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1.0 INTRODUCTION

1.1 GENERAL

Sail  erosion caused by man’s activities is sometime called
accelerated arasinp to distinguish it from geological erosion.
The latter is part of a constant process of changs in the sarth’s
aurface due tn weathering. Soil erosion is of great concern ta
humanity because, 1t effests fopd production  through 1and

degradation, limits the supply of hydro electric  power through
=iltatinn 0f reservoirs and create catastropic floods damaged
huge area of low lying fields and human settlements . Tmpact of

direct rainfall on the so0il surface is crucial to the start of
ernsion process, Overland flow detaches soil particles but mostly
transporis praviously detached sediment tn surface stream and 1o
accelerate srosion than are managed ecosystems. Despite the high
rainfall and rugged topagrapby generally associated with highland
head water, run-off and erosion are minimum  from natural
ecosystems .

When human activity, such as indiscriminate forest clearing
without proper precautions is allowed in these area, the
stability of natural ecosystem is disturbed and leads tn
exressively high rates of upnantrolled rupn-off and erosion,
Excassive run-aff  and srosion rates may occur also  on pasture
1and if animal stocking rates and grazing are not controlled and
adequate conservation practice are not  implemanted. Forast
distyrbance and uncontrolled grazing and cropping, alone or
tagether, may lead to rates of run-off and erositm high encugh to
produce ratastropic floods and burial by sediments of low-lying
fields and residantial communities. A rampaging Tlood that Tinds
ite way to the ses not only causes human dizasters but also may
calse permanent disappearance of precise soil apd water.

The problem bas been further aggravated due to high rate of
population growth-both, human and livestock resulting in  ever
increasing demand of food, foddar, fuel, fiber and fertilizers.
Thus oontinuous degradation of production base and imbalance in
land-plant, human-animal systems is  leading to ecnlogical
impalance and economie insecurity, through severe <oil erosion
and  thraat to the aquality of human life and cultivation. Tt  has
been sstimated that in Tedia about 6000 m tones of spil are
rroded evary year from about R0 M ha of cultivated land, loosing
about £ 4 M tones nf nutrierts (2.5 M topes of N, 3.3 M tones of
P and 2.6 M tones of Ki. >

Tha top =nil layer which is susceptible to erosion arae
generally rich in plant nutriants and most favourable physically
for water storage and transmission. These top $0il are also most
auitable structurally for the rapid growth of plant root. Hence
=0jl layer exposed by serious erosion are less able to SURROr L
heal thy vegetative growth.

Tha problem of assessing the effect of erosion over the
longer term is more ¢ifficult. To assess the effect of erosion



on orop productivity some assumptions have to be made not only on
the frequancy of erosion of top layer but al=so about the
relationship of crop vield to depth of =soil. denth, profile
characteristics, level of management and techaology provided to
achieve more favorable growing conditions.

Spil erogsion ocours when individual soil particles or small
aggragates of so0ll particles are detached from th=a main bndy of
s0il and transported down slope, Snil particle detachment can  be
caused by any of the following two merhnds,

- By the impact of rain drop falling on the <soil =surface,
- By scouring effect of water movement over the soil surface.

Transport of detached soil particles can ooour when they are
aplashed intn the air by rain drop impact and fall down slope
upnder the influence of gravity or when detached particles are
transported down =inpe in suspension by surfare run-off waters.

3ilt rises the levsel of river bads and the bhads of
water resarveires  and  hance incraasing the danger of the
inundation of the adjeoining area and also results in water
logging. 811t al=n reduces the 1l1ife and ot funotioning
of structures on  water courses. Snil erosion is pecoming
the main sSource of water FESOFCRAS polliution. The
chemical fertilizers and different types of pasticides,
herbicides and fungicides applied in large quantities in
agriculture as well as the industrial and agriculbura) wastes
discharged on or into the so0il are transported by water or
wWind. These chemical aubsatances which are put into motion ara
the main causms  of surface, subsurface and ground
water quality daterioration.

1.2 CLASSIFICATION OF EROSION

%01l erosion has been classified by erosive agents (agents

causing the accurrence and affecting the course of arnsinn
pProcesses): water, glacier, snow, wind, man, animals, et
by  form (forms which are decived from the effects of
exogenous  agents on the spil surface: by inftensity (intensity

axprassed by the extent the go0il particles are detached and
transported.

Surface Water Frosion

Water erpsion is removal of s0il from land's surface by
running water,including run-off. Water erosion is sub-divided
into rain drops,sheet,rill,gully and stream channel erosion.

Factors affacting arosion by water: Thare is A direct
relationship between total run-off and s0il loss from agriculture
areas, the factors influencing variables affecting soil erosion
Are climate,s0il,vegetation and topography. Of these the
vegetation and to some extant the soil may be controlled. The
climatic factors and topographic factors axcept slope,length are
beyond the power of man to cantrol.




(L) Climate : Climate factors affecting arosion are
precipitation, temperature,wind, humidity and solar radiation,
Temparature and wind are the most evident through their effects
on  evaporation and transpiration. Wind also changes raindrop
velocities and angle of impact. Humidity and solar radiation are
somawhat less directly involved in that they are associarted with
tamparatiire.

(2) Soil Physical properties of s0il affented the
infiltration capacity and the extent fo which it can be dispersed
and transposed. These properties which influsnce erosion include
s0i} structure, texture organic matter, meisture content, and
density or compactness, Aas well as chemical and biological
characteristics of the soil. As yet not one soil characteristics
or index provides a satisfactory means of pradicting 2rodibility.

(3} Vegetation : Tha major effects of vegetation in reducing
erosion are:
{a) interception of rainfall by absorbing energy of the
raindrops and thus reducing run-off.

(b)) retardation of erosion by decreased surface velocity.

(c) physical restraint of =soil movement.

(d) improvement of aggregation and porosity of the soil
by roots and plant residue.

(e} increased biological activity in the soil and

(f) transpiration which decreases scoil moistura,rasulting

in increased storage capacity., These vegetative
influance wary with kind of vegatative material
namely roots, plant tops ang plant residues.

(4) Topography: Topographic featuraes that influence erosion are
degrae of slope , length of siope, ang size and shape of the
watershed. Dn steep slopes high velocities cause serious erosion
by scour and sediment transportation.

Types of water erasion

Sheat erpsion: Sheet erosion is the uniform removal of =so0il in
thin layers from sloping surface of soil between rilis. Although
important, sheet erosion is often unnoticed because it  ocours
gradually. The rain drop causes the soil particles to be
detachad and the increased sadiment reduces the infiltration rate
by =sealing the =soil pores.

Rill Erosion: When water takes the path of least resistance to
flow over tha so0il surface it forms minute channels. Ril)
erosion is the removal of soil by water from small but well
advanced channale when thara is a concentration of overland flow.
Detachability and transportability are both greater in Rill
erosion than in Sheet erasion because of higher velocity. Pill
erosion is of most sericus when storm are of high intensity and
top s0ils are loase and shallow.,

Gully Frosion: ITf the chanpel formed in the land are so deapened
and widened by erosion that their size is greater than those of
common Rills, tha land is no longer readily usable, and the
effect is then termed as Gully erosion. These channals carry
water during and immediately after rains. Gullies are usually



formed by (i) water fall srosion at  the gully (ii} channel
erosion rcaused by water flowing through the gully (iii) alternate
freazing and thawing of exposed sgil banks and (iv) =slides andg
mas= movemant of sail in the gully. Gullies are often also
referred to as ravines.

Tunpal Erosion: Tupnnel arosion ocours where there is  intense
penetration of the ground water. This is an underground forms of
20il disintegration which occur practically in any thick layer of
finely grained sedimant. Yn most cases it develops into intensa
gully erosion, and therefore tunnel erosion is sometimes referred
as a special from of gully erosion. It frequently ooccours  on
forested land causing both soil loss and water losses,

1.3 THE UNIVERSAL SO0IL LOSS EQUATION, USLE

Fstimating snil losses from crop fisld by maans of empirical
aquation,has become a valuable tool for the ronservation farm
planner in USA such equatinn have been used for about 15 years,
They have ssrved to estimate annual snil loszes under specific
combinations of =s0il, slops, cropping system and ofther
management. .

Universal =0il los= equation developed by 1. 5. Dept. of
Agriculture have improved the reliability of soil loss equations
usad earlier. This was achieved by applying more research data
obtajined from a detailed analysis of about 8,000 exparimental
plot years of so0il loss and related data. Although this mauation
has univarsal application, its use is dependent upon developmant.
of local applicable data.

This equation improves localized s=soil  loss predictions
without drastically changirg basic concepts and applicatinn
procedure of the older equations. The method of evaluating the
ergsicn producing capacity of rainstorms expected to occur
throughout the year is its back bone and accounts for most of the
varsatility.

prediction of s0il loss by USLE was first introduced
by Wischmaiar and Smith (1965). Tha USLE is an empirical model
most widely used for astimation of =o0il loss from sheet
and rill arosion. Schematic representation of soil erosion
modal 1is given in Fig.l.1. USLE is given by the following
aquation:

S0IL L0SS = f(RAINFALL FRASIVITY, SOIL SUSCEPTIBELITY,
TOPDGRAPHY, AND MANAGEMENT )

Az R X KX | * 8§ xC*x p  ,..... W ma (1. 1)
whare,
Annual soil loss from spacific site (t/ha)
Rainfall erosivity factor
501l susceptibility factor
Topographic- factor
Cropping =~ management factor
Erosion -~ control practice factor

Ly
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The different parameters are described in the next chapter.
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2.0 REVIEW OF LITERATURE

2.1 USLEF PARAMETERS

Prediction of s0il loss Dy USLE WAS first
introduced by Wischmeier and Smith (1965). The USLE is an
aempirical model mos t widely used for estimatinn of s0i1
los= from sheat and rill erosjion. USLE is given by the

following eauation:
Bnil Loss A = R % K *x | * 5 * ¢ *x P

In the following paragraphs description of differant paramaters
nf USLE is given :

2. 1.1, RAINFALL EROSIVITY INDEX, R

The erosivity of a rainfall storm is a function of its
intensity and duration, and the mass, diameter and valocity of
the rain drop. Erosivity is exprassed as the long term mean
annual rainfall erosion index based on the kinetic energy of the
rain. The term rainfall arpsion index implies & numarical
avaluation of a rainstarm or of a rainfall pattern which
Adescribes its capacity to erode %0il from unprotected tield.
Eroding potential of a given storm is not only influsnced by
its characteristics but also by other conditions like
antecadant. climatic conditions, surface conditions,
interaction effect and other extraneous variables. The most
useful rainfall erosion index is one whose magni tude
reprasant.s A composite maasuraments of various
rainstorm characteristics which influence the rate of grosion
{(Wischmeier and ' Smith, 1978). Keeping the soil and slops
parameters constant., studies indicated that the most valuable
combination of indicators of erosion loss from fallow soil is
rainfall energy, a Pproduct tarm which measures the interaction
effect of storm gnaragy and maximum prolonged intensity,
antecedant moisture index and total antecedant rainfall enargy
since the last tillage operation.

In India, using 45 stations, distribution in diffarent
rainfall zones, simple linmar relationship between erosivity
indax and annual or seaspnal (June o Sentembar) rainfall has
bean devaloped (Singh et al, 1981).

T+ 0363 F K Lo 2.2
SO + O3B ¥ X ..o -aawr- 2.3

Ra
Rs

noa

whara, Ra/Rs = annual/seasonal erosivity index
¥ = avarage annual/seasonal rainfall (mm}

The coefficient of corralations ware found to be 0.83 for annual
and 0.88 for seasonal regression maquations.

2.1.2. SOIl ERODIBILITY FRCTOR, K

The =0il erodibility in tha Universal $o0il Loss Fquation
is the quantitative measures of tha inharent .erodibility. of a

6



particular soii. It represents soil loss in  tones/ha/ET from
a standard plot of 22.13m long undar continuous fallow and
tilled parallel to the =slope nf & uniform % percent.

Eradibility defines the resistance of the so0il to both
detachmant and transpart. Although s0i) resistance to erosion
depends in part on topographic positinn, slope steepness, oover
ang  tha amount nf disturbances created by man (e.g. during
tillage), the prapertias of tha =so0il (both physical and
chemical) are the most important determinants. Erodibility
varies with "0l taxture, aggregate stability, ahear
strength, infiltration - capacity and organic matter content.

Investigations on the effects of the soil taxture on
arosion processes have shown  that  sandy  so0lls Are least
susceptible to erpsion (Holy, 19R0). This is becaus=e thesy
Are relatively resistant to transport as a result of their
bigger size, and greater force is required to entrain them,
and they are also highly permeable. On tha other hand,
clay s0ils with low permeability have high content of

colloidal particles and show a high level of consistency, and
due to their cohesiveness character they are resistance teo
detachment.. The least resistant particles are silts and fine
=ANAS .

another important characteristic of $0il which affects
s0il erodibility is its structure. Its influence is manifested
on the infiltration capacity which is dependent up on the the
pore size, pore stability and the form of =so0il profile. n
general, s0il  conditions which are the sum of the individual
properties of the so0il affect the infiltration of precipitation
into the =0il and the rasistance of =moil to the destruction
effact of the rain drops and surface run-off,

tinder situations Trom which detail input soil information to
the apove equations and/or the pomograph is not availakle, Table
1.1 may be used,. From this tabla knowing thea organic mat.ter
content and textural class of the =pil, the magnituge of soil
arodibility can be Ffound. The valuges shown are estimated
avaeragas of specific soil valuses.,

Taple 2.1: Magnitude of soil erodibility (adopted from Viadimir at

al, 1981)
Texural ¢lass K for organic matter content (%)
< 5 2.0 4.0
Sand 0.05 0.03 0.02
Fina sand 0.16 0.14 Q0,10
vary fine sand 0,42 0.36 0.28
loamy sand Q.12 0.10 0.08
L.oamy fine #and eyt Q.20 0.16
loamy very find sand G.44 0.38 0.30
sandy loam 0.27 Q.24 0.19
Fine sandy loam Q.35 0. 30 Q.24
Yery fine sandy loam 0,47 0.41 0.33
L.oAam Q.38 0.34 Q.25



3ilt loam C.48 0.47 Q.29
gilt 0.60 0.52 C.42
Sandy clay loam 0.27 0,25 0.21
lay loam Q.28 0.2% 0.21
5i1lty clay loam Q.37 0,352 0.26
Sandy clay G.l4 Q.13 0,12
Silty clay G.25 0.23 C.1%
Clay 0.13 - 0.20

2.1.3. TOPOGRAPHIC FACTOR, LS

The topography of the terrain is important in determining
levels of precipitation erosion. Included among the factors of
topography which are represented in the Universal Soil Loss
Equation are the slope length and the slope gradient.

a) Slope Langth

Slope length is  important mainly with respect to the
increase in he  flow of watar on siopes and the degree of
conflusnce. As the quantity and its confluence grow, the
valocity and transporting napacity change. It is defined as
the distance from the point of origin of ovarland flow to either
of the following (whichever is iimiting for the major part of
the area under consideration): (i) the point where the slope
decreases to  the extent that deposition begins, or (ii) the
paint where run-off enters a well defined channel that may
be part of the drainage network or a constructed channel such as
a terrace of diversion (Arnoldus, 1977).

The slopm length facter, L, which is the ratio of the soil
loas from field of slope length to that from a 22.13 meters long
nlot on the scil and gradient was defined by Wischmeier and
Smith (19653). aAaftar long term field observations, they
derived the following expression for the reiation between soil
loss and slops length:-

m
Loz (o /22.03) e ik, (2.4)

Where : u = Slope length measured from the water divide
ot the slope (m)

m = Exponent dependent upon slope gradient and
may also ke influencad by sol) properties,
typa of vegetation, etc.
Recommanded exponent values (Wischmeiar and smith, 1978) are giver
in the following table:-
Table 2,7 : Recommended value of m

Slope gradient % m
5 < 1.0 0.2
1.0 < 5 < 3.5 0.3
X.5 <S5 ¢ 4.5 0.4
4.5 < § < 0.5




b)Y Slope Gradient Factor, 8

Thearatical analysis of the affect of slope gradient on
water arosion and numerous field obsarvations and measurements
AR wall as laboratory experiments have shown that slope
gradient is  tha major erosion factor (Holy, 1980). Its effact
on e initiation and an subsequent erosion process may be
reduced by other factors such as soil properties, tha soil
vegetative cover, atc. but is never Tully suppressad. The
intensity of erosion process increase with growing tangential
stress and velocity of the surface run-off which are prevalantly
the function of the slope gradient. Tha ratio of soil loss
on  actual gradient to that from 9% slope under otherwise
identical condition is termed as slope gradiant factor.

) Combined Effact of Slope Gradient and Slope l.ength, LS

The effect of the slopes gradient and slope length on the
intensity of the ercsion process are significant for deciding the
typea and location of erosion control measures. It §is the ratio
of the so0il loss per unit area on a field slope to that from A
22.1% metars long and 9 parcent slope under otherwize idantical
condi tions,

2.1.4. CROP MANAGEMENT FACTOR,

The main role of vegetation cover in the interception of the
rain drops is that their kinetic energy is dissipated by
the plant rather than imparted to the s0il, i.e. vegetation
cover protects the =201l surface from the direct impact of the
falling raindrops. It enhances the degree of infiltration of
rainfall into the soil, maintains the roughness of the soil
surfaca, slows cdown  the surface run~off, binds the 01l
mechanical ly by root effect, diminishes the micro-climatic
fluctuations in the upper most layvers of the soil and
improves the physical, chemical and biological properties of
the soil.

The effactiveness of plant cover in reducing erosion depends
upoh  the height and continuity of the canopy, the density of
ground cover and the root density. Mrazek et al., (1975)
concludad  that the forest with a dense canopy, good undergrowth
and undisturbed litter have the most significant effect on the
surface run-off and thereby on the intensity and coursa of
erosion. On the  other hand,studies have indicated that whilst
interception by the canopy reduces the volume of rain reaching
the ground surface, it doesn't significantly alter its kinatic
anergy which  may evan be increasad comparsed with that in the
open ground (Chapman, 1948; Mosely, 1982). This is because of
the greater percentage of large drops in the rainfall as & result
0f the coalescence of the rain drops on the leaves This
condition holds trua where thers is no appreciable ground
covar udnder the canopy.

Crop cover effect on soil erosion is  represented by -an
index called crop managemant factor, €, in tha USLE empirical
arosion model. The factor describes the total effact of
vepetation, residum (litter), soil surface and management of soil



loss. Tt is expressed as a numerical ratio that +selates soil
lLoss from land having specified cropping management to sail
loss  from continuous cultivated fallow with identical soil,
slope and rainfall.

To estimate the C-value of agricultural crops, Wischmeier
and Smith (1965} divided the crop season into five growth pariods
and latter into six growth periods (Wischmeier and Smith,

1978) period F (rough fallow), 58 {mend bed), 1
(astablishment), 2 (developmant), 3 (maturing crop), and 4
{residue or stabhla). Rut for Indian condition, where crop

season is  short as compared to the plare for which this
division was made (USa), the following crop season division is
normally adopted (Narayan, 1982):-

Stage 1: Germipation and seedling establishment,
Stage ?: Active vegetative stage,

Stage 3: Final growth ang maturity (harvest),

Stage 4: Crop residue, cultivation till sowing of next
ocrop.

For ‘the watsrshed management, it is not possible to  carry
out. the field expeariment as nepaded,to find out the T wvalus. Hence
hasad on various experiments conducted at different stations,
appropriate valuas may be selected for use in the USLE for purpose
of watersbhed management.,

7.1.5 CONSERVATION PRACTICES FACTOR, P

Conservation practice (technical) conditions consists
mainly in tha methods of land wuse and land tillage, the
choice and distribution of cultures and the agrotechnology.

Technical conditions are typical anthropogenic factors.

The P factor in the USLE is expressed as a ratio which
compares the soil loss from the investigated plot with =o0il loss
from the standard plot cultivated up and down the slope
gradient. The amount of the soil loss from a givan land is
substantially influanced by the land managemant practice
adopted. The value aof P ranges from 1.0 for up and down
cuyltivation to 0.25 for contour strip cropping of gentle slope.

Basad on the results of intensive studies fTrom run-
off plots Wichmeier and Smith (1978) suggested the mrosion
control factor value for various situations (Table: 2.3)

Table 2.3: P-values -for contouring on differant alope gradients

$1.No. Slopek P value Max. slope length
L. 1.¢ ~ 2.0 0.6 131.2
2. 3.0 - 5.0. 0.5 98.4
3. 6.0 - 8.0 0.5 65.6
4. 8.0 - 12.0 0.6 9.4
5. 13.0 =~ 16.0 0.7 26.2
6. 17.0 - 20.0 0.8 19.7
7. 21 0 - 25.0 0.9 16.4
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2.2 GEDGRAPHIC INFORMATION SYSTEM (GIS)

A geographic Information System (GIS) ji= a computer based
systam tor collecting, storing, retrieving, apalysis and
displaying of spatial data (Fig.?.1). The increasing volume of
availabla envirommental infarmation with all its complexity and
subsaquent demands for its storage, apalysis and display of these
large quantities of environmental data, have led in recent. years
to the rapid development in the application of computers to
anvironmental and natural resources data handling and the
crastion of sophisticated information aystem. Effective
utilization of large volumes of spatial data depands  upon the
axistence of an efficient data handling and processing systams
that will transform these data into usable information.

The GIS ie designed to store process and  analyze spatial
data and thair corresponding attributes. Advances in  recent
technologies have made it possiple to integrate a wige range of
information. Technolagical advances have increaased input
techniques, storage and retriaval capabilities. GISs hawve
renawed spatial data coliection and analytical procedures.

Employing manual techniques to integrate the vast amount of
data from s variety of sources for the purpose of phtaining the
desired logical results for use in  the watarshed management
aspects is hoth time consuming and expensive. On the other hand
the present advance of technology made it possible to easily
handle and analyse large volumes of data using computer basad
system. A GIS in particular provide enormous potential for
affectively atoring, handling, manipulating, and analysing
myltiple =spatial data sets in a single analysis at a high speacd
unmatchad by any other method.

Rasides the other applications of GIS, he major
applications related to hydrology of GIS includes:

i) Land use planning and managamant
11} Natural resources mapping and management
iii) Land information systems
iv) tUrban and regional planning

v) Management of weil log data

DATA INPUT -

Dats collection ang input are major problems in using GIS and
these are partially solved by the advances in remote sensing
technalogy. B8afore any spatial analysis or modelling operations
can be carriad out in a GIS, it is necessary to input tha
requisite data. Data input is the procedure of encoding data
into computer readable form and writing the data to the GIS data
base .

The data to be entered in a GIS are of two types - Spatial
and associated non-spatial attribute data. The $Spatial data
represent the geographic location of features. Points, lines and
areas are used to rapresent geographic features like a streetf, a
lake and a forest land (Fig.2.2). These data will narmally be
obtained from one or mare of ths following sources:

11
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Existing map
~ Amrial Photographs
- Satallite imagery
~ Existing digital data
- Aand other GIS data base (may be seen in Fig.z2.2 and 2.3)

Data Entry System:

The method of spatial data input depends primarily nn the
source of tha data. The actual method of data input is also
dapendant. on the structure of the data base of the geographical
system. There are fivea data entry methods commonly used in
GIS:Key board entry, Co-ordinate geometry, manual digitizing,
scanning and the input of existing digital files.

Key Board Fntry:

This involves manual entering of the data at computer
tarminal. Attribute data are commonly input by key board.

Coordinate Geometry:

In coordinate geomatry procedures, the survey data (land
racord information) are commonly entared by key board. From this
data the coordinates of the spatial features are calculatad and a
GIS compatibla file is created.

Manual Digitizing:

Manual digitizing is the most widely used mebhod for
antering spatial data from wmaps.. The map is mounted on a
digitizing table and a hand held device, termsd as puck or
cursor, usad to trace each map feature. The position of the
oursor  is  accurately measured by the device to generate the
coordinate data in digital form.

Scanning:

Scanning provides a faster means of data entry than time
consuming manual digitizing. In scanning a digital image of the
map  is produced by moving an electronic detector across the map
surface. At present digital scanners fall into thres types: the
raster scan digitizer, drum scanner and line followed scanner.

Tape drive;

Spatial and attribute data sets can be obtained by reading
computer compatible tapes (CCTS) that have data on them already
in digital format. Thase CCTS can contain either vector data
(Such as streams, watershed boundaries at ar raster data such as
Digital FElevation Models (DFMS) or remotely sensed data darived
from wvarious satellites or airborne scannmers such as Land sat,
SPOT or Daedulus scanner.

SPATIglL DATA MODEL.
There Are two  types of fundamental approaches tor

reprasantation of the spatial components of geographic
information: The vactor model and raster model. (Fig.?.3)
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The Vector Model: In the vectar model oblects or conditions in
the real world are represanted by the points and lines “hay
define their boundary such as if they ware being drawn on a map.
The fundamental primitive in the ventor model is the point.
Objects are created by connecting points with straight lines
areas are defined by set of lines, vectnrs models have the line
as tha basic logircal unit in a geographic context.

Tha Raster Data Model: The raster data made)l 1is the s=implest
form. It consists of a regular grid of sauare or rectangular
cells., The location of each cell or pixel is definad by its  row
and column numbers., Fach cell in 3 raster file is assigned only
ore value. The main raster models are the grid and other regular
tessellation.

DATA ANALYSIS AND MODELL ING

The most significant characteristic of GIS are the provision
of the capabilities for data analysis and spatial modelling.
These functions use the spatial and non spatial attribute data of
the GIS data base to apswer questions about the raal world, The
data base in GIS is tha model of the real world that can be used
to simulate certain aspects of reality. A modal may ha
reprasanted  1n words, in mathamatical eguations or ag a set of
spatial relationship displayed on a map. The general probiem in
data analysis is;

sers query ---> data base link ----> output

The user has particular specification, constraints or query.
The data base contains information in the form of maps that can
ha used to answer the users quary. All that is necessary is  to
establish a link between dats base and output that will provide
the answer in the form of a map, table or figura. The link is
any function that can be used to convert data from one or more
input maps into an output.

Analysis Functions :

The powar of GIS lies in its ability to apalyse spatial and
attribute data together. A large range of analysis procadure
function have been divided into four categories :

i) Retrieval, reclassification and measuremant
ii} overlay (iii) distance and connectivity
iv) Neighbourhood

Retrieval, Reclassification and Measurement Operation:-

In thesa functions retrieval of both spatial and attribute
data are made and only attribute data are modified. Creation of
naw spatial elements are not made.

Ratrieval Operations:- This irnvolves the s=selective search
and manipulation and output‘data. Raetrieval operation includes
the retrieval of data using:

- Geometric Classifications

- Symbkolic Specifications

16



- A name of code of an attribute
- Conditional and logical statemant

Reclassification Procedures :

This procedure involves the operation that reassign thematic
values to the categaories of am existing map as a function of the
initial wvalue, the position, size or shape of the =spatial
configuration associated with sach category, for instance a soil
map reclasasified into a parmeability map. In a raster based GIS,
numerical wvalues are often used Lo indicate colasses. A celld
might be assigned the value to indicate classes. A cell might be
assigned the value 1 to indicate a agriculture land, 2 for foresat
land and s0 on. Classification is done using simple data layers
as well as wWith multiple data layers as part of an overlay
oparation.

Measurement Functions. :

Every GIS provides some measurement functions, measurement. of
spatial data invelves the calculation of distance, lengths of
lines, area and perimeter of polygons, measurement invelving
paints  include distances from A point to a point, limes or a
polygon enumeration of total number as well as the enumeration of
points falling within polygon,

Overlay Dperations :

Overlaying of maps result in the creation of a map whare the
values assigned to every location on that map are computed as  a
function of independent values associated with that iocation on
tWwo or mora existing maps. Overlaying operation creates a new
data set gontaining new polydgons formed from tha intersection of
the boundary of the two or more sets of separate polygon layers.,
Arithmetical and logical overlay operations are common in all GIS
s30T tware packagen.

Arithmetical overlay includes operations such as  addition,
substraction, division and multiplication of each value in a data
layer by the value in the corresponding location in tha second
data layer. Ilogical overlay involves the selactinn of an Area
where a set of comditions are satisfied. Fig.2.4 depict the
averlaying concept in a vector structure (topologic overlay).

Interpolatinn :

Interpolation is the procedure of predicting unknown wvalues
using the kpown valums at neighbouring locations. The neighboring
points may be regularly or irregularly spaced, Intarpolation
programmes eamgploy a range of methods to predict unknown values
including polynomial regression, fourier series mdoving averages
and krigging etc, Tha quantity of the interpolation results in a
function of the precision accuracy, number and function to
calculate proximity {(Straight line distance) and area to be
analysed. A buffar zone may be the result of a proximity
analysis.

17
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DaTA QUTPUT

Data output is the oparation of presenting the results of
data manipulation in a form =uitable to the user. Data are
autput in one of the three formats - Hard Copy, Soft Copy and
Flectronic (Fig.2.5)

Hard copy output are permanent means of display. The
information is printed an paper, photographic film or similar.
Maps and historical tabulations are output in the hard copy
format by the halp of hard copy output devices such as dot matrix
arinters, ink jet plotters, pen plotters, matrix camera, color
laser printer, etc.

Soft copy output is the format as viewed on a computer
monitor, It may be text or graphics in mopochrome or colors.
Soft copy display are used only for temparary display. The soft
copy device most often used in GIS jis computer monitor, cathode
ray tube. Qutput in electronic formats consists of compatible
files. They are used to transfar data to another computer system
either for additional analysis or to produce a bard copy output
at a remote location.

2.3 WORK CARRIED OUT :

A brief review of the work carried out by a rpnumber onf
scientists to intercelate the USLE factors with the aim of
obtaining erosion intensaity expressnd by s0il loss from 2 soil
unit over a unit of time. Most of  the work done in GIS
applications of erosion studies deal with the use of the USLE
mode] .

Nema et al(1978) worked aut some parameters of USLE for run-
off plot =tudy conducting of Vasad. The soil arodibility factor
"K" in the USLE for soil and climatic condition of vasad, Average
rainfall factor and crop management factor "¢’  have bean
computed.

8.Chinnamanai et. al.(1%82) applisd USLE for tha eastimation
of scil arosion in mountain watersheds of the Bhawani basin in
South India. In this study main factors considered were landuse
changes( from forest to agriculture). The computed annual =oil
loss  (t/ha) agrees fairly well with the observed soil loss data
provided by plot studies. The s0il loss in the basin has been
broadly subdivided into eight categories namely extramely
low,very low,low,modsrately low to madium, moderately to high,
high, wvery high and extremaly high., The study has revealed that
improper rural apd urban managamant in the root cause of erosion.

Pelletier (19R5) described the genaral procedure as follows.
In daveloping a USLE database, the information is geographical ly
referanced to the UTM or other coordinate system, so that points
from any data source having the same (x,y) position in. the
digital database. All subsequent data files, including the USLE
factors derived from them, can therefore pe spatially ovarlaid.
Tha ease of applying the USLE in QIS contaxt is  apparent; tha
problem lies in the validity and/or applicability of the model
itself. For gully erosion, for example, this model is not
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aAppropriate

Spannar (19R2,1983) combined tandsat M85 data and a digital
elevation model (DEM) in a GIS context. A stratification of the
landscape according to relief (elevation,steepness) allowed
accurate disorimination between orchards and natural  vegetation
that had not been possible using Landsat data proocessing
alone. The DEM helped to aguantify three of six coefficients of
thae USLE (slope gradient and length, and cover).

Geach and Naugle (19R84) used a GIS to comparse Landsat MS8S and
TM data and a DEM as input for the USLE cpefficianta. They
concluded that the use of ¢ (povar) factors derived from
classified MBS and TM data in the USLE resulted in different
erosion astimates, The use of slope data from the DEM resulted in
erosion estimates significantly different from those obtainad by
using =o0il survey slope data.

Wheeler and Ridd (1985) also merged remote sensing and G1s
procedures  in building a database for planning purpose  (natural
hazards, resources management) . for the North Cache S0l
Conservation District (United States)geographic database. Land
use and cover from the lowlands were mapped from wvarious <cale
asrial photos and fields check. Vagatation and land cover from
the mountaing were mapped using Landsat products, Geomorphic
tarrain units were delineated from aerial photos and field work.
Digital terrain mapping was usad to assemble elevation ,slope
steeprnass length and aspact data.

Millingtion (1988) developed a GIs for soil erosion risk
Evaluation in SJerra [eona. The objective were to assess the
current  apatial distribution of =o0il erosion and the changa in
this distribution with or without consaervation policies (scenario
development). Data handling involved the transformation of
existing datasets to a grid square and the collection of naw data
within thisz format. & potential maximum erosion risk map was
generated by ovarlaying erosivity index slope angle drainage
density  and erodibility index and by applying factorial score
transformations and sieve overlay analysis.

Gerado Bocoo et al (1988) evaluated gully erosion in an armea
in central Mexico using GIS and image processing technique. The
chjactive of this study were to :

- parform multispectral classification of cover, using Landsat
TM and SPOT data, whersin erosion classes could bhe datermined.

- Classify the landscape into terrain mapping units Ly means of
a visual interpretation of stereoscopic SPOT data.

- Combine both sets of data at a GI% level to test and improve
the guality of interpolation for tha assessment of spatial
distribution of arosion in the study area.

01.P.Dubey et al (1988} mapped erosion prone area considering
rock soil  type,slope and landcover. tise of satellite data and
aerial photographs was made for preparing landeover map and
grouping thea rock-seil classes according their erodibility. Slope
analysis was carried out on contoured map and on digital
slevation model. A semi automatic method for erosion mapping was
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developed and tested in a part of Himalaya.

C.Jurgens et al.(1993) carried out study using the well
known USLE %o assess the long term so0il ergsion in a  small
catchment area and  to simulate various soil  protection
alternatives, The land cover factor ( C-Factor) was datermined by
a  multi-temporal landuse classification nof twp satellite images
Trom May and July 1990. The other factors have baan determined in
the field ( K factor ) or assistance nf a digital elevation
model{ Land 8 factor). All the parameters have been estab)ished
in the GI8 ( as a map and in the data base), and multiplied
according o the USLE for assessment of the long term soil
erosion for every pixel.

8 K Saha,J Bhattachariee, C Lalengguwa & LU M Pande (1992), In
this study was undartaken to determine priority classes of
aubwatersheds of part of song river watershed, esteren doon
valley, based on spatial erosicnal soil loss astimates using IRS-
IA- LIS IX data using USLE, The rasults indicated that out of
total fifteen subwatersheds,nine subwatersheds belongs to high to
very high priority classes (over estimated s0il loss betwean 50.5
ta 225.4 t/ha/yr. )} covering 36.2% arsa of the watershad. Rast
subwatershads covering 63%.8% area of tha watershad wara
ol ified as low to moderata priority categories( averags
estimated s0il loss betwaan 7 to 17.7t/hafyr.).

Charles omoregie et al in this study s0il arosjion was
investigated on the barmic vegetation, landuse, so0il mag:,
rainfall map and slope map. vegetation & landuse was devaloped
using satallite data and other maps were generated from
toposheats & Tield arganisation. It was found that by colubbking
different maps such as landuse\landcover,=spnil,rainfall and slope
map  respectively, the arodable zore mapping is  achieved with
higher accuracy.

Choudhry et al (1992) - This study was under taken with the
objective of delivering watersheds and subwatersheds of the rivar
Nohan and Krishnawati using R3 technique. Soil loss has  beean
calculated using wishchmeisr & smithes soil loss equation. In
hill slope followed by pediment area, Thera is insignificant soil
lose in flat areas.

Narain P, at al. (1993) preparad a s0il erosion map of West
Bangal. The soil erosion rates in west bengal ranged from less
than 5St/ha/yr. in deltaic and dense forest regions to more than
40 t/ha/yr. in western parts of Chhotanagpur plateau and hilly
regions  having open forest in Darjeeling,Jalpaiguri and Kooch
Bihar. Abkout 10% of the area of the state revealed sevare
arosion(>20t/ha/yr.) needing immediate attention to treat the
area with so0il conservation measures on priority. The arsa under
moderately several (15-20t/ha/yr.) and moderata arosion
classes(10~15t/ha/yr.) are about & apd 13 percent respectively.
About 70% area of West Rengal lies under slight to moderate
erosion classes depicting(<lot/ba/vr.) Tha map will prove a handy
tool for identifying priority araas for developing landuse pmlans
and devising conservation strategies for effective resources
management .,
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Galeta (1992) carried out 20il erosion study for Malota nala
watershed wusing ILWIS. He applied USLFE and differant parameters
of USLE were generated in USLE. Scoil erosion under physical
condition, present landuse and proposed landuse were estimated.

V.Sridhar and I.V.Muralikrishna (1994), In this study soil
erosion study was carriead out using IRS- 18, LISS II data at
1:80,000 and toposheats. variocus maps such as  landuse\landcover,
slope and Isohyetal map was prepared by visual interpratation
By the superimposition of the four base maps, the final maps
shaowing of erosional zones is prepared.
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3.0 STATEMENT OF THE PROBLEM

All  the factors of the Universal Soil loss Fauation empirical
models are geographic in character, i.e. they can be
raferenced to a particular lecation. In most of  the casePs,
rainfall distribution, 2011 characteristics, topographic
parameters, vegetative COver, And information on
conservation support (erosion control) practice; from which
the factors can be derived, are often available in the form of

maps or can be mapped through collection of data from possible
sources ar field investigation or/and remote sensing
studies, Dus to the geographic nature of these factors, USLE
can 2asily be modeled into GIS. In other words,

AsSassment and pradiction of s0il erosion from any watershed
or  agricultural Fields will be much simpler using G618 given
that data on each factor is available.

In the present study USLE has been applied tn a part of
Banjar sub basin of Narmada basin. A review of the studies
carried so far using conventional techeniqua and using GIS tech.
has bean given in chapter two. No such type of study has earlier
baen carried out for the present. study area. First the different
parameters were generated and stored in TLWTS , than all these
parameters are  integrated to produce s0il erosion under three
conditions -  Physical (RKLS), during monsoon  and off-monsoon
BRASON.



4.0 DESCRIPTION OF THE STUDY AREA

. The study area chosen for the present is a part of Banjar
sub basin of Narmada basin. This is covered is Mandla district of
M.P. The area lies betwean longitude 80 30" to A0 45" F  and
latitude 20 22° to 22 307 N. The area of the study area is /0 sq,
km,
Climate

The area i=s covered by tropical type of olimate having
considerable  variations in rainfall, temperature and humidity.
The rhanges in bahaviour of the weather and the climate are the
direct resulft of changes of pressure and movement of air currents
from the Indian Ocean across the Ray of Bengal and the Arabian
Sea. The year has three distinct seasons-tha wet season (June to
October |, the winter season [(November to February ) and the hot
waathar (March to mid-June).

Rainfall :

The rainy season in the area extends from June to September
under the influence of the South-West monsoon. The area also
raceives some rainfall during January and February from the
North-£ast  maonsoon. July and pugust are  the heaviest rainy
monthe The rainfall data reveals that there is a considerable
variation in rainfall from yvear Lo year as well as month to month
in a year,

Temperature

The area 1lie= in the hot region of the country. The
temparature begins to rise rapidly from about March ti1ll may
which is generally the hottest month. with the on-sat of the
mansoon in the second waek of June, there is an appreciable drop
in day temperature. From mid-November onwards bhoth day and night
tamperature  decreases rapidly. DRecember and January are tha
cloudiest months of the yvear. In wintaer cold waves sffeact the
area  in the wake of western disturbances passing across North
India. On such occAasions the minimum temperature drops to  about
the freezing point.
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5.0 DATA AVAILABRILITY AND METHODOLOGY

5.1 DATA AVAILABILITY

A description of the required data for carrying out  the
present. study <such as  hydromat data, satellite data and
topographic data i=s given below.

Rainfall data : Monthly rainfall data of the raingauges falling
inside and oputside the basin was conllected. From this data
average seasonal  ( for the month of June to September )  and
avarage annual rainfall were computed and given in the table
given below,

Table 5.1: Average rainfall data in the study area

Raingaugm Monsoon Annual NOn Monsoon
(June-Sap. ) Qct . ~May
Kisli LIRO B0 1448 #6
Rahibhar 111910 1299.98
Bichhia 512,17 694,53
Palhers 869 .02 1019 .48
Simariya 1206, 80 1400 .55
Karanjia 1115.16 1278.73
Mandla 1202, 34 1400 .70
Rhimlat 965 .95 1137.22
Paraswara 1284 .40 1387.60

TOPDGRAPHTIC DATA

The study area is covered in Survey of Indis toposhests  no.
64 B/11. The toposheets at a scale of 1:50,000 are available in
the institute,

SATELLITE DATA

study area is covered in one frame of TRS, tI8% -~ TII

data, B2, 18th Nov., 19R9,

5.2 METHODOLOGY :
GIS SOFTWARE USED :

The GIS software used in this study is TLWIS (Integrated
Land and Water Information System). It was developed at the
Computer Centre of International Tnstitute of . ARrospace  Survey
and earth sciences (ITQ) Enschede, The Netherlands. ILWIS
provides user with state of art of data gathering, data input,
data storage, data manipulation and analysis and data output
capabilities, merging anc integrating conventional GIS procedires
with image processing use with microcomputers and uses  both
vector and roster graphics data (Vvalenznela 19RR8).
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A conversion program attains the importation of remote
sensing data, tabular data raster maps, and wvector files in
saveral othear Fformats, Anzlog data can be transferred into
vactor format by means of digitizing program.

Complex modelling of features can be executed by the map
caloulation. Map calcuiation includes an easy to use modslling
language and the possibility of using mathematical functions and
MACKrOS . Tt integrates tabular and spatial data basmes. Tabular
and spatial data bases can be used indepandantly and on  an
integrated bases. Calculation, gqueries and z=imple statiatical
analysis can be parformed by table calculator,

5.3 DERIVATION OF MODEL INPUT PARAMETERS :-

The process of data base creation for the basin  in TLWIS

involved collection of ralevant awvailable data, including
thesa data inta digital farmat, digitization Brror
checking and correction, polygonization of segment  files and

finally conversion of data acquired in vector structure to raster
format. In developing .USLY models data base, original source maps
have been digitized using a digitizing tablet 1linked to a
personal computer through [LWIS and related attributa data have
been entared at the key hoard. Tha steps followed further are as
follows:

Errors involved in digitization and editing tha error

Manual cartographic digitizing, due to its tadious procesa
often involves errors. Therefore before any further atep is
taken after digitization the segments should be checked for
Brrors, The most common possible errors that are likely “to
noccur during digitization are over and under shooting aof the
lines, failure to anap lines together at nodes, omission of
lines and points incorrect feature cading, incorrect Jlocation
of features etc. The srrors wera checked and corrected by
the facilities available in TLWIS under VECTOR-digitize module,

Polygonization : After each segment file wasg checked and
corrected, polyvaon files for apil and landuse were created by
tha polygon generator program. The polygons for any given
rolygon fije were assigned  identification npame and color
valueés . It is worth to note that polygon features attributes
labals are normally antered only after the topolagy of tha
digitized data has been checked and corrected if NEBCHRSSArY. In
tha &IS package used program facilities are alse available to
Automatically create pelygon information file containing the
araas and parameters of different polvgons. Area and
perimeter calculations are performed by an interactive in-built
program.

Vector to Raster Conversion : Because high spatial wvariability
and overlay operations are easily and efficiently implemented in
A raster model, all maps ancoded in vector structures (both in
Polygon and sagment) were converted into rastar structure.
S0il  and landuse maps which wera rasterised through polygon to
rastar moade in the vector to raster module,
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The process of creating new derivative data files from input
source data files can be accomplished sither by creating new
attribute map from related tabular data files or overlay
operations. Almost all USLE model factors wera ganaerated by both
methods (i) Overlay of source data layers and (ii) through
linkage between attribute data and spatial’ data., Generation of
different parameters are explained below:

5.3.1. RAINFALL FROSIVITY FACTOR (R): For gemeration of R factor
equation 1.2 and 1.3 wera used . In  thase aquations  unknown
values are average annual rainfall and average monsoon (seasonal)
rainfall. In the study only sne =station Simaraiva which is
located nearby was considerad. The rainfall data of Simaraiya sta
-tion was taken from table no. S.1. Now using annual and seasonal
values in e&q. 1.2 and eq. 1.3 rainfall erosivity factors were
computed. The wvalue of R fdr annual and seasmnal  rainfail Are
S67.5 and 5206.5 respectively.

5.3.2, S0IL FRODIRILITY FACTOR (K): AssESSmEnt of s0il
arodibility factor in USLE model requires the knowledge of
snil characterietic information mentioned under chapter 1. as
the detailed soil data were not available, in this work
estimated average wvalues of broad ranges were userd in order
to approximate the value of K-factor. Gurmel Singh et al (1981)
presented spil  erodibility factor K on the basis of research
conducted in some of the selected research stations in India and
are given balow:

Table 5.2 $0il Erodibiiity Factor for various soil

Station 5011 computed K value
Agra Loamy sand,alluvial 0.07
Dehradun Dhulkot silt loam 0.15%
Hyderabad Red chalk sandy loam 0.08
Kharagpur Soils from lateritic rock 0.04
Knta Kota clay loam 0.11
Ootacamund Laterit .04
Rebmankhera Loam,alluvial 0.17
Vasad Sandy loam, alluvial .06

The soil types of the study area could not ba collected. The
s0il of the area resembles with laterite soil, hence the soil
arodibility factor of 0.04 was used in this study.

5.3.3. TOPOGRAPHIC FACTOR (LS): AS compared to other
USILE factors determination of the I.8~factor involves
some analytical procedures. First the contour map of the

study area was prepared from survey of india toposhests at scalae
aof 1:50,000. These contours were digitized in TLWIS. Tn TLWIS
interpolation is available using differant technique. Elevation
data (contours) which raprasant thae topography of the
watershed were interpolated (From isolines) to create digital
alavation model (DEM). From isolines performs a linear
interpolation on a raster map. for each pixel the distances to
the two nearest isolines are calculated. Than a linear
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interpolation is perfarmed for each pixel. DEM represents the
continuous wvariation of relief over the area., In DEM t.he
altitude wvalue of a given location or puint can be identified
reading in the wvalue of the grid cell (or pixel) which has a
dimension of2.6&4é6m. A classified image of digital elevation
modal for the watershed is prasented in Fig. 5.1.

Onca the elevation data have heen gathered and transformed
intc the altitude matrix {DEM), using standard procedurns,
production - of maps showing terrain parameters like slope, atc.
will be much easier. Slope, tha most important terrain
parameter, is dutined by a plane tangent to the surface A=
modeled . by DEM at any given point and comprisas fwWo
components: gradient, the maximum rate of change of altitude;
and aspect, the compass direction of the slopse (Burrough, 1986).
In the present study , ILWIS standard filter method has been Lsad
and described bealow : '

In this mesthod tha east - west and south - north gradients
were calculatad applying standard ILWIS first derivative filters
(dfdx and dfdy) on digital elevation model and the slape WAS

obtained from these derivatives by applying standard slope’

function as given below:
SLOPE := (SLOPE(DX,DY)/ u )¥100

Using abova function a slope map of the study area, taking
the wvalue of pixel -size (u) as 20.18, was generated and

*

classified slope map is shown in Fig. 5.-2.

To generate the topographic factor lL-factor, and s~-factor
ware calculated saparataly. Employing the slope map and
taking the pixel size as the slope length, L-factor values wara
obtained. in this analysis, the slope map Wwas reclassified
according to  the recommended M values (table 2.2 ) for
diffarent elope classes. Then these two factors were combined
to give tha LS factor map which ie shown in Fig. 5.3

5_3_a CROP MANOGEMENT FACTOR (C): To develop the c-value for the
watershed various land mapping units were ‘considarad, The primary
saurce of information for landuse was an image of the atudy area
acquired by the IRS , LISS 11 data of in the form of FCC. The
yisual interpretation approach was adopted for clamsification
in which the pattern of raflectance gives the type of land use.
Based on the aignature of differant landuse catagories ., the
landusa was classified in four classes i.a. Agricultural . land
(cultivation in plain land, cultivation in undulated land),
Foraest , Eroded land and waterbodies. The area is mainly covaerad
by forest and agriculture 1and. The paddy and maize/wheat are the
main crops. ' :

" Land use map was encoded and source data map was created.
The broad classification as obtained from remote sensing
data, related attributes dascribing each unit in the
classification ware created and stored. (Fig 5.4)

Land 1use/1and covar input data was used to assign the ©C-
valum to sach cover type or group of covers. The avaluation
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5.4 Lasduse/landcover map of study area.

31



and calculation of C-valuse for sach cover unit was made on
the basis nf information available on the level of management
practices, physical conditions and characteristics of the
covar units.

Crop cover in the agricultural fTield was given in
broad ciassification for seasonal and non seasonal period. Crop
managemarnt factor wvalue for eaach group was approximately
astimated by giving more weightage to predominant crops like
paddy (50% area coverage in Kharif season), and Wheaat {50%
area covarage during Rabi ssason},

Gurmal' 8ingh et.al (1981) presented various experimenta
results  conducted in  India. Results presented, by the above
Authors are compiled and given in table 5.2 below:

Table 5.2 Crop management factor (£) at various research stations

Johar + Arhar
Natural covar
Ccynodon dactylon
Dichanithium annulatum .01 0.13

Fallow 1.0Q 1.00 1.00 1.00
Til 0.51 0.39
Bajra 0.6&1 Q.40

Pacddy Q.28

Pigeonpea G.38

Strawharry with weads 0.27

Pirrapple with weaeds 0.10

Pineapple clean i Q.34

Pomegrandte with weeds 0.08

Pomegranate clean .56

Comhopogen clitratus 0.13
Johar-horse gram 0.38
Castor 0.79
Baira- Cowpea _ 0.38

-la 0.12

of India :
f ——————————————————————————————————————————————————————————————— =
Sovaps A B G D E F a3
(m = e e Y
Moong 0.27 0.45
Ground nut 0.19 0.4} ) Q.42
Cowpea Q.16 0.3% O0.17
Grasn gram 0. 39
Hlack gram 0.54
Sayabeen 0.42
Gauar 0.59 0.42 0.35
Maize Q.50 0.35 0.54
Johar 0.62 0,64
o .
O
(o]
o

_________ e
A: VASAD £: DEHRADUN
: F: HYDERABAD
C: AGRA G: REHMANKHERA
N: KHARAGPUR
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The ¢ values for monsoon season for agriculture was taken as

0.28 and for off monsdon season as 0.54, The ¢ value for forest
cover is taken as 0.025.

5.3.5 CONSERVATION PRACTICES FACTOR (PY: The P wvalue not only
depends on the type of treatment or practice adopted but also on
the slope of the field. In the table no. 2.3 given in chapter 2,
P-factor value is given for different slope ranges. Applving
these wvalues in the c¢lassified slope map. P-Ffactor map is
geriarated and shown in fig. 5.5

In thizs way all the parameters of USLE were generated in
spatial form for further analysis.
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5.5 Image of erosion contour practice factor.
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6.0 ANALYSIS AND RESULTS

After convarting the nriginal scurce data  into digital
format A4 database has been created for further analysis in @15
anvironment. From these data, anothar derivative data files have
basn  deavelopad through various technigues of data analysis. In
this study the assessment and prediction of arosion hazard was
mads under three conditions - (i) Without management. (
cansidering only the physical factors. (i1} Monsoon seasonal i.e.
for the month June-September; and (iii) Non monsoon seasan i.e.
for the months Dctober ~May .

6.1 WITHOUT MANAGEMENT (Considering only the physical factors) :

Under this condition, maximum potential arosion losses were
estimated undar rrevailing rainfall erosivity without crep cover
or  supporting contral practices (C=1 and P=l) for the scils  and
the topography. R,K,L and S factors were integrated +to proguce
QUEPAt map. This map was then reclassifisd using the table given
balows

The rasult of this caloulation is presanted in Fig.6.1l. In
spite of the erosion resistance of tha s0ils, almast  all  the
values obtained were extramely high, reflecting the effact of
vary earosive rainfall and harsh topography. These values by far
excreded tha s0il tolerance limit of 5 t/ha/year.( A1l India Soil
& Landuse and space application Canter(ISR0),1987. The area
braakup and the parcentage of area covered in sach class is given
in table 4.1 below;

Table 6.1 Percentage of maximum potential erosion classes under
physical condition

Frosion Clacs Area
( t/ha/vyr.) (%)
< 20 1 1.2
20 - 40 2 16.2
40 - RO 3 26.8
BO - 160 4 25.6
160 - 240 © 10.6
> 240 [ 15.4

6.2 DURING MONSOON SEASON :

Under this condition, erosion loss was made after
considering the values of ¢ and R factor. R factor was takan
Using equation . for ¢ factor value of ¢ for agriculture was
taken for paddy crops from table no.5.2, as this is thea main crops
growing in this season. Rest of the factors will not change and
will be taken as same. After integration of all the factors
derived, the =z0il erosion was astimated and this i= fyrther
classifiad in diffarent classes with the help of table &.2.
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below and shown in Fig. 6.2.

Table 6.2 Percentage of maximum potential srosion classes for,
MONKOON Season,.

Erosion Class Arag

( t/hafyr.) ( %)
< 1 1 50.7

1 e 3 2z 10,6

2 - 5 K 8.3
5 - 7 4 8.6

7 -~ 10 5 5.3
10 = 15 & 5.0
15 - 20 7 2.7
> 20 8 8.1

6.3 DURING NON-MONSOON SEASON :

Under this condition. erosion loss was made by changing
the wvalues of C and R factors again. R factor was taken using
equation . For C factor value of C for agriculture area was taken
for maize crop, as this is the main crops growing In this season
from table no. . Rest of the factors will not change and will be
taken as same. after integration of all the factors derived, the
soil  erovsion was estimated and this is further reclassified ir
different clagses using table 6.3. The different classes and the
area covered are given in table no. below and shown in Fig.
6.5

Table €.3 Percentage of maximum potential erosion classes far
NON-sedson

Erosion LClass Area

{ t/halyr.] (%)
< 1 1 A

1 e z 2 P.6

Z e 5 3 3.1

5 - 7 4 1.8

7 - 10 5 2.9

10 - 15 6 2.1
15 -~ 20 b 0.9
> 20 8 0.7

The table no. 6.1 given above indicatest that under physical
conditions the rate of erosion is high, reflecting the effect of
rainfall and harsh topography. These values covering about 95 &
of the area by far exceeded the soil tolerable limit of 5
t/ha/year. It may be noted that this quantity of erosion (Maximum
value 240 t/ha/year) refers only to the amount of soll particles
which were detached from their original place. The result from
USLE does not 1indicate the sediment vield at +the watershed
outlet. The result under monsooh season table 6.2 shows values
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of eroison - rates  at lower side than the results of physical
condition. In this case crop management and conservation practice
factors were also considered. Due to these factors the values of
erosion rates have decreased and a small area ( approx. thirty
percent of the total) in beyond the soil tolerance limit. Under
the third category i.e. for non monsoon season erosion rates were
further on lower side (maximum value about 20 t/ha/year). Because
in the study area the rainfall which in one of the main source of
=0il erosion is very low, that is why the erosion rate is very
less. A very small area covering about eight percent of the total
area is beyond soil tolerance limit.
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IMACE OF CLASSIPIED

HAZARD DURING TME (WF-

Image of classified erosion hazard during the off-
monsoon (Oct. - May) Season.
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CONCLUSION

This study shows that for a small area , the long term soil
sion can be assessed with satellite data and ancillary digital
I in a GIS. For each pixel that is represented in all data
s it is possible to determine the soil erosion rates by
Jdcation of USLE.

Using the database the USLE factors (Rainfall Erosivity

or, R; S0ll Erodibility Factor, K; Topographic Factor,
Crop Management Factor, C; and Conservation Practice

or, P) were evaluated. The maximum potential soil loss
mate using the physical components of of WUSLE (RKLS)
cated very high values. The scil loss predicted from under
ting land use units during the monsoon season shows that

erosion in the area is high in some portion. The soil loss
uted for non monsoon season is not so severe.

Generally, integration of spatial and non spatial data and
ying decision models in GIS provides a useful technique
erosion assessment. Application of this procedure to other
s will depend upon the soil characteristics » topography  and
ation cover. However it is suggested that USLE can give only
h estimates of erosion taking into account of sheet and rill
ion only.
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