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Chapter One

Land Degradation and Rehabilitation 
1.1 Definitions and Concepts

Land degradation generally signifies the temporary or permanent decline in the productive capacity of the land (UN/FAO definition). Another definition describes it as, "the aggregate diminution of the productive potential of the land, including its major uses (rain-fed, arable, irrigated, rangeland, forest), its farming systems (e.g. smallholder subsistence) and its value as an economic resource."
Indicators of land degradation

Assessing the degradation of productive capacity of land requires assessment of indicators of land degradation. Therefore, we have to use indicators of land degradation. Indicators are variables which may show that land degradation has taken place – they are not necessarily the actual degradation itself.

· The piling up of sediment against a downslope barrier may be an 'indicator' that land degradation is occurring upslope.

· Similarly, decline in yields of a crop may be an indicator that soil quality has changed, which in turn may indicate that soil and land degradation are also occurring.

· The condition of the soil is one of the best indicators of land degradation.
· The soil integrates a variety of important processes involving vegetation growth, overland flow of water, infiltration, land use and land management. Soil degradation is, in itself, an indicator of land degradation. But, in the field, further variables are used as indicators of the occurrence of soil degradation.
1.1 Trends in Land Degradation

Land degradation is accelerating and drought is escalating worldwide. At the Rio+20 Conference, world leaders clearly acknowledged that desertification, land degradation and drought (DLDD) are challenges of a global dimension affecting the sustainable development of all countries, in particular developing countries.
Global assessments indicate that the percentage of total land area that is highly degraded has increased from 15% in 1991 to 25% by 2011. By 2008, more than 20% of all cultivated areas, 30% of natural forests, and 25% of grasslands were undergoing some degree of degradation (Bai et al., 2008). Estimates indicate that up to 25% of all land is currently highly degraded, 36% is slightly or moderately degraded but in stable condition, while only 10% is improving (FAO 2011).
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Some studies indicate that land degradation directly affects 1.5 billion people around the world with a disproportionate impact on the poor, women and children, and has already reduced the productivity of the world’s terrestrial surface by about 25% from 1981 to 2003. These assessments demonstrate how, within a relatively recent period, biological productivity has declined significantly in addition to the amount of land already degraded. Although land degradation is a generalized risk, some 40% of the world’s degraded lands occur in areas with the highest incidence of poverty. While the world’s dry lands continue to be the most vulnerable, land degradation is a global phenomenon; some findings indicate that 78% of the total land being degraded between 1981 and 2003 is located in terrestrial ecosystems other than dry lands. Desertification, land degradation and drought processes have accelerated rapidly in the last century, with an estimated 24 billion tons of fertile soil lost to erosion in the world‘s croplands. If the current scenario of land degradation continues over the next 25 years, it may reduce global food production, from what it otherwise would be, by as much as 12% resulting in world food prices as much as 30% higher for some commodities. This at a time when population growth, rising incomes and changing consumption patterns are expected to increase the demand for food, energy and water, by at least 50%, 45% and 30%, respectively by 2030. These expected levels of global demand cannot be met sustainably unless we protect and restore the fertility of our soil thus securing the productivity of our land.

1.3 Processes and mechanics of erosion
Soil erosion is a three-phase process consisting of the detachment of individual soil particles from the soil mass and their transport by erosive agents such as running water and wind. When sufficient energy is no longer available to transport the particles, a third phase, deposition, occurs.
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Figure1: Steps of soil erosion processes
Step 1: Detachment

Rain splash is the most important detaching agent. As a result of raindrops striking a bare soil surface, soil particles may be thrown through the air over distances of several centimetres.

Continuous exposure to intense rainstorms considerably weakens the soil. The soil is also broken up by weathering processes, both mechanical, by alternate wetting and drying, freezing and thawing and frost action, and biochemical. Human activities like ploughing, cutting of upland for engineering works and others are also responsible for soil particle detachment. Soil is disturbed by tillage operations and by the trampling of people and livestock. Running water and wind are further contributors to the detachment of soil particles. All these processes loosen the soil so that it is easily removed by the agents of transport.

Step 2: Transportation
The transporting agents comprise those that act a really and contribute to the removal of a relatively uniform thickness of soil, and those that concentrate their action in channels. The first group consists of rain splash, surface runoff in the form of shallow flows of infinite width, sometimes termed sheet flow but more correctly called overland flow, and wind. The second group covers water in small channels, known as rills, which can be obliterated by weathering and ploughing, or in the larger more permanent features of gullies and rivers. A distinction is commonly made for water erosion between rill erosion and erosion on the land between the rills by the combined action of raindrop impact and overland flow. This is termed inter rill erosion. To these agents that act externally, picking up material from and carrying it over the ground surface, should be added transport by mass movements such as soil flows, slides and creep, in which water affects the soil internally, altering its strength.

The severity of erosion depends upon the quantity of material supplied by detachment over time and the capacity of the eroding agents to transport it. Where the agents have the capacity to transport more material than is supplied by detachment, the erosion is described as detachment-limited. Where more material is supplied than can be transported, the erosion is transport limited.

The energy available for erosion takes two forms: potential and kinetic. Potential energy (PE) results from the difference in height of one body with respect to another. It is the product of mass (m), height difference (h) and acceleration due to gravity (g), so that; 
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Step 3: Deposition

Finally, the process of erosion stops when the transported particles fall out of the transporting medium and settle on a surface.This process is called deposition.A reduction in the velocity of the medium, or an increase in the resistance of the particles may upset this balance and cause deposition.
Reductions in competence can occur in a variety of ways. Velocity can be reduced locally by the sheltering effect of large rocks, hills, and stands of vegetation or other obstructions. Normally, competence changes occur because of large scale reductions in the velocity of flowing medium. For wind, reductions in velocity can be related to variations in spatial heating and cooling which create pressure gradients and wind. In water, lower velocities can be caused by reductions in discharge or a change in the grade of the stream. Glacial flows of ice can become slower if precipitation input is reduced or when the ice encounters melting. Deposition can also be caused by particle precipitation and flocculation. Both of these processes are active only in water.
Precipitation is a process where dissolved ions become solid because of changes in the temperature or chemistry of the water.Flocculation is a chemical process where salt causes the aggregation of minute clay particles into larger masses that are too heavy to remain suspended.

1.4.  Risks and hazards of degradation

Risk can be defined as actual or potential threat of adverse effects on living organisms and environment by effluents, emissions, wastes, resource depletion, etc., arising out of an organization's activities.
Risk is the potential of gaining or losing something of value. Values (such as physical health, social status, emotional well-being or financial wealth) can be gained or lost when taking risk resulting from a given action or inaction, foreseen or unforeseen.

A hazard is a situation that poses a level of threat to life, health, property, or environment. Hazards can be dormant or potential, with only a theoretical risk of harm; however, once a hazard becomes "active", it can create an emergency. A hazardous situation that has come to pass is called an incident. Hazard and possibility interact together to create risk. 
Identification of hazard risks is the first step in performing a risk assessment.

Types of hazards
Hazards are generally labeled as one of five types

Physical hazards are conditions or situations that can cause the body physical harm or intense stress.

I. Physical hazards can be both natural and human made elements.

II. Chemical hazards are substances that can cause harm or damage to the body, property or the environment. Chemical hazards can be both natural and human made origin.

III. Biological hazards are biological agents that can cause harm to the human body. Some biological agents can be viruses, parasites, bacteria, food, fungi, and foreign toxins.

IV. Psychological hazards are created during work related stress or a stressful environment. A person can be a hazard when he/she is affected psychological disturbance through -stress,shift patterns and also can be a hazard when a person is under the influence of alcohol,illness and lack of training.

1.5. Vulnerability  

Vulnerability refers to the inability (of a system or a unit) to withstand the effects of a hostile environment. A window of vulnerability (WoV) is a time frame within which defensive measures are diminished, compromised or lacking.
Or 

The degree to which people, property, resources, systems, and cultural, economic, environmental, and social activity is susceptible to harm, degradation, or destruction on being exposed to a hostile agent or factor.

1.6 Rehabilitation
Land rehabilitation is an intervention designed to make a geo-ecological improvement. In most contexts, this involves the mitigation or reversal of land degradation caused by poor land husbandry practices, especially agricultural practices. The key issues in land rehabilitation concern to what degree the land should be rehabilitated to self-sustaining natural control and to what degree to a sustainable economic after-use, where future land quality is sustained by careful management and repair.

Land rehabilitation requires the presence of a self-sustaining soil, which means that there should be a positive balance between soil creation, Soil Depth Enhancement and soil losses to erosion. This can be achieved in two ways, either by reducing the rate of soil removal by erosion, the traditional soil conservation approach, or by enhancing soil formation. 

Chapter Two

Major Forms of Land Degradation

2.1. Vegetation Degradation
Land clearing, primarily for agriculture, is perhaps the single most important cause of environmental degradation, loss of species, and depletion of ecological communities worldwide. About 80% of the world’s original cover of forest has been cleared, fragmented, degraded or converted to plantations, of which about 50% has been totally cleared. Almost 80% of mammals and about 60% of birds listed by the International Union for the Conservation of Nature have declined primarily as a result of habitat loss.
Forest loss and degradation are particular problems for conservation biology because forests are some of the most species-rich environments on the planet, particularly for birds and invertebrates. The United Nations Food and Agriculture Organization reviewed global forest clearance, and found that between 1990 and 2000, the average rate of forest loss was 16.1 million hectares per year. Of this, 14.6 million hectares was lost through deforestation and 1.5 million hectares was lost through conversion to plantations each year. Although there were some net gains in forest area through plantation establishment and the natural expansion of forest, these were small in comparison with the overall rate of loss, particularly in tropical countries. These estimates do not include the loss of the millions of hectares of forest that are burned annually.

Rates of vegetation clearance are likely to be associated with the increase size of the human population, developments in technology, and per capita consumption of resources. Shifting cultivation causes forest loss in all tropical regions, and accounts for 70% of deforestation in Africa, 50% in Asia and 35% in the Americas. Social and political factors underlie the movement of people between different places in significant numbers (e.g. transmigration programs in Brazil and Indonesia). Such movements to relatively clean environments usually result in forest modification and loss. Factors that influence vegetation clearing in many nations, includes shifting cultivation, increases in the human population, and transmigration.
2.2. Soil Degradation

Soil degradation is the decline in soil quality caused by its improper use, usually for agricultural, pastoral, industrial or urban purposes. Soil degradation is a serious global environmental problem and may be exacerbated by climate change. It encompasses physical, chemical and biological deterioration.
Soil degradation can also be defined as a change in the soil health status resulting in a diminished capacity of the ecosystem to provide goods and services for its beneficiaries. Degraded soils have a health status such, that they do not provide the normal goods and services of the particular soil in its ecosystem.

Types of soil degradation include:

1) Soil erosion by water: the removal of soil particles by the action of water. It is usually seen as sheet erosion (a more or less uniform removal of a thin layer of topsoil), rill erosion (small channels in the field) or gully erosion (large channels, similar to incised rivers). One important feature of soil erosion by water is the selective removal of the finer and more fertile fraction of the soil.
2) Soil erosion by wind: the removal of soil particles by wind action. Usually this is sheet erosion, where soil is removed in thin layers, but sometimes the effect of the wind can carve out hollows and other features. Wind erosion most easily occurs with fine to medium size sand particles.

3) Soil fertility decline: the degradation of soilphysical, biological and chemical properties. Erosion leads to reduced soil productivity, as do:

a)  Reduction in soil organic matter, with associated decline in soil biological activity;

b) Degradation of soil physical properties as a result of reduced organic matter (structure, aeration and water- holding capacity may be affected);

c) Changes in soil nutrient content leadingto deficiencies, or toxic levels, ofnutrients essential for healthy plant growth;

d) Build-up of toxic substances e.g. pollution, incorrect application of fertilisers.

Physical soil degradation: 

Physical degradation basically includes a negative impact on physical soil properties such as structure, texture, aggregate stability, porosity, permeability (compaction) and crusting. Soil erosion may be considered part of this category because it physically reduces soil depth. Furthermore, soil compaction is an increase in bulk density due to external load leading to the degradation of physical soil properties such as root penetration, hydraulic conductivity and aeration. Hard-setting after soils with extremely low structural stability that decomposes in to primary particles when moistened and during drying harden to a very compact, impermeable mass without structure. Infiltration and water retention are very limited on hard-setting soils and plants cannot germinate or are seriously hampered. Tillage by hand or animal traction is often impossible and the land degenerates to bad land.
Chemical soil degradation

Chemical soil degradation includes leaching of nutrients, loss of organic matter, soil pollution, decrease in exchange capacity and salinity. A number of chemical processes impair soil fertility, and we can basically distinguish the depletion of plant nutrient reserves and enrichment toxic substances. About 1.7 billion ha of tropical soils are low in nutrient reserves. These intensely weathered soils supply only a limited amount of nutrients. Because of leaching, particularly in the humid areas, soluble nutrient from the root zone can be washed out and transported into deeper soil layers. 

Acidification produces aluminium and ferrous oxides leading to phosphorous fixation are more frequent in the humid tropics, but it also occurs to a significant degree in steep highlands. Soil acidification and aluminium toxicity are direct causes of leaching and nutrient export, decomposition of organic matter or root exudation. Studies showed that about one third of the tropical lands occur with highly acidic soils, which contain plant toxic Al in the soil solution. In the tropics salinization poses a problem on 66million ha. Out of these alkaline soils 78% contain a sodium saturation of more than 15% in the upper 50cm. of the soil. Organic matter ensures favourable physical soil conditions, including water retention capacity. It furnishes balanced and slow-flowing sources of nutrients and is a basis for the cation exchange capacity (CEC). In cropping systems involving repeated tillage, there is rapid organic matter decline, often within a few cropping cycles. Nutrient retention declines below the necessary minimum and nutrient leaching increases by a large margin.
2.3. Water Pollution 
Water pollution is the contamination of natural water bodies by chemical, physical, radioactive or pathogenic microbial substances. Adverse alteration of water quality presently produces large scale illness and deaths, accounting for approximately 50 million deaths per year worldwide, most of these deaths occurring in Africa and Asia. Widespread consequences of water pollution upon ecosystems include species mortality, biodiversity reduction and loss of ecosystem services. Some consider that water pollution may occur from natural causes such as sedimentation from severe rainfall events; however, natural causes, including volcanic eruptions and algae blooms from natural causes constitute a minute amount of the instances of world water pollution. The most problematic of water pollutants are microbes that induce disease, since their sources may be construed as natural, but a prevalence of these instances result from human intervention in the environment or human overpopulation phenomena.

2.3.1. Classes of water pollutants
1. Chemical Water Pollutants 

Chemical water pollutants are generally atoms or molecules, which have been discharged into natural water bodies, usually by activities of humans. Common examples of such chemical water pollutants are mercury emanating from mining activity, certain nitrogen compounds used in agriculture, chlorinated organic molecules arising from sewage or water treatment plants or various acids which are the externalities of various manufacturing activities.

2. Physical water pollutants

Physical water pollutants are either (a) much larger particles or (b) physical factors such as temperature change, both of which while not typically toxic, cause a variety of harmful effects. The most obvious of physical pollutants are (a) excessive sediment load, mostly arising from over-intense land use practices and (b) rubbish discarded from human manufacturing activity (e.g. plastic bags, bottles). While these materials are not so harmful to human health as chemicals or pathogens, they comprise the majority of visual impact of water pollution. In the case of thermal pollution, these point source discharges typically affect the metabolism of aquatic fauna in adverse ways.

2.3.2. Sources of Water pollution 
Water pollutant sources can be grouped into two categories: 
(a) Point sources which can be attributed to discrete discharge from a factory or sewage outfall.
(b) Non-point sources that include agricultural runoff, urban stormwater runoff and other area wide sources.

Many of the common inorganic chemical water pollutants are produced by non-point sources, chiefly relating to intensive agriculture and high-density urban areas. Specific inorganic chemicals and their major sources are: monopotassium phosphate, ammonium nitrate and a host of related phosphate and nitrogen compounds used in agricultural fertilizers; heavy metals (present in urban runoff and mine tailings area runoff). However, some inorganics such as chlorine and related derivatives are produced chiefly from point sources, ironically employed in water treatment facilities. Moreover, some of the large dischargers of heavy metals to aquatic media are fixed point industrial plants.

The most significant physical pollutant is excess sediment in runoff from agricultural plots, clearcut forests, improperly graded slopes, urban streets and other poorly managed lands, especially when steep slopes or lands near streams are involved. Other physical pollutants include a variety of plastic refuse products such as packaging materials; the most pernicious of these items are ring shaped objects that can trap or strangle fish and other aquatic fauna. Other common physical objects are timber slash debris, waste paper and cardboard.
2.4 Climate change 

Climate change and land degradation: A double burden for drylands
Along with land mismanagement, climatic variability is a major driving force of land degradation. Given the high temperatures and limited rainfall already experienced in most drylands, these regions are particularly sensitive to the damaging interactions between land degradation and climate change. Indeed, climate-induced changes in air temperature and moisture – combined with degradation-induced reductions in soil organic matter, above- and below-ground biomass and soil fertility – may enhance desertification. In addition, the increased occurrence of extreme weather events – such as severe droughts or heavy rainfalls – is likely to exacerbate wind or water erosion and contribute towards further reductions in biomass and physical and chemical degradation of the land.
In any case, land degradation combined with climate change have the potential to disrupt established ecological and land use systems, which in turn may lead to the failure of food and water supplies, with consequent negative impacts upon livelihoods and households adaptive capacity

2.5 Principles of gully control
Generally, gullies are formed by an increase in surface run-off. Therefore, minimizing surface run-off is essential in gully control. Watersheds deteriorate because of man's misuse of the land, short intensive rainstorms, and prolonged rains of moderate intensity. These precipitation factors also turn into high run-off which causes flooding and forms gullies.

In gully control, the following three methods must be applied according to the order given:

(1) Improvement of gully catchments to reduce and regulate the run-off rates (peak flows);

(2) Diversion of surface water above the gully area;

(3) Stabilization of gullies by structural measures and accompanying revegetation.

2.5.1  Factors affecting gully formation

The factors affecting gully formation can be categorized into two groups, man-made factors, and physical factors.

a. Man-made factors

1. Improper land use

In developing countries, rapidly-increasing populations usually migrate upland to occupy forests or rangeland. Most migrants cut trees, burn litter and grasses, and cultivate hillsides without using conservation measures. After a few years, the productivity of the soil is lost because of sheet, rill and gully erosion, and the land is abandoned. This kind of cultivation, (slash and burn or shifting cultivation) is repeated by farmers on other hillsides until the land loses its productivity there as well. Thus, the whole of an area may be completely destroyed by gullying as the gully heads advance to the upper ends of the watershed.

2. Forest and grass fires

Many forest fires are caused by the uncontrolled burning used in shifting cultivation. These fires can easily spread into the forest and destroy the undergrowth and litter. Grass fires are usually ignited by farmers near the end of the dry season in order to obtain young shoots for their livestock or new land for cultivation. On slopes, the soil that is exposed after forest and grass fires is usually gullied during the first rainy season.

3. Overgrazing

Overgrazing removes too much of the soil's protective vegetal cover and trampling compacts the soil; thus the infiltration capacity of the land is reduced. The increased run-off, caused by the insufficient water holding capacity of the soil, produces new gullies or enlarges old ones.

4. Mining

Underground (block cave) mining is another factor that can cause gullying. Initially, cracks in the ground and soil creep (a kind of gravity erosion) are observed in the mining areas. Then, during rainy seasons, gullies are formed. Gullying in open-pit mining areas is also a big problem in many countries.

5. Road construction

If road cuts and fill slopes are not revegetated during or immediately following road construction, gullies may form on both sides of the road. Inadequate drainage systems for roads (small number of culverts, insufficient capacity of road ditches, etc.) are a major cause of gullying. Widening operations along roadsides do not often follow road construction but, where widening is practiced, the operation usually causes landslide erosion and then gullying during the first rainy season.

6. Livestock and vehicle trails

Gullies are also formed on livestock and vehicle trails that run along hillsides. This is because the traffic on them compacts the soil and reduces the water holding capacity.

7. Destructive logging

In forest regions, logging with tractors down slopes can lead to gully erosion, because the run-off becomes concentrated along the skid trails. Highland logging with slack cables also causes gullying on forest land.

b. Physical factors (Precipitation, Topography, Soil properties, vegetation cover) 
As mentioned before, gullies are formed by increased surface run-off which acts as a cutting agent. The main physical factors effecting the rate and amount of surface run-off are precipitation, topography, soil properties and vegetative cover.

1. Precipitation
(a) Monthly distribution of rainfall

The duration of wet and dry seasons cannot be deduced from total annual rainfall. The monthly distribution of rainfall is more significant than total annual rainfall because of its effects on the growth of vegetation, as well as the fact that it gives some indications about rainfall intensity.

In humid regions with uniform distribution of rainfall, surface erosion, including gully formation, may not be a serious problem because vegetation grows throughout the year.

However, in areas that do not have uniform rainfall, the vegetation (especially grass) dries up during the prolonged dry season (3 to 5 months or more). If the land is not properly used, or if forest or grass fires occur during the dry period, it cannot sufficiently hold rainwater and so the increased surface run-off in the rainy season produces large scale landslides and gullies.

(b) Rainfall intensity and run-off

There is a relationship between rainfall intensity, rate of run-off, density of vegetative cover, and the size of a catchment area. This relationship is generally expressed in equations. The Rational Formula which is used in engineering designs for gully and torrent control is a good way to demonstrate this relationship.

If the amount of rainfall is more than the holding capacity of the soil, there will be an increase in surface run-off, followed by surface erosion and gullying. In some tropical and subtropical countries, after the soil is completely saturated, almost all of the rainfall turns into run-off during the wettest months. It rains intensively for two or three days without stopping during rain period and the increased run-off causes landslides, huge gullies and devastating floods.

Prolonged rains cause landslides, gullies and floods because of the increased run-off in the watersheds. Torrential floods, which generally occur after the short, intensive rain storms, destroy agricultural lands, residential areas, roads, irrigation ditches and canals at the base of the valley below a deteriorated watershed.

2. Topography

The size and shape of a drainage area, as well as the length and gradient of its slopes have an effect on the run-off rate and amount of surface water. Therefore, all topographic characteristics should be studied in detail before gully control work begins.
(a) Shape of catchment

In Fig. 1, the two catchments have the same area, but have different shapes. Both have symmetrical drainage patterns, but the distance to the outlet in the long catchment is greater than in the short one. Therefore, the long catchment's gathering time (time of concentration) will be longer, its corresponding intensity lower, and its maximum run-off rate (Q max, cubic m/second) less.  This explains why, if all other factors are equal, long narrow catchments have fewer flash floods than square or round catchments. 
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(b) Size of catchment

The larger the catchment, the greater the amount of run-off. The catchment area of a gully can be measured easily and accurately by using a 1/10 000 scaled map.   If it is not available, a map can be prepared after surveying the catchment area of the gullies and torrents with a theodolite or transit. Mapping continuous gullies or gully networks can also be undertaken by surveying the closed traverses with a clinometer (0-90 degrees), handcompass (0-360 degrees) and 50 m measuring tape.

(c) Length and gradient of the slope

On long slopes, there is generally an accumulation of water towards the base. To prevent the gully formation, this water (run-off) should be conducted safely downhill over a long distance to stable, natural water courses or vegetated outlets. Otherwise, the water should be infiltrated into the ground by land treatment measures such as contour ditches (infiltration trenches), level terraces (gradoni), wattling, staking, etc.

The steeper the slope, the higher the velocity and erosive power of the run-off. Watershed land treatment measures not only reduce the amount of surface water, but they also decrease its velocity, and so its erosive power.

3. Soil properties

The following seven soil classes are based on soil texture: sand, loamy sand, sandy loam, loam, silt, loam, clay loam and clay. The infiltration rate increases from clay to sand (for loamy sand 2.5-5 cm/hour), but resistance against erosion decreases.

4. Vegetative cover

The role of vegetative cover is to intercept rainfall, to keep the soil covered with litter, to maintain soil structure and pore space, and to create openings and cavities by root penetration. This is best achieved by an undisturbed multistory forest cover. Under special conditions, however, a well-protected, dense grass cover may also provide the necessary protection.

In general, it is management and protection rather than the type of the vegetative cover which determines its effectiveness in gully control. Any vegetation which is well-adapted to local conditions and which shows vigorous growth may be used. In some cases, these may be broadleaf species, in others conifers, tall grasses, etc. In critical areas, it may be necessary to exclude any use of the protecting vegetation. Whenever possible, however, it is desirable to establish a vegetative cover which serves a dual purpose, for example, provision of fodder, fuelwood, fruit, etc.

2.5.2 Development and classification of gullies

Development of gullies

Sheet erosion, which is a uniform removal of soil in thin layers from sloping land, occurs where the velocity of surface run-off is about 0.3 to 0.6 meters per second. More commonly, however, the direct impact of raindrops on soil particles causes their detachment and gradual downhill movement - splash erosion. Sheet erosion is barely detectable in the short term because it is a gradual process. However, over a long period, the consequent exposure of roots and subsoil can be easily observed.

Rill erosion is the removal of soil by surface flows that either form small, shallow channels or streamlets - neither is deeper than 30 cm. Because of its higher surface-flow velocities, rill erosion has a greater capacity than sheet erosion to remove and transport soil.

Still, because they are small, rills can easily be eliminated by normal tilling or ploughing.

Gullies are formed where many rills join and gain more than 30 cm depth. The rate of gully erosion depends on the run-off-producing characteristics of the watershed: the drainage area; soil characteristics; the alignment, size and shape of the gully; and the gradient of the gully channel. Gullies are very destructive and cannot be eliminated by tilling or ploughing because of their depth.

A gully develops in three distinct stages; waterfall erosion; channel erosion along the gully bed; and landslide erosion on gully banks. Correct gully control measures must be determined according to these development stages.

1. Waterfall erosion

Waterfall erosion can also be broken down into three steps:

(a) First Stage

First, sheet erosion develops into rills, then the rills gain depth and reach the B-horizon of the soil.

(b) Second Stage

The gully reaches the C-horizon and the weak parent material is removed. A gully head often develops where flowing water plunges from the upstream segment to the bottom of the gully.

(c) Third stage

The falling water from the gully head starts carving a hollow at the bottom of the gully by direct action as well as by splashing. When the excavation has become too deep, the steep gully-head wall collapses. This process is repeated again and again, so that the gully head progresses backwards to the upper end of the watershed. 
As the gully head advances backwards and crosses lateral drainage ways caused by waterfall erosion, new gully branches develop. Branching of the gully may continue until a gully network or multiple-gully systems cover the entire watershed.

2. Channel erosion along gully beds

Channel erosion along a gully bed is a scouring away of the soil from the bottom and sides of the gully by flowing water. The length of the gully channel increases as waterfall erosion causes the gully head to advance backwards. At the same time, the gully becomes deeper and wider because of channel erosion. In some cases, a main gully channel may become as long as one kilometer.

3. Land-slide erosion on gully banks

Channel erosion along gully beds is the main cause of land slides on gully banks. During the rainy season, when the soil becomes saturated, and the gully banks are undermined and scoured by channel erosion, big soil blocks start sliding down the banks and are washed away through the gully channel.

Land-slide erosion on gully banks also occurs in regions with temperatures that alternate between freezing and thawing. When the temperature drops below zero (Celsius), wet gully banks freeze. After the temperature rises above zero, the banks thaw, the soil loosens, and the loose gully banks easily slide during the first rainy season. After land slides have occurred on all gully banks, a considerable number of new branch gullies may begin along the disturbed banks. During the third stage of gully development, gullies become deeper and longer as well as wider.

The three stages of gully development (waterfall erosion, channel erosion along the gully bed, and landslides on gully banks) will continue unless the gully is stabilized by structural control measures and revegetation.

Classification of gullies

Gullies are classified under several systems based on their different characteristics.

1. Gully classes based on size

One gully classification system is based on size - depth and drainage area. Table 1 describes small, medium and large gullies and is commonly used in manuals on erosion.

Table 1: Gully classes based on size
	Gully classes
	Gully depth
	Gully drainage area

	 
	(M)
	(ha)

	(a) Small gully
	less than 1
	less than 2

	(b) Medium Gully
	1 to 5
	2 to 20

	(c) Large gully
	more than 5
	more than 20


Source: Frevert et., al., 1955).

2. Gully classes based on shape

This system classifies gullies according to the shape of their cross-sections (Fig. 3).

(a) U-Shaped gullies are formed where both the topsoil and subsoil have the same resistance against erosion. Because the subsoil is eroded as easily as the topsoil nearly vertical walls are developed on each side of the gully.

(b) V-Shaped gullies develop where the subsoil has more resistance than topsoil against erosion. This is the most common gully form.

(c) Trapezoidal gullies can be formed where the gully bottom is made of more resistant material than the topsoil. 
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Topographic and geologic factors
The topographic and geologic factors affecting runoff represent the physical characteristics of the basin.  The factors involved are numerous, some having a major bearing on the phenomena, whereas others may have a negligible effect, depending on the catchment under consideration.
 The following are the dominant factors:

1. Catchment size;

2. Catchment shape;

3. Distribution of watercourses;

4. Slope of the catchment;

5. Storage in the catchment;

6. Geology of the catchment;

7. Land use. 
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· Fan shape catchment area – more run off

· Fern leaf catchment area – less run off
 [image: image7.jpg]Fig. 2 vaterfall erosion ot gully hoad and advancemant
GF the gully to the uppac edgo of the watersaed.
(Source? Weidelt, 1976)

[RE—— [p——

s v Sagisl
e -

Subsci o resmont o8 tossel Sevsol more resatont ton tapsoit

Topsei and st

Vory msisten_supstrorsn

Fig. 3 Gully Classes based on shape of gully cross-section.
(Source: Weidelt, 1576)




3. Gully classes based on continuation

(a) Continuous gullies consist of many branch gullies. A continuous gully has a main gully channel and many mature or immature branch gullies. A gully network (gully system) is made up of many continuous gullies. A multiple-gully system may be composed of several gully networks.

(b) Discontinuous gullies may develop on hillsides after landslides. They are also called independent gullies. At the beginning of its development, a discontinuous gully does not have a distinct junction with the main gully or stream channel. Flowing water in a discontinuous gully spreads over a nearly flat area. After some time, it reaches the main gully channel or stream. Independent gullies may be scattered between the branches of a continuous gully, or they may occupy a whole area without there being any continuous gullies.

2.5.3 Criteria for the selection of gully control measures

Size of gully and its relationship to a torrent

In deteriorated mountain watersheds, each continuous gully in a gully network usually has a distinct catchment and a main gully channel, but it may or may not have a fan (Fig. 4). The main gully channel of each continuous gully is about one kilometer long and its catchment area is not usually more than 20 hectares. In general, there is not any vegetative cover in a gully system.

Continuous gully as a basic treatment unit

Gully control is one of the most important restoration methods used in watershed management, and timing is an essential element. The field work in all structural and vegetative control measures selected should be completed during the dry and early rainy season. This is the most important aspect of gully control - especially in tropical and subtropical countries. Otherwise, the incomplete structural work can easily be destroyed during the first rainy season. In addition, vegetative measures such as the planting of tree seedlings, and shrub and grass cuttings cannot begin until structural work is complete. Each continuous gully in a gully system should be regarded as a basic treatment unit, and all the control measures in that unit should be finished before the rainy season.

Selection of gully control measures

For a continuous gully, the main criteria for selecting structural control measures are based on the size of the gully catchment area, the gradient and the length of the gully channel. The various portions of the main gully channel and branch gullies are stabilized by brush fills; earth plugs; and brushwood, log, and loose-stone check dams. The lower parts are treated with loose-stone or boulder check dams. At a stable point in the lowest section of the main gully channel, for example, on a rock outcrop, a gabion check dam or cement masonry check dam should be constructed. If there is not a stable point, a counter-dam (gabion or cement masonry) must be constructed in front of the first check dam. The points where the other check dams will be constructed are determined according to the compensation gradient of the gully channel and the effective height of the check dams. 

Chapter Three
Major causes and impacts of Land degradation (3weeks)
The causes of land degradation can be divided into 1) natural hazards, 2) direct causes, and        3) underlying causes 

3.1 Natural degradation hazards
The major natural hazards in the region, environmental conditions which act as predisposing factors for land degradation, are:

water erosion:

· erratic rain fall intensity;

· steep slopes of the mountain and hill lands;

· soils with low resistance to water erosion (e.g. silty soils, vertisols).

wind erosion:

· semi-arid to aria climates;

· high rainfall variability, with liability to drought spells;

· soils with low resistance to wind erosion (e.g. sandy soils).

· an open cover of natural vegetation.

soil fertility decline:

· strong leaching in humid climates;

· soils which are strongly acid, and/or with low natural fertility.

water logging:

· alluvial plains or interior basins which restrict outward drainage of groundwater.

salinization:

· semi-arid to aria climates with low leaching intensity;

· plains and interior basins which restrict outward drainage of groundwater;

· soils which are naturally slightly saline.

lowering of the water table:

· semi-arid to aria climates with low rates of groundwater recharge.

In some cases, these natural hazards are of sufficient intensity to give rise to unproductive land without human interference. Examples are the naturally saline soils which occur in some interior basins of dry regions, or areas of natural gullying ('badlands'). Such conditions have been referred to as problem soils. Percentages of land covered by problem soils are given in Dent (1990).

With respect to land degradation, the key feature is that land shortage in the region has led to the widespread agricultural use of areas with natural hazards. These are the passive, or predisposing, conditions for land degradation. Problem soils require special care in management, and failure to give such care leads to land degradation.

 

3.2 Direct causes of degradation
1. Deforestation 
Deforestation is both a type of degradation as such, and also a cause of other types, principally water erosion. Deforestation in itself is not necessarily degrading without it, most productive agricultural lands (in the temperate zone as well as the tropics) would not be available. Deforestation becomes a cause of degradation first, when the land that is cleared is steeply sloping, or has shallow or easily erodible soils; and secondly, where the clearance is not followed by good management.

Deforestation is the leading cause of water erosion in steeply sloping humid environments. It is also a contributory cause of wind erosion, soil fertility decline and salinization.

2. Over grazing. 

Overgrazing is the grazing of natural pastures at stocking intensifies above the livestock carrying capacity. It leads directly to decreases in the quantity and quality of the vegetation cover. This is a leading cause not only of wind erosion, but also of water erosion in dry lands. Both degradation of the vegetation cover and erosion lead to a decline in soil organic matter and physical properties, and hence in resistance to erosion. Degradation occurs when the recovery of vegetation and soil properties during periods of normal rainfall does not reach its previous statue.

3. Non-adoption of soil-conservation management practices 

Under arable use, management practices are needed to check water erosion on all sloping lands. In dry lands, measures to check wind erosion are necessary. Soil conservation management practices adoption are required to build soil productivity including  
· Biological methods: maintenance of a "round surface cover, of living plants or plant litter; vegetative barriers, including both contour hedgerows and grass strips; and windbreaks and shelterbelts.

· Earth structures: terraces, and the various forms of river and/or gully bank-and ditch structures (bunds, storm drains, etc.).

· Maintaining soil resistance to erosion: primarily, maintenance of soil organic master and thereby aggregation and structure.

4. Extension of cultivation onto high natural hazards lands
These are also called 'fragile' or marginal lands. Historically the more fertile, or high-potential, agricultural lands were the first to be occupied. Population increase has led to the widespread use of lands of longer potential, those which are less fertile or have greater degradation hazards. Such marginal lands include:

· steeply sloping land;

· areas of shallow or sandy soils, or with laterite crusts;

· cultivation of semi-arid lands, and grazing of the crier semi-arid areas, marginal to deserts.

5. Improper crop rotations

 As a result of alarming population growth, land shortage and economic pressures, farmers in Ethiopia poorly adopt crop rotations in the farm lands. This is a contributory cause of soil fertility decline.

6. Unbalanced fertilizer use 
Low agricultural yield and yield components mainly due to poor macro nutrients such as nitrogen, phosphorus, and potassium management are reluctantly addressed in Ethiopia despite local remedy can be obtained from cow dung or homemade compost.

7. Problems arising from planning and management of canal irrigation 

Where the water table has reached close to the surface, water logging occurs leading, through evaporation of water containing salts, to salinization. Sodification follows where sodium replaces other bases in the soil exchange complex. The problem could have been avoided, or reduced, if deep drains had been included in the initial implementation of irrigation schemes.
8. Over pumping of groundwater

 In areas of non-saline groundwater, excessive abstraction of water in excess of natural recharge by rainfall and river seepage can irreversibly dry up wetlands. Lake Harmoaya in Ethiopia can be mentioned which has recently experienced dryness due to excessive water abstraction for chat irrigation.  
3.3 Underlying causes of degradation:  Socio-Economic and Institutional Factors
Socio-economic and institutional factors affect land degradation through their impacts on farmers' decisions with respect to land use and land management practices, such as ploughing, fallow, use of manure and other sources of organic matter, fertilizer use, and adoption of soil and water conservation measures. A non-exhaustive list of factors influencing these decisions includes population pressure, poverty, land tenure relationships, the nature of local markets, local institutions and organizations, and farmers' perceptions and attitudes. 

1. Population Pressure

The population of the region is increasing at an alarming rate. In the next quarter of a century, the number of people in the region is expected to reach 32.7 million of whom nearly 26.8 million (82%) will be living in rural areas (CSA 1998b). Population growth can have and has had a deleterious effect on agricultural growth, resource management, and poverty.

Land redistribution which has been taken in recent years was the only means of formally acquiring access to land to accommodate new households, has led to severe fragmentation of plots, a reduction of crop fields and insecurity. Reduction of cropland per capita and insecurity have led to reduction in activities such as fallowing, planting trees and investing in conservation structures, while a reduction in cropland per capita has caused cropping and grazing activities to be shifted to hillsides and ecologically fragile areas.

Without adequate alternative sources of energy, population growth increases the demand for fuel wood, which in turn leads to the destruction of forests. It also contributes to the use of crop residues and dung for fuel rather than using them as sources of organic fertilizer to improve the already poor soils.

However, in contrary to the aforementioned concepts, large number of population sometimes has positive impact in land management so as to reduce the effect of degradation. 

2. Poverty

Poverty is very likely to contribute to land degradation for many reasons. When people lack access to alternative sources of livelihood, there is a tendency to exert more pressure on the few resources that are available to them. Deforestation, burning of dung and crop residues are increased by people's inability to afford, or lack of alternative fuel sources. Electricity and kerosene are expensive and in most cases not available. Even households with electricity supply avoid using it, except for lighting at night. For cooking, most households prefer the three-stone open fire, which is believed to be only 10% efficient in overall thermal energy production and use. Improved stoves, such as the improved biomass fuel-saving injera stove, which is believed to be 45–82% more efficient than the three-stone open fire, are not used since they are expensive to construct and, generally, not affordable by rural households. Therefore, poverty aggravates forced deterioration of natural resource.

3. Land Tenure and Land Policy

Open access land resources are those which anyone, in practice the poor and otherwise landless, can use, without rights of continuing usufruct or tenure. This applies mainly to forest lands, nominally under government ownership but which are settled on a squatter basis.

Common property resources: In common property resources, use is restricted to members of a community, village or clan, and is subject to constraints, socially applied. For example, pastoralists often have customs for when certain areas must be rested from grazing, villages restrict the cutting of communal woodland. 
While, on open access land there are no such constraints. With no legal basis to their use, incentive to farm the land other than for immediate needs is completely lacking. This is a serious cause of deforestation followed by water erosion.

Communal ownership is believed to lead to mismanagement, particularly, over-grazing and inefficient removal of wood for fuel. The ability to transfer land can also provide incentive to invest in land management, as greater transferability increases the farmer's ability to appropriate the value of his or her investments. 

4. Local institutions and Organisations

Institutional and organizational development may have a major impact on land management. The nature and evolution of local rules and norms (institutional development) and the organizations established to make decisions about, or to enforce such rules set the context and constraints within which land management decisions are made. 
Example:  Local rules also have important bearing on the management of common lands. In recent years, many kebeles and gots have established area enclosures, where grazing is restricted to allow natural vegetation to recover, and community woodlots. 
5. Farmers' Perceptions and Attitudes

In different regions in Ethiopia, different types of soil and water conservation measures (both biological and physical) are practised; however, site suitability measures has not been assessed. Knowledge of farmers' perceptions and attitudes toward land degradation is an important first step to tackling the problem. Land degradation is not a new phenomenon in Ethiopia. However, farmers do not fully understand the causes and consequences of land degradation. Nevertheless, farmers frequently undertake traditional methods of soil and water conservation including 

a. Simple diversion ditches across their fields to divert runoff and therefore prevent their land from becoming waterlogged. 
b. Macro and micro structures to conserve and/or harvest moisture and soil resources.

6. Government Policies, Strategies and Programs

Government policies, strategies and programmes play a critical role in affecting farmers' decisions with respect to land management. They influence most of the factors discussed above in crucial ways, as well as having other direct effects on land management. Therefore, the past and current policy strategies that have been implemented in the country as a whole brought their own impact on degradation of the wider land resource and its management. Also the broad development strategy, policies and programmes implemented within those strategies relating to land holdings, land ownership, agricultural research, extension, inputs, credit, irrigation, marketing, infrastructure and farmers' organisations has influenced a lot. 
Chapter Four


4. Methods of land degradation assessment
4.1. Soil degradation assessment Methods 

Assessment of soil degradation is important to determine the possible consequences and potential management measures by first finding out the causes, degree, status and extent of the type of erosion in the region.

i.. Global Assessment of human-induced Soil degradation (GLASOD) method

The  purpose  of  GLASOD  was  to  provide  factual  information,  to  replace  sweeping  statements about soil and land degradation, and to raise awareness of policy makers and governments for the continuing need for soil conservation. GLASOD is the only approach that has been applied on a worldwide scale. It is based on responses to a questionnaire which was sent to recognized experts in countries around the world.

The  GLASOD  survey  provides  basic  data  on  the  world  distribution  and  intensity  of  erosional, chemical, and physical types of degradation. Its maps identify areas with a subjectively similar severity of erosion risk, irrespective of the conditions that would produce such erosion. 

The GLASOD survey results enable comparisons to be drawn between degraded soils of different continents, and the methodology used can be a basis upon which plans for restoration of degraded lands can be based. However, the study did not include any remote sensing or field measurements; it was just based on experts’ opinions. The questionnaires were sent to experts around the world but some didn’t reply at all and some replied only partly. Results from such kinds of studies are difficult to use to compare regions.

	Units/Systems 


	Assessed methods used
	What will be assessed
	Units / values

	Full Cover Analysis 

Partial cover (soils/ 

Rangelands/agricultural lands/ drylands, etc.)
	experts opinion

(e.g. indicators, 

Questionnaires, etc.)

Remote sensing and GIS 

(e.g. mapping)
	Land/soil degradation:

· (severity, degree, extent)

· Soil (erosion, fertility, 

productivity, etc.
	· %, 

· Classes(1, 2,3,4,5 light – very severe / Excellent – very poor, etc.),

· Tone /hectare/year

	
	
	Vegetation change 

Biodiversity loss
	


b.. Regional level indicators of land degradation
	Units/Systems 


	Assessed methods used
	What will be assessed
	Units / values

	Dry lands, rangelands, 

grasslands, forests, 

deserts, etc., 

Soils, 

Rivers systems, etc
	Expert opinion

(E.g. Indicators, questionnaires, interviews, focus groups, etc...)

Remote Sensing and GIS

(e.g. NDVI, MODIS, etc.)

Modeling(e.g CORINE, 

PESERA erosion models, etc.)

(mainly for croplands)

Field Monitoring and 

Measurements
(measurements to verify 

models) -pilot areas

Grid System Monitoring
	Land/soil degradation:

· severity, degree, extent, impact, causes, & risks

· Soils (erosion, fertility, productivity, etc.
	· %, 

· Classes (1, 2,3,4,5 light – very severe / Excellent – very poor, etc.),

· Tone /hectare/year

	
	
	· Vegetation change, Land cover, Land uses, Slopes

· Climate (rainfall,  temperature)

· Biodiversity loss

· Landscapes/ Ecosystem 

function

· Biodiversity loss 

· Landscapes/ Ecosystem  function
	· 


c. National level indicators of land degradation
	Units/Systems 


	Assessed methods used
	What will be assessed
	Units / values

	Lands (cropland lands, grasslands, forests, conserved area, deserts etc.), Soils, Rivers, Rangelands, etc
	Expert opinion (e.g. indicators, questionnaires,)

Land users opinion (e.g. indicators etc.)

Remote Sensing and GIS (e.g. NDVI, MSDI etc.)
Modeling (e.gCORINE, 

PESERA models, etc.)

Field Monitoring and 

Measurements(verify  models) plot area
	Land/soil degradation:

· (severity, degree, extent)

· Soil (erosion, fertility, 

productivity, etc.
	· %, 

· Classes(1, 2,3,4,5 light – very severe / Excellent – very poor, etc.),

· Tone /hectare/year

	
	
	· Vegetation change 

· Biodiversity loss

· Land cover

· Land uses
	

	
	
	· Rangeland 

· health/conditions, 

· Climate (rainfall, 

· temperature), etc
	


d. Local and Field/Farm levels indicators of land degradation
	Units/Systems 


	Assessed methods used
	What will be assessed
	Units / values

	Lands (cropland lands, grasslands, forests, conserved area, deserts etc.), Soils, Rivers, Rangelands, etc.
	Expert opinion (e.g. indicators, questionnaires,)

Land users opinion (e.g. indicators etc.)

Remote Sensing and GIS (e.g. NDVI, MSDI etc.)
Modeling (e.g USLE/

RUSLE, CORINE, 

PESERA models, etc.)

Field Monitoring and 

Measurements(verify  models)-farm plots estimates of productivity changes
	Land/soil degradation:

· Severity, degree, extent, impact, causes, & risks;,

· Soil erosion(Sediment yields
	· %, 

· Classes (1, 2,3,4,5 light – very severe / Excellent – very poor, etc.),

· Tone /hectare/year

	
	
	· Rangelands Health/ 

Condition

· Soil condition (quality, salinity, stability, fertility, etc.), Crop yield & suitability, Soil condition, 

· Landscape/ ecosystem function,Land cover,Biodiversity loss,Land uses, 

· Climate (rainfall, temperature), etc.
	


4.2. Available models for different levels/scales

4.1.1 Modelling of Soil erosion and Land Cover

Assessment of soil erosion both by water and wind has been carried out using models designed for the purpose. The mathematical models are continually being improved and scientists from many countries  have  adopted  them  to  meet  the  requirements  of  their  local  conditions. Many more models have now been developed and used by different countries in different regions. Below is a summary of several models for measuring soil erosion and land cover used in different environments.

i..  Predicting soil erosion (empirical models- universal soil loss equation USLE) by water

The Universal Soil Loss Equation (USLE) and Wind Erosion Equation (WEE) have been used worldwide to assess soil loss by water and wind erosion. They were first developed by the United States Soil Conservation Service (USSCS) in 1935. The equations have proved to be successful in assessing agricultural lands but not as suitable for rangeland assessment. One reason among others is that rangelands are said to be not uniform like agricultural fields.

The USLE has been used widely in assessing long-term annual soil loss. USLE designed as a method to predict average annual soil loss caused by sheet and rill erosion, the USLE is often criticized for its lack of applications. While it can estimate long – term annual soil loss and guide conservationists on proper cropping, management, and conservation practices, it cannot be applied to a specific year or a specific storm. 

The major purpose of the sol loss equation is to guide methodical decision making in conservation planning on a site basis. The equation enables the planner to predict the average rate of soil erosion for each of various alternative combinations of crop system, management techniques, and control practices on any particular site. 

	Box 1: Soil loss tolerances 

The term soil loss tolerance denotes the maximum level of soil erosion that will permit a high level of crop productivity to be sustained economically and indefinitely.  The USLE is an erosion model designed to predict the long-time average soil losses in runoff from specific field areas in specified cropping and management systems. With appropriate selection of its factor values, the equation will compute the average soil loss for a multi-crop system, for particular crop year in a rotation, or for particular crop stage period within a crop year. It compute the soil loss for a given site as the product of six major  factors whose most likely values at particular location can be expressed  numerically. 

The fundamental cause of soil erosion is that rain acts upon the soil, and the study of erosion can be divided into how it will be affected by different kinds of rain, and how it will vary for different conditions of soil. The amount of erosion is therefore going to depend upon a combination of the power of the rain to cause erosion and the ability of the soil to withstand the rain. In mathematical terms, erosion is a function of the ersosivity (of the rain) and the erodibiltiy (of the soil). 

E = f (Erosivity) (erodibiltiy)

Can be defined as the potential ability of the rain to cause erosion, and for a given soil conditions one storm can be compared quantitatively with another and a numerical scale of values of ersosivity can be created. Erodibiltiy of the soil can be defined as the vulnerability of the soil to erosion, and for a given rainfall conditions can be compared quantitatively with another, and a numerical scale of values of erodibiltiy can be created. 

Erodibiltiy of the soil can be subdivided in to three parts: 

I. First, the fundamental or inherent characteristics of the soil (mechanical, chemical and physical composition) can be measured in the laboratory. 

II. Secondly, the topographic features, especially the slope of the land. 

III. Thirdly, the erodibiltiy will depend also on what treatment is given to the soil, that is, how it is managed. This management may in turn be sub divided in to two parts, land management and crop management. 




 The Universal Equation Adopted for Ethiopia 

The Universal Soil Loss Equation (USLE) predicts the long-term average annual rate of erosion on a field slope based on rainfall pattern, soil type, topography, crop system and management practices. USLE only predicts the amount of soil loss that results from sheet or rill erosion on a single slope and does not account for additional soil losses that might occur from gully, wind or tillage erosion. This erosion model was created for use in selected cropping and management systems, but is also applicable to non-agricultural conditions such as construction sites. The USLE can be used to compare soil losses from a particular field with a specific crop and management system to "tolerable soil loss" rates. Alternative management and crop systems may also be evaluated to determine the adequacy of conservation measures in farm planning.

Five major factors are used to calculate the soil loss for a given site. Each factor is the numerical estimate of a specific condition that affects the severity of soil erosion at a particular location. The erosion values reflected by these factors can vary considerably due to varying weather conditions. Therefore, the values obtained from the USLE more accurately represent long-term averages. 
USLE Equation: A = R*K*L*S*C*P 

Where, 

A = average annual soil loss in t/a (tons per acre)

R = rainfall erosivity index

K = soil erodibility factor

LS = topographic factor - L is for slope length & S is for slope

C = cropping factor

P = conservation practice factor

Evaluating the factors in USLE:

A represents the potential long-term average annual soil loss in tonnes per hectare (tons per acre) per year. This is the amount, which is compared to the "tolerable soil loss" limits.

R – The rainfall erosivity index
Most appropriately called the erosivity index, it is a statistic calculated from the annual summation of rainfall energy in every storm (correlates with raindrop size) times its maximum 30 – minute intensity. As expected, it varies geographically.

R is the rainfall and runoff factor by geographic location as given in Table 1. The greater the intensity and duration of the rain storm, the higher the erosion potential. 

K – The soil erodibility factor

This factor quantifies the cohesive or bonding character of a soil type and its resistance to dislodging and transport due to raindrop impact and overland flow.

K is the soil erodibility factor (Table 2). It is the average soil loss in tonnes/hectare (tons/acre) for a particular soil in cultivated, continuous fallow with an arbitrarily selected slope length of 22.13 m (72.6 ft) and slope steepness of 9%. K is a measure of the susceptibility of soil particles to detachment and transport by rainfall and runoff. Texture is the principal factor affecting K, but structure, organic matter and permeability also contribute.

LS - The topographic factor

Steeper slopes produce higher overland flow velocities. Longer slopes accumulate runoff from larger areas and also result in higher flow velocities. Thus, both result in increased erosion potential, but in a non - linear manner. For convenience L and S are frequently lumped into a single term.

LS is the slope length-gradient factor. The LS factor represents a ratio of soil loss under given conditions to that at a site with the "standard" slope steepness of 9% and slope length of 22.13 m (72.6 ft). The steeper and longer the slope, the higher the risk for erosion. 

C - The crop management factor

This factor is the ratio of soil loss from land cropped under specified conditions to corresponding loss under tilled, continuous fallow conditions. The most computationally complicated of USLE factors, it incorporates effects of: tillage management (dates and types), crops, seasonal erosivity index distribution, cropping history (rotation), and crop yield level (organic matter production potential).

C is the crop/vegetation and management factor. It is used to determine the relative effectiveness of soil and crop management systems in terms of preventing soil loss. The C factor is a ratio comparing the soil loss from land under a specific crop and management system to the corresponding loss from continuously fallow and tilled land. The C Factor can be determined by selecting the crop type and tillage method (see Table ) that corresponds to the field and then multiplying these factors together.

P - The conservation practice factor:

Practices included in this term are contouring, strip cropping (alternate crops on a given slope established on the contour), and terracing.

P is the support practice factor. It reflects the effects of practices that will reduce the amount and rate of the water runoff and thus reduce the amount of erosion. The P factor represents the ratio of soil loss by a support practice to that of straight-row farming up and down the slope. The most commonly used supporting cropland practices are cross-slope cultivation, contour farming and strip cropping.

1. R: Rain fall ersosivity

Annual rainfall (mm)     100   200   400    890    1200    1600    2000   2400 

Annual factor ( R)          48   104    217    441     666     890     115    1340 

2. K: soil erodibiltiy 

Soil colour                       Black        Brown      Red      Yellow 

Factor (K)                       0.15           0.20         0.25        0.30 

3. L: slope length 

Length (m)           5      10     20    40     80   160    240   320 

Factor (L)             0.5    0.7   1.0   1.4   1.9    2.7    3.2   3.8 

4. S: Slope gradient 

Slope (%)            5      10    15    20    30    40    50    60 

Factor (S)            0.4   1.0   1.6   2.2   3.0   3.8   4.3   4.8 

Table 1: c and P factors and their related factor values 
	C – factor (land cover)
	P – factor ( management /conservation factor)

	· Dense forest……….0.001 
	· Plough up and down…………………… 1.0

	· Dense grass…………. 0.01 
	· Contour plough………………………….. 0.9

	· Degraded grass …….0.05 
	· Applying mulch …………………………0.6

	· Other forest …………0.01 
	· Strip cropping ……………………………0.8

	· Fallow (surface crust) ..0.05 
	· Inter cropping ……………………………0.8

	· Fallow ploughed ……..0.06 
	· Grass strip …………………………………0.8

	· Sorghum, maize ……0.10 
	· Grass strip …………………………………0.8

	· Cereal, pulses …….0.19 
	· Bund, good shape ……………………….0.7

	· Teff …………………0.25
	· Bund, degraded………………………….. 0.9

	· No till …………….…0.1
	· 

	Maize in a continous fallow…..0.36
	· Bench terrace- narrow based degraded…… 0.9

	· Cross slope farming ….0.75
	· 0.08 Contour stone bund spacing ((20-50 m)….  0.7

	· Continuous fallow ……1.0 
	· Contour stone bund spacing…..

	· Stone cover…………. 40% 
	· 

	· Stone cover(80%)……. 0.04 
	· 

	· Rock outcrop ……….0.00
	· 


Example 1: given the following conditions in a sample agricultural field, calculate Soil Erosion Using USLE. 

Rainfall and Runoff Factor (R), the R factor=100
Soil Erodibility Factor (K)

The sample field consists of fine sandy loam soil with an average organic matter content of K factor= 0.40

Slope Length-Gradient Factor (LS)

The sample field is 244 m (800 ft) long with a 6% slope. The LS factor = 1.91

Crop/Vegetation and Management Factor (C)

C Factor = 0.4 x 0.9 = 0.36
Support Practice Factor (P)
Cross-slope farming is used (P Factor was obtained from= 0.75). calculate  A
Therefore,

A = R x K x LS x C x P

= 100 x 0.40 x 1.91 x 0.36 x 0.75

= 20.63 tonnes/hectare/year (9.28 tons/acre/year)

The soil loss rate of 20.63 tonnes/hectare/year is in the moderate range and considerably higher than the "tolerable loss level" of 6.7 tonnes/hectare/year. Therefore, you advise the land user to reduce the soil losses for this sample field below 6.7 tonnes/hectare/year by making the following changes to the above example and table 1.
In order to reduce the soil loss, change the tillage method from "spring plow (0.9)" to "no-till (0.25)"

Therefore, C Factor (revised) = 0.4 x 0.25 = 0.10

The adjusted annual soil loss value is

A = R x K x LS x C x P

= 100 x 0.40 x 1.91 x 0.10 x 0.75

= 5.73 tonnes/hectare/year
Thus by changing the tillage practice, the average annual predicted soil loss for this field is below the "tolerable soil loss" of 6.7 tonnes/hectare/year.

Thinking Questions:
1. Explain how each of the six factors in the Universal Soil Loss Equation (USLE) influence the amount of soil lost by water erosion. 

2. Which of the factors of the USLE can be controlled by the land manager?

3. Are there differences in the amount of soil lost if a land user introduces some tographical, land cover and land conservation practices? Why or why not?

4. How does increase % residue cover can reduce the rate of soil loss change? Explain.

5. Assume a land user who used to plough up and down for the last 5 years has managed and changed in to broad base bench terrace, good shape. Discuss  how much the new land management has helped reduce the annual soil loss.  
Chapter 5
Rehabilitation and/or restoration of degraded Land (3 weeks)
Land rehabilitation: definition  
Land rehabilitation is an intervention designed to make a geo-ecological improvement. In most contexts, this involves the mitigation or reversal of land degradation caused by poor land husbandry practices, especially agricultural practices. The key issues in land rehabilitation concern to what degree the land should be rehabilitated to self-sustaining natural control and to what degree to a sustainable economic after-use, where future land quality is sustained by careful management and repair.

Land rehabilitation requires the presence of a self-sustaining soil, which means that there should be a positive balance between soil creation, Soil Depth Enhancement and soil losses to erosion. This can be achieved in two ways, either by reducing the rate of soil removal by erosion, the traditional soil conservation approach, or by enhancing soil formation. 

In many contexts, land rehabilitation works involve countering the physical symptoms of land degradation, which include losses of soil quality due to soil or subsoil compaction, and also accelerated runoff and erosion on hill slopes and in watercourses. The success of a land rehabilitation strategy, if it is not expressed in economic terms, is evaluated in the same terms as progress in ecological succession, commonly the integration, efficiency and resiliency of the geo-ecological system.

5.1 Vegetation restoration 
5.1.1 Area closure

Commonly alternative names for area closure practice include exclosure, closed area, and enclosure. Enclosing and protecting an area of degraded land from human use and animal interference, to permit natural rehabilitation, enhanced by additional vegetative and structural conservation measures. Area closure involves the protection and resting of severely degraded land to restore its productive capacity. Their main objective of area closure is to allow native vegetation to regenerate as a means of providing fodder and woody biomass, to reduce soil erosion and to increase rain water infiltration. There are two major types of area enclosures practised in Ethiopia:  
1. Passive or natural regeneration: the most common type involves closing of an area from livestock and people so that natural regeneration of the vegetation can take place;
2. Assisted or accelerated regeneration: comprises closing off degraded land while simultaneously implementing additional measures such as planting of seedlings, mulching and establishing water harvesting structures to enhance and speed up the regeneration process. 
5.1.2 Reforestation and/or afforesatation

i. Reforestation

Reforestation refers to "the establishment of trees on land that has been cleared of forest within the relatively recent past." Operational forestry definitions of reforestation often include the planting of forests on lands which have, historically contained forests but are converted to some other use. Reforestation may include self regeneration after harvesting. These areas have to be reforested artificially (usually within 3 -8 years) or with methods of natural regeneration (usually within 8-11 years).

ii.  Afforestation

Afforestation and reforestation both refer to establishment of trees on non-treed land. Reforestation refers to establishment of forest on land that had recent tree cover, whereas afforestation refers to land that has been without forest for much longer. It is the "planting of new forests on lands which, historically, have not contained forests." 
5.2 Soil restoration 

Soil restoration is the technique of enhancing degraded (compacted, toxified, non fertile …) soils to improve their porosity, nutrient retention, storm water treatment from a broad area…etc. 
The intent of soil restoration is to improve soil structure by increasing porosity for root growth and microbial activity, and to provide a source of organic substrate to retain more water and nutrients for plant uptake. Soil restoration methods include biological (worms), area closure, mechanical aeration, mechanical loosening (tilling), planting dense vegetation, and applying soil amendments. Also, compost application, the most common soil amendment, contains a mixture of organic matter that enhances soil structure, infiltration, root growth, and water-holding capacity and reduces soil compaction. Soil amendments involve the spreading and mixing of mature compost into disturbed and compacted urban. 
However, repeated use of tilling can ultimately destroy soil structure. Soil restoration provides runoff reduction in the form of increased porosity and water-holding capacity of the soil. It can also be effective in conjunction with rooftop disconnection to reduce runoff and improve infiltration performance. 
5.3 Wetland rehabilitation

Wetland rehabilitation means re-establishment of important missing or altered processes, habitats, concentrations, and species etc. Wetland rehabilitation restores to a wetland ecosystem to a condition that is functionally very similar to the pre-disturbance condition, but the wetland ecosystem will not be exactly as before (e.g., different biological species composition).

One of the most important aspects of managing a wetland is to repair damage from poor land use. The worst damage anyone can inflict on a wetland is to drain it for the production of pastures and crops. Other impacts on a wetland include overgrazing, excess cattle trampling and the wrong burning regime. Mismanagement of a wetland results in erosion, especially in the form of head-cuts. Channels and head-cuts essentially drain the wetland, dry it out and destroy it. They also increase the amount of sediment in the water thereby decreasing water quality. Other major wetland problems are the removal of stream bank vegetation, invasion by alien plant species and flooding because of land disturbances in the upper catchment. Wetlands are areas where water flow is slowed and sediment is captured. Where high erosion occurs more sediment is removed from the wetland than what is captured. Erosion occurs where there is a disturbance of soil or vegetation. Erosion in wetlands leads to deep gullies which drain the water rapidly; this reduces the benefits of the wetland.

Methods of rehabilitating wetlands 

· Blocking drainage channels that drain water from or divert polluted water to the wetland, with gabions or earthen plugs; 
· Placing plugs in gullies, to help with bank and soil stabilisation ;
· Fencing off sensitive areas to keep grazers out and fence off areas that have been disturbed and need time for vegetation to re-establish;
· Planting of vegetation to stabilise the soil; 
· Filling in and compacting gullies with soil from other areas; 
· Plug channels to restore or create wetlands. These can also be used to stabilise and raise the channel floors, thereby reducing velocity; 
· Cement structures such as a cement head cut repair. This assists in reducing water velocity and helps reduce erosion and contain the head cut. 
· Gabion structures which assist in bank and soil stabilisation, reducing erosion and decreasing the speed of water flow. They also provide an area for vegetation to establish. 
· Insertion of grass bales, these help bind soil and slow the rate at which water travels. The slower the water flow, the lower the erosive power of water. Binding and stabilising soil prevents the soil from being washed downstream. 
5.3 Monitoring and evaluating of rehabilitation practices

5.3.1 Natural regeneration
Natural regeneration includes both seeding and vegetative reproduction. Most species of hardwoods combine both seed and vegetative regeneration for reproducing. Most native trees in Ethiopia reproduce principally from seeds. Hardwoods such as olea, Balanitus, cordial, croton, and  zizipus commonly regenerate from seed or sprout from the stump after being cut or burned. These sprouts often form clumps. Based on numerous factors, vegetative reproduction is fairly predictable. Follow-up management practices can be influenced significantly by the form of natural regeneration.

5.3.2 Assisted natural regeneration of forests (ANR)
The need for an effective and low cost forest and biodiversity restoration and rehabilitation methods is now highlighted in the face of climate change and the global phenomenon of rapid loss of forests and biodiversity. 
What is ANR?

ANR is a method for enhancing the establishment of secondary forest from degraded grassland and shrub vegetation by protecting and nurturing the mother trees and their wildlings inherently present in the area. ANR aims to accelerate, rather than replace, natural successional processes by removing or reducing barriers to natural forest regeneration such as soil degradation, competition with weedy species, and recurring disturbances (e.g., fire, grazing, and wood harvesting). Seedlings are, in particular, protected from human and livestock disturbance. In addition to protection efforts, new trees are planted when needed or wanted (enrichment planting). With ANR, forests grow faster than they would naturally.
The benefits of using ANR

ANR provides a range of benefits. ANR is considered to:

· be a cost efficient way of regenerating forest,

· provide job opportunities for communities,

· contribute to strengthening biodiversity,

· provide hunting areas and

· increase carbon sequestration and carbon sinks which contribute to climate change mitigation.

5.3.2 Soil seed bank 
Soil seed bank, natural storage of seeds in the leaf litter, on the soil surface, or in the soil of many ecosystems, which serves as a repository for the production of subsequent generations of plants to enable their survival. The term soil seed bank can be used to describe the storage of seeds from a single species or from all the species in a particular area. Given the variety of stresses that ecosystems experience—such as cold, wildfire, drought, and disturbance—seed banks are often a crucial survival mechanism for many plants and maintain the long-term stability of ecosystems.
5.3.3 Bio-physical Indicators
Soil quality indicators are measurable properties or characteristics which provide information about the ability of the soil to provide essential environmental services. Those attributes most sensitive to management practices or land use changes are the most adequate as indicators. A wide range of physical, chemical and biological properties are available to be measured on a routine basis, but due to the impossibility of considering them all, it is necessary to make a selection. 

Bio-physical Indicators useful for monitoring and evaluation of rehabilitation practices can be explained 
1. Physical properties reflect limitation for the development of roots, seedling emergence, infiltration, water retention or movement of fauna.

2. The chemical condition affects the soil–plant relations, water quality, buffering capacity, availability of nutrients and contaminants.

3. Biological indicators are more sensitive and rapidly respond to perturbations and changes in land use; soil organisms, in addition, play a direct role in the ecosystems processes mainly in nutrient recycling and soil aggregation. 

Chapter 6 
Sustainable Land Management
6.1. Concepts and Principles of Sustainable Land Management 

Sustainable land management (SLM) can be defined as the use of land resources such as soils, water, animals and plants for the production of goods to meet changing human needs while assuring the long term productive potential of these resources, and the maintenance of their environmental functions. Sustainable land management (SLM) deals with essential elements of the global life support system. Since experience with the detrimental effects of resource exploitation has become widespread, there has been growing awareness that productive lands are getting scarce, land resources are not unlimited, and that the land already in use needs more care. The health and wealth of all people depend on the quality of the land resources, but those who are directly using them may be the first to experience decline in the quality of the land. In developing countries the majority are direct land users who have an immediate interest in using the production potential of their resources, but also in maintaining this potential as the basis for their livelihood and survival. SLM is a delicate balance of production and protection, and the overall goal of sustainable development cannot be reached without giving due consideration to SLM.

SLM focuses on the functions of the environment for the benefit of society

The functions of land resources include:- 
I. Productive functions to produce food, fodder, fuel, construction material, industrial goods, etc.
II. Physiological functions to ensure human health by minimizing toxic substances in water, soils and plants, or hazards such as landslides, flash floods, etc.
III. Cultural functions to preserve creation and the integrity of the landscape: the role(s) of water, land, forests and animals as an essential part of the cultural heritage, and to maintain the historical and aesthetic value of the landscape.
IV. Ecological functions to ensure maintenance of ecosystem functions and global life support functions, including source/sink capacity for greenhouse gases, filtering of water and pollutants, and maintenance of global geochemical (nutrient) cycles, etc.
6.2. Sustainability thoughts in SLM

It is necessary to take a critical look at the term "sustainability", which is frequently defined absolutely, uniformly or globally. But the concept of sustainability can only be put into practice within a real-life local context. The views and experiences of local land users - which are already included in locally adapted and accepted indigenous technologies - can serve as a basis and be incrementally supplemented by the views of external stakeholders, such as scientists, urban dwellers, politicians, etc.

Sustainability should be thought of as a desirable direction in which to proceed rather than a goal in itself. Instead of using the term sustainability, one can talk about a higher or lower degree of sustainability. SLM impact monitoring (SLM-IM) is thus not meant to be used as a measurement against standards of, for example, soil or water quality. Rather, it is intended to be used for understanding changes and observing and establishing trends, indicating whether land management is moving towards or away from sustainability.

SLM combines policies, technologies and activities aimed at integrating socio-economic principles with environmental concerns so as to simultaneously:

i. maintain or enhance production/services (productivity);
ii. reduce the level of production risk (security);
iii. protect natural resources and prevent their degradation (protection);
iv. be economically viable (viability is given e.g. if the contribution of the activity to income is sufficient to make its continuation attractive);

v. be socially acceptable (acceptability is given e.g. if activities are negotiated among all stakeholders, when possible conflicts of interest are addressed and resolved, and when activities adequately meet the needs of poorer people).

These factors are referred to as the five pillars of sustainable land management. Performance indicators for each pillar are used for assessing the contribution of that pillar to the general objectives of sustainable land management. For any given development activity, true sustainability can be predicted if the objectives of all five pillars are achieved simultaneously.  However,  as  is likely  to  be  the  case  in  the  majority  of  situations,  only degrees of sustainability can be predicted if only some of the pillars are satisfied. At the same time, recognizing partial sustainability provides valuable direction on the interventions necessary to enhance sustainability. 

Indicators of sustainable land management are necessary to monitor progress towards the goal of sustainability. These are required for use by scientists, program planners and policy makers to monitor the condition and trends in use of land and water resources, and the performance of agricultural and non-agricultural programs and policies. Although most indicators have to be "fitted" to the agro-environments and the land uses being considered, the following indicators are emerging as possible international standards for evaluation and monitoring of sustainable land management.

· Crop Yield (trend and variability)

· Nutrient Balance

· Maintenance of Soil Cover

· Soil Quality/Quantity

· Water Quality/Quantity

· Net Farm Profitability

· Participation (of farmers and society) in Conservation Practices 

These indicators must be modified and tailored for specific uses in local environments, but they provide a good starting point for further investigation.
6.3 Barriers to Sustainable Land Management

Continuing land degradation is an important indicator of the existence of barriers that prevent countries from implementing sustainable land management. Often, the underlying causes of land degradation are complex, and solutions require a systemic and systematic approach. The challenge for policymakers is to make informed decisions about the use of natural resources without jeopardizing the resilience of the ecosystems. The major barriers in sustainable land management are explained here as following;  

a. Institutional and Governance Barriers

A developing country's commitment to combating land degradation is frequently undermined by limited individual, institutional, and systemic capacity. At the national and regional levels, government institutions and ministries often lack personnel with technical or policy skills. At the same time, inter-institutional coordination and cooperation are generally competitive or non-existent. Agricultural and rural development infrastructures are often divided by sectors, and land degradation issues are not appropriately incorporated in decision making. Extension services, the link between the national and local levels-often suffer from budgetary cuts and low capacities, which affect their ability to provide the necessary services to the land users. 

In some developing countries, legislation is based on top-down command and control regulations that rely on compliance and enforcement. In others, the government's inability to enforce the law properly often leads to perverse behaviour by local land users. In these cases, laws and regulations are often poorly understood, ineffectively enforced, and subject to varying interpretations.

b. Economic and Financial Barriers

Many developing countries, especially least developed countries (LDCs) and Small Island Developing States (SIDS), lack the financial resources to change land management policies and practices. With insufficient budgetary allocations, the goal of sustainable land management remains elusive, as it often conflicts with priorities related to poverty reduction, epidemics, peacekeeping, and economic growth. 

c. Social and Behavioural Barriers

People can be a major asset in reversing land degradation if they are healthy, politically motivated, and economically empowered to care for the land. Subsistence agriculture, poverty, and illiteracy are important causes of land and environmental degradation. Some countries are relying on environmental education as an instrument to halt environmental degradation in the long run. These programs provide opportunities to introduce linkages among population dynamics, land use change, and environmental impact. 

d. Technological and Knowledge Barriers

At the local level, the stakeholders’ knowledge of sustainable land management practices is often limited to traditional techniques and knowledge that has been transferred through generations. However, what might have been a sustainable land use practice in the past may not be viable anymore. New technologies and information on how to adapt traditional technologies to the new challenges are key priorities. For example, many developing country farmers live and work in isolation, without access to data and information that are essential for choosing the right crop variety, estimating the right amount of irrigation water, and preparing for a severe drought period or a potential natural disaster.
6.4 Strategic options 

6.4.1 Land tenure 

Land tenure is the relationship, whether legally or customarily defined, among people, as individuals or groups, with respect to land. (“land” is used here to include other natural resources such as water and trees.) Land tenure is an institution, i.e., rules invented by societies to regulate behaviour. Rules of tenure define how property rights to land are to be allocated within societies. They define how access is granted to rights to use, control, and transfer land, as well as associated responsibilities and restraints. In simple terms, land tenure systems determine who can use what resources for how long, and under what conditions.

Land tenure is an important part of social, political and economic structures. It is multi-dimensional, bringing into play social, technical, economic, institutional, legal and political aspects that are often ignored but must be taken into account. Land tenure relationships may be well-defined and enforceable in a formal court of law or through customary structures in a community. Alternatively, they may be relatively poorly defined with ambiguities open to exploitation.

Land tenure thus constitutes a web of intersecting interests. These include:

· Overriding interests: when a sovereign power (e.g., a nation or community has the powers to allocate or reallocate land through expropriation, etc.)

· Overlapping interests: when several parties are allocated different rights to the same parcel of land (e.g., one party may have lease rights, another may have a right of way, etc.)

· Complementary interests: when different parties share the same interest in the same parcel of land (e.g., when members of a community share common rights to grazing land, etc.)

· Competing interests: when different parties contest the same interests in the same parcel (e.g., when two parties independently claim rights to exclusive use of a parcel of agricultural land. Land disputes arise from competing claims.)

Land tenure is often categorized as:

· Private: the assignment of rights to a private party who may be an individual, a married couple, a group of people, or a corporate body such as a commercial entity or non-profit organization. For example, within a community, individual families may have exclusive rights to residential parcels, agricultural parcels and certain trees. Other members of the community can be excluded from using these resources without the consent of those who hold the rights.

· Communal: a right of commons may exist within a community where each member has a right to use independently the holdings of the community. For example, members of a community may have the right to graze cattle on a common pasture.

· Open access: specific rights are not assigned to anyone and no-one can be excluded. This typically includes marine tenure where access to the high seas is generally open to anyone; it may include rangelands, forests, etc, where there may be free access to the resources for all. (An important difference between open access and communal systems is that under communal system non-members of the community are excluded from using the common areas.)

· State: property rights are assigned to some authority in the public sector. For example, in some countries, forest lands may fall under the mandate of the state, whether at a central or decentralized level of government.

In practice, most forms of holdings may be found within a given society, for example, common grazing rights, private residential and agricultural holdings, and state ownership of forests. Customary tenure typically includes communal rights to pastures and exclusive private rights to agricultural and residential parcels. In some countries, formally recognised rights to such customary lands are vested in the nation state or the President “in trust” for the citizens.

The right that a person has in an object such as land may be considered as property. In the case of land tenure, it is sometimes described more precisely as property rights to land. Property would include land and fixtures (buildings, trees, etc) that would be regarded as immovable. 

In practice, multiple rights can be held by several different persons or groups. This has given rise to the concept of “a bundle of rights”. Different rights to the same parcel of land, such as the right to sell the land, the right to use the land through a lease, or the right to travel across the land, may be pictured as “sticks in the bundle”. Each right may be held by a different party. The bundle of rights, for example, may be shared between the owner and a tenant to create a leasing or sharecropping arrangement allowing the tenant or sharecropper the right to use the land on specified terms and conditions. Tenancies may range from formal leaseholds of 999 years to informal seasonal agreements. If the farm is mortgaged, the creditor may hold a right from the “bundle” to recover the unpaid loan through a sale of the mortgaged property in the case of default. A neighbouring farmer may have the right from the “bundle” to drive cattle across the land to obtain water at the river. Box 1 gives some examples of rights.

Examples of rights
· A right to use the land.

· A right to exclude unauthorized people from using the land.

· A right to control how land will be used.

· A right to derive income from the land.

· A right to protect from illegal expropriation of the land.

· A right to transmit the rights to the land to one’s successors, (i.e., a right held by descendents to inherit the land).

· A right to alienate all rights to the entire holding (e.g., through sale), or to a portion of the holding (e.g., by subdividing it).

· A right to alienate only a portion of the rights, e.g., through a lease.

· A residuary right to the land, i.e., when partially alienated rights lapse (such as when a lease expires), those rights revert to the person who alienated them.

· A right to enjoy the property rights for an indeterminate length of time, i.e., rights might not terminate at a specific date but can last in perpetuity.

· A duty not to use the land in a way that is harmful to other members of society, (i.e., the right is held by those who do not hold the right to use the land).

· A duty to surrender the rights to the land when they are taken away through a lawful action, (e.g., in a case of insolvency where the right is held by the creditors, or in the case of default on tax payments where the right is held by the state).

At times it may be useful to simplify the representation of property rights by identifying:

· use rights: rights to use the land for grazing, growing subsistence crops, gathering minor forestry products, etc.

· control rights: rights to make decisions how the land should be used including deciding what crops should be planted, and to benefit financially from the sale of crops, etc.

· transfer rights: right to sell or mortgage the land, to convey the land to others through intra-community reallocations, to transmit the land to heirs through inheritance, and to reallocate use and control rights.

Very often, the poor in a community have only use rights. A woman, for example, may have the right to use some land to grow crops to feed the family, while her husband may collect the profits from selling any crops at the market. While such simplifications can be useful, it should be noted that the exact manner in which rights to land are actually distributed and enjoyed can be very complex.

Therefore, usually the communal, open access, and state form of land (and resources in the land) rights result in unsustainable resource benefit. The poor and women are usually marginalized. 

6.4.2 Land administration

Land administration is the way in which the rules of land tenure are applied and made operational. Land administration, whether formal or informal, comprises an extensive range of systems and processes to administer:

· Land rights: the allocation of rights in land; the delimitation of boundaries of parcels for which the rights are allocated; the transfer from one party to another through sale, lease, loan, gift or inheritance; and the adjudication of doubts and disputes regarding rights and parcel boundaries.

· Land-use regulation: land-use planning and enforcement and the adjudication of land use conflicts.

· Land valuation and taxation: the gathering of revenues through forms of land valuation and taxation, and the adjudication of land valuation and taxation disputes.

Information on land, people, and their rights is fundamental to effective land administration since rights to land do not exist in a physical form and they have to be represented in some way. In a formal legal setting, information on rights, whether held by individuals, families, communities, the state, or commercial and other organizations, is often recorded in some form of land registration and cadastre system. In a customary tenure environment, information may be held, unwritten, within a community through collective memory and the use of witnesses. In a number of communities, those holding informal rights may have “informal proofs” of rights, i.e., documents accepted by the community but not by the formal state administration.

An enforcement or protection component is essential to effective land administration since rights to land are valuable when claims to them can be enforced. Such a component allows a person’s recognized rights to be protected against the acts of others. This protection may come from the state or the community through social consensus as described below in the section on “Tenure Security”. A stable land tenure regime is one in which the results of protective actions are relatively easy to forecast. In a formal legal setting, rights may be enforced through the system of courts, tribunals, etc. In a customary tenure environment, rights may be enforced through customary leaders. In both cases, people may be induced to recognise the rights of others through informal mechanisms such as community pressures. People who know their rights, and know what to do if those rights are infringed, are more able to protect their rights than those who are less knowledgeable.

Land administration is implemented through sets of procedures to manage information on rights and their protection, such as:

· Procedures for land rights include defining how rights can be transferred from one party to another through sale, lease, loan, gift and inheritance.

· Procedures for land use regulation include defining the way in which land use controls are to be planned and enforced.

· Procedures for land valuation and taxation include defining methodologies for valuing and taxing land.

Efficient procedures allow transactions to be completed quickly, inexpensively, and transparently. However, in many parts of the world, formal land administration procedures are time-consuming, bureaucratically cumbersome and expensive, and are frequently non-transparent, inaccessible to much of the rural population, and are handled in languages and forms that people do not understand. In such cases, high transaction costs may result in transfers and other dealings taking place off-the-record or informally.

Finally, land administration requires actors to implement the procedures. In customary tenure regimes, the customary leaders may play the principal role in land administration, for example in allocating rights and resolving disputes. In a more formal setting, land administration agencies may include land registries, land surveying, urban and rural planning, and land valuation and taxation, as well as the court systems. Where customary tenure has been recognised by the State, functional linkages are being developed between government and customary land administration bodies.

Formalisation of the administration of land rights has been promoted as a pre-requisite for economic development. Perceived benefits include increased tenure security and improved access to credit, thereby providing the incentive and ability for farmers to invest in making improvements to the land. Formal administration is also proposed as a means to facilitate a land market, allowing land to move towards its “highest and best use”.

These claims are disputed by others who argue that too often, the flawed design and implementation of projects to formalise property rights have resulted in a reduction of security by concentrating rights to a parcel in the hands of an individual, and neglecting the claims of others, particularly women and other vulnerable groups, who hold partial or common rights. Similarly, it is argued by some that access to credit may not improve with formalisation since many banks are unlikely to accept agricultural land as collateral against loans.

As a result, it has been suggested that formal registration of individual property rights should be considered only in areas of high population density, where customary tenure systems and dispute resolution systems are weak or absent, or where there have been other major disruptions to customary land holdings. However, even where these conditions do not exist, there is growing interest in several countries to formalise the rights of communities to protect them against encroachment from outsiders (e.g., commercial farming operations and even the State). In such cases, the community boundaries are defined, and title to the land is registered in the name of the community. It is then left to the community to undertake its own land administration, including the allocation of rights to land within its boundaries.

In many countries, formal and informal land administration co-exist when legal records do not replace customary rights, or when newly created informal rights come into existence. Tensions can exist between de jure and de facto rights to land. Discrepancies between formal and informal or customary versions of tenure holdings create ambiguities to be exploited. In some countries where formal land administration systems do not function well, different titles may be issued by the State for the same parcel of land. This complicates the legal status of the land since it gives rise to competing claims. The mere act of establishing and documenting land boundaries and titles is not enough; it has to be done in a way that does not make the situation worse. The role of local communities in investigating claims is crucial as they have the knowledge of the local tenure arrangements.

6.4.3 Socio-economic aspects

In countries where the majority of the population lives below the poverty line, soil and water conservation measures must be accompanied by measures to alleviate poverty in order that soil and water conservation may be successful and the goals of sustainable land management can be achieved. Poverty is an essential cause of mismanagement and resulting degradation of natural resources in many places. An increasing degradation of natural resources in turn aggravates poverty. Sustainable land management addresses all aspects of land degradation vicious circle. Poverty reduction involves several sectors in which suitable measures are to be implemented: measures to encourage education and health (including measures to combat HIV/AIDS), for instance. Participation of local people in planning, implementing and monitoring of these actions is decisive for sustainable outcomes.

The economic interests and opportunities of the land resource users are to be considered and improved in all intended measures. Costs of all measures must lie within the available budget of the project. Furthermore, the measures have to be economically viable. Also crucial in sustainable land management is to strengthen gender and minority representation in institutions and decision-making processes.

6.4.4. Policy mechanism 

Government policies, programs and institutions may influence livelihood strategies and land management and their implications for productivity, sustainability, and household incomes at many levels. Macroeconomic, trade, and market liberalization policies will affect the relative prices of commodities and inputs in general throughout a nation. Agricultural research policies affect the types of technologies that are available and suitable to farmers in a particular agro-ecological region. Infrastructure development, agricultural extension, conservation technical assistance programs, land tenure policies and rural credit and savings programs affect awareness, opportunities, or constraints at the village and household level. 
Policies or programs may seek to promote particular livelihood strategies (e.g. food crop production), or may seek to address constraints arising within a given livelihood strategy (e.g. credit needs arising in cash crop production). Programs may attempt to address sustainable land management approaches directly, for example by promoting particular soil fertility management practices. Policies and programs may also be designed to affect development outcomes directly, through direct management of land by the government, or through nutrition or income enhancement programs Currently available information does not provide policy makers with much guidance as to which of the land management intervention points will be most effective in achieving better land management, improving agricultural productivity, and increasing incomes and food security. Much public action aimed at improving land management focuses on influencing household adoption of particular technologies. Yet this may be ineffective if the technologies are not suited to the livelihood strategies that have comparative advantage in a given location. It may be more effective in many cases to first focus on the larger development strategies for particular livelihood strategies, before focusing too much on particular land management technologies.

Example 3

A farm located in North West Ethiopia has an average rainfall factor, R, of 163. Evaluate the effect of changing slope and slope length on an average yielding no-till corn-soybean rotation with an average of 60% residue cover. The previous year’s crop was soybean.

1. Are there differences in the amount of soil lost? Why or why not?
2. How does an increase in the % residue cover change the rate of soil loss? Explain.

A producer in Cedar County NE has grown corn on his field for 20 years. He follows the conventional tillage practices of his father and disks his field after harvest every fall. On one 80 acre parcel of his farm, there is a slope of 6% that runs 600’ downhill to a stream. Tolerable soil loss (T) for this soil is 5 tons/acre/year.

Using the USLE estimate the amount of soil lost annually from this parcel of land. If  T exceeds, make some management recommendations for the cropping system to lower soil loss and help him meet T for this land. If you cannot meet T by altering only C factors, then try implementing some conservation practices (P factor) to help. 
Example : 2 

1. Given: 
R = 275, soil type sandy loam (K = 0.28), Soil Survey 2:1 slope, 20 feet long (LS = 7.97) 20% grass cover (C = 0.2) with no other conservation practices (P = 1.00).

Find:   Soil loss for the given conditions. 

Solution A = 122.7 tons per acre per year 

2. If you reduce the slope steepness to 3:1 (LS = 4.93) calculate A.

     Solution:   A = 75.9 tons/acre/year, a 38% reduction in soil loss.

Thinking Questions:
1. Explain how each of the six factors in the Universal Soil Loss Equation (USLE) influence the amount of soil lost by water erosion.
2. Which of the factors of the USLE can be controlled by the land manager?
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