many other parts in Europe, are prime examples. At present, there are two kinds of cadastres: a fiscal cadastre, which is an inventory of property for tax assessment purposes, and a legal cadastre for land registration and legal transactions involving land. Over time, there has been a trend for cadastral systems to become closely linked to title registrations and landownership. This is due to a move towards the development of active land markets, and the expansion in the use of bank finance for mortgages in supporting the land market. This, in turn, evolved from a trend away from land taxes as the primary source of wealth in the nineteenth and twentieth centuries. Land registration and titling are the core of land administration, and in western societies this includes not only land rights, but also obligations in the way the land can be used and taxed. In some countries, as is the case in the Netherlands, there is only one sole register for all the available land information. In other countries, this information is spread over two (or more) registers depending on historical or cultural backgrounds. In Germany for example, the two registers are called the Grundbuch (land registry) and Kataster (cadastre, with the extent and spatial location of the land) respectively. The legal status of parcels provides the answer to the questions of who owns the land, and what are their rights and responsibilities. The cadastre describes the location, size, use, and possibly (taxable) value of the parcels. Land tenure comprises the habitual and/or legal rights that individuals or groups have to land, and the resulting social relationship between the members of that society. In other words, land tenure refers to rights and obligations which are held in land and other natural resources. In this respect land tenure has a direct impact on land use, and thus also on the value of the land, since it may restrict some incomegenerating activities.
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 Formal systems, as applicable in most of the western world, make a major distinction between freehold and leasehold forms. The former refers to full private ownership, free of obligations to the state or any other authority other than the payment of taxes and the observance of land use controls, imposed in the public interest. The latter is defined as tenure for a specific period for payment of rent, conferred by the owner, whether State or private. Indigenous systems may have either of these, but due to the lack of written documents and the various interpretations of traditional laws by various people, they typically include complex arrangements, with multiple rights that overlap in time and space. In this respect, Keith has shown that the traditional land tenure systems that existed in Africa before colonialism, and that reflected the type of society that existed in any particular locality, can only be properly understood within an evolutionary context (Keith, 1993) The hunter-gatherer has little sense of territory, and no sense of permanent occupation. The grazier has more sense of territory, though borderlines of land are not clearly defined. Shifting agriculture brings temporary rights of occupation. Permanent agriculture, especially if perennial crops are involved, brings a need for longer term occupation of the land; if the latter is also combined with long-lasting land improvements, then some form of long-term usufruct to almost permanent ownership is required. A major problem with customary land tenure systems is that they are not homogenous but differ from place to place. Customary land tenure concepts do not have direct equivalents in European systems, and are therefore regarded as complex, unclear, and uncertain. They are, moreover, constantly undergoing natural evolution, and are being modified or even completely changed by the grafting on of foreign legal concepts, especially European ones. The degree to which such changes have taken place in Africa is still very variable, and is significantly affected by cultural factors, including traditional norms, religious beliefs, and values. The principle that land is inalienable in a traditional system has made it problematic to adapt to modern production systems, namely, for farmers to acquire credit facilities, and for individuals or companies to make long-term investments and/or implement sustainable land management techniques on such land. In response to population pressure, agricultural commercialization, and technological change, indigenous land tenure systems have therefore undergone major changes in the direction of western property rights, and in the individualization of land rights. This trend towards a dual land tenure system has, to some extent, also been promoted by political attempts to convert the tribal ownership of land into state-owned land. It is not difficult to understand the apparent logic that led to this step. In many locations, society and customary tenure reflected a strong belief that although individuals might occupy their land permanently, and bequeath that right of occupation to their heirs, they did not own it. Ownership of land was vested only in the tribe. This concept adapted well to Marxism, with the state owning the means of production. It fitted the usual practice for the administration of state lands of granting only leasehold titles. In addition, it procured the state a tool to generate land taxes.
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 The demand for plots is often so great that occupiers despair of the official system, and turn to the traditional chiefs, who grant rights of occupancy, either illegally, when it comes to property titles, or on the basis of a long-term (100-year) lease. With respect to arable areas in particular (but much less so for grazing grounds), land titles have been individualized, sometimes stimulated by governments, and sometimes despite their resistance. This evolution is reflected in the emergence of markets for the sale and rental of land, and in the trend towards increased privatization of rights. In some countries this has even been officially put into the legislation, as, for example, in the Gambia, and in Namibia, where the Draft Communal Lands Bill (1995) states that recognized rights to communal land will be converted under local customary law into 100-year leaseholds. A good example of an emerging land market under predominantly customary law can be observed in the Gambia. In the largely urbanized Kombo-Saint Mary Division, affected by neighboring on the capital city of Banjul and the coastal tourist resorts, average land sales (data from 1997–8) are in the order of US$10 per m² for residential land, and US$3 per m² for agricultural/horticultural land. In the more rural Western Division located some 100–150 km from Banjul, sales prices drop to US$4 and less than US$1 per m² respectively for residential and agricultural uses. Those prices drop substantially further in the more remote areas of the country, but are hardly documented due to the extremely “thin” land market in those regions. The example shows nevertheless that even under customary land tenure the concepts of a free-market system start to penetrate, and that the principle of inalienable land is interpreted in a flexible way. Land tenure is often at the root of landownership conflicts, especially since land tenure can mean different things to different people. The main reason for this is that land as a commodity which becomes scarce, acquires an increasing value and wealth, and that in a free-market economy, it stands for income generation, in other words, money and power. In this context, modern land use changes often have an economic background, a trend that can be expected to develop further. 6. The Value of Land 6.1. The changing perception of land value In traditional rural societies in Africa, Asia, and South America land is a considered a common good, a gift from God that permits the satisfaction of primary needs for food and shelter for all members of the group. Under customary rules of tenure, three principles are observed: first, each individual member of a landholding family is entitled to a portion of land, enough to feed himself and the members of his family; second, no member of the community can dispossess another of his or her stake in family land; and, third, no one can alienate family members’ interests in land without the knowledge and consent of those members. Land in traditional societies belongs, thus, to the community as a whole, and is not transferable. It also has no (exchange) value. Societies are, however, rapidly changing, and a growing number of people are concentrated in and around cities, where they gradually lose the link with ancestral land as a common asset. Moreover, the principle of land not being alienable comes under
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 growing pressure, even in traditional societies (see Section 5). In an urban society individualism dominates, and the desire and competition for individual ownership increases. Urbanization in particular needs outright ownership, and the ability to possess and exchange land. This is in line with a gradual evolution from a common ownership concept to a more individual ownership as reflected in a free-market economy. With the worldwide shift from a predominantly rural to a more urban society, the importance of land as an almost exclusive production factor for food and primary goods decreases in favor of the more modern concept of land as a commodity and source for benefit, on a par with labor and capital. The modern perception of land value entails two major aspects: production potential and market value. The former refers mainly to annual or perennial yields and benefits which can be derived from activities related to agriculture, forestry, pasture, grassland production, and so on; it is thus mainly related to rural agricultural production in the broad sense. The latter deals not only with the current productivity potential, but also with the destination and future options of use, including non-agricultural uses such as the construction of buildings and other uses; it is more of an economic approach to land property. This modern perception leads automatically to concepts of land value and land prices, affected by supply and demand in a functional land market, and by the underlying perceptions of income generation and benefits. In line with this way of thinking, land value and price can be considered as comprising two main components: the inherent production potential of the land, and an expected bonus which is related to the anticipated or expected future income generation, from sale or from production, of such land in another context. The classic example by way of illustration of this perception is the initial acquisition of crop land which is later turned into a residential area, thus immediately multiplying the value and price of the plots many times over. Alternatively, this same plot of land could be allocated to a zone for nature conservation or public recreation, and hence the land can no longer be sold on the market. In this process, the bonus (or malus) is largely determined by statutary restrictions, land zoning regulations, and fiscal measures. Those aspects are discussed in more detail in “Land use planning”. 6.2. The value and price of land Value, in economics, is the esteem in which something is held or can be exchanged under current market conditions. The higher its esteem, the greater its exchange power. If a commodity that is offered is in great demand many things will usually be offered in exchange for it. If the item is held in low esteem, few things will be offered in exchange. The concept of value involves two main conditions: it must be related to a desire, and there must be a certain difficulty in obtaining it. As it is clear that the amount of available land is finite, and that population pressure and the demand for land are increasing, land is becoming both a scarce and a desirable commodity, the value of which can still be expected to increase in the future.
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 Land value in general economic theory has often been confined to that of market value. According to the EU Directive 91/647/EEC this refers to “the price at which land and buildings could be sold under private contract between a willing seller and an arm’s-length buyer on the date of valuation, it being assumed that the property is publicly exposed to the market, that market conditions permit orderly disposal and that a normal period having regard to the nature of the property, is available for the negotiation of the sale.” Obviously, over a period of time, values will fluctuate above and below a normal level determined by the money-earning capacity of the property. Thus, value appraisal is an attempt to approximate market price at a given moment over a period of time. 6.2.1. Value and price Property has value because it gives rise to a stream of future incomes that consists of a volume of goods, services, and satisfactions that accrue to the owner. The material value of a property depends upon the goods and services emanating from it. Hence, it is the stream of income or earnings, both tangible and intangible, that can be converted into a fund, which is the value of the property. The size of the fund of value can be ascertained only when it enters the objective situation of the market, and is expressed as a price which buyers are prepared to pay and sellers will take at a given time. Price is a parameter to express the value of an object or a property at a given time. Price, expressed in money, is the generally accepted (economic) means for comparing values in a market. The price of land corresponds to the value of ownership of stipulated rights in perpetuity, and is equal to the estimated present value of the expected future appropriations of rents. There is a fundamental difference between price and value. Market price is, in the first place, an economic concept, and one which designates what a property might be sold for at a specific period in time; value designates a property’s actual worth in relation to other similar properties. 6.2.2. Land in the public domain Large surfaces of land are considered non-productive, and thus without value in economic terms. However, this land is still held in property because of tradition, customary rules, prestige, or other non-economic reasons. Entire zones are reserved for wildlife and nature protection, and are not for sale. Although it is difficult to rate the productive value of this land, it is not free, but has – besides its direct income from tourism, for example – a moral, social, or aesthetic value, which cannot be expressed in price. Over the past two decades there has been a growing tendency in the world to increase nature protection areas. If this land has to be converted from existing arable or grazing areas this process has, according to international legislation, to be covered by a fair compensation. In developed countries, where most of the land is in private ownership, the compensation to be paid is based on a common agreement between the partners after
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 an official value assessment by a team of chartered valuers. Because of the esteem and experience of those valuers, their conclusions are rarely called in question. The transaction can then be confirmed like any other land transfer in a functional land market. The situation is, however, completely different in developing countries, or under conditions where land is held under traditional land tenure, either without or with only a “thin” functional land market at hand. As in such cases there is strictly speaking no physical landowner but only land users, the compensation should only refer to the loss of the temporary benefits from the land. In this respect, traditional societies have made good provision for solving such problems as the following example illustrates. In Ivory Coast there are a number of so-called forêts classées. These are large – 5,000 to 20,000 ha – public domains, which were obtained by the then ruling powers (either the colonial power or the government post independence) as a long-term land lease from local tribal communities. The initial idea for acquiring these domains was to create natural land reserves and public domains, where the local population maintained restricted use rights (for example collecting fruit, limited hunting). At some stage between 1950 and 1970 parts of these areas were converted into state-owned large-scale plantations “in the national interest.” However, at the time when those plantations were privatized in the 1980s, the local tribal chiefs claimed a change in the contract, and asked for compensation for the lease of the land, which had changed from a public into a private domain. In this context it is recalled that this compensation does not refer to the transfer of landownership (since tribal land is still inalienable), but to an indemnity for the loss of crops or other benefits which the land could have produced. In order to facilitate such negotiations Ivory Coast now has national legislation enshrined in Decree 028 of March 12 1996, which precisely defines the amount of the indemnity to be paid per specific crop. The problem of value and indemnity payments for newly established wildlife reserves and nature parks can, however, be much more complicated than a simple compensation payment. In a newly established national park, the whole rural society is affected, and sometimes complete villages have to be removed, not only within the location of the park but also in its immediate neighborhood. Wild animals do not in fact respect borders, and either destroy crops or attack human beings, while under national law those animals cannot be killed. In a number of cases, it has been reported that international companies operating in the region, or western NGOs, have supplied funds to compensate for the re-installation of the affected population. Running costs for the maintenance of the parks, the training of the guards and the rangers, and local compensation for destroyed crops are almost always supported by entrance fees from tourists, or from foreign donations. Channeling international aid into the sound management of nature reserves throughout the world might be seen as a useful contribution to sustainable development. In recent years a new phenomenon of self-supporting nature reserves has been observed in some southern African countries. Hence, in Namibia quite a number of former cattle farms have now turned into private nature reserves where tourists are allowed, in exchange for fees, to watch game, as well as hunt for sport – in agreement with the
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 Ministry of Environment – animals including elephants and lions. Other private nature reserves in South Africa attract paying tourists for game watching, without any hunting. Issues related to the value and price of land are discussed in extenso in “Land use planning”. 6.3. Assessing the inherent production value of land The primary factor in assessing the land value in a rural environment is its inherent production potential to grow crops, produce timber, or raise cattle. This use of the potential and carrying capacity of land is mainly determined by its intrinsic physical properties, and the possibilities of optimizing their use. Deep, fertile, and well-drained loams located in a properly suited climate will generate good produce and high yields. Soils that are too sandy or too clayey make the land unsuitable for many crops, although some may, of course, prefer those soils (for example, asparagus, groundnuts, or cashew trees on well drained sands; rice on poorly drained, impermeable clays, and so forth). Poor drainage is a major constraint for most agricultural activities, though here also, crops react differently depending on their specific growth requirements. The climate may be too hot, too cold, too dry, or too rainy for economic crop production, or for the proper growth of some trees, grasses, and other plants. The impact of natural physical land factors is most prominent under conditions where agriculture is the dominant land use, and where the suitability of the land to produce crop yield is the primary asset for expected earnings from the land, and subsequently for its exchange or market value. The inherent land use potential for arable cropping, grazing, forestry, and other land use types can be evaluated by different methods, ranging from simple correlation formulas – as for example the IRHO formula linking production potential for oil palm production to the rainfall deficit – to parametric formulas such as the Storie index, or more sophisticated approaches. The USDA Land Capability Classification, developed by Klingebiel and Montgomery in 1961, is a qualitative evaluation system that takes into consideration eleven land factors and their impact on the suitability of land for eight major land use and management types, including agricultural and non-agricultural – such as grassland, forestry, and wildlife – uses. The FAO approach to land suitability evaluation, the principles of which were outlined in the FAO Framework for Land Evaluation, has made a break-through as regards semi-quantitative crop-specific evaluations of land by introducing the principle of matching land attributes with the natural growth requirements for crops in terms of agro-climatic, soil chemical and physical needs, and for soil workability and ease of management. If those attributes correspond with the optimal growth conditions then the land is considered highly suitable, and a maximal yield can be expected, thus ranking that land in the highest value class. The more the land properties deviate from those optimal growth requirements, the less suitable the land is, and the lower the production and the yield that can be expected. Alternatively, allocation to a class can depend on the type
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 and degree of constraints, and to what extent the land can be reclaimed (at extra cost and, thus, at less benefit) in order to achieve the expected yields. Current systems for physical land suitability evaluation based on the FAO principles facilitate the use of semi-quantitative or quantitative rating scales, which can subsequently be converted into land productivity levels. In practical terms this means that in such cases, for example, highly suitable land may be associated with an average yield of 3 to 3.5 tonnes of produce per ha, whilst moderately suitable land will only yield 2 to 3 tonnes/ha. The same principles of natural land capability have been introduced in current land valuation methods applied for the land consolidation schemes in Belgium and the Netherlands, the German Bodenschätzung, the principles of which date back as far as 1934, and the Russian Bonitet system. They also occur in a somewhat modified form in the Canadian system for land valuation. All of these are numerical methods which take into account the physical conditions for crop growth in terms of soil, climate, topography, and so on, as compared to those of the optimal land in a pilot zone, to which an index value of 100 points was allocated. The lands to be valued are subsequently elevated or depressed from the 100 points rating as a function of their intrinsic properties. The end product of the exercise is a final rating for each specific land use type (called Ackerzahl, Grünlandzahl, etc. in the German system). The effective point values in terms of yields are derived from updated statistical harvest figures. The multiplication of the final land value with that point-related yield value gives the theoretical yield level of the plot concerned. For the 1990s, for example, the Bonitet point rates for very low, medium, and high cereal yields were given yield values of 25 to 30 kg/point, 45 to 50 kg/point, and 65 to 75 kg/point respectively. More technical information on these methodologies can be found in the various contributions under “Land use planning”. 6.4. Assessing the market value of land In contrast to the evaluation of inherent natural production potential, the assessment of economic market values is only based on an intuitive judgment by experts. In many cases the economic market value constitutes a basis for tax assessments. This also explains why such methods can only be applied properly in a free-market economy, where, for instance, there is sufficient comparative material available. There exists a wide range of economic valuation methods, three of which can be considered of sufficiently large-scale application. These refer to the comparative sales method (market value), the income capitalization method (use value), and the lease value method (use value).
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 6.4.1. The comparative sales method This approach is based on the assumption that similar interests in similar properties have similar values, while dissimilarities between the properties being compared can be reflected in valuation through intuitive judgment. The direct comparison method of valuation is defined as “the estimation of a value of an interest in property by comparing it with similar interests in similar properties sold in the open market, comparing like with like, and making empirical adjustments to allow for differences of location, relative desirability, valuation date and other variables.” This method has been widely used in the past and continues to occupy an important place in valuation procedures. The comparative approach rests on the firm ground that market price is the only value determined objectively, and is, therefore, free from arbitrary judgments and opinions. The level of value is determined by the actual buyers and sellers in the market, and is not subject to claims of being an arbitrarily selected level of the value. Nevertheless, the comparative method has a number of limitations, especially in the sense that it can only be applied satisfactorily if there is a reasonably active land market. Often, however, there is no such market in developing countries, nor in a number of Central and Eastern European countries, where the free-market system has only recently been introduced. It has been reported that even in the commercial farming sub-sector of South Africa and Namibia, the application of this method remained doubtful and inaccurate due to the scarcity of sales and/or the inadequacy of sales data. One of the reasons why there are so few land sales in South Africa is that sellers are legally not able to take the money out of the country. The successful application of the comparative sales approach depends substantially upon the proper interpretation and selection of market values. Sales of land differ widely with respect to the nature of the properties, the circumstances and terms of the sales, the nature of the buyers and sellers, and the inclusion or exclusion of numerous factors, such as crops, buildings, fences, wells, and the like. Hence, the method cannot be considered a completely objective guarantee for a correct valuation, and, therefore, matters may end up in discussions between the parties at the local courts. 6.4.2. The income capitalization method This approach is based on use rather than market. It assumes that when earnings of a property are capitalized at a correctly determined rate, the resulting fund of those earnings represents an expression of the value of that property. It is also known as “valuation by investment valuation.” To obtain satisfactory results, especially under rural conditions, this method assumes in the first place that net farming income be calculated, and a reasonable capitalization rate be used. However, to determine potential income a considerable number of variables need to be taken into account, making this method susceptible to discretionary application.
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 Since market values are objective, they should over time approximate to the capitalized earnings level. With due adjustments incorporated to compensate for the intangible factor values, building values, and size of purchase influence, these long-term values should become in line with a combination of the comparative sales approach and the earnings capitalization approach to value. In South Africa and a number of other countries the method is often used to determine the “agricultural value” of land. Land values calculated according to this method are usually lower than market values, and this could lead to unfairness if the non-agricultural sector is taxed according to market value. Despite the criticism leveled against this method, the Land Bank in South Africa has been using it for many years, not only for purposes of advancing loans or extending credit, but also for purposes of state duty and donations tax. The success or failure of this method relies on the correct determination of the values assumed for both income and rate; these factors are very difficult to determine and hard to substantiate. Further technical criticisms include the lack of explicit allowances for: first, inflation; second, income tax on the disposable income; third, real growth of the investment; and, fourth, general economic trends. 6.4.3. The lease value/rental value method This method is also based on the use value, independently of direct sales market factors. In implementing this method the value of land is assessed with reference to the potential or effective market rent that can be obtained for a specific unit of land. In countries where much agricultural land is rented, such as Germany and France (more than 50 percent), Spain, Greece, and Denmark (about 20 percent or above), the method has thus a fair application base. In many other countries, especially those in the developing world, it is almost impossible to apply this method. This approach, when used on its own or as an element of other techniques, has stood the test of time. It is accepted by the profession, easily understood, simple to operate, and generally produces accurate results. The substantial drawbacks to its effective use concern the collection, interpretation, recording, and retrieval of data, and this criticism is borne out by the following comments. First, the long-term lease market for this type of land use is extremely thin, and the data therefore scarce. Second, the lease market is not completely “free,” since in traditional farmers’ societies many leases are concluded between connected persons (such as family members, family trusts, and family companies), and this would often not reflect the “true” lease value of the land. Third, many short-term and medium-term leases of agricultural land are not well documented, or there may be a lack of essential background knowledge regarding the transaction – for example, knowledge of the detailed terms of a lease, or precisely what is included in a notified consideration – with the result that information may not be readily available, or may be unreliable. And finally, because information is often due to be supplied by the owners/leaseholders themselves, data manipulation is possible, especially when the valuation is done for taxation purposes.
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 6.5. Assessing the value of land in countries in transition Economic valuation methods are inseparably associated with a free-market economy and with functional land markets. They do not apply where neither of those is present, as is the case in the emerging countries of Central and Eastern Europe which, for a long time, have been living under a centrally planned economy, or in developing countries where land issues depend on customary or traditional legislation. In Marxist ideology, land is a natural resource, whose use should be determined by social factors and not by the economic aspirations of the tenant. In such a context private ownership is virtually inexistent. With the decline of the centrally planned economy in the former USSR, and the countries under its socio-political influence, this concept of state ownership of land had to be abandoned. This ideological shift not only involved the principle of physically allocating land to individuals, documented by titles and involving rights and obligations, but also required a change in the mentality of farmers as regards decisions about land management and the marketing of their products. Privatization was further complicated by pending problems on land restitution and unclear property rights, lack of entrepreneurship on the part of farmers, the absence of consumer markets, the non-existence of a proper land administration, and an approach to land problems that was still too bureaucratic. What is more, a great number of farmers remained suspicious – whether out of tradition or education – of the new regulations, and were therefore reluctant to collaborate properly in the process. As an overall result, the land market in these countries is still very “thin,” and often lacks a minimum of standard sales to provide a baseline for valuation. Land transfers, though officially free, are also still subject to numerous restrictive laws. In Ukraine, for example, the number of the properties to be privatized varies from year to year, and is fixed by Parliament: as of 1998 only 100 agricultural properties had changed ownership status. In Albania and Hungary there is a limit to the maximum area of land that can be bought by each individual, while in Bulgaria transfer duties and taxes are often beyond the financial capacity of the average farmer. Slovakia, on the other hand, struggles with extreme fragmentation of land, something which it is difficult to rectify until the problem of the restitution claims has been settled. In order to stimulate market sales and set a price standard, the Ukrainian State Property Fund has declared that the value and price of land should not be less than the equivalent of US$200 to US$300 per ha, mainly because they believe that land in their country is an investment in itself. By this attitude they attract investors rather than farmers, who would normally be the target group. Farmers do indeed have a different, more pragmatic, concept, and consider land in the first place as a production tool; they therefore prefer to invest in the land only after it has been privatized. An additional bottleneck is that, because of high prices, much privatized land cannot be purchased by the farmers themselves, unless they group together as individuals to form associations in which they hold a share. A similar situation occurs in many developing countries, where land sales have to take place on a mutual agreement basis without real price standards being available. As long as these transactions can take place à l’amiable there is no problem, but this situation
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 cannot be maintained indefinitely, especially when the willing seller/willing buyer principle is abandoned. This is a key element in the search for a reasonable and peaceful solution of the Zimbabwean land problem at present. The land issue in Zimbabwe in fact encompasses two different aspects. First, the present government argues that no indemnity payments have to be made for farms that are expropriated from white settlers, and in this respect it comes into conflict with international law. Second, and on the assumption that indemnity would be paid, there is no generally accepted system of land valuation in the country, because there are no more sales in a free functional land market, and the alternative of valuating land on the basis of its production value has never been applied in the Commonwealth. In a rural environment, and in the absence of a functional land market, the most appropriate approach seems to lie in a linkage between the effective production of the past years – either documented by invoices, or through a value appraisal by experts – and the effective sales value. The issue of the valuation of land in these so-called thin markets – these being markets with little transfer activity – is discussed in more detail in “Land Use Planning”. 7. Need for a Rational Use and Management of the Land 7.1. International concern Worldwide, land is used with an increasing intensity to meet the needs of a growing population. These needs relate not only to increasing demands for food and space, but also to better material expectations, and a general trend towards a more even distribution of wealth. Though such demands have to some extent been met through major progress in plant breeding, fertilization, and soil management, or by opening up new land for agriculture, this development cannot be maintained indefinitely. Present-day perspectives are therefore that the demand for food, raw materials, and energy is expected to increase faster than anticipated population growth, and that these demands might end in serious land conflicts in the future. The sound management of natural resources is a prerequisite for economic development and protection of the environment. If growth is pursued without due regard for its immediate impact on the environment and the natural resource base, it can jeopardize longer-term development. The concept of sustainable development acknowledges the importance of economic growth, but it differs from previous concepts of development in its recognition that natural resources are finite, and that the wasteful use of resources in the present will cause an unnecessary sacrifice of income and wealth in the future. In the realization that broad-based sustainable development is not feasible, especially in the long term, unless there is sound environmental assessment at the inception stage, and having learnt from adverse experience, international organizations have expressed concern in the past thirty years regarding the alarming developments in food production, and the need for a more rational use of the available space. Hence, the United Nations Environment Programme (UNEP), in collaboration with FAO and UNESCO, has stressed the importance of a co-ordinated “World Soils Policy,” and has urged the need for national policies aimed at conserving precious natural soil resources. In this context, FAO’s World Soil Charter was drafted in 1981, and UNEP issued its World Soil
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 Conservation Policy in 1982. The Agenda 21 resolutions, adopted at the UNCED Conference in Rio de Janeiro in 1992, have reiterated these urgent concerns. The issue is still a major point on the political agenda at international fora. All these documents draw attention to the importance of soil and land as basic natural and almost non-renewable resources for agriculture, forestry, and other rural uses. They stress two major principles: first, the avoidance of soil loss and degradation; and second, the utilization of soils to their maximal potential, but within the context of sustainability. The second principle thus promotes the best use of soils and other land resources to meet present needs, while at the same time conserving the basic soil resource for the populations of the future. 7.2. National land policies and zoning Most of the world’s countries have set up a national land policy. Most developed countries have put in place quite strict physical plans or land zoning, and the implementation of these is under way, especially given the growing political pressure to protect the environment. Many developing countries have a National Environmental Action Plan (NEAP) as well, often established with the assistance of the World Bank. The strategies have been developed, but their implementation is often not yet operational. Reasons for this are: lack of awareness of the need for a more rational use of space, lack of an operational institutional framework, and the unavailability of the necessary funds. Physical planning and land zoning are political instruments for deterring the uncontrolled occupation and deterioration of land. Clearly, they are intended to respond to public preferences for land use patterns which reflect a combination of social, economic, and environmental needs. Initially, the objective of physical planning was to stop the unlimited encroachment upon cultivable land by cities and other human activities, but now it is increasingly used as a tool for organizing the rational occupation of space, the sustainable production of basic food supplies, and the preservation of the environment. The land use policies currently implemented in Europe are normally aimed at influencing land use through either financial incentives or statutory restrictions. The latter involve, inter alia, the limited use of fertilizers, restriction to the type of land use that is allowed (in order to reduce the amount of manure produced), and even, in the long term, the obligation to move towards organic crop production methods, and the closure of farms as soon as the present owner bows out. All these statutory restrictions are supported by fair compensation to both owners and tenants under the current EU agricultural schemes, and they create no major disruption of the land markets. The formulation of a national land policy requires the involvement of at least three levels of government. Under international pressure there is also a growing demand for a more participative approach from all stakeholders, at all levels, and a greater transparency in strategy formulation and decision-making.
 ©Encyclopedia of Life Support Systems (EOLSS)

Page 39
                        
                        

UNESCO-EOLS
 S
 SAMPLE C
 HAPTERS
 LAND USE, LAND COVER AND SOIL SCIENCES – Vol. I -Land Use, Land Cover and Soil Sciences - W . H . V e r h e y e
 National governments usually determine overall principles and provide guidelines for the lower authorities. These guidelines are generally in line with the long-term (economic) development plans, and with the growing concern for the environment. Within the European Union many of these guidelines are now formulated into EU directives at the supra-national level. The next level is often a regional plan through which the regional administrations can articulate the land use policy. Such plans may indicate the main categories of future development for the region, or may specify physical zoning within the region, to implement the nationally targeted land use policy goals. A regional plan may then provide the basis for municipal and other local authorities to implement strategies and issue relevant directives. These authorities are often responsible for the actual administration and implementation of the physical zoning in the territory. Zonation is particularly important in the peri-urban fringe or in densely populated areas, where the pressure to convert open agricultural land into more economic uses – urban, residential, and industrial for example – is intense. Physical planning has therefore been introduced in many countries as a tool to protect rural areas and farmland in particular. Town and country planning is the only way to stop the encroachment on arable land, and to control unlimited urban and industrial expansion. Major world cities like Hamburg, Stockholm, or Copenhagen nowadays have strict physical plans which prohibit urban expansion beyond certain limits and/or concentrate particular human activities in special zones. Industrial plants are removed from residential zones into specially demarcated industrial areas, with strict exploitation rules. Land for specific uses in the different zones is made available in a controlled land market, as is illustrated by the following examples. 7.3. Successful examples In Canada’s Quebec Province, a decree on the protection of rural areas, issued in 1978 with the aim of stopping rural depopulation, has re-stimulated agricultural activities over approximately 30 percent of formerly abandoned land in the immediate neighborhood of Montreal. In Belgium and the Netherlands “ecologically valuable zones” have already been demarcated, and the activities within them are subject to very restrictive rules. In agricultural areas all activities have to relate to the approved land use, and only buildings with a farming function are allowed. Denmark and Great Britain also have legislation under which rural zones designated by local plans are protected from residential and industrial development. Permission must be obtained in rural zones for development or building, as well as for change of land use with no building involved. This rule does not apply, however, in the case of land or a building intended for agricultural purposes. Local plans in these countries are binding. The legislation in relation to physical planning in Germany has similar characteristics to those just described. In that country there are two general types of land use planning: comprehensive planning, which is empowered to co-ordinate and control various
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 demands for land at the federal level; and planning for specific activities that fall within the responsibility of the Länder, and involve specification and use for particular reasons such as land consolidation, protection of nature and landscape, and transportation. The implementation of these principles is generally achieved through local planning. The Federal Act on Land Use Planning formulates the principles of comprehensive land use planning, with a binding effect on the planning activities of the Länder, who are then responsible for the detailed legislation. The most important principle stated in relation to farmland protection is that family farming based on soil cultivation, and a limited number of livestock, should be guaranteed as an important unit of the national economy. This also provides the policy basis for restricting the conversion of farmland to other purposes, as well as issues of natural and environmental conservation, and the need to address excessive depopulation in rural areas. The Länder are responsible for specific purpose planning, including the planning and implementation of land consolidation projects. These projects aim to improve agricultural structures, promote soil conservation, and encourage rural development. When designating the area for land consolidation projects consideration is also given to the location of “agricultural areas” authorized by municipalities. The principles outlined at the higher levels are implemented through the local plans. First, in an “agricultural area,” as designated in the zoning and alignment plans, farmland is generally excluded from non-agricultural development, and can be converted to other uses only to a limited extent. Second, in principle, the construction of non-agricultural buildings is prohibited in any “undeveloped area” (Aussenbereich), and is defined as that part of the municipal territory that is not designated as developed (built-up areas and areas covered by alignment plans). In conclusion, the zoning of land is a commonly used tool for organizing the rational use of land. Although zoning is often restrictive in nature, and thus runs counter to the basic principles of the free-market economy, it is the only way of adjusting and correcting private initiatives aimed at an unduly market-oriented use of land, so as to favor land uses that are more society-oriented, especially as regards the preservation of nature, and of areas which can be put at the free disposal of communities. As land becomes a scarce asset, its preservation is, after all, socially and ethically very acceptable. Glossary Biodiversity: The variety of different species, the variability among individuals
 within each species, and the variety in ecosystems. Decision-maker: Executive person or group responsible for land use policy, action,
 and allocation of resources. Erosion hazard: The risk that erosion of soil will occur under certain conditions. Poor
 soil management with inadequate vegetation cover is an adverse condition and a high erosion hazard; undisturbed natural vegetation is a low erosion hazard.
 Land: An area of the earth’s surface, the characteristics of which embrace
 ©Encyclopedia of Life Support Systems (EOLSS)

Page 41
                        
                        

UNESCO-EOLS
 S
 SAMPLE C
 HAPTERS
 LAND USE, LAND COVER AND SOIL SCIENCES – Vol. I -Land Use, Land Cover and Soil Sciences - W . H . V e r h e y e
 all reasonably stable, or predictably cyclic attributes of the biosphere vertically above and below this area, including those of the atmosphere, the soil and underlying geology, the hydrology, the plant and animal populations, and the results of past and present human activity, to the extent that these attributes exert a significant influence on present and future uses of the land by humankind.
 Land capability: See land suitability. Land cover: The biophysical state of the earth’s surface and immediate
 subsurface, embracing soil, vegetation, and water components. Land degradation:
 The process of reducing the inherent quality, value, and production potential of the land by adverse external factors; causes for land degradation can have a natural (biophysical) or human origin.
 Land evaluation: The process of assessment of land performance when used for specific purposes, involving the execution and interpretation of surveys and studies of landforms, soils, vegetation, climate, and other aspects of land in order to identify and compare promising kinds of land use in terms applicable to the objectives of the evaluation.
 Land suitability: The fitness of a given type of land for a specific kind of land use; this is not the same as land capability, which deals with land use aspects in more general terms.
 Land use: The function of the land as determined by natural conditions and (intentional) human interventions. It is useful to categorize land according to the status and employment of the land, for example, crop land, forest land, grazing land, nature reserve, etc.
 Land use planning:
 The process of evaluating land and alternative patterns of land use and other physical, social, and economic conditions, for the purpose of selecting and adopting the kinds of land use and courses of action best calculated to achieve specified objectives. The process ideally involves the participation of the land users. It entails systematically evaluating land and alternative patterns of land, choosing the type of use that meets specified goals, and drawing up policies, strategies, and programs for an optimal use of land.
 Market value: The price at which an attribute (land for example) can be sold in a functional market under private contract between a willing seller and an arm’slength buyer on the date of valuation. Market values are often used for taxation purposes.
 Per capita available land:
 The ratio of the total available land, in terms of arable land plus land under permanent crops, to the total population of the country.
 Planning: The process of systematically examining alternative proposals for action, and subsequently selecting those alternatives which best achieve the specified objectives.
 Price: A parameter in terms of money, to express the (exchange) value of an object or a property at a given time. The price of land corresponds to the value of ownership of stipulated rights in perpetuity, and is equal to the estimated present value of the expected future appropriations of rent.
 Sharecropping: A system of land lease, whereby the payment of the lease agreement
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 is made as a percentage (often on a 50/50 basis) of the harvested yield.
 Soil: A three-dimensional body occupying the upper part of the earth’s crust, and having properties differing from the underlying rock material as a result of interactions between climate, living organisms (including human activity), parent material, and relief over periods of time. Soils differ in terms of internal properties, gradient, slope complexity, micro-topography, stoniness, and surface rockiness.
 Soil conservation: The protection and management of the soil with a view to maintaining a sustained yield from it with a minimum soil loss. This generally implies careful planning and control in order to maintain a balanced land use.
 Soil erosion: The removal of soil by forces of nature more rapidly than various soil forming processes can replace it, particularly as a result of man’s ill-judged activities such as clearance of all vegetation and up-and-down slope cultivation.
 Usufruct: The right (in land tenure) of enjoying the use and benefits of land which belongs to another, and deriving from it all profits or benefits it might produce provided this is done without altering or damaging it.
 Value: The esteem in which something is held or can be exchanged under current market conditions. The concept of value involves two main conditions: it must be related to a desire, and a certain difficulty must be incurred in obtaining it.
 Weathering: Partial or complete transformation, with or without volume change, of the rocks, minerals, soils, or unconsolidated sediments, accompanied by changes in color, texture, hardness, or shape. The changes occur through partial or complete disappearance of part or all of the original minerals, and through their possible substitution by a secondary crystalline or amorphous material. Weathering takes place as a result of biochemical and geochemical processes.
 Bibliography ARUA, E. O.; OKORJI, E. C. 1997. Multidimensional Analysis of Land Tenure Systems in Eastern Nigeria. Land Reform, No. 2, pp. 113–24. Rome, FAO. [Gives a comprehensive overview of customary land tenure practices in Africa.]
 BRIASSOULIS, H. 2000. Analysis of Land Use Change: Theoretical and Modeling Approaches. In: S. LOVERIDGE (ed.), The Web Book of Regional Science. West Virginia University. http://www.rri.edu/regscweb.htm. [Deals with developments in land cover and land use changes and drivers over the past 100 years.]
 DENT, D.; YOUNG, A. (eds.) 1981. Soil Survey and Land Evaluation. London, Allen and Unwin. 21 pp. [An overview of relevant items and methods used to describe and evaluate the soil.]
 FAO. (Various years.) Statistical Yearbooks on Agriculture. Rome, FAO. [An annual publication with the most recent statistical information on land and crops at world and national levels.]
 FAO. 1976. A Framework for Land Evaluation. FAO Soils Bulletin, No. 32, Rome, FAO. 79 pp. [Outlines the basic principles of the FAO approach to land evaluation and land use planning.]
 FAO. 1981. World Soil Charter. Rome, FAO. 8 pp. [Gives a short enumeration of the different articles in the charter, without additional comments.]
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 FAO. 1983. Guidelines: Land Evaluation for Rainfed Agriculture. FAO Soils Bulletin, No. 52, Rome, FAO. 237 pp. [An overview of the practical application of the FAO approach to land evaluation for rainfed agriculture.]
 FAO. 1991. World Soil Resources: An Explanatory Note on the FAO Soil Resources Map at 1:25 Million Scale. World Soil Resources Report 66, Rome, FAO. 61 pp. (Provides not only an explanatory note on how to interpret the soil resources map, but gives as well good background information on how to interpret the map in terms of agricultural potential).
 FAO. 1993. Guidelines for Land Use Planning. FAO Development Series, No. 1, Rome. FAO/AGLS. 96 pp. [Overview of the principles which guide land use planning.]
 FAO website. Http://www.fao.org/WAICENT/FAOINFO [Gives a good up-to-date overview of FAO’s activities from its different divisions.]
 FAO/UNEP. 1996. Our Land, Our Future. 48 pp.
 FAO/UNEP. 1997. Negotiating a Sustainable Future for Land. Rome, FAO/AGLS. 61 pp.
 FAO/UNEP. 1999. The future of Our Land: Facing the Challenge. Guidelines for Integrated Planning for Sustainable Management of Land Resources. Rome, FAO/AGLS. 71 pp. [A series of three publications illustrating how to operate participative land use planning.]
 GTZ. 1998. Land tenure in development co-operation: Guiding principles. Wiesbaden, Germany, Universum Verlag/GTZ. 252 pp. [A comprehensive overview of various papers on the problems of land tenure and land access in developing countries.]
 KUTTER, A.; NACHTERGAELE, F.; VERHEYE, W. 1997. The New Approach to Land Use Planning and Management: Application to Sierra Leone. Proceedings of International Conference on Geo-Information for Sustainable Land Management, Enschede, August 1997. ITC Journal, No. 3, pp. 278–83 [An example of how to apply the FAO approach to land use planning at country level.]
 OLDEMAN, L. R.; HAKKELING, R. T.; SOMBROEK, W. 1990. World map of the status of human-induced soil degradation: Global Assessment of Soil Degradation (GLASOD). ISRIC–UNEP. 27 pp. plus appendices. [A numerical overview of the importance of land degradation, classified per type of degradation at world and individual continental level.]
 SINGH, R. B.; FOX, J.; HIMIYAMA, Y. (eds.) 2001. Land use and land cover change. Enfield/Plymouth, Science Publishers. 299 pp. [A compilation of twenty-four papers presented at a recent IGU–LUCC seminar in Honolulu, Hawaii, covering case studies from various parts of the world.]
 UNEP (UNITED NATIONS ENVIRONMENT PROGRAMME). 1982. World Soil Conservation Policy. Nairobi, UNEP. 70 pp. (Gives an extensive explanation on what are the problems of soil degradation, and on the way to avoid or to reclaim these in terms of government policies).
 VERHEYE, W. 2000. Use of Land Evaluation Techniques to Assess the Market Value of Agricultural Land. Agropedology, Nagpur, Vol. 10, No. 2, pp. 88–100. [Gives an overview of valuation methods to determine the inherent production potential of land.]
 VERHEYE, W.; BRINKMAN, R.; SIMS, D. 1997. Elements of a Different Approach to Land Development Issues. The Land, Vol. 1, No. 2, pp. 143–52. [Explains the problems related to apply a more participative planning process with a greater involvement of stakeholders.] Biographical Sketch Willy Verheye is a Research Director at the National Science Foundation, Flanders, and a Professor in the Geography Department, University of Ghent, Belgium. He holds an M.Sc. in Physical Geography (1961), a Ph.D. in soil science (1970), and a Post-Doctoral Degree in soil science and land use planning (1980).
 He has been active for more than thirty-five years both in the academic world, as a professor/research director in soil science, land evaluation, and land use planning, and as a technical and scientific advisor for rural development projects, especially in developing countries. His research has mainly focused on the field characterization of soils and soils potentials, and on the integration of socio-economic and
 ©Encyclopedia of Life Support Systems (EOLSS)

Page 44
                        
                        

UNESCO-EOLS
 S
 SAMPLE C
 HAPTERS
 LAND USE, LAND COVER AND SOIL SCIENCES – Vol. I -Land Use, Land Cover and Soil Sciences - W . H . V e r h e y e
 environmental aspects in rural land use planning. He has been a guest-professor in the universities of Algiers, Constantine, Tunis, and Morogoro (Tanzania). He was scientific coordinator for the post-university cyclus on Soils and the Environment at the University of Antwerp.
 Willy Verheye has served as a technical and scientific advisor in more than 100 development projects for international (UNDP, FAO, World Bank, African and Asian Development Banks, etc.) and national agencies, as well as for development companies and NGOs active in the inter-tropical belt. He has organized various seminars on applied soil science and management aspects at the EU in Brussels, and has been guest or key-note speaker at many international fora. Under a UNDP-supported program he established the M.Sc. and Ph.D. programs in land resource management at Nagpur-Akola, India, and was elected a Fellow of the Indian Society for Land Use Planning for this work. He has also published more than 100 papers in international journals.
 In recent years his activities have been mainly focused on participative planning methods in developing countries, with due attention both to optimization of production and sustainable land management.
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