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B ABSTRACT : All thewatersheds cannot be gauged, asit would be costly and time consuming. Therefore,
the indirect method of runoff quantification has to be resorted. For predicting runoff from the known
causativefactors, it isimportant to include topographic or geomorphic characteristics which reflect directly
or indirectly on climate, geology and transportation processes from the watershed. In the present study ten
watersheds from Tapi catchment of Maharashtra state, India were selected for development of geomorphic
response models for prediction of annual runoff. Twelve geomorphic parameters were selected for
development of model out of which two parameters, Saand Rb were screened out inthe PCA and remaining
ten parameters were grouped into three physically significant components. Developed annual model when
validated, it was observed that percentage deviation was within 10 per cent. Therefore developed annual
runoff can be conveniently used for prediction of annual runoff from unguaged watersheds of the basin
having similar physiographic conditions for design of different water harvesting structures.

m KEY WORDS : Unguaged watersheds, Geomorphological parameters, Geomorphic response Runoff
model, PCA

B HOW TO CITE THIS PAPER : Nikam, S.P, Purohit, R.C.. Shinde, M.G,, Singh, PK., Jaini, H.K. and Dahiphale,

Pravin (2014). Performance of cattle dung at different total solids in prototype digesters for biogas production.
Internat. J. Agric. Engg., 7(1) : 233-237.

ithin the ecosystem. They form the basis of sustenance

f all formsof life. The prosperity and history of nation
depends to a great extent on these resources and their
management. Quantitative assessment of runoff is needed for
proper management of land and water resources especially
for optimum agriculture production. For predicting runoff from
the known causative factors, it is important to include
topographic or geomorphic characteristics which reflect
directly or indirectly on climate, geology and transportation
processes from the watershed. Most of the agricultural
watersheds in India are ungauged, having no past records of
the rainfall-runoff processes (Sarangi et al., 2004). This has
led to the development of techniques for estimating surface
runoff from ungauged basins (Chattopadhyay and Choudhury,
2006). Therainfall and watershed characteristicsin the form
of geomorphic parameters can be utilized in the devel opment
of reliable response model for predicting runoff from
watersheds which are not gauged (Kumar, 1991 and Singh et
al., 2009). Leopold and Miller (1956) obtained a geometric

Sil and water are the most important natural resources

progression between discharge and Horton order, by
combining the Horton’s law of basin area with an empirical
relationship between mean annual stream discharge and basin
area. Inthis study geomorphic response model was devel oped
for prediction of annual runoff from selected watersheds of
Tapi basin of Maharashtra state, India.

The use of GIS is increasing in various hydrological
applications (Oliveraand Maidment, 1999; Jain and K othyari,
2000 and Pandey et al., 2004). Kumar et al. (2001), Binjolkar
and Keshari (2007) and Sharma et al. (2010) have used the
GI S software for quantification of various geomorphological
parameters of the watersheds. In this study, selected
geomorphological parameters were computed using ArcGIS
9.3 software following the formula suggested by Horton
(1945) and Strahler (1957) and well known relationships.

B METHODOLOGY
Sudy area:

The study areais situated between 68°30° to 70°45’ E
longitudes and 22°18” to 23°25’ N latitude. The Tapi estuary
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is atidal estuary originating in the Multai Ghats in Betoul
district of Madhya Pradesh (India) at an elevation of 750 m.
The Tapi river basin covers an area of 65,145 km? that makes
up almost two per cent of the total area of India. The study
was confined to ten watersheds (W1 toW10) of Tapi catchment
for which annual time series data on rainfall was used for
development of models.

Digitization and geor efer encing of toposheetsin GIS:
Toposheets of the study area were obtained from the
survey of India (SOI), Deharadun and Geological Survey of
India, Pune regional office in the 1: 250000 and 1: 50000
scale. These toposheets were then used for digitization and
georeferencing with the help of ArcGIS 9.3 software. After
rectification a new dataset was formed in GRID, TIFF or
ERDASIMAGINE format. These rectified mapswerefurther
used for creating new digitized layers of watershed boundary,
drainage lines and contour lines of selected watersheds.

Evaluation of geomor phic parameters:

Twelve dimensionl ess parameters known as geomorphic
parameters for the ten watersheds of the Tapi catchment of
Maharashtra, Indiawere used. The selected geomorphological
parameters were average slope of the watershed (Sa),
elongationratio (R), circulatory ratio (R ), basin shape factor
(S, relief ratio( R), relative relief (R ), ruggedness number
(R,), main stream channel slope (S), drainage factor (D,),
streamlengthratio (R), bifurcationratio (R, ), and length width
ratio (L,,). Other two dimensionless terms R/VA and PNA
were termed as runoff factor and rainfall factor, respectively.
The geomorphic parametersused in the present study to predict
geomorphic responses were evaluated from the quantified
watershed characteristics and ArcGIS 9.3 software interface.

Correlation matrix and PCA:

The intercorrelation matrix was developed to study the
intercorrel ation among the selected geomorphic parameters.
This matrix then subjected to principle component analysis
(PCA) to screen out non significant parameters and to find
out the physically significant groups of remaining geomorphic
parameters. The selected factor loading matrix was then used
asinput to obtain the rotated factor loadings using the various
methodsviz., varimax, quartimax and equamax. The procedure
was repeated till the interpretation of ‘physical significance’
is simplified. These parameters from each physically
significant group were being used for development of
geomorphic response annual runoff model.

Development of deter ministic prediction models:

After regrouping the geomorphic parameters into
physically significant components, SPSS 16.0 software was
used to devel op dimensionally homogeneous and statistically
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optimal models of the following linear and log linear form

Y=gt aX, taX, raX,taX, +axX, @

Y =8, (X% (X)Z (X)® (X )H(X,)® @

where, Y isthedependent variableand X, X,, X, X, X
aretheindependent variablesa,, a,, a,, a,, 3, aretheregression
co-efficients.

The sub-routine applies multiple regression techniques
and calculates regression co-efficients, multiple correlation
co-efficients, F-test value, standard error and the percentage
variation explained by the model. In order to obtain the best
fit annual runoff model, the data setswere used to regress the
runoff factor RIVA, on threeindependent parameters (one each
from aready established components) and rainfall factor P/
VA. In all eighteen combinations were tried. The same
procedure with same combinations is used using
logarithmically transformed data. In order to select out the
best fit model out of eighteen combinations, the criteria
adopted was the lowest standard error of estimate, highest
correlation co-efficient and F-test value.

The best fit model thus identified was used to compute
the predicted values of annual runoff and compared with the
observed values to find the percentage deviations. The
validation of modelswas also done. The data set of first eight
watersheds were used for development of models and data
set of remaining two watersheds were used for validation of
the deterministic models.

B RESULTSAND DISCUSSION

Geomorphic characteristics of the selected watersheds
were evaluated using ArcGI S 9.3 software interface and are
presented in Table 1. Using these parameters a correlation
matrix was obtained to find out the correlation among the
parameters. After subjecting correlation matrix of twelve
parameters to PCA, it was observed that all the parameters
were grouped into three physically significant groups having
Eigen value greater than one. It was observed that out of twelve
parameters, two parameters such as S, and R, were not
correlated significantly to other parameters, hence, screened
out as shown in Table 2. These two parameters were not used
for the development of model.

Geomorphic response models for prediction of annual
runoff and SPR for small watershed are devel oped separately.
Four different models viz., annual runoff, annual SPR with
runoff, annual SPR with rainfall and annual SPR without
rainfall and runoff as dependant parameters are developed.
The model was developed using the data set of first 8
watersheds (W1 toW8). Thelast two watersheds (W9 to W10)
were kept out of analysis for later validation of model. On
comparing the linear and the log linear models, on the basis
of higher correlation co-efficients and greater F-test values,
below model was chosen as statistically optimal runoff
prediction model for small watersheds of Tapi catchment.
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Corresponding standard error (S), multiple correlation co-
efficient (r) and F-test value (F) for the best fit linear and log
linear annual runoff modelsfor Tapi catchment are presented
inTable3.

Table 3: Best fit models (Linear and log-linear) for annual runoff ‘

Independent variable LinearAnnuaI rurliocl:; TTinear
Shape component
R.
Re
Low
S
R
Dy -29.681 -0.310
Drainage component
Rn 0.145
R 1188.993
Re
Steepness component
S -2.859 -0.088
Rainfall factor
P 0.139 0.551
Runoff factor
Ry
I nter cept 20.008 1779
Standard error (S) 1.811 0.117
Mul. correlation coeff. (r) 0.991 0.982
F - test value (F) 39.235 20.342
Annual runoff modd:
Ry = R 20008+ 0.139P; — 29.681D; +1188.993R, — 2.859S,
JA
©)

The value of multiple correlation co-efficient (r = 0.991)
and F-test value (F = 39.235) are higher in case of linear model
than the log linear model. The mean annual runoff was
obtained by multiplying the right hand side of the equation 3
by the square root of the drainage area of the watershed.

The validation of developed model was also carried out
on two watersheds data set. It was seen that percentage
deviations for W9 and W10 watersheds were 5.3 and 2.7. It
was observed that percentage deviation iswithin 10 per cent
for annual runoff model. Therefore, developed annual runoff
can be conveniently used for prediction of runoff from
unguaged watersheds of the basin having similar physiographic
conditions. The estimated values of runoff can be used for
different water harvesting structures and soil and water
conservation structures.
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Conclusion:

In this study, twelve geomorphic parameters were used
for the development of geomorphic response annua runoff
model for Tapi basin, India. Principal component analysiswas
carried out to find out physically significant groups. For the
selected watersheds it was found that parameters S, and R,
were screened out in the PCA. After orthogonal
transformations, remaining ten parameterswere grouped into
three physically significant groups. To develop runoff model
one parameter from each physically significant group and
rainfall factor were regressed. The per cent deviation between
observed values and predicted values was found below 10
per cent for the annual runoff model. Therefore, it was
concluded that the devel oped model can be conveniently used
for the prediction of annual runoff from the small unguaged
watersheds.
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