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INTRODUCTION

Of all the gifts of nature, none is moré indispensible to man than soil. Lying
over the rocky core of earth at different depths, this complex mixture of animal,
vegetable and mineral matter is one of the four prime requisites for life. Along with
sunlight, air and water, soil nourishes all plant life and supports human life. Today Soil
erosion is almost universally recognised as a serious threat to man’s well-being. Soil
erosion is the detachment and transportation of soil material from one place to another

through the action of wind, water in motion or by the beating action of raindrop .

It has been estimated that in India about 81 million hectares of land out of the
total geographical area of 328 million hectares suffer from soil erosion. The rate of top
soil loss is about 16.32 t/ha/year. The main factors responsible for soil erosion in India
are excessive deforestation, overgrazing and faulty agricultural practices. Consequently

valuable top soil is lost and its fertility depleted resulting in poor crop yield.

In Kerala about 1.5 million hectares of land is affected by soil erosion. Out of
the total geographical area of 38.86 lakh hectares in the state nearly 19 lakh hectares of
land are highly vulnerable to soil erosion hazards. From many places of Western
Ghats the fertile top soil is lost at a rate of 20 to 120 tonnes per year. The undulating
topography and high intensity rainfall spread over two monsoon seasons and
decreasing demand for arable lands and consequent denudation of forest have

accentuated the problem of soil erosion in the state.

Removal of soil from land surface by water including runoff from melted snow

and ice is termed as water erosion. Recognized types of water erosion are:

Raindrop erosion or splash erosion

2y Sheet erosion



3. Rill erosion
4. Gully erosion

5. Stream bank erosion

Collision of raindrops on bare soil results in splash which is the major cause of
soil erosion by water. Soil loss due to splash erosion is considered to be 50 to 90 times
greater than wash-off losses. Sheet erosion is the uniform removal of soil in thin layers
caused by sheet or overland flow of water. Rill erosion occurs when soil is removed
from small but well defined channels or stream lines by water when there is
concentration of surface flow. In gully erosion rills combine subsequently to give
channels or streamlets which cannot be removed by normal tillage operations. Stream

bank erosion is caused by sediment laden flowing water scouring the banks of stream.

Wind erosion is the removal of soil by the action of wind. Arid and semi - arid
regions are most effected by wind erosion, but it is not uncommon in subhumid and
coastal regions where soils are lighter. In Indian subcontinent erosion caused by

rainfall i1s more serious than that caused by wind.

The factor which most influences soil erosion by water 1s the rainfall. Raindrop
impact on a soil surface has a pronounced effect on erosion. It causes soil splash,
detach soil particles and makes them susceptible to erosion. The amount of soil
detached by rain depends on intensity of rain or its detaching capacity, the character of
soil or its detachability and the protective value of any cover present. Erosive capacity
of raindrop results from three factors, amount and intensity of rainfall diameter of

raindrops and the velocity of drops as they strike the soil.

The erosion rate at a given sight is determined by the particular way in which
the levels of numerous physical and management variables are combined at that site.
Soil loss equations were developed to enable conservation planners to project limited
erosion data to many localities and conditions. The most accurate soil loss equation

that is no field operational is the Universal Soil Loss Equation developed by Smith and



Wischmeier. This equation can be used to predict the long time average soil losses in
run-off from specific field areas in specified cropping and management systems. It is

also applicable for non - agricultural conditions as constructions sites.

The rainfall erosion index ‘R’ of the USLE is the best indicator of the power of
a storm to erode soil. The erosion index quantifies the effect of raindrop impact on the
soil based on storm intensities. Wischmeier showed that if all factors other than
rainfall are held constant, annual erosion losses from cultivated areas are directly
proportional to yearly values of erosion index. The quantification of this parameter has

reflected a great significance for soil erosion control and prediction.

The rainfall factor ‘R’ is the product of kinetic energy of storm and its

maximum 30 minutes intensity and is called the rainfall erosion index.

The actual determination of Elzy values for a given site requires a long term
rainfall record from a recording rain gauge. The calculation is tedious and repetitious
and 1s often placed at low priority. Also there are few stations in the state where such
gauges are installed, however, there is a net-work of standard (non-recording)

raingauges all over the state.

Very little efforts have been made to utilise the date for estimating erosion
potential. In the present study, efforts have been made to correlate daily rainfall
amounts with erosion indices in order to widen the scope of applicability of rainfall

data in conservation planning. The specific objectives of this study are:

1. Procurement of rainfall data
2. Analysis of this data and calculation of erosivity index
3. Computation of precipitation index

4. Correlating precipitation index with erosivity index.



REVIEW OF LITERATURE

Extensive works on soil erosivity index has been done all around the world and
the amount of literature on the subject is extensive. In India, especially in Kerala, the
distribution and intensity of rainfall is different for different locations and from place to
place the soil type also varies. Therefore the capacity of rain to erode soil will also be
different. So it is necessary to calculate erosivity index for different places which 1s an

indication of the capacity of rain to erode soil.

Each and every raindrop has some kinetic energy and as the raindrop impinges
on the soil a part of this kinetic energy is exchanged to soil particles. This will
ultimately result in soil splash. The falling raindrops breakdown the soil aggregates
and detach soil particles from soil mass. Fine soil particles are taken into suspension
and the splash thus becomes muddy. As the muddy water permeates the soil, the fine
particles of silt filter out and form a thin film on the surface. This film chokes the
pores of the soil and the continued impact of raindrops compact and further seal the

surface. The higher run off in turn is able to transport more material.
2.1 Quantification of soil loss

The relationship of erosion to rainfall, momentum and energy is determined by
the factors such as raindrop mass, size, size distribution , shape, velocity and direction.
The method used for predicting the soil loss should consider each of the factors
involved and can be easily applied to field conditions. The most accurate soil loss
equation that is now field operational is the Universal Soil Loss Equation (USLE)

developed by Smith and Wischmesier.

The USLE was developed from more than 40 years date measured from small
plots. It is useful to determine the adequacy of conservation measures in farm planning

and to predict non-point sediment losses in pollution control programmes. Despite its



simplification of many variables involved, the USLE is the most widely accepted

method of estimating sediment loss.

The average annual soil loss, as determined by Wischmeier(1959), can be
estimated from the equation

A =224 RKLSCP

where,

A = average annual soil loss in Mg/ha.(Metric tons/ha)

R = the rainfall and runoff erosivity index by geographic

location.

K = soil erodibility factor which is the average soil loss in t/a per
unit of erosion index for a particular soil in cultivated
continuous fallow with an arbitrarily selected slope length
of 22m and slope steepness, of 9 per cent (if K is in Mg/ha
change the constant 2.24 to 1)

LS = topographic factor .

C = cropping management factor, which is the ratio of soil
loss for given conditions to soil loss from cultivated
continuous fallow.

P = the conservation practice factor, which is the ratio of soil
loss for a given practice to that for up and down the slope

farming .

The index factor R was a product of the kinetic energy of the storm and the
maximum 30 minutes intensity. This product was called the rainfall and runoff

erosivity index.

In recognizing the inadequacy in EI 30 and on the basis of experiment with bare
runoff and soil loss plots under natural rainfall, Kinnell (1983)proposed that the

product of the runoff rate (Q) and the rate of expenditure of rainfall kinetic energy



would provide a useful index of the erosive capacity of rainfall associated with sheet
erosion. Kinnell also observed that the excess rainfall rate could be used as a surrogate

for Q.

Snyder and Thomas (1987) and Snyder er al, (1989) have used from -free
sliding polynomial models to establish seasonal patterns of selected varieties. They
investigated the seasonal variability of the refationship between monthly rainfall and
runoff and then extended the model to include runoff of the antecedent month. Since
information and understanding of the rainfall runoff relationships are extensive, these
earlier studies served to confirm the utility of the form-free sliding polimonial approch

in seasonally continuous analysis.
2.2. Correlation of the rain fall erosion index

Breve ef al., (1990) carried out a study on the distribution and correlation of the
rain fall erosion index in Southern Louisiana. Rainfall erosion indices were calculated
for Batonrouge, Louisiana from a 19 year record and for 4 additional locations in
Southern Louisiana from a five year record. Results showed the erosion indices
recommended by Wischmeier and Smith (1978) for the studied locations, were
satisfactory for soil erosion control or prediction except for higher indices in Central
Louisiana. Latitude and longitude highly significant in explainig the variation of

erosion indices in South central Louisiana.

Kinnell (1991)presented a theory for RIFT that was based on the observation
that material discharge immediately across any arbitrary boundary results from the
impact of rain drops in a zone(called the active zone) upstream of that boundary. This

theory leads to the equation,



Qsr (p,d) = 6R4Dpa Uppa (md’)"
where,
qsr- Mass or soil material discharged across a unit width of any arbitrary
boundary in unit type.
Rd - Intensity of rain of drop sized,
D,¢- Mass of soil material of size p lifted in to the flow by a drop of
size d impacting in the acting zone upstream of the boundary.
U - The flow velocity . |
toq - time for which particles of size p remains suspended in the flow

following the impact.of a drop of size d.
2.3 Erosivity and erodibility

Erosivity is the capacity of the rainfall to erode soil and erodibility 1s the

vulnerability or susceptibility of the soil to get eroded.

Kinnell ef al., (1992) tried to isolate the erosivity and erodibility components in
erotion by rain - impacted flow. Erosion experiments were performed using 3.7mm
rain drops impacting flows over various sized sands. The results from these
experiments when compaind with data from previous experiments using other drop
sizes, enabled the effects of flow and the rain to be isolated from the effect of eroding
surfaces. Although the rate of decrease in erotion rate with flowdepth was observed to
vary with drope sizes when drops impact flows deeper than about 4mm, rain drope size
may not have a significant influence on the erotion rate when shallow flows are
impacted by medium to large rain drops. However this is not the case for smaller
drops and for medium to large drops traveling at much less than their terminal

velocities.

The relationship between rainfall pattern and production of run off and

sediment was studied by factorial analysis in three areas under semi arid,



The relationship between rainfall pattern and production of run off and
sediment was studied by factorial analysis in three areas under semi arid,
mediterranean conditions by Sauchez, Belloc and Gonzalez (1994). Volume and
intensity of rainfall had greatest effect on erosion followed by duration of rainfall

events and the length of day period proceeding precipitation.

Mc Gregor ef al., (1995) computed erosivity index values for Northern
Mississippi during 1982-92 from 29 standard recording rainguages in or adjacent to
21.3km*>. Goodwin Creek Watershed 1n  Mississippi, using Broun-Foster,
MC.Greoger-Mutchler,Agricultural Hand Book 282 and Agricultural Hand Book 537
procedures. Computed R values were substaﬁtially higher than interpolated values
given in Agricultural Hand Book 282 and 537, for all storms with no limitations on

storm size or intensity parameters.
2.4 Computation of El3,

Wischmeier and Smith (1959) developed the universal soil loss equation which
used the rainfall erosion as one of its variables . Wischmeier showed that if all factors
other than rainfall are held constant , annual erosion losses from cultivated areas are
directly proportional to the early values of the erosion index. Thus the rainfall erosion
index of the ;USLE is the best indicator of the power of a storm to the erode soil. The
erosion index quantifies the rain drop impact effect on the soil based on storm

intensities.

Rainfall erosion indices have been estimated and presented on isoerodent maps
for the entire United States based on rainfall intensity data from 181 locations. In
Louisiana the isoerodents were interpolated using average values for only three

locations.

Alishian (1974) proposed a method for computing EI30 based on Soil
Conservation Service (SCS) standard storm Type-l and Type-Il where each type




represented a geographical area of the United States. He developed an isoerodent map
from 2 year 6 hour rainfall for the area east of the Rockies and compared it with the
map by Wischemeier and Smith. Renard (1975) and Renard and Simenton (1975)
discussed the overall adiquacy of this approach when judged against the tremendous

variation of storm patterns by climatic regions.

Lal (1976) suggested Al 7.5 , the product of rain fall amount and the maximum
rainfall intensity measured over a 7.5 minute time interval was more appropriate than
EI 30 in Nigeria. In effect because there isla reasonably high correlation between
storm rainfall kinetic energy and. the storm rainfall amounts, the Al 7.5 index differs
from EI 30 mainly in the time base used to determine the peak rainfall rate parameter.
All these indices are based on the empirical observation that soil loss increases with

rainfall amount and the intensity of the rainfall event.

The USLE has had a tremendous impact as an effective technique to predict
long term average soil losses. Most of the research work was directed towards
adopting the USLE to estimate short term losses using individual storm erosion indices
(Cooley, 1980; Foster ef al., 1982) and implementing simpler and less tedious methods
to approximate average annual rainfall erosion indices (Richardson er al,, 1983; Haith
and Merrill, 1987) None of these approaches has had the impact of the original USLE.
One the other area of research on erosion index has been a more detailed evaluation of
geographic distribution of the index (Mc Gregor ef al, 1980; Simenton and
Renard,1981; M.C. Coel, efel, 1‘982 Bengtson and Carter, 1983).

Willams et al, (1991) studied the effect of rainfall measurements , time and
depth resolution on EI calculation. The rainfall erosion index EI is one of the primary
factors in the USLE. Calculation of EI is based on breakpoint rainfall records where
breakpoints seperate periods or constant rainfall intensity. Break point déta are
determined from continuously recording chart -type rain gauge records. This examined

the use of rainfall records for EI determination where accumulated depth is recorded at



determined from continuously recording chart -type rain gauge records. This examined
the use of rainfall records for EI determination where accumulated depth 1s recorded at
fixed time increments . Various time and depth resolutions were super imposed on
breakpoint rainfall records from Tifton, GA to obtain equivalent non-breakpoint
records. Results of statistical analysis relating non-breakpoint EI values to break point
values are presented along with c:orrelation factors for adjusting non breakpoint EI to
breakpoint EI and a relationship defining optimum time and depth resolution

combinations for accurate EI calculations.
2.5 Alternatives to EI 3

Hudson (1965) proposed an index that differs in principle from El3o index.
Hudson’s index considers only the rainfall KE that occurs when the rainfall intensity
exceeds 25 mm/h . This index was based on the observation that splash erosion of
sand surfaces placed under natural rainfall did not occur when the rainfall rate was
low. He also noted that, even if a little splash erosion does occur, there is usually no
run off to carry away the splashed particles when the rainfall rate is low. From this
experiments Hudson concluded that 25mm/h can be taken as the practical threshold

between non-erosive and erosive rains in Zimbabwe.

Later Morgan (1997) suggested that threshold should be lowered to 10mm/h in
England.

Istok ef al., (1986) indicated a highly significant linear correlation between EI
calculated from 15 minutes time interval records and EI calculated from the same

records by assuring a 60 minute time interval.

The computation of single storm erosion index which is the base to determine
the rainfall factor R of the universal soil loss equation (USLE), is tedious and time

consuming and requires a continuous record of rainfall intensities.



Baggarello ef al., (1994) developed simplified methods for estimating the single
storm EI in the Mediterranean area. In particular data from 32 Sicilian locations and 3
additional locations in continental south Italy were at first used to derive and list a
regionalised relationship for estimating EI index from only storm amount data. A
potential relationship with an exponent equal to 1.54 is obtained, Regionalised
relationship for estimating the kinetic energy and EI for an event as a function of rain
storm amount and maximum 30 minutes intensity were also developed and tested.
Since in the Mediterranean area an erosive event may generally last several days, a rule
of grouping daily rainfall data in order to reproduce the amount of each erosive event

may finally developed and tested.

The Els index used for rainfall run off factor in the USLE modelling
environment was originally developed from empirical observation that soil loss
increases with rainfall amount and intensity of rainfall event. Modern understanding of
erosion processes provide for more process based indices. In an analysis of erosion
data from non-vegetated plots at Holly Springs Mississippi. The Ix E4 index , an index
that 1s based on the product of excess rainfall rate(Ix)and the rate of expenditure of
rainfall kinetic energy (Ea) is shown to be superior to the El3y index. Apart from
accounting for process of detachment and transport better than El3y index, the index
provides an opportunity to consider the effects of hydrology more directly within
USLE environment than is currently possible. However, including more direct
considerations of hydrology within R is likely to affect a number of other USLE

factors. These have yet to be evaluated.
2.5.1 Erosivity index from daily rainfall data

A general equation for estimating the erosivity term in the USLE from daily
rainfall data was proposed by Richardson ef al., (1983). The equation provides a
simple model for calculating event soil losses from daily rather than hourly
precipitation data . Since daily weather records are more commonly available than

hourly records, the equation is potentially a valuable tool for erosion, sediment yield



hourly records, the equation is potentially a valuable tool for erosion, sediment yield
and non-point source pollution studies. It was subsequently tested by Haith and
Merril(1987) for 23 locations in the eastern aﬁd central US. Long term synthetic daily
rainfall records were generated at each location, and these were used in the
Richardson ef al, model to compute erosivities. The testing involved comparisons of

these model results with rainfall erosivities reported by Wischmeier and Smith(1978).

Adequate information on the seasonal distribution of rainfall erosivity required

to predict rainfall erosion losses was not available previously for Peninsular Florida.

Daily precipitation data from selected locations in Florida were analyzed by
Sheridan J.M. ef al,, (1989) to determine seasonal variation in the rainfall erosion
index. rainfall, long term seasonal rainfall erosivity index distributions were used to
delineate erosivity index distributions regions, thereby extending applicability of the
USLE for erosion modelling in Peninsular Florida. Design values for annual total and
maximum one day erosivity index , and a revised map of average annual rainfall

erosivity were presented.

A general procedure is presented by Selker. A.S_, (1990) for calibrating a model
for rainfall erosivity based on daily rainfall. The approach is based on probability
distributions of wet day precipitation amount and monthly erosivities which are
inferred from published data summaries. The calibrated model was tested by
comparisons with erosivities computed from hourly precipitations datas. Model results
were generally consistent with values based on hourly data and explained over 85 per
cent and 70 per cent respectively, of the variations in annual and event erosivities.
Model results for extreme values (annual erosivities exceeded in 5 per cent of the years
and 1 in 20 year event erosivities ) often substancially exceeded values computed for
hourly data. To facilitate general use of the daily model, calibration coefficients were

calculated for 33 sites in the eastern and central US.



A model for computing monthly erosion index for the USLE from daily rain
fall records is developed and tested by Thomas, A.-W et al.,(1990). The prediction was
based on month of year, maximum one day rainfall during month and extended
rainfall. The predictive capability was evaluated by comparing model results with

measured data.

Seven years daily rainfall date recorded by automatic recording type rainguage
were collected by Taley, SM. et al, (1992) for Akola and Buldana districts of
Vidarbha. Data were analysed for computing EI 1440 and PI 1440 using the procedure
suggested by Raghunath and Erasmus(1971). The models were developed between
EI 1440 and PI 1440 By using these models, EI 1440 values were found for varying amount

of rainfall as a ready Reckner for stations understudy.




MATERIALS AND METHODS

Universal Soil Loss Equation is a unique tool for estimating the soil loss and
the soil loss during each storm is mainly influenced by the nature of the rain. A degree
of correlation exists between erosive power and the amount of rainfall. The main
objective of this study is to develop a correlation between El3o and Eliss0 and then to
correlate the El 440 values with daily rainfall records for different locations of Kerala.

This chapter describes the method adopted for the calculation of erosivity indices.
3.1 Description of study Area

The Kerala region comprises of a narrow strip of land with a total area of 39,
000 km? extending between north latitudes 8° 04’ and 12° 44’ and east longitudes 74°
54’ and 77° 12’ . and is bounded by the Western Ghats on the east and the Arabian Sea

on the west.
3.1.1 Climate

The climate over the state is tropical monsoon with seasonally excessive rainfall
and hot summer except over the extremely southern district viz., Thiruvananthapuram

where the climate falls under the type tropical savanna with seasonally dry and hot

summer weather .

The year may be divided into three seasons . The period from March to the end
of May is the hot season . This is followed by the south-west monsoon season which
continues till the middle of October. From the middle of October begins the North -
East monsoon season which lasts up to the end of February although the rains

associated with North - East mansoon ceases by December.



3.1.2 Rainfall pattern

The total annual rainfall in the state varies from 380 cm over the extreme
northern part to about 180cm in the southern part. Table I gives the district -wise mean
monthly and annual rainfall and number of rainy days & Fig.1 shows the annual

rainfall distribution.

The south-west monsoon is the principal rainy season when the state receives
about 73 per cent of its annual rainfall. Rainfall in the north-east monsoon season and
hot weather season constitute 7 to 25 per cent and 10 to 20 per cent. The south-west
monsoon rainfall as a percentage of annual rainfall decreases from north to south and
increases in the case of north—ea.st monsoon rainfall . The thunder storm rains in the
monsoon months of June to October is locally known as “EDAVAPATHI” . Rainfall
during north-east monsoon is known as “THULAVARSHAM?” in local language.

The south-west monsoon sets over the southern part of the state by about Ist
June and extends over the entire state by Sth June. June and July are the rainiest
months, each accounting individually to about 23 per cent of annual rainfall . In each
of this months, the number of rainy days varies from 27 towards the north to 15

towards the south. South-West monsoon withdraws from the state by 15th October.
3.1.3 Rainfall variability

Coefficient of variation of rainfall in the three seasons namely hot season,
South-West and North-East moﬂsoon seasons Is least over the state, in general. The
same for annual rainfall is less than 15 per cent over the Northern district like Kannur,
Kozhikode and Malappuram and less than 20 per cent over the rest districts of the
state. But coefficiant of variation of mansoon rainfall over the state is a little higher and
this is evident from the fact that the same for mansoon rainfall is more than 20 per cent

over the districts Kannur, Kozhikode and Malappuram and less than 30 per cent over
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Fig.1 The annual rainfall distribution for Kerala




 the rest of the districts of the state. Rainfall variability in the southern and interior parts

of the state is, in general, more.

The coefficiant of rainfall variation in hot season is above 80 per cent over the
northern parts of the state and is of the order of 50 per cent to 80 per cent in the

southern parts.
3.2 Measurement of rainfall

Precipitation is expressed in terms of the depth to which rain fall water would
stand on an area if all the rain were collected on it . The precipitation is collected and

measured in a rainguage.

A rainguage essentially consists of a cylindrical vessel assembly kept in the
open to collect rain. Raingauges can be broadly classified in to two categories as non-

recording raingauges and recording raingauges.
3.2.1 Non-recording gauges

The non- recording guages extremely used in India is the Symon’s gauge. Fig. 2
shows the the schematic diagram of Symon’s gauge. It essentially consists of a circular
collecting area connected to a funnel . The funnel discharges the rainfall catch into a
receiving vessel. The water contained in the receiving vessel is measured by a suitably

graduated measuring glass, with an accuracy up to 0.Imm.
3.2.2 Recording gauges

Recording gauges produce a continuous plot of rainfall against time and
provide valuable data of intensity and duration of rainfall for hydrological analysis of
storms. Some of the commonly used recording raingauges are Tipping-Bucket type,

Weighing-Bucket type, and Natural Syphon type.
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Fig.2 Schematic diagram of Symon’s raingauge




- 3.2.2.1 Natural Syphon type

This type of rain gauges is adopted as the standard recording type rain gauge
in India. This is also known as float-type gauge. A schematic diagram of this type of
rain gauge 1s shown in Fig.3. Here, the rainfall collected by a funnel shaped collector is
led into a float chamber causing a float to rise. As the float rises, a pen attached to the
float trough a lever system records the elevation of the float as a rotating drum driven
by a clock-work mechanism. A syphon arrangement empties the float chamber when

the float has reached a pre-set maximum level.

The natural syphon type recording rain gauge gives a plot of mass curve of
rainfall. A typical chart from this type of rain gauge is shown in Fig. 4. This chart
shows a rainfall of 22.5mm in 24 h. The vertical line in the pen- trace correspond to
the sudden emptying of the float chamber by syphon action with reset the pen to zero

level .

For uniformity, the rainfall is measured every day at 8.30am(IST) and is

recorded as the rainfall of that day .

3.3 Data collection and processing

Based on the availability of automatic rain gauge data, 8 rain gauge stations

were selected for this study . The selected rain gauge stations are listed below:

. Alappuzha - Alappuzha district

2. Cochin - Ernakulam district

3. Kadiangadu - Kozhikode district

4. Kottamparambu - Kozhikode district

5. Manjeri - Malappuram district

6. Ottappalam - Palakkad district

7. Thiruvananthapuram - Thiruvananthapuram district
8. Vettilappara - Thrissur district
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Fig.4 Daily rainfall chart of automatic raingauge




Daily rain fall charts of automatic rain gauge were collected from CWRDM,
Kozhikode , for Kadiangadu for the years 1985,1986 and it is given in Appendix I.
Daily rainfall chart were not available for the rest stations. So daily rainfall and its
maximum intensity were collected for the remaining stations. They are given in

Appendix II.

Data for Kottamparambu was also collected from CWRDM, Kozhikode for

two consecutive years.

Daily rainfall and its maximum intensity for Thiruvananthapuram, Cochi and
Alappuzha were procured from IMD (Indian Meteorological Department)

Thiruvananthapuram for two consecutive years .

Data for Vettilappara and Ottappalam were procured form Hydrologic sub
division, Thrissur and that for Manjeri was obtained from Hydrologic sub division,

Kozhikode .
The procedure involved is briefly explained below .
3.3.1 Computation of El39 and EI 144 values for Kadiyangadu

Because of the non-availability of daily rainfall charts for the rest of the
stations, computation of El3y was not possible. Also the analysis of the charts were
tedious and time consuming. So Ely and Elj values were worked out for

kadiangadu in order to test the degree correlation between these two.

3.3.1.1 Computation of El;,

By definition, the value of El3, for a given rainstorm equals the product,total storm

energy (KE)times the maximum 30 min intensity (I5),




i.e., El;y = KE X I;g
100

where El;p is the maximum 30 min intensity in cm/h and it indicates the
prolonged peak rates of detachment and runoff. KE is storm energy which is a function

of the amount of rain and of all the storms component intensities.

Since the energy of a given mass in motion is proportional to the square of the
velocity, rainfall energy is directly related to rainfall intensities. The relationship is

expressed by the equation.

KE = 2103 +89logl
where,
I = the intensity of rainfallin cm/h
I30 = maximum 30 minute intensity in cm/h and it indicates the

prolonged peak rates of detachment and runoff.

Even though this 1s an accurate method, it is tedious and time consuming. So in
the present study, efforts have been made to correlate daily rainfall amounts with
erosion indices in order to widen the scope of applicability of rainfall data in

conservation planning.

3.3.1.2  Computation of El 4

Erosivity index for each storm was computed for 1440 minutes duration as

suggested by Raghunath and Erasmus (1971).

EI 1440 = KE X 11495!
100
where,

EI 1440 = the erotion index for the day, in m-t-cm/ha-h.
KE = the total kinetic energy of the storm in m-t/ha.

L1440 = the average storm intensity in cm/h.




The average intensity in cm/h for the day was worked out by dividing the total
rainfall for the day by 24 and termed as 1,440 .

3.3.2 Correlating EI ;449 values with El3, for Kadiyangadu

El3 and El 44 for Kadiangadu were computed and the correlation between these

two was tested using Karl Pearson’s method.

e, r= 2.xiyi - 2x1 X2yi/n
V [Ex) - Gxi)/n] (2 - Cy)/n]

in which,
r is the correlation coefficient between x; and y;
x; represents the El3q values
y; represents the El 449 values and

n is the total number of rainy days .

The correlation was found to be significant to substitute Elzo by EI 1440. A graph

was also plotted between El3g and El 449 values for quantifying erosion.

3.3.3  Computation of erosivity index and precipitation index for the
other locations

Elisso and Pliss were computed for Alappuzha, Thrissur, Ernakulam,
Kozhikode, Malappuram, Palakkad and Thiruvananthapuram .

3.3.3.1 Computation of El,44

Elias for the above 7 locations were computed as explained above .




3.3.3.2 Computation of precipitation index

The product of daily rainfall in cm and I,440 which is obtained by dividing the
daily rainfall in cm by 24 was worked out and designated as Pl 440. Thus precipitation

index for each storm was computed for 1440minutes duration .
3.3.4 Development of models

Ply440 values were plotted against El 440 and then the line of best fit was drawn
which is represented by the equation of the form .
y = atbx

where y and x represent El,440 and PI, 440 respectively and a and b are constants .

To know the over all spectrum of El 44 distribution with in a year for the 7
stations under study, El 440 distribution curves were developed by plotting cumulative

ElL440 against month.




RESULTS AND DISCUSSION

Rainfall erosion index implies the numerical evaluation of a rainstorm and
describes its capacity to erode soil from an unprotected field. Computation of EI needs
daily rainfall charts of automatic rain gauge, but the computation is tedious and time
consuming. So here efforts are made for the determination of erosivity index from daily
rainfall data which are easily available from non recording gauges. The results

obtained from the study are discussed in this chapter.
4.1 Computation of EI 39 and EI 144 for Kadiyangadu

Daily rainfall charts of automatic rain gauge were procured for the station
Kadiyangadu for two consecutive years from CWRDM, Kozhikode. These charts
were available only for very few locations, and the computation of Els, values from
these charts were tedious and time consuming. So the individual values of Els, and
El 440 were worked out for Kadiyangadu. The relationship between these two were
studied and a correlation coefficient of 0.9297 was obtained by Karl Pearson’s
method. The values of El3o and El;j440 and the calculation involved in the determination
of correlation coefficient are given in Appendix III. As a significant positive
correlation was found to exist between these two, El 4 can be substituted for El;o

even though EI 1449 values are less than the corresponding EI 3, values.

The monthly values of- El3 and Elj44 were also calculated and it is given in
table 2. From this table it is obvious that as EI 3, increases EI 1440 also increases and
these two values are maximum for the month of June because of the south-west

monsoon.

N



sOGCH D)

UDIDILA0 ) UOHR[ILIO )

FOOGOLER 'R ENTOL T [enuuy
0 0 IRTITRRATY]
0 ] JOQUIDAON,
ttolLtoo GHLOSL0 12Q010()
LTo8T¢ SO0 ssl npquddag
6Tt 1LROT L6l Isnany
LTOLEO'Y conot ¢l g
UL ROSUORT auny
0 0 ey
0 0 judy
{8016L°0 QOO0 Ty . [VRITHRN
0 0 LRG|
QL8R LIS00'R] aenue
Sl 13 13 LIUON

Npe3ueAIpeY 10J O pue Y Jo sanjea Siuoly (7 djqel




The variation of this El;¢ and El 440 values 1s shown in Fig. 5 by plotting EI 440
against EI;o. From the graph it is clear that as Elso increases El 440 also increases. The

straight line graph obtained indicates that their relationship is linear.

4.2 Computation of El;44 for the remaining stations

Elj440 values were calculated for the stations Alappuzha, Kottamparambu,
Thiruvananthapuram, Vettilappara, Ottappalam, Cochin and Manjeri for two

consecutive years .

4.3 Computation of PI,44

PI,440 values for the stations under study are worked out for two consecutive
years. The average monthly values of El 440 and Plya4 are given in Table 3. From the
table, it is seen that the maximum rainfall El 440 and PI 440 values have appeared in the
month of June, July and August for all the stations and hence these months should be
treated as most erosive months. Therefore, adoption of proper crop management and
soil conservation practices during these months i1s important to minimize the erosive
effect of rainstorms. PI values are not only higher than the EI values but also PI

increases as El increases.

El,440 distribution curves developed by plotting cumulative El 440 values against
month for each of these stations are shown in Fig. 6. The graphs are S-shaped and the
shape can be explained in terns of low rainfall experienced during the earlier months
and the thunderstorm rains in the monsoon months of June to October followed by

north-east monsoon season.

The average annual El 44 values are presented in the Table 4. Distribution of
El 440 values for the stations under study are shown in Fig.7 Comparing these values
we can say that erosion i1s more serious in Kozhikode region and it is least in

Thiruvananthapuram.
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Table 3 Monthly average values of El 4 and PI, 4, for the seven locations

Month Malappuram Kozhikode Palakkad Thrissur Thiruvananthapura Alappuzha Ernakulam
EI-1440 PI-1440 EI-1440 PI-1440 EI-1440 PI-1440 EI-1440 PI-1440 EI-1440 PI-1440 EI-1440 PI-1440 EI-1440 PI-1440

January B =
February  0.25015  0.2352 - -
March 0.00435 0.00025 0.2975  0.2789

0.0059 0.0015 - - 0.0143 0.0019 - - - = - =

0.0436  0.0089 -

April 0.3692  0.39215 ° 0.6674 1.3255  0.4459  0.259%6 1.9787  2.6462°  1.2939 1.576 1.2634 1.7481  0.7409  0.5426
May 1.6035 2.4926 1.5048 1.9569 0.785 0.6167 25469  3.6872  2.5795 5.6109 1.8451 3.3454 1.5527  2.5527
June 7.60535 16.5275  9.9946 24.7433  8.4354 155949 8.5723 19.8324  1.8755 2.288 3.5644 108921 53203  12.5316
July 3.0166 3.166 10.2287  49.615 7.8234 16.629  6.7948 139721 1.8148 2.41205 3.9675  5.7598 5.02 9.3012

August 5.06135  8.8465 4.6583 8.149 2911 47554  6.8987 16.2684  0.9232 1.4391 29219 40699 35496  6.1911
September  4.284 11,1101 2.2856 3.0229 1.1442 1.0903 2.6223 3.8125 0.6878 0.5844 3.5284  6.7047  3.0499 5.9358
October 2.6621 3.7783 2.1922 6.6111 1.685 1.8271 1.9336  4.7663 2.4468 5.4935 2.0386 2.9283 2.5038 3.8113
November  2.1457 3.4981 0.8386 1.0618 1.3203 1.5556 1.4518  2.1675 1.3854 2.3337 1.4328 1.8568 1.2732 24117
December  0.4813 0.3482 0.04 0.0404 - - 0.1581 0.1084 0.0268 0.0097 0.2539 0.1546  0.3091 0.3927
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4.4 Computation of EI from daily rainfall data from non-recording
type rain gauge
The mathematical models developed between Elj440 and Pliss values showed
significant linear relationship of the form Y=bx + a with high correlation co-efficient

for all the stations under study. The corresponding equations are given below.

Malappuram Y = 0.3061 X +0.0989
Kozhikode ' = 0.1865 X +0.1747
Palakkad ¥ = 0.3179 X +0.1206
Thrissur ) § = 0.3094 X +0.1182
Thiruvananthapuram Y = 0.3812 X +0.0559
Ernakulam Y = 0.355 X +0.0744

Alappuzha Y = 0.2259 X +0.0786

Here Y = EI 1440 and X =PI 1440

These models are useful for computing EI 1440 values from daily rainfall
amounts recorded by non-recording rain gauges. Thus the daily EI1440 values for

varying amount of rainfall can be calculated using these models.

The developed models are useful for quick computation of erosion index of the
rain which 1s required in prediction of soil loss from the watersheds. The daily
El 440 values for varying amount of rainfall were calculated for all the 7 locations and
are given in Table 5. Referring these tables, El 44 values corresponding to any amount
of rainfall can be read directly. This widened the scope of applicability of rainfall data

recorded from non-recording type of rain gauges in soil conservation planning.






SUMMARY AND CONCLUSION

Out of the total geographical area of 38.86 lakh hectares in the state nearly 19
lakh hectares of land are highly vulnerable to soil erosion hazards. In Kerala, the

distribution and intensity of rainfall i1s different for different locations. Therefore the

~ erosivity index which is an indication of capacity of rain to erode soil will also be

- different. In this study the aim was to compute the erosivity index for different

locations. Computation of 30 minute erosivity index (Elsg) for all the locations is
tedious and combersome. More over the rainfall data from automatic raingauges was
also not available for all these locations. Hence Kadiyangadu was taken as the
representative location where daily automatic rain gauges data was available and Elsg
and El 440 was computed for that particular location. A significant correlation was
found to exist between Elsg and Elj440. So Elj440 can substitute El3o for which only

daily total rainfall and maximum daily rainfall intensity is needed.

The daily total rainfall and maximum daily rainfall intensity data was collected
for Thiruvananthapuram, Alapuzha, Ernakulam, Thrissur, Malappuram, Kozhikode
and Palakkad and computed the El 4. The monthly variation of El 40 was also

studied which resulted in the development of S- shaped curves.

The product of daily rainfall in cm and El 44 was worked out and designated
as Plisa0 and models for estimating erosion index for 1440 minute duration were
developed between El 449 and Pl 440 values from daily rainfall amount recorded by non-
recording type raingauges. The daily El 440 values for varying amount of rainfall were
calculated by these models for all the stations under study. By referring these tables

El,440 values corresponding to any amount of rainfall can be read directly.



These developed models widened the scope of applicability of rainfall data

recorded from non - recording type of raingauges in soil conservation planning.

The results of these study can be concluded as :

1 Erosivity index has a direct relationship with the intensity of rainfall.

2 There exists a significant positive correlation of 0.92965 between El3o and
El 440, s0 El 440 can substitute EI 3.

3 There exists a linear relationship between EI 440 and PI 440,

4 An equation on for El 440 in terms of Pljs4 was also developed for each location
from which charts have been prepared to determine EI 1440 using daily rainfall

data from non-recording gauges.

Further scope of this study

If long term rainfall data are available for adequate number of location an iso
erodent map can be prepared which provide a better picture of the erosivity index
distribution in Kerala. The plotted lines on the map are called the iso-erodents because
they connect points of equal erosivity index. Erosion index values for locations
between the lines are obtained by linear interpolation. Thus local values of the rainfall

erosion index may be taken directly from this map.
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15 min rainfall data for Kadiyangadu for two consecutive years

1986

RF
mm

0.5
7.75
12
4.5
0.75
0.25

0.5
325
0.5
0.25
0.25
25

1.25
0.5
0.75

0.25
0.25

INT
emh

0.2
31
4.8
1.8
0.3
0.1

0.2
1.3
0.2
0.1
0.1

32
6.4
0.5
0.2
03
0.7

0.1
0.1
0.8
0.2
02
0.6
12
1.2
L6
1.6
0.2
0.4
0.68
0.2
0.2
0.2
0.6
0.2
0.6
0.8
02
0.6
0.2
0.2
0.2
0.4
0.2
1.6
0.2
0.6

JUNE

Date

1985

RF

mim

0.25

0.5
025
0.75
0.25

0.5
0.25
0.75
0.25

1.5

0.25

0.5
0.25
0.75
0.25
0.25
0.25
0.25
0.25
1.25

6.5
2.75
0.25

0.5
0.2s5

0.5

15
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0.5

0.5
025
0.25
0.25
0.25
0.25

0.25

7.5
1.25

INT

0.1
0.2
0.1
03
0.1
0.2
0.1
0.3
0.1
0.4
0.6
0.4
0.1
0:2
0.1
0.3
0.1
0.1
0.1
0.1
0.1
0.5
26
1.1
0.1
0.8
02
0.1
0.4
02
1.6
0.4
0.6
0.6
0.4
24
04
0.2
02
0.1
0.1
0.1
0.1
0.1
0.4
0.1
28
1.2

0.5



1.5

0.75

0.75

0.25

13 3.5
4.5

14 1
0.5

0.5

1.5
0.5
3.75
6.5
475

1.5
1.25

| B

24
0.6
03
0.3
0.1
1.4
1.8
0.4
0.2
0.2
0.4
0.6
1.2
0.2
0.4
L5
2.6
1.9
0.6
0.5
L2
1.2

0.6
0.4
0.6
0.6
0.4
0.4
0.4
0.8
1.4
1.6
2.4
2.8
5.2

0.8
0.7
0.2

0.4
1.4
1:2
3.2
3.6
0.8
0.7
0.1
0.1
0.1
0.1
0.1
02

0.25
0.25
0.25
025

0.25
0.25

0.25
0.25
0.25
0.25
0.5
0.5
0.5
0.5

0.25

0.25
0.25
1.25
0.5
0.5
0.75

0.25
1.25
0.25

1.5
0.5
0.25
0.25
2.5
175
1.5
0.75
0.75
Q.3
2.5
0.25

4.5
1:1%

2.5
0.25
0.75
225

7.5
235

0.5
1.75
1.75

0.4
0.1
0.1
0.1
0.1

0.4
0.1
0.1
24
0.1
0.1
0.1
0.1
0.2
0.2
0.2
0.2
24
0.1
0.1
0.1
0.5
0.2
0.2
0.3
1.2
0.1
0.5
01
0.4
0.6
0.2
0.1
0.1

0.7
0.6
0.3
03
0.2

0.1
1.6
1.8
0.7
0.4

0.1
0.3
0.9

1.1
0.2
0.7
0.7



1.25

2.3
1.75
1.5
0.5
0.75
0.75
0.25
7.25

0.25
0.5
0.25

3.75
125

0.25

0.5

0.5
0.75
0.25

0.5

85
35
0.5
0.5
1.25

2.5
0.5
0.5
0.5
0.25
0.25

0.5
0.8

0.7
0.6
0.2
0.3
03
0.1
29
32
1.8
1.6

22
16

0.4
0.8
0.8
0.4
0.1
0.1
0.2
0.2
0.2
0.1
0.2
0.1
0.4
32
1.5
0.5
0.4
0.4
0.1
0.4
0.2
0.4
0.2
03
0.1
02
2.8
34
1.4
02
0.2
0.5
0.8

0.2
0.2
0.2
0.1
0.1

16

20

21

22

2i75
0.25

225

0.25
6.5

0.75
0.25

0.75
0.25
0.25
0.25

0.5
1.25
0.25

0.25

0.5
0.25
0.25
0.25
0.75
0.25
0.25

0.25
0.25

0.5
1.5

2.5
10.5
0.5
8.5

0.5
0.25

3.5

1.1
0.1
1.4
0.8
0.8
04
1.6
0.2
0.4
0.4
28
0.8
0.2
0.2
0.9
0.8
0.1
2.6
0.8
0.3
0.1
1.2
24
0.3
0.1
0.1
0.1
0.2
0.5
0.1
0.4
0.1
0.2
0.1
0.1
0.1
03
0.1
0.1

0.1
0.1
0.4
0.8
0.2
0.6
0.4

4.2
0.2
34
0.4
0.2
0.1
0.8
1.4
1.2



20 0.75

21 2

0.25
23
0.25

0.5

24
1.5
225
0.25
0.25
0.75

4.5
1.5

0.75
0.25
22 3
0.5

0.5
3.5
35

5.5
0.5
2.5

225
55

1.4
0.4
0.4
0.2
0.2
0.1
0.3
0.4
0.7
0.8
1.2
0.8
03
0.4
12
0.5
03
03
02
0.4
0.2
3.4
0.8
0.8
12
32
0.1

0.1
0.4
0.2
0.8

0.6
0.9
o1
0.1
03

1.8
0.6
3.2
03
0.1
1.2
0.2
0.8
0.2
1.4
1.4
0.4
22
0.2

24
0.9
22

35
2.5

0.5
0.5
0.25

0.5

23 0.5
45

0.25
3.5

2.5
25
2:5

3:5
25

0.5
0.25
025

0.5

0.5
0.5
0.75
1.5
0.5
0.75
0.25
0.25
0.25

0.5
225
0.5
0.3

0.5
0.5
1.5
3.3

1.4

0.8
0.2
0.2

0l

0.4
0.2
0.4
0.2
1.8
2.8
1.2
0.1
0.4
1.4
2.8

3.2
2.8
1.6
1.4

0.4
0.4
0.2
0.1
0.1
0.8
0.2
0.4
0.8
0.2
0.2
0.3
0.6
0.2
03
0.1
0.1
0.1
0.8
0.4
0.2
0.9
02
0.2
1.6
1.6
0.4
0.2
0.2
0.6
1.4



23

24

0.5
7.5
0.25
2.5
0.75
1.5

9.75
5.5
0.5
0.5

0.25

0.75

0.5
0.25
0.25
1.25

5.5
0.25
3.75

5.5

0.75
0.75
1.25

7.5

1.5

6.5
0.25
0.25
1.25
0.75
0.75
0.75
0.25
0.25
0.25
225
0.25
0.75

1.5
4.25

0.5
13.5
7.5
0.25
0.75
0.25

1.5
0.25

0.2
0.1

0.3
0.6
0.4
3.9
22
0.2
0.2
0.1
0.4
0.3
0.2
0.1
0.1
0.5
22
0.1
1.5
0.8
2.2
I.6
0.3
0.3
0.5
1.2

0.8

2.6
0.1
0.1
0.5
0.3
0.3
0.3
0.1
0.1
0.1
0.9
0.1
03
0.6
1.7

1.6
0.2
54
31
0.1
03
0.1
0.6
0.1

2.5
0.5

24 5
0.5
0.5

0.25
0.25
0.5
0.5
0.25
0.25
6.5
0.25
0.25
0.25
0.25
0.5
1.5
0.5
55
0.5
0.75

0.5
0.5

1.5
1.5
1.5
0.5

25 2
0.5

0.5

0.5

2.5

3.25

26, 1

0.25
e

0.25

0.5

1.5

0.5

0.5

0.2
0.4
0.4

0.2
0.2
0.1
0.1
0.2
0.2
0.1
0.1
2.6
0.1
0.1
0.1
0.1
0.2
0.6
0.2
2.2
0.2
03

0.2
0.2
0.4
0.6
0.6
0.6
0.2
0.4
0.8
1.6
02
0.8
0.2
0.4
0.4
02

1.3
0.4
0.1
0.6
0.4
0.8
0.1
0.2
0.6
0.4
0.8
0.2
12
0.2



25

26

27

0.5
15

0.5
1.25
8.75

0.25
6.75

11
0.75
0.25

0.75
2.25

325
0.5
2.75

0.75

1.5
0.75
0.75
0.75
0.75
4.25
&75
1.75

0.5
5.25

1.5
0.75
.5
1.5

4.5
0.25
0.5
0.25

0.2
0.6
0.4
0.2
0.5
3.5
0.4
1.2
g1
3.7
4.4
0.3
0.1
0.2
0.6

0.4
1.2
1.2
0.2
2.6
0.3
0.9
0.4
24
1.3
0.2
1.1
0.4

0.2
0.8
0.4
0.2
0.6
0.3
0.6
03
0.3
03
03
1.7
23
0.7
0.2
2.1
3.2
0.4
0.6
0.3

0.6
0.8
1.8
0.1
0.2
0.1

JULY

29

30.

—_— k) B e e fa LA

0.25
0.25

0.5
35

0.5
0.5

0.5

0.5
0.25
0.5
025

175
0.25

L5
0.5
1.5

3.5

1.5

15

1.5
0.5
0.5

0.25
0.25
0.5
0.25
0.5
0.5
0.5
0.5
85

0.25
0.25

0.2
1.6
0.4
0.4
0.8
0.8
0.4
0.1
0.1
1.2
0.8
0.2
1.4
0.4
0.2
0.2
0.8
12
0.4
0.2
0.4
0.2
0.1
0.2
0.1
08
0.7
0.1

0.6
02
0.6
1.6
1.4
0.8
0.6
0.8
0.6
0.8
0.8
0.6
0.2
0.2

0.1
0.1
0.2
0.1
0.2
0.2
0.2
0.2
34
0.8
0.1
0.1
0.8



JULY

29

0.5
0.5
1.5
0.5
0.75
1.5
0.5
0.5

1.25
0.5
0.75
35

1.25
0.75
1.5
2.5

1.5

0.5

0.5
1.5

1.5

0.75
0.5

3.75
1.5
35
1.5
0.5
0.25
0.75
1.75
G
0.75
0.25
025

0.2
0.2
0.6
0.2
03
0.6
0.2
0.2
12
0.4
0.5
02
03
1.4
12
0.5
03
0.6

0.4
0.6
0.4
0.4
0.2
1.6
0.2
0.6
0.4
06
0.8
0.4
0.3
0.2
0.4
1.6
24
1.5
0.6
1.4
0.6
0.2
0.1
03
0.7
0.7
03
0.1
0.1
0.2
22

0.2
0.4

0.4
0.5

0.5
0.5
0.25
0.25
0.5

0.5
0.25
0.25

0.5
0.25

1.5

2.5

0.5
6.75
0.25

1.3
0.75

0.5

4.5

0.5
0.25
0.5
225

0.5
0.5
0.5
10
1.75
0.25
0.25
0.25

2.5
0.5
0.75
1.75
0.5
.5

0.25
0.75

0.5

0.75

0.25

8.5

0.2
0.2
0.1
0.1
0.2
0.8
0.4
0.2
0.1
0.1
0.2
0.1
0.6

02
27
0.1
0.6
0.3
0.2
1.8
04
0.2
0.1
0.2
09
28
0.2
0.2
0.2

0.7
0.1
0.1
0.1
0.8
0.4

0.2
0.3
0.7
0.2
22
0.8
0.4
0.1
03
0.6
02
08
1.6
03

0.1
2%
34



n

O

0.25
0.25
0.25

0.5
0.28

0.25

0.25

1.2
LY
1.4

4

0.2
0.2
0.2
0.2
(8]
0.1
0.1
0.4
1.8
0.2
0.6
0.5
0.1
0.1
0.1
0.2
0.4

0.2

0.1

01
1
0.2
1.4
0.6
0.1
1.4
0.2
0.2
0.6
0.1

0.7

3.8

30

w3

i
0.4
01
0y

L6

04

0.4
02
0
01
18]
1%
02

4
0.2
"2
0.2

1

(%3

0.4



10

1.25
25
1.75
2.75
2.5

2.5
1.75
0.5
0.5
1.25
0.75

0.25
1.75

0.5
0.5

35
B

7.5
0.5
0.5
0.75

0.5

0.7
1.1

0.8

0.7
0.2
0.2
0.5
0.3
0.2

0.6
0.2
0.8
0.4
0.2
0.2
0.2
0.6
0.6
0.6

0.2
0.4
1.8
1.2
1.4
1.2
1.2
1.2
1.2
1.6
1.6
0.8

1.2
0.2
0.2
0.2
0.2
0.1
0.7
0.8
0.2
0.2
1.6

1.4
0.6
1.6

0.2
0.2
03

0.25
0.25
1.25

0.25

0.25

0.25
0.25

0.25

6.25
325
0.25
0.25
125
1.25

0.75

325
0.25

0.8

1.4
24
0.4
1.8
0.2
1.6
0.4
0.1
0.1
0.5
12
0.1
0.6
1.4
22
3.6
18

12
1.4
0.8
0.8
0.2
0.2
0.1
1.2
0.1
0.1
0.2
1.8

1.6
1.2
0.8
0.8
0.4
0.2

0.2
0.1
32
2.5
k3
0.1
0.1
0.5
0.5
0.4
0.4
0.3
0.4
1.3
0.1
12



0.5
0.5
0.5
0.5
1.5

11

0.1
0.2
0.2
0.5

0.5
0.5

0.5

0.5
35
0.75

0.5

0.5
0.25
1.25
0.25

0.5
0.25

0.1

0.5

0.5

0.75
6.5
0.75
0.5

0.5

1.5
0.75

0.2
0.2
0.2
Q.2
0.6

4.4
1.6
0.04
0.08
0.08
0.2
0.8
0.4
0.2
0.2
0.8
02
0.4
0.2
1.4
03
32
1.6
0.4
0.2
1.2
0.2
0.1
0.5
0.1
0.2
0.1
0.04
0.2
0.2
0.3
26
03
0.4
0.2
0.8
02
0.4
0.6
03
0.24

0.6
0.4
0.2
0.4
1.2
0.4
1.2
1.2
0.4

275
0.25
IS5
0.5
0.5
0.5

5.5

1.5
0.5
0.5
U
2.5
35
4.5
0.5
1.5
4.75
0.5
4.5
11.5
0.5

1.5

-

0.5

0.5
0.25

0.25
0.25

1.25

0.25
0.5
0.5

0.25

0.25
0.5
0.5

0.25

0.25

875
0.25
0.25
1.75

1.2
1.1
0.1
0.6
0.2
02
0.2
1.6
0.6
1.6
0.4
0.4
0.6
22
08
1.6
0.6
02
0.2
0.6

1.4
1.8
0.2
0.6
1.9
0.2
1.8
46
02
0.6
1.6
0.2
0.4
0.2
0.1
0.8
0.1
0.1
0.8
0.5
0.4
1.2
0.1

0.2
0.2
0.1

0.1

0.2
0.2
0.1
0.1
0.4
35
0.1
0.1
0.7



0.5

1.5

0.75

0.5

16 0.5
0.5

0.25
0.5
0.75

0.5

3.5

0.25

20 0.5

1.5
1.5

0.5
0.5
0.5
0.5
0.75
0.25

0.25

0.5

21 0.5
6.5

22 2
0.5

0.5

0.2
0.4
0.4
0.6
0.4
03
0.2
0.2
0.2
0.4
0.4
0.1
0.2
0.3
0.4

0.2
0.4
1.4
0.4
0.1
0.8
0.2
0.4
0.6
0.6
0.4
02
0.2
0.2
0.2
03
0.1
0.6
0.6
0.2
1.2
0.4
0.4
0.2
0.2
1.6
0.2
0.2
0.8

0.8
0.4
0.4
0.2
0.1
0.2
0.2
26
0.8
02
0.2

18

21

22

1.25
kS
0.5

0.25
0.75

0.25
0.25
0.5
35
0.5
0.25

0.25
225

0.5
0.25
0.75
0.25
0.25

0.5

1.5

1.5

0.5
0.25
0.25

0.5

0.75
0.5
0.25
0.5
0.5
1.25
0.75
0.25
0.5
0.25
0.5
0.25
0.25

0.5
1.5
0.5
0.5
0.5
0.25
0.25
0.5

1.5
0.25
0.5

0.5
0.6
0.2
0.4
0.1
03
0.4
0.1
0.1
0.2
1.4
0.2
0.1
0.4
0.1
0.9
0.4
0.8
0.2
0.1
03
0.1
0.1
0.2
0.6
0.6
0.2
0.1
0.1
0.2
0.8
03
0.2
0.1
0.2
0.2
0.5
03
0.1
0.2
0.1
02
0.1
0.1
0.4
0.2
0.6
02
0.2
0.2
0.1
0.1
0.2
0.4
0.6
0.1
02




AUG

1.5

0.5
0.25
0.25
0.25
0.25
0.25

0.25
0.25
L5
1.5
0.5

0.25
0.25
1.5
1.5
3.25

1.75

0.5
0.5
0.25
0.75
225

Lo
0.75
0.5
0.25

0.75
3.25

1.5

0.5

0.25

0.25

0.5

0.5

1.6
0.2
1.6
0.4
0.2

0.6
0.4
0.2
0.1
0.1
0.1
0.1
0.1
0.4
0.1
0.1
0.6
0.6
0.2
1.6

0.1
0.1
0.6
0.6
13
0.4
0.7
0.4
0.2
0.2
0.1
0.3
0.9
1.6
0.6
0.3
0.2
0.1
2.8
I.6
0.8
03
13

0.6
1.2
0.2
0.1
0.1
0.2
0.8
02
0.4

23

24

25

26

0.25
0.25

0.25
0.25
0.5

1.5

1.5
0.25
0.75

0.5
0.25
0.25
0.25

0.5
0.25

0.25
0.25
0.25
0.25
0.25

0.5
3.25
2.25
0.75

0.5

3.5

0.75
0.75

0.25
0.5
0.5
0.5
0.5

1.5
8.5
0.25
0.25
0.25
0.5
2.5

0.1
0.1
0.8
0.1
0.1
0.2
0.8
0.6
0.8
0.6
0.1
0.3
1.2
0.2
0.1
0.1
0.1
0.2
0.1
0.4
0.1
0.1
0.1
0.1
0.1
0.2
1.3
0.9
0.3
0.4
0.4
0.2
0.4
1.4
0.4
0.8
0.3
0.3
0.8
0.1
0.2
0.2
0.2
0.2
1.6
1.6
0.6
34
0.1
0.1
0.1
0.2

0.4
0.4
0.8



0.5
0.25
0.25

4.5
3.3

0.5
0.5
0.5
0.5
0.25
0.25
0.25

4.5
0.5
1.5
1.25
0.25
0.25
0.25
0.5

0.5
0.25

0.25
0.25
0.5
3.5
1.5
0.25
3.5
0.5
0.5
1.5
0.25
1.75

9.5

6.5

0.25
0.75
0.25

0.5
2.5
35
0.1
0.2

0.2
0.1
0.1
13
1.8
1.4
0.4
0.2
0.2
0.2
0.2
0.1
0.1
0.1
0.4
18
0.2
0.6
0.5
0.1
0.1
0.1
0.2
04
0.2
0.1

0.1
0.1
0.2
1.4
0.6
0.1
1.4
0.2
0.2
0.6
0.1
0.7

38
0.8
2.6
0.4
1.6
0.8
0.1
03
0.1
0.8
0.4
0.2

1.4
0.04
0.08

29

30

31

0.75
3.25
4.75
0.25
0.75
1.25
0.25

0.25
25
025
1.25
0.25
0.25

0.25
0.25
0.25

0.5
0.25
0.25
k75
2.25

0.5
0.5
0.5
0.5
0.25
0.75
1.25

0.25
0.25
1.5

0.25
0.25
2.25

0.5
0.5

0.5
0.25

0.4
0.3
1.3
19
0.1
03
0.5
0.1
0.4
0.1
0.9
0.1
0.5
0.1
0.1
0.2
0.6
0.4
32
1.2
0.4
0.2
0.1
0.1
0.1
0.8
0.2
0.1
0.1
0.7
0.9
1.6
0.4
0.2
0.2
0.2
0.2
0.1
0.3
0.5
0.4
0.1
0.1
0.6
1.6
0.4
0.1
0.1
09
1.6
08
0.2
02
04
04
0.2
0.1



0.25
3.5
1.5

0.5
0.5
2.5

0.25

0.5
0.75
6.5
0.5
0.5
0.25
0.25

0.75
0.1
0.1
0.2
0.1

1.25

0.3
0.2
0.2

1.5
2.5
1.5
0.25
0.5
1.25
1.25

0.1
1.4
0.6
0.8
0.2
0.2

0.4
0.1
12
0.4
02
0.3
26
02
02
0.1
0.1
12
12

1.2
0.1

0.8
1.8
0.8
32
0.3
0.04
0.04
0.08
0.04
0.5
0.4
0.12
0.08
0.08
0.4
0.8
0.6

0.6
0.1
0.2
0.5
0.5
0.6
0.2
1.2
33

0.8

AUG

0.75
0.25
1.25

2.9

0.5
0.25

0.3
0.1
0.5

0.4
0.2
0.1

3.6
0.8
0.6
0.6
0.6
0.6
18
0.8
5.6
2.4
1.6
0.2
0.2
02
02
1.6
0.2
0.8
0.6
0.2
1.4
0.2
0.4
0.4
0.4
02

0.6
0.2
0.2
0.4
0.2
0.2
02
02
22
0.8
0.8
1.6
02
0.8
0.4
0.2
02
0.2
02
02
0.4



11

0.5
1.75

A B e e e e L)

1.5
1.5
0.75

0.5
0.5

0.75

0.5
0.5
6.5
0.5
0.5
0.25
0.5

L5
0.75
0.75
1.25
0.75

0.5

2.75
0.5

0.5
0.5
1.5
0.5
0.25
0.25
0.5

0.5
0.25
0.25

0.25

12
0.4
0.2
0.7
1.2
0.4
0.4
0.4
0.4
0.8
0.2
0.4
0.6
0.6
03
0.8
0.2
02
0.4
2.8
03

0.2
0.2
26
0.2
0.2
0.1
0.2
0.4
0.6
03
0.3
0.5
03
0.4
0.2
0.4
3.6
1.1
0.2
0.8
0.2
0.2
0.6
0.2
0.1
0.1
0.2
0.4
0.4
0.2
0.1
0.1
32
L2
0.1

0.5
0.5
0.5
0.5
0.5
0.5

0.5
0.5
6.5
0.5
0.5

0.5

0.5
0.5
2.5

L]

0.5
0.5

175

0.5
0.5
0.5
0.25

0.25
3.25

0.75

.75
0.75

1.75
1.5
0.5
0.5
1.5

0.25
0.5
0.25

325
1.25

0.2
0.2
0.2
0.2
0.2
0.2
0.8
04
0.2
0.2
2.6
0.2
0.2
0.8
02
0.4
0.8
1.2
0.2
0.2

0.4
0.4
1.6
0.8
32
0.2
0.2
0.8
0.6
24
0.2
0.2
0.2
0.1
12
0.8
0.1
1.3
0.8
0.3
1.2
0.7
03
0.8
0.7
0.6
0.2
0.2
0.6
0.4
0.1
0.2
0.1
1.6
1.3
0.5



SEPT

24

25
26

27

24

1.5

225
0.25
0.25
0.25

0.25
1.5
0.25

1:5
1:5

35
0.5

0.5

1.3

575
0.25
3.25

0.5
15
0.5
1.5
1.25

e TN e e D

0.25
0.5

1.25
0.5

0.5
2.5
0.5
6.75

0.25
2.75
2.5

0.6
0.4
1.6
0.9
0.1
0.1
0.1
0.4
0.4
0.1
0.6
0.1
0.8
0.8
0.6
0.6
0.4
1.4
0.2
0.4
0.2
0.4
0.4
0.6
08
23
0.1
13
0.4
36
02
0.6
0.2
0.6
0.5
0.8
0.4
0.4
24
[2
0.1
0.2
12
0.4
0.5
0.2

0.2

0.2
2.7
0.8
0.4
0.1
1.1

SEPT

23

28

29

30

11

225
0.25
7.25

0.5
1.5
0.25
0.5
0.75
0.5
0.5
1.25

0.25
0.25
0.25

0.5
1.5
0.5
0.5
0.5
0.5

0.25

0.4
0.4
0.8
02
0.2
0.2
0.9
0.1
29
1.2
1.6
0.4
0.2
0.6
0.1
0.2
03
0.2
0.2
0.5

0.2
0.4
03
0.1
0.8
0.3
0.4
0.2
3.8
3.6
1.2
0.6
0.2
0.1
0.1
0.1
0.4
0.2
0.6
0.2
0.2
0.2
0.2
0.4
0.1



ﬁ
14 2 0.8
1 0.4
0.25 0.1
15 0.5 0.2
1.25 0.5
3 12
6 2.4
18 2 0.8
0.5 0.2
0.25 0.1
0.25 0.1
0.25 0.1
0.5 02
5 L3
0.75 03
1 0.4
19 10 4
10 4
1.5 0.6
2 0.8
2.5 1
35 1.4
5.5 2.2
9.5 3.8
0.25 0.1
0.75 03
20 0.75 0.3
0.25 0.1
3 1.2
3 1.2
4.5 1.8
1 0.4
0.75 03
1 0.4
1 0.4
1 0.4
0.5 0.2
1 0.4
1 0.4
0.5 0.2
0.5 0.2
0.5 0.2
0.25 0.1
21 1.25 0.5
2.75 1.1
3 1.2
1 0.4
0.75 03
0.5 02
0.1 0.04
0.25 0.1
0.25 0.1
0.25 0.1
0.25 0.1
0.25 0.1
0.25 0.1




24

25

26

ocT

0.5
0.5
0.25
0.25
0.25
0.5
0.5
0.25

0.25
0.5

0.25

0.75

0.5
0.75
0.25
1.75
0.25

0.5
0.25
335
0.25
0.75
0.25
2.5
1.25
1.5

0.75

0.2
0.2
0.1
0.1
0.1
0.2
0.2
0.1
0.2
0.2
0.6
0.6
0.4
3.6

1.2
0.6
0.1
0.2
0.4

0.1
0.4
0.8
0.2
0.8
56

03
0.2
03
0.1
0.7
0.1
0.4
0.2
0.1
1.4
0.1
03
0.1

0.5
0.6

0.4
1.2
0.3



APPENDIX - 11

Daily Rainfall and its maximum intensity for Manjeri, Kottaparambu, and Vettilappara for the
Year 1994

Manjeri IKottamparimbu Ottapalam Vettilapara
Date Tot Int Tot Int Tot Int Tot Int
cm cm/h cm cm/h cm cm/h cm cm/h
Jamuary
5 .00 0.0 o4 0.40 (A 0,010 (o0 (X1
i (.00 .00 o4 .40 (.00 IR [IXEY] WA
1% .00 000 [{N{p 0.20 1L M) (X111 0,00
19 [{X{1] 0.00 0.6 [{XAL ) (1) (X111 (TN
February
13 .71 400 ‘il.{ill [IX{IH] (N1 (L 0.0 (AN
19 2.00 2.40 0,14 0.00 .00 AV .00 0.0
March
10 010 0.20 .00 .00 (X111 (I (XL 0,040
11 .05 10 1.08 2.0 [{XEY] (I ) .00 .00
13 0.6 .00 0.00 0.00 .00 0.00 0.60 2a1
April
3 .00 R .00 (LA} [IX] 1AM 2,14} J.60
4 0,00 .00 0.00 0.00) [IR{1] 1o 3.00 6.00
5 (.00 .00 (.50 0.40 0,00 [IRTY] 100 3.43
6 0.00 0.00 .50 1L80 (.04 .00 0.00 (LU
5 [IXTIT) i [IX1IY] oo X1 [{RTII} 1.0 0.43
9 .00 0.00 0.00 o0 X1 1,01 2,00 3.75
i .00 M) (LI} .00 (IRT1] (TR .55 (.61
16 [{X111] (.0 0.0 ) (IR Ak .25 3
7 (X1 0. (LM} LR AN (XTI 1.04 3.20
18 (.00 .00 3.42 4.00- [RI] 100 0,04 .00
19 0.0 .00 000 (LA . IR 1.01 2.0
24 [IRT] (X1 002 0.20 (IR} (IR (L0 (LN
21 .04 000 LX) 0,20 [IRIL] .00 0L.00 .00
22 TR1T1] (LM} LM} [R11] [IR1TH] (IR 33 1.00
13 ER1UT] 4.0 (LAM} (X113 (10 [ 11] ] 1.1
24 t.on (XTI (.00 0,00 2.20 400 LU0 .40
25 LM .00 0.42 1.60 o0 0,10 (N1 IR
26 1L55 2.20 (.00 0.0 (AN (X111 0.20 9.60
27 1.40 2.20 0.0 .40 0.0 0.00 2.90 14.44

2% (UG (LN} 100 1.50 (L0 hon 3.70 6.0
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Appendix 111
Correlation between EI 5, and El 4y values for Kadivangadu for the year 1986
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ABSTRACT

USLE is a unique tool for estimating soil loss. Factor ‘R’ in the USLE is an
erosion index which is one hundredth of the product of the kinetic energy of rain storm
and its 30 minute intensity. Computation of erosion index invariably requires the data
of self recording rain gauges, because of the non availability of these data and
cumbersome work involved in the analysis of this data, some alternatives are
necessary. In this work, daily rainfall chart of automatic rain gauge were collected for
Kozhikkode district for two consecutive years. Data were analyzed for computing
El3 and El 440 using the procedure suggested by Reghunath and Erasmus (1971). The
correlation coefficient of 0.9297 shows a significant positive correlation between these
values and so EI 1449 values were calculated for the 7 locations of Kerala from daily
rainfall data and maximum intensity. These data were then analyzed for computing
Ely440 and PI 14490 and model was developed between El 440 and Pl 440 values. By using
this model, El 440 values were fo_und for vafying amount of rainfall ranging from 1 to
20 cm as a ready reckner for stations under study. The model developed is useful for
quick computation of erosion index from daily rainfall data for the 7 districts under

study.



