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Unit 1.   Lands Degradation Problems in Nepal 

1.1 Introduction to land degradation and its consequences 

 

1.2 Water Erosion 

 

 Erosion is a process of detaching soil particles from the land surface of one place and their transportation 

and deposition to another place. 

Three Processes of Erosion : 

1. Detachment 

Process depends upon type of soil, OM, moisture, nature of detaching agents  (energy). 

2. Transportation 

Process depends upon size, density and shape of detached  materials and velocity of the 

transporting agent. 

3. Deposition 

Soil that is eroded from the original location is always deposited somewhere else. This may be 

close to its place of origin position, it may be the longest distance down to the sea or at any point 

between the place of origin to the sea. 

Process depends upon soil particles and velocity of the agent. 

 

Example: --  Coarse sand particles in eroded soil move the shortest distance and   deposit first. 

                --  Fine sand and silt deposit next as run-off water slows down. 

                --  Some very fine silts settle out only in standing water. 

                --  Very fine clay and colloidal humus will not settle out even in standing water but stay 

suspended in the water indefinitely 

 

1.2.1 Types of water erosion 

 

 Geological (Natural/ normal) 

 

Geological ( Natural/ normal ) erosion are caused by : action of water, geology,         wind, 

temperature, gravity, glaciers, earth quakes. 

 

               Examples are : Naturally wearing away of hills and mountains: sculptured hills/ 

mountains, canyons/gorge , stream channels, deltas etc.  

 

 Man-made ( Accelerated ) 

 

                    Man-made ( Accelerated erosion are caused by : human or anthropogenic activities. Change 

in land use, destruction of natural cover and soil conditions are main elements 

responsible for accelerated erosion. 

              

                                  

Agents responsible for Soil Erosion are : Water, Wind and Gavity 

   

Types of Erosion by Agents (Water induced ) : 

             

 Main types 

  

1. Rain Drop / Splash Erosion. Rain drops falling into ground cause splash, detach, carry water 

soil particles with small film of water into air in  horizontal/vertical directions. The splash 

soil particles may move as much as  2 ft. into the air and simultaneously more horizontally as 
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much as 5 ft on level surface. On level surface, the splashed soil particles scatter all over the 

land surface. The smashed up soil particles disperse and cause surface sealing and reduces 

infiltration capacity of land surface. Besides, the impact of kinetic energy of raindrops on 

land surface compacts the soil and further help reduce infiltration capacity of soil. These 

activities of raindrops increase the runoff, which starts moving down to the slope due to 

gravitational force causing surface erosion.  

 

The bigger the size of rain drops, the greater the kinetic energy and greater will be the rain 

drop erosion. Direction and strength of wind velocity deflect the rain drops and reduces their 

kinetic energy and there by reduces rain drop erosion. 

 
 

 

 

(Figure : Splash of soil particles by raindrop erosion on a level and sloping surface)  

 

 

2. Sheet Erosion ( Inter-rill erosion). When the rate of rainfall exceeds the rate of infiltration of 

water into the soil, water starts to flow over sloping surface carrying  detached particles in a 

form of thin sheet or layer. They carry organic matter and fertile top soil. Such a removal of 

more or less uniform thin layer or sheet of soil from a given area of land surface by the 

action of rain drop is called sheet erosion or inter-rill erosion. The appearance of light color  

soil on the land surface, after the removal of thin layer of dark color soil rich in organic 

matter, is the sign of sheet erosion after rain fall events. The sheet erosion cause loss of 

organic matter, expose light color sub-soil and eventually cause loss in productivity  of 

surface soil.  

The sheet erosion occurs in smooth and uniform sloping surface and it removes only the top 

layer of soil. It is  a thin surface flow rather than runoff. Sheet erosion is a function of depth 

and velocity of run-off for a given size, shape and aggregates of soil particles. 

 

Sheet erosion is better termed as "inter-rill" erosion which means detached soil particles by 

raindrop are moved and transported by thin surface flow of water, the capacity of which to 

sheet erosion is increased by raindrop impact turbulence.  

 

3. Rill Erosion. As discussed earlier, sheet erosion occurs mainly on the smooth and uniform 

sloping land. When the land surface is irregular, the irregularity of land surface force the 

flowing water to flow through a certain well defined direction, which then form small 

channels called rills. So rill erosion is a removal of soil by water from small but well defined 

channel. The size of rills vary from minute channels to a size that is easily observed. Rills 

can easily be broken by tilling operations.  Detachment and transportation of rill erosion are 
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always greater than sheet erosion. In rill erosion, the detachment of soil particles are from 

energy of flowing water and not by the raindrop impact as in the case of sheet erosion. 

Detachment of soil particles by flowing water in  rill erosion (D) varies with square of 

velocity of flowing water ( V
2
 )and ability of flowing water to transport soil particles (T) 

varies with fifth power to the velocity of flowing water (V
5
). If continues, can extend up to 

sub-soil. 

                              D Ð V 
2
 and T ÐV 

5
 

4. Gully Erosion (Channel erosion). Gully erosion is an advanced form of rill erosion. It is a 

channel erosion that cuts so deeply into the soil that the ground cannot be smoothed out by 

ordinary operations. It often follows sheet and rill erosion. If rill erosion is unchecked and 

allow water to move continuously  in the channel developed by rill, then gully erosion 

occurs. Gully erosion can be of V- shaped, if the soil strata at the bottom of gully is strong 

and gully slopes are weak to erosion and U-shaped gullies are formed, if the soil strata at the 

slopes of gully are strong and bottom are weak to erosion. Rate and extent of gully erosion is 

related with amount and velocity of run-off water. 

 

 
 

                                      ( Figure : gully erosion at a gully head) 

 

 

Stages of water erosion: 

 

1
st
. stage = rain drop erosion 

 

2
nd

. stage = sheet erosion 

 

3
rd
. stage = rill erosion 

 

4
th
. erosion = gully erosion 

 

Dimension of gully 

 

Rill erosion                          1 ft. deep 

 

Small gully                          > 1 -- .3 ft. deep 

 

Medium gully                     > 3 ï 13 ft. deep 

 

Large gully                          > 13 -- 30 ft. deep 
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Ravines                                > 30 ft. deep 

 

 
Figure : Different form of erosions 

 

 

 

 

 

5. Stream bank Erosion: This is erosion caused by scoring and cutting of river bank due to 

flooding of river.  

 

 

 

Some other types of erosion : 

 

-- Wave erosion 

-- Rock erosion 

-- Waterfall erosion 

-- Tunnel erosion 

--  Pothole erosion 

--  Snow slide 

 

 

1.2.2 Agents active in water erosion 

 

Agents active in water erosion are : Rainfall intensity and pattern, soil structure and soil erodibility, type 

and density of vegetation, slope factor,  slope length factor, slope gradient factor,  cropping management 

factor and erosion control practice factor 

 

Factors Affecting Water Erosion are : 
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1. Vegetation : vegetation plays important roles in water erosion. It has great importance in 

controlling erosion because of the following reasons :  

 

i) Vegetation intercepts raindrop reduce its energy and impact on land surface. 

Raindrops that could have reached in the soil would be quickly taken by leaf 

litter. Lands without vegetation will be vulnerable to raindrop, sheet and gully 

erosions.  

ii)  Vegetation improves the soil structures by adding organic matter into the soil. 

High organic matter content soil will be more pores and, which in turn helps 

increase the infiltration and water holding capacity of soil. Further, the humus 

layer itself acts as a sponges and absorbs moisture and allows it to enter into the 

soil. Soil having low organic matter and humus layer are susceptible to erosions 

because of increased runoff. 

iii)  In the vegetative areas, the root network, the channels of root decay, animal 

burrows help dissipated runoff water. 

iv) The root systems below the soil surface binds and aggregates the soil through 

the mechanical actions and prevent from erosion and landslide. 

v) High surface friction due to leaf litter and increased roughness of  the ground in 

vegetative land tends to spread out the runoff laterally and thus dissipates its 

energy 

 

 

2. Soil : Soil particles and their sizes are important factors for soil erosion. The detachability 

and transportability of soil in the erosion process increase or decrease based on kind and 

size of soil particles. In fact, detachability of flowing water or runoff decrease with 

increase of size of soil particles and transportability of flowing water or runoff increases 

with decreases of soil particle size. For example, the clay particles difficult to detach than 

sand but easier to transport. Soil with large stable particles such as sand grains or iron 

cemented soil particles are difficult to detached and transported, which seldom erode. 

Infiltration capacity of soil play important role in soil erosion. Infiltration which is 

indirectly affected by permeability of different soil horizon is factor governing runoff and 

then to erosion. Soil erosion by water occurs when there is runoff or overland flow. When 

rainfall intensity exceeds the infiltration capacity of soil then runoff or overland flow 

occurs, which causes erosion. If the infiltration capacity of soil is higher than the intensity 

of rainfall, then the runoff or overland flow will be lower and less erosion occurs.  

3.  Climate :   In climate, the rainfall and teh temperature play important role in erosion. 

There is a direct relationship between the amount of rainfall and erosion. Rainfall 

intensity influences both the rate and volume of runoff and then to scale of erosion. 

Temperature affects climatic type, which governs the types of crop grown and the amount 

of ground cover that exists. Temperature is important in producing desired level of 

ground cover to protect soil from erosion. In highlands, maintenance of desired level of 

ground cover is difficult because of low temperature and short growing season of plants. 

In such areas, the intense rain can cause severe erosion. Similarly, the soils of  the arid 

regions are low in organic matter because warm temperature have resulted in more rapid 

decomposition of organic matter. This lower organic matter content in soil makes the soil 

more susceptible to erosion during intense rains. 

Slopes facing south gets more sun directly than the slopes of other aspects. Because of 

high radiation and temperature in southern aspects, soils of southern aspects are lower in 

organic matter than those facing in northern slopes. Because of the low organic matter 

content in soil and sparse vegetation cover in southern aspects, the southern aspects are 

more susceptible to erosion than other aspects. 
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4.  Physiographic : Slope steepness  is one of the important factors in soil erosion. Greater 

the slope more is the erosion. Slope steepness influences erosion in several ways. The 

increased velocity of runoff water in steep slopes allows more soil to be detached and 

transported, where surface detention of water is low and breaking of rain drop energy 

cannot form in steep slopes. Therefore, steep slopes are susceptible to erosion. 

 

The slope length is also an important factor affecting soil erosion. If the slope is longer, a 

large quantity of rain will fall on it and if the rate of rainfall exceeds the rate of 

infiltration, there will be large accumulation of water at the base. Therefore longer the 

slope length more is the erosion. There is a relationship between soil loss ( erosion ) and 

slope length, which states that erosion ( E ) is approximately equal to the square root of 

the slope length  (L
1/2 

) . Soil loss varies with square root of slope length.  

 

             Activities of water, which are responsible for  erosion 

       

1. Water-flow 

2. Lubrication of slope layers 

3. Saturation of soil 

4. Weathering and dissolving of minerals 

 

1. Water-flow =  Physical force of water-flow (run-off) causes flow-erosion ( sheet erosion, rill erosion, 

gully erosion ). Flow-erosion is proportional to water depth ( channel ) and slope gradient and inversely 

proportional to size or strength of the eroded materials. Flow erosion starts when flow energy surpasses 

slope resistance and increase with increasing  run-off. The bigger the water flow, the bigger the flow- 

erosion. 

 

2.Water- lubrication =  It causes slide- erosion on slopes. Water seepage and infiltration reduces friction 

between soil and rock or between two rocks layers. The bigger the seepage/ infiltration, the more likely 

the occurrence of slides. Seepage/ infiltration of rail increases more with duration than intensity. Heavy 

rains of long duration produce more slides than short rain of very high intensity. Yield of underground 

sources like springs also increases more with high duration of rain than intensity also helps increasing 

slides. Heavy permeable strata on top almost impermeable ones provide for maximum lubrication ones 

provide for maximum lubrication of the slide plane and are very susceptible to sliding.  

 

3.Water- saturation = Water- saturation of slopes of deep soil leads to the reduction of angle of repose and 

liquification of the soil and to slope failure. Highly permeable layers form "pressure tanks" on top of soil 

layers of little permeability. The soil layers near the surface of little permeability gradually saturates and 

loose strength while the weight of the pressure tanks increases. When the soil layers near the little 

permeability strata` becomes weak to support the increasing weight of permeable layers slope failure 

occurs. 

 

4.Weathering = It converts rock into gravel or soil, reduces slope strength and supports erosion of any 

form. Dissolving of easily soluble minerals leads to the formation of under-ground cavities and later by 

their breaking in leads to erosion 

 

1.2.3 Water erosion prediction equation 

 

The universal soil loss equation ( USLE ) is : 

 

A = R K LS C P where as, 
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A = Soil loss per unit area, it is an estimate of soil loss from sheet and rill erosion from rain fall events. It 

does not include the estimation from stream bank erosion, landslides, gully erosion, snowmelt erosion. 

 

R = rainfall factor, K = soil erodibility factor, L =  slope length factor, S = slope gradient factor, C =  

cropping management factor, P = erosion control practice factor. 

 

R (rainfall factor) = This is determined from the product of the kinetic energy of an individual storm (E) 

times the maximum 30-minute intensity for the storm (I), that is EI. Summation of all storms in a year is 

the annual value of the R factor. E is calculated according to:  

E = 916 + 331 (log I) foot-tons/acre/inch of rain and I in inches/hour, this in metric unit is E = 210.1 + 89( 

log I) joules/ sq.m/cm of rain and I in cm./hour. 

 

K (Erodibility factor)  is determined from a nomograph as illustrated in the figure. 

 

Erodibility factor is the susceptibility of soil to erosion. So it is a function of soil containing percent of 

silt, fine sand, organic matter, soil structure, soil permeability. 

 

 
                  Figure : Nomograph to determine K factor 
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Slope Length Factor ( L ) =  It refers to overland flow or run-off from where it originates to and where 

deposition begins. Maximum slope lengths are seldom longer than 600ft. or shorter than 15 to 20 ft. 

However, it requires judgments and on-site inspection.   

 

The Slope Length Factor, L =  ( ^ / 72.6 ) 
m  

  ( feet) 

                                          

                                          L =   ( ^ / 22.1 ) 
m
   ( meter ) 

 

where as,  ^  =  field slope length (feet, meter) 

 

 m =  0.3 for very long slopes gradient less than 0.5 % 

     =   0.6  for very long slopes gradient more than 10 % 

     =   0.5 applicable in most cases ( average value) 

 

Slope gradient factor (S) =  It is a ratio of soil loss from a given slope steepness to that from a 9% slope 

under the same condition . It will be evaluated as: ( 0.43 + 0.30 s + 0.043 s 
2
 ) / soil loss from 9 % slope 

under the same condition, where as s = slope gradient (%) . 

 

Cropping Management Factor (C) = It is a ratio of soil loss from the condition of interest to that from 

tilled continuous fallow . This is an integration of several factors that affects erosion, vegetation ( plant 

canopy), binding effects of plants roots, soil surface, cropping patterns, plant residue, land use/ land 

management etc. C factor describes the total effects of vegetation, plant residue, soil surface and land 

management  on soil erosion The value of C factor is not constant over the year. Therefore, the value of C 

factor need to be determined experimentally.  

 

Erosion Control Practice Factor (P) = It is a ratio of the soil loss with the control measures ( Ex : 

contouring, strip cropping, terracing, etc. ) to that with farming up and down the slope. The value for P 

are usually based on judgment and experience obtained from non-crop situation. 

 

Modified equation is : 

 

A = R K L S VM , where as, 

VM = the vegetation management factor which is the ratio of soil loss from land manage under specified 

condition to that from the fallow condition on which the K factor is evaluated. 

 

1.3   Wind Erosion 
 

1.3.1 Factors causing wind erosion 

 

Wind acts on the soil surface the same way as flowing water. Gusty winds are able to dislodge small soil 

particles, lift them upward and carry them away. 

 

Wind can move larger soil particles by making them jump along the ground. The jumping particles also 

apply energy to the soil surface each time they hit the ground and dislodge other particles so that they too 

can be moved by the wind. This process is called saltation. 

 

The largest soil particles that can be moved by wind are about 1 mm. Very fine clay and silt particles ( 

less than 0.02 mm ) are lifted into the air and carried away as wind blown dust. Sand dunes are severe 

stage of wind erosion. 

 



Notes on Soil Conservation Engineering and Watershed Management  BSc Third year first Semester 

Downloaded From: www.singhranendra.com.np 10 

The erosive power of wind, as that of water, increases exponentially with velocity, but is not affected by 

gravity. The erosive power of wind in wet soil condition and vegetation covered soil is slow. 

 

Slope inclination is not a factor in wind erosion, except where slopping terrain may form barriers to wind. 

However, the length of unobstructed terrain over which the wind flows is important in allowing the wind 

to gain momentum and increase erosive power. Winds with velocity less than about 12 to 19 km/ hr. at 

one meter above the ground not quite often dislodge and put into motion sand size particles. 

Potential average annual soil loss (tons / acre / year) is a function of 

 

I = soil erodibility 

 

K = soil roughness factor 

 

C = Average wind velocity and surface soil moisture 

 

L = field length 

 

V = vegetative cover 

 

Symbolically, the average annual soil loss due to wind, E =ä( I K C L V )tons/acre/yr.  

 

Wind erodibility Soil Group:  

 

Soil 

Group 

               Predominate Soil classes    Dry soil 

aggregates 

Erodibility  

T/ A/ Year 

1 very fine, fine, medium sand/ dune sand                                          3 220 

2 loamy very fine, fine, medium sands    10 134 

3 fine, medium, coarse sandy loams                         25 86 

4 clay, silty clay                                                       25 86 

5 loams, sandy clay loams, sandy clays                   40 56 

6 silt loams, clay loams 45 47 

7 silty clay loams, silts 50 38 

 

 

Responsible factors for wind erosion  :  

 

1. Nature of wind ( velocity, direction etc.) 

2. Types and density of vegetation and ground cover. 

3. Topographic features ( terrain, flat, undulating, rolling and continuous ) 

4. Nature of land surface ( plain, degree of roughness, land cover by plant ) 

5. Characteristics of soil ( physical, chemical, OM, moisture content etc. ) 

6. Biotic factors ( land use, over used, over grazing , plant residue etc.) 

 

 

 

1.3.2  Soil movement due to wind erosion : 

 

Efflation : Very fine particles carried off by wind 

 

Extrusion : Large soil particles carried of  by rolling and sliding by wind. 
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Effluxion :  Soil particles of intermediate size carried off by the bouncing action of wind. 

 

Detrusion : Wearing away of rock and land projection by soil particles carried in suspension, this is a 

result of efflation . 

 

Abrasion :  Wearing away of rock and land projection by larger soil particles moving as bouncing, rolling 

and sliding which is the result of extrusion and effluxsion 

 

1.3.3  Control of Wind Erosion : 

 

1. Avoid removal of vegetation 

2. Maintain shelterbelts / windbreaks  

3. Maintain plant residue / stubble on land 

4. Plant shrubs / grasses 

5. Access the spacing of shrubs and trees to reduce wind velocity 

6. Maintain good balance between grass, shrubs and trees 

7. Avoid locating LS watering facilities on erodible soils  

 

 

UNIT 2. Design and Construction of Gully  Control structures and Terraces  

 

2.1 Introduction to mechanical control measures 

 

This is non- vegetative and apply engineering works 

 Why mechanical control measures ? : 

¶ If the condition of eroded area do not permit establishment of vegetation.  

¶ If no scope of quick cover of vegetation.  

¶ If establishment of eroded area takes long time by vegetation measures . 

Important mechanical measures are : 

¶ Rip-rapping : Loose stones are used for the construction of rip-rapping. Stone size should be 

large enough to resist the force of water. Minimum size of stones be 0.5 m. ( diameter) for 

bottom / toe of the channel and 0.3m. for the protection of the upper part of the channel 
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¶ Retaining wall : These are structures to protect the gully and torrent banks against lateral 

erosion and undercutting. Concrete ( porous/ non- porous), gabion and loose stones are used 

for the construction. If loose stones are to be constructed large-sized stones must be used. 

¶ Checkdam : Most important device to control torrent and gully erosions is the check dam. 

This is most common and effective mechanical means of stabilizing active gully 

erosion.Structures built across stream channels or gullies to stop the lateral and horizontal 

gully/ channel erosion and to stabilize and stabilizing them by retaining bed load and other 

debris.  

Its purpose is to reduce the gradient and break the velocity of flow/ runoff.  

Check dam guide the water flow/ runoff from a higher point to lower point without causing 

erosion at the gully bed and banks. In general, there are two types of check dam. 

1. Non- porous with no weep holes 

2. Porous dams which release part of the water flow to reduce hydro-static 

pressure   

 

Concrete (porous/ non-porous), gabion, loose stone, brush wood or wooden check dams 

are used depending upon site condition, objectives of gully control,  availability of 

construction materials and cost effectiveness. 

 

Mostly used in series to meet the following purposes : 

 

a) to raise the bed level up to a height where safe support is provided for the slopes 
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b) to reduce the gradient of the channel / increase resistance of the channel bed 

c) to reduce the water depth by widening the gully/ channel bed 

 

¶ Spur and Embankment:  These mechanical measures are used to control torrent/stream/river bank 

erosions or bank cutting by diverting flowing water 

  

 2.2.1 Check dams 

 

2.1.1.1 Types of check dams 

 

1. Concrete/ Masonry check dam :  This  is  built, where higher structures are required. weep holes 

are provided to release hydrostatic pressure. 

 

 
 

 

2. Gabion check dam :  This is constructed from gabion boxes with appopriate wire     mesh. 

Usually 10 and 8 gauge GI wire of mesh size 10 by 10 cm. or 15 by 15 cm. size of the stone 
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which is used in gabion should be large enough than size of the mesh. The maximum hieght of 

the gabion check dam should not be more than 5 m. for mountain gullies and torrents. 

 

 

 
 

 Figure : gabion check dam 

 

 3.    Loose Stone check dam : Big loose stones are used in this type of check dam.   The quality, 

shape, size of the stones used affect the success of the check dam. 

 

 

     4.     Brushwood Check dam : Logs, branches bamboos are used in this type of check  dam. They are 

piled across the cross-section of gullies. Series of such structures can be installed to plough the 

gully erosion. 


