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Watershed Management
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Watershed: - (Catchments /Drainage basin).



J.E Raeder- Roitzsch define watershed in his lectures delivered.


“Watershed is a land body which drains into a stream system, it is delineated by a circumscribing boundary called divide and has an outlet which is either the mouth of stream, or designated point of interest”







OR

   
Watershed can be defined as specified land mass confined by a perimeter known as divide having the capability to store water from the falling precipitation and drains the excess water towards the stream system through its outlet.

watershed (U.S literature) & Catchment area (British/European Terminology) 

A ridge of high land dividing two areas that are drained by different river systems. On one side of a watershed, rivers and streams flow in one direction; on the other side they flow in another direction. Also, the area drained by a water system. 

The amount of water reaching the river, reservoir, or lake from its catchment area depends on the size of the area, the amount of precipitation, and the loss through evaporation (determined by temperature, winds, and other factors and varying with the season) and absorbed through catchment area along with the geographic & Geologic ( Soil type, slope, aspect etc. etc. )conditions,
Watershed Management:-

1. It is application of science for getting maximum yield of clean water on sustained basis 

2. “It is the manipulation of hydrological cycle to serve best in the interest of man.”

3. “It is the management of natural resources of a watershed or drainage basin primarily for the production and protection of water supplies and water based resources, including the control of erosion and floods and the protection of aesthetic values associated with water.

4. “Watershed management is the process of formulating and carrying out a course of action involving the manipulation of resource in a watershed to provide goods and services without adversely affecting the land outside the watershed area.

In simple words it is “Mgt. of Watershed to achieve certain objectives”

Need of Watershed Mgt.

“The life of People in the Plains is directly proportional to the ecosystem management of the upper watershed areas”

Objectives of watershed Management:-



Following are the main objectives of watershed management.

1. Quantity of water:-

      


To ensure the supply of water according to the needs 



through watershed management.

2. Quality of water:-




To improve the quality of water i.e. to clean the water and 



reduce erosion.

3. Distribution of water:-




To distribute water according to the requirements of the 



area through dam, canals, irrigation channels etc.




To achieve the above objectives following principles should be adopted.

Principles of Watershed Management:-

1. A better understanding of the interrelations between vegetation types especially forest, and all hydrologic processes.

2. The development of effective methods for normalization and improvement of the water yield in areas where the vegetation soil water system has been not proper.

3. The development of methods for early recognition of disturbances in the hydro system of a land area.

4. Development of effective methods for the protection, conservation, and management of watersheds with the aim of sustaining adequate hydrologic functioning and preventing adverse effects of land use on down stream areas.

5. Development of additional techniques for better utilization of water resources.

Components of stream flow / stream discharge / run off:-   




 The water reaches the stream flow in following four ways.

1. Direct rainfall over the stream:-
It is a very small portion of the precipitation because open water channels do not occupy much of catchment area;
2. Surface run off or overland flow: - 
when the intensity of rainfall is higher than infiltration rate, then after infiltration the excess water will flow over the land surface to the channel and is called surface run off. The quantity of water moving towards stream is called overland flow. The surface runoff becomes stream flow for the nearest channels. It almost always accompanied by erosion of the soil.
3. Subsurface flow or inter flow:- Some of the water which infiltrates the soil surface may move laterally through the upper soil layers until it enters a stream and is called subsurface or interflow. It reaches the stream later and its basin ( watershed ) 
4. Base flow / ground water flow or Dry weather flow:- Some of the rain water percolates downward under gravity through the soil merge into the water table and if the water table intersects the stream channels and water appears in streams, it is called base flow, groundwater flow or dry water flow. It does not contribute to stream flow surge but rather sustains base flow of streams at times of no precipitation.
Stream flow /Discharge/Run-off


Stream flow is the quantity of water flowing in the stream or channel.

OR



Stream flow is the amount or quantity of water which drains as surface flow from the catchments or watershed.



Stream flow from an area represents the integrated result of all hydrological and meteorological factors which vary from year to year, season to season and day to day depending on rainfall and snow melting.

Types of stream flow:- 

1. Ephemeral or seasonal flow: It is produced in direct response to rainfall, as the stream channel lies above water table and do not intersect ground water. The channel stream is called inflated stream. There is no water in the channel before rainfall and flow ceases shortly rainfall stops.
2. Perennial flow: It occurs where the ground water basin is large enough to supply water continuously without water table dropping below the channel bottom. The channel is called effluent stream. The flow is sustained continuously and there can be rapid rise of water during high intensity rainfall.

3. Intermittent flow: - It is sustained extended periods of time during the rainy or snow season. For certain periods of year it ceases to flow when base flow supply stops and there is no snow.  

Precipitation:-   



It is the total supply of all forms of moisture emanating (coming) from the clouds and falling to the ground.

OR

Precipitation is deposition of atmosphere moisture.

Origin of precipitation:-




Origin or formation of precipitation may be.

1. In the high atmosphere irrespective of soil surface of vegetation cover (rain, snow).

2. Near the ground (mist, fog)

3. At the ground surface (Dew, rime) 

Types of precipitation:-





Precipitation is often typed according to the factor responsible for lifting and cooling of the moist air. On the basis of climatologically effect.

1. Convective precipitation:- 

It is caused by natural rising of warmer; lighter air in colder, denser surroundings. By vertical convection, this leads to convective precipitation. The difference in temperature between air masses may be caused by unequal heating at the soil surface or it can be caused by differential cooling of the upper air layers. This precipitation is local and may produce lightening and cloud bursts.

2. Cyclonic precipitation:-


It this situation air travels from high pressure (anticlone) to low there zones (cyclone) and cyclonic precipitation occupation in general forms of precipitation in plain regions are of the such as monsoon in Pakistan.

3. Frontal precipitation:-


Frontal storms are caused by the force of a layer of warm air over a layer of colder as longer period. In cold front, warm moist our produces intense rains over small area. In warm front, cold air produces rain falls over a large area.

4. Orographic precipitation:-

                              Results from mechanical lifting of warm moist air over mountain barriers. It is causal by lifting of air when traversing mountain range lying across their paths. Much of the rain in the outer Himalaya hills both during the summer monsoon and in winter.

Forms of precipitation

 Different forms of precipitation can be divided into 

A         Liquid form.

B         Solid form.

	Form
	Average drop size (dia)
	Fall velocity

	Drizzle 
	0.5mm
	3.5m/s

	Rain
	1.0-1.5mm
	4.4-5.7m/s.

	Rain shower
	2.00-4.00mm
	4.9-7.7m/s

	Cloud burst
	5.6-6.5mm
	Up to 8.0m/s

	Dew
	-
	-

	Fog ppt & Mist
	-
	-


  Dew water droplets which are deposited by direct condensation from the surrounding are layers on horizontal surfaces.

Fog cloud like mass or aggregate or layer of minute globules of water ice crystals suspended in the atmosphere or near the earth surface.

Mist thin fog in which horizontal visibility is greater than 1 mm where water vapors are smaller than fog 

 B. Solid form of ppt includes

1) Snow: - ppt in the form of ice crystals results from sublimation i.e. from water vapors directly to ice.

2) Hail; - is ppt in form of balls or bumps of ice crystals over 5mm diameter formed by alternate freezing and melting as they are carried up and down in highly turbulent air currents.

3) Sleet: - is frozen raindrops cooled to the ice state, while falling through air at subfreezing temperatures.

4) Glaze: - is the ice formed when drizzle or rain freezes as it comes in contact with cold object at the earth.

5) Rime & Frost: - is light feathery sidle like ice crystals which are deposited to when the dew point temperature is below freezing point.

7)  Grauple: - It is a form of snow in soft pellets having Non –uniform surface.

Vegetation influence on precipitation;-

Theories: - In 1826 a Frenchman. Moreau de Jonnes, wrote “In order to increase the ppt of a country, it is only necessary to afforest hill and mountains, and can reduce ppt by deforestation.

1) In 1912 Zon an American forester was convinced that extensive forest increase both amount and frequency of local rainfall. In his opinion forest land have up to 25 % more ppt than the adjacent areas/ lands.

2) Moore, a meteorologist, was opposed the above theories based on his analysis of metrological data he found no support for positive or negative influence of forest on ppt. 

(The dispute is still on now days)

      The theory of positive forest effects on ppt is explained in the following.

Influences:- 

1) Evapo transpiration:-

Transpiration and evaporation from vegetation canopies is called evapotranspiration. So if there is more vegetation there will be more evapotranspiration and increases the quantity of water in atmosphere. By increasing the quantity of water influence on precipitation.

2) Cooling effect of veg:-

Vegetation not only increase the quantity of water vapors also there cooling effects decreased the temperature of hot air and helps in the condensation of these water vapors and formation of precipitation

3) Interception:- (interception loss )
Interception occurs in two strata of vegetation, the canopy and in the litter. The interception is important because,

1. Ppt retarded by the canopy is subjected to evaporation and finally last for stream flow. 

2. Ppt without vegetation cover falls freely and covers the soil uniformly.

3. A delay in time when the rain reaches the ground usually raindrops falling from drip points has larger size and having more K.E than free falling rain.



Litter on the ground forms also part of the vegetation. It causes interception and losing it again by evaporation. Therefore vegetation increases the interception and decreases the defective ppt.

4) Redistribution:- After completing the infiltration decreases by the herbs of shrubs and there is more chances of redistribution of the ppt, back to atmosphere by vaporization.

5) Root effects:- Roots of vegetation increase the infiltrative Capacity of soil and there by decrease the stream flow and evaporation.

1) Vegetation and snow:-  Trees influence the snow cover by

1. Falling snow can be intercepted in the crown be subjected to evaporation loss.

2. Falling snow is much more easily transported by wind than rosin since forest modifies the wind conduction and influence the distribution of falling snow. 

3. The quality and the melting rate of the snow pack by shading them is also effected by vegetation 

4. The snow density (quality) generally decreases some what from maximum in the open to a minimum with in the dense forest.

2) Fog ppt and vegetation:-

Fog ppt also known as horizontal ppt or negative of vegetation for liquid water in moving fog or clouds. Droplets filtered out of the fog or clouds are deposited freely evenly over the surface of the vegetation and eventually water begins to drip off. This process depends on type of vegetation and the number of fog days experienced.

3) Dew / Rime and vegetation:-

Dew and rime are the forms of ppt, which do not originate in the atmosphere but on the receiving surface itself through condensation (Dew) or sublimation (rime). While vegetation itself is one of the factors which influences the magnitude of such ppt. It is observed that grass lawns are often found wet from dew in the morning while adjacent land with different vegetation cover or bare soil remains dry having not cooled below dew point 

Effective precipitation: - The proportion of ppt, which actual reaches the ground, is called effective ppt.

Interception:-

Interception is the process of catching precipitation by vegetation and then redistribution of it backed them atmosphere by vaporization or delivery to the ground:

Interception Loss:-

The portion of ppt that catches by vegetation and return to the atmosphere by vaporization processes is the interception loss.

Through fall:-

The portion of ppt that reaches the ground directly through the openings in the vegetation canopy and as drip from leaves and branch is termed as through fall.

Steam flow:-

The portion of ppt which following interception reaches the ground by flowing down the stem is stem flow.

Interception storage capacity: -

The amount of ppt which remains in the canopy after drip water and stem flow.

Gross ppt: -
The amount of ppt incident upon vegetate canopy.
Net ppt: -
The amount of ppt which is delivered to the ground.

FACTOR AFFECTING INTERCEPTION:-

The major factors, which affect interception, are:

1. Type & Intensity of ppt:-

Light showers can easily be intercepted completely. Interception losses are high under the conditions where ppt occurs in short showers alternating with periods of sunshine.

The relative interception (expressed as %age of rainfall received) decreases with increasing rainfall intensity.

2. Type & Structure of vegetation:-

Under a single tree interception is usually highest near the stem and decreases towards the outer part of the crown. Trees with branches oriented upward or down ward. Also leaves of large size and numerous in number increase interception as compare to vegetation having leaves of small size and less in number. Deciduous forests have less interception than evergreen forest. In mixed & uneven aged forest interception increases and vice versa. 

3. Density & Age of forest stand:-

In multi-storied and uneven aged forest interception can be very high because of dense vegetation.

By increasing the stand density, the canopy surface area. Will increase and there fore interception rate will also increases.


Well-stocked stands with dense crown intercept more rain than open woodlands. Highest interception is expected in a forest stand at the age maximum current increment. (Interception increases with the increase in the age of a stand).

4. Season & General Climatic conditions:-

In winter interception is usually lower than in summer, partly because the deciduous tree are without leaves, partly because of evaporation during the cold season is reduced. For deciduous trees the variation of interception loss between summer and winter may be as great as 50 % while for evergreen trees the variation is much smaller.



Interception loss is found to be higher under climatic conditions of low air humidity and high evaporation.

5. Wind Condition: - Under condition of strong wind, interception rate decreases, since parts of the intercepted water are shaken off. So we can also say that if there is high intensity rainfall accompanied by strong winds interception rate decreases.

6. Form of ppt:-

From of precipitation also affect interception. Interception in liquid form of precipitation is more than perception in solid.  

Chapter – IV
Water Storage in the Soil

Soil: Weathered material eroded, transported & deposited

1. Surface Runoff

2. Subsurface runoff

3. Base flow

Soil Characteristics

Classification of Soil water: - (On the basis of soil –water relation)

1. Gravitational water: -/ Detention Storage
The water, which moves in the subsurface profile by gravitational force, is called gravitational water.


The gravitational water is not retained or stored in the soil but drains freely under the influence of gravity in the non capillary pores either laterally or downward. The water is not utilized by vegetation but it is available for stream flow.

2. Capillary water: -/ Water at Field capacity
The water, which is retained under the influence of surface tension against force of gravity, is called capillary water.


The water is present in the capillary pores and to a certain extent around soil particles a coherent film and can move under capillary forces. Capillary water is not available for stream flow but constitutes the main source of water for plant growth.

3. Hygroscopic water: -/ Wilting Point
The water retained by molecular forces, as thin film on the soil particles is called hygroscopic water.

This type of water is not mobile except in the vapor phase, and it is neither available for plant growth nor for stream flow. It is the moisture of dry soils and is of least importance is soil water storage.

4. Water vapour: - (ground water)

This is the water of saturated soils water, which is present below the soil, and forms water table is called free water. This water is pulled by vegetation through capillary action.

      5.  Free Water    : - Saturated soil water
Measurement of Soil Moisture

1. Gravimetric method
2. Electric method 

3. Tensiometer method

4. Neutron method

5. Terra meter (Hydrologic mapping)

WATER MOVEMENT IN SOIL: -





Movement of water in the soil occurs in the pores.

As liquid or in the vapour phase. For movement to occur driving forces required which are may be, 

[image: image1]
1. Gravitational pull

2. Capillary tension                                for liquid water

3. Hydrostatic pressure
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4. Vapour pressure 

5. Temperature gradients                      for vapour

Moment of water in unsaturated soil:-






In unsaturated soil moisture moves in the capillary pores mainly under the action of capillary tension which act as boundary between air and water. Water moves form moist zone of low tension to dry zone of high tension. for the movement of water the driving force is required but it does not only depend on the driving voices but also on the conductivity of the medium in which the current movement occurs. The conductivity of a soil for water depends both on its texture and structure as these determine the number and size of its pores & the passageways for water. The distances of capillary waster movement is inversely proportional to the diameter of the capillaries because if diameter is small the resistance against water movement is increased, so it extremely slowly.



It can be concluded that the velocity of moisture movement in unsaturated soil depends on a driving force as will as on the conductivity of the medium. For the movement of water in unsaturated soil, soil must be wanted to above field capacity before water movement can take place.

Infiltration and Percolation:-


Infiltration: - 
The passage of liquid water through the soil surface is termed as infiltration 


Percolation: -
The passage of liquid water through the soil profile is called percolation.


Infiltration Capacity: - The maximum rate at which water under given conditions, can enter the soil through the surface is called infiltration capacity.

Percolation Capacity: -It is define as the rate at which water penetrates through the soil profile.

Factors which affect .Infiltration / percolation and Runoff:- 

By increasing infiltration the percolation also increases while the runoff decreases. So factors, which increase infiltration, are the factors of decrease in runoff and vice some of these factors are,

1. Initial moisture content of the soil: -The lower is the initial moisture content of the soil the faster will be the rate of infiltration capacity and decreases runoff.
2. Rain fall intensity & duration: -Long duration with slow intensity of rainfall will contribute more water for infiltration process and less runoff than for short duration and high intensity.
3. Texture of soil: -
Small particles offer greater resistances to water movement then larger particles as in smaller particles water is subjected to greater friction.  Sandy soil therefore has a high infiltration capacity than of a fine texture clay soils, and have less runoff.
4. Structure of the Soils: -
It soil particles combine to form soil aggregates, the total free spaces of a given volume soil increases and in general the infiltration capacity will be greater. .It is for this reason that well aggregated soil has more infiltration capacity but less runoff.
5. Organic Substances: -
The addition of organic material to soil greatly improves its aggregate structure and increase porosity and infiltration capacity while decrease the runoff.
6. Topographic effects:-It is evident that soil on steep slopes has a lower infiltration capacity and greater run off than the soil under level conditions, as the water has more time to infiltrate.
7. Season effects: -
In hot weather condition where evapotranspiraton rate is high, emptier pore spaces of soil are available for the infiltrative water; hence infiltrating capacity will be more and less runoff than in wet and cold season condition.
8. Viscosity of water: - The contaminated water when enters the soil will have to face more turbulence effects rather than clean water. It can be stated the condition of viscosity of water will lower the infiltration capacity.
9. Degree of soil freezing: -
The presence of cracks which have been occurred due to expansion & contraction of surface soil will increase infiltration capacity and decrease run off.
10. Cracks in the soil: -The presence of cracks which have been occurred due to expansion & contraction of surface soil will increase infiltration capacity and decreases run off.
11. Vegetation: - Vegetation has remarkable effects to increase the infiltration capacity of soil with its interception, fallen leaves and litters present on the surface of the watershed and decrease the velocity of flowing water as well as increase the porosity of soils with humus formation. So vegetation increase infiltration and decrease runoff.
12. Animal effect: - The presence of rodents i-e rates, rabbits, porcupine earth worm, ants and termites increase the porosity of soils and in response to that infiltration capacity will be more and runoff will be less.
13. Form of ppt: - Soil form of ppt (snow) will increase the infiltration & decrease the run off. 
                     EVAPORATION:-

It is the loss of free water from soil, lakes, stream oceans etc to the atmosphere.

OR

The transfer of water in the vapour phase from the surface of soil, open water surfaces, snow and the surface of the vegetation to the atmosphere.

                       TRANSPIRAION:-

                        The loss of water from the cuticle or the stomata opening in the leaves of plants, into the      atmosphere is called transpiration.

EVAPOTRANSPIRATION: - (consumptive use of water by vegetation)

The combined process of loss of water through evaporation and transpiration is called evapotranspiration. Evapotranspiration is also called consumptive use or total evaporation from land areas. 

It has two types:

I. Potential evapotranspiration:-



It represents the maximum rate of evaporation possible from the land area, when the available supply of moisture is equal to or greater than the demand.

II. Actual evapotranspiration:-




It there is deficiency of water in or on the land areas and the evapotranspiration takes please will be called actual evapotranspitastion

Moisture Deficiency:-The difference between potential evepotranspiration and actual evapotranspiration is known as moisture deficiency.


FACTORS WHICH AFFECT EVAPORTION.

1. Solar Radiation:-


For evaporation of 1cc water about 600 cals, of heat is required and the only source of heat is radiation. Free evaporation in nature is continuous as long as the heat of vaporization (600 calories per gram of water) is supplied Therefore evaporation not possible without solar radiation.

2. Air Temperature:-




Hot air expends, hence its vapour concentration decrease and with this its vapour pressure decreases. A pressure gradient builds-up and evaporation proceeds. Therefore evaporation is directly proportional to air and temperature. I-e, increase in air temp-will increase the process of evaporation.

3. Relative humidity of the air:-




Relative humidity means moisture percentage in the air e.g. - RH 60% means that the air can hold 100gm of water. Its relative humidity decrease, it increases vapor pressure gradient and hence rate of evaporation increases.

4. Wind velocity: -




Wind velocity has considerable influence on evaporation. Wind causes continual disturbance and exchange of moist air above the evaporating surface with that of drier air. It can be shown that an increase of wind velocity by 10% results in an increase of evaporation rate by 1 to 3%.

5. Atmospheric Pressure:-




Vapour concentration in the air decreases with decreasing atmospheric pressure. While net evaporation, by consequence increases as condensation from atmosphere decreases.

6. Properties of water:-




Evaporation is also influenced by the properties of the water itself, namely its turbidity and salt concentration.




Evaporation from oceans is 2 to 3% lower under same conditions than that of fresh water. So properties of water also affect the evaporation rate.

7. Evaporation from soil:-




Evaporation potential of soil is influence by moisture content in the soil presence of groundwater, and depth of that water. To some extent it is influenced by soil color. Dark soils absorb more radiation and evaporate more water.

8. Aspect:-



Exposure of the mountain side towards sun is called aspect. Southern aspect which is hotter evaporates more water the northern aspect which is cooler one.

Evaporation from snow surface: - (Ablation)



Evaporation from snow pack or ice is termed as ablation. As in free evaporation, there must be a vapor pressure gradient from the snow surface to the adjacent atmosphere, Ablation occur only when the dew point of the air is lower than 0o C.

Factors affecting Transpiration:-



Taking idea from the above factors which affect evaporation, we can easily explain the factors which affect transpiration.

(1) Solar radiation;-Transpiration increase at a certain limit but at more radiation stomata closed.

(2) Wind velocity: - Same as above.

(3) Water deficit: - water deficit in roots in leaves or in soil decrease the rate of transpiration.

(4) Leaves and root surface area: - More surface area, more will be the transpiration.

(5) Distribution & No of stomata: - Greater the no. of stomata more will be the transpiration.

(6) Water properties: - same as above.

(7) Air temperature affect: -Same as above.

(8) Day and night affect; -

(9) Relative humidity of the air: - same affect as on evaporation.

(10)  Aspect 

(11)  Evergreen and deciduous trees (type of vegetation)

(12)  Number, size, shape, and duration of leaves. Etc.


Factors affection Evapotranspiration or consumptive use of water by vegetation:-

All the above factors affecting evaporation and transpiration are included in this.

Erosion:-


Generally erosion means removal of soil 




OR

Erosion is defined as removal and redistribution of material from the land surface by     weathering and abrasion processes.

OR

It is the process in which soil and minerals are detached and transported by water, wind or gravity.






OR

“The detachment, transportation and deposition of land surface by water, wind, gravity and other biological activates is called soil erosion:- 

Types of Erosion:-


There are two main types of soil erosion;

I. Geological / Natural /Normal erosion.

II. Accelerated erosion.

Geological erosion:-



The erosion which occurs naturally is called geological / Natural or normal erosion.


It occurs under normal undisturbed conditions balance with process of soil formation from rocks weathering and organic matter. It is natural process depending on climate and other condition beyond human influence.


As it occurs naturally so it is also called natural erosion or normal erosion.

Accelerated erosion:- 

The erosion which is caused by different human activities is called accelerated erosion.



OR 



The erosion which is caused by different factors of human concern.



My affects of helps erosion by ploghing, building, dams, canals construction also construction of roads and by deforestation. 

PHASE OF EROSION:-



There are generally three phases of erosion.

(1) Detachment.
 (2).Transportation 
(3).Deposition.


 1.
Detachment:-



The removal of upper soil surface by water is called detachment.


When rain water strikes the soil, it weakens the adhesive forces of water molecules are responsible for the weakening of adhesive forces of soil particles due to which soil particles are detached from each other and erosion starts.

2. Transportation:-

The detached particles are taken away by water, wind or by other agents from one place to another; this is called transportation of soil particles.

3. Deposition:-



When the transported soil particles come down, these are deposited or accumulated into streams, reservoirs and other places. This process is known as deposition. Due to the accumulation of soil particles, the life span of our reservoirs decreases. In deposition process soil particles are deposited in places where it is not needed.

AGENTS OR CAUSES OF EROSION:-







Following are the Agents of erosion 

1.
Water.

2.Wind.
3.Gravity 
4.Biological activities.

1.    Water:-


The run off water first detaches the soil particles and then take them with its flow from one place to another thus causing hydric / water erosion.

2. Wind:-

Wind is also an important agent of erosion; it carries away the soil particles from surface soil form one place to another and thus causes wind erosion

3. Gravity:-


Big pieces of rock and soil move down the hill due to force of gravity. The movement of runoff water is also due to force of gravity. So gravitational force is also one of the agents of erosion.

4. Living Organisms or Biological activities:-


Many living organisms such as lichens, mosses, insects, earthworms, rodents and roots of plants etc have an important role in soil erosion.

Factors which affect Soil erosion: -
 Following are the some factors which affect erosion.

(1) Temperature:-


The variation in temperature during day and night, summer and winter are responsible to the cracking of soil surface and rocks. By increasing the cracking in soil, temperature helps in erosion.

(2) Slope:-


Slope is also an important factor, which affects erosion. If the slope of a mountain is steep, so, there is less chance of infiltration while surface runoff will of erosion and vice Versa.

Intensity of Rainfall: -



If the intensity of rainfall is greater then automatically erosion will be more. As we know that the raindrop falls towards the surface of earth with a kinetic energy (1/2 mv2). So greater intense means with high velocity rain drop strike the surface soil and there will be more erosion.


Size of drop also plays and important role in erosion. Greater the size droplet more will be splash erosion.

(3) Soil Texture:-



This also plays an important role in soil erosion. If the soil is sandy or silty then there will be more chances of erosion. But if the soil is clayey then there will be less chance of soil erosion as compared to salty / sandy soils.

(4) Vegetation Cover: - 
Vegetation cover reduces soil erosion by following ways.

1) By interception

2) By reducing velocity of runoff 

3) Increasing infiltration 

4) By root binding. So, by increasing vegetation cover we can reduce the soil erosion and vice versa.

(5) Grazing: - Due to gazing the vegetation i-e grasses on the soil surface decreases and rain drops directly fall on the soil without being intercepted .so there are more chances of splash erosion.

(6) Fire: - Fire damages the vegetation as well as the soil due to which there are more chances of erosion.

(7) Man activities: - Man activities also plays a very important role in increasing or decreasing of soil erosion .If man afforested an area or constructing different engineering structure such as cheek dam will decrease erosion, while construction of roads, deforestation and plugging etc increases.

Effect of vegetation on erosion: -




Following are the effects of vegetation on erosion.

(1) Reduce velocity of runoff.

(2) Interception.

(3) Increasing infiltration.


(For explanation see “The hydrologic role of vegetation in a watershed ‘on page 798)

(4) Root binding:-


Roots of the plants can bind the soil particles and rocks together and provide protection to them from erosion.

(5) Effect on wind erosion: -
The effect of vegetation on wind erosion is largely mechanical by covering the soil and protecting it from being blowing or by reducing wind velocity.

(6) Evapotranspiration: - when there is more water in the soil the chances of evaporation increases water flows as runoff on it, so, it causes erosion. But due to the presence of vegetation waster is continuously checked by the plants and released to the atmosphere by transpiration.
(7) Snow melting effect: - The area where trees are absent the snow-melting rate is very high and it causes erosion while areas where vegetation is present. Snow melting rate is lass due to shade cover and hence low speed and less erosion.
WATER / HYDRIC EROSION;-




The detachment, transportation and depositions of soil particles by water are called water erosion.

OR

The erosion which occurs due to water is called water or hydric erosion.

Types of water erosion:-


Water erosion is of following types

(1) Surface Erosion:- Surface erosion is the detachment and transportation of surface soil particles or aggregates from unchanged areas, and can be classified as,
a. Splash erosion: - Raindrop splash erosion results from the impact of water drops. Falling directly on exposed soil particle with some energy (1/2mv2) due to which soil particle splashed into the air and erosion occur called splash erosion.
b. Sheet erosion: - The removal of soil particles uniformly in thin layers or sheets from a watershed area is called sheet erosion.
This erosion occurs in area has uniform soil texture and structure and where the rate of rainfall is greater than the infiltration capacity. In this type of erosion the whole watershed area is uniformly eroded.

c. Rill erosion;- 

Rill erosion is the removal of soil by water from very small but well defined, visible channels or rill. But not deeper than 5 to 10 feet. In this type of erosion the small channels can be eliminated or removed by normal cultural methods.

1) Gully erosion: - In this type the channels are so large & well established that these cannot be removed by cultural methods. This is a modified form of rill erosion , in this case ,first rill erosion stats which increases in-depth with ,so converted into gully erosion

2)  Channel erosion: - It is usually the stream or river bank or bed erosion. Cutting of channel or stream may channel erosion depend on credibility of channel surfaces and proclivity of water?

3) Mass movement / erosion:-It is the movement of a mass of consolidated or uncrisolited material down gradient due to the force of gravity .e.g. rock fall land slides mud flow and debris flow.

Erosivity: - The power or force of flowing water to cause erosion is called erosivity.

Erodivility: - Resistance of the soil to erosive force is called its erodibilty.

Effects of erosion :-)( economic implications of soil erosion)

1) Decrease the fertility of soil.

2) Decrease the life span of our reservoirs. (due to satiation)

3) Decrease the vegetation.

4) Decrease the depth or thickness of soil.

5) Decrease water holding capacity of soil.

6) Due to erosion there are depositional sediments in steam channels and reservoirs.

7) Irrigation systems also effected.

8) Erosion increases the pollution mainly water and air pollution.

9) Decrease quality of water.

Wind Erosion:-The detachment, transportation and deposition of soil particles by wind is called wind erosion 

OR

The erosion which occurs due to wind is called wind erosion .It depends upon.

1) Wind velocity 

2) Dryness of soil and 

3) Texture of soil.

Types of wind Erosion:-

Following types

1) Delusion

2) Abrasion

3) Extrusion

Delusion: -This type of erosion occurs due to high pressure of winds. These winds are parallel to the ground surface and may be a few yards above soil surface. The wind moves such a speed that it can even move rocks. Thus breaking them and producing soil particle .As wind carries these particles in the form of suspension so, this is also called suspension erosion.

Abrasion:-In this type of wind erosion sandy particle which are a little heavy or bigger in size move closer to the ground. Something these particles bounce along the soil surface ground. Thus causing erosion.
Extrusion: - The rolling away of soil particles on the ground surface by wind is called extrusion. This is also known as soil creep erosion. (The deposition of wind eroded materials called loess or adoption despotisms)
a. Erosion Control:-Prevention of water erosion:-water erosion can be condoled up to some extent.
(1) Biological control 

(2) Engineering structures 

(3) Modification of land surface.

1) Biological Control:-Biological control includes the control of erosion through vegetation, and the effect of vegetation on erosion is already, expanded above. Besides those affects different vegetative practices also reduce. Or minimize erosion, which is.
(1) Crop rotation
(2) Contour cultivation
(3) Intercropping
(4) Strip cropping
(5) Mulching etc.
2) Engineering Structures: -Engineering Structure includes.

(1) Contour bunds. 

(2) Dyke in channels.

(3) Gabion structures. 

(4) Retaining walls.

(5) Spur.

(6) Check dams etc.

Modification of land surface;-to minimize the effect of erosion and slope, the land surface is modified as a result of this modification the land surface is protected from the effect of erosion.

The following are the some modification of land surface.

(1) Terracing.

(2) Division banks.

(3) Contour ridges or absorption banks.

(4) Gradoney Trenches.

(5) Waterways.

(6) Graded terraces.

Prevention or Control of wind erosion:- 

(1)  Vegetation cover 
(2) Shelter belts 
(3) Contour Planting 
(4) Cultivation of land.
(5) Using chemicals and oil etc.
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