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Abstract Principal component analysis has been applied

to 13 dimensionless geomorphic parameters on 8 sub-

watersheds of Kanhiya Nala watershed tributary of Tons

River located in Part of Panna and Satna district of Madhya

Pradesh, India, to group the parameters under different

components based on significant correlations. Results of

principal component analysis of 13 geomorphic parameters

clearly reveal that some of these parameters are strongly

correlated with the components but texture ratio and hyp-

sometric integral do not show correlation with any of the

component. So they have been screened out of analysis.

The principal component loading matrix obtained using

correlation matrix of eleven parameters reveals that first

three components together account for 93.71 % of the total

explained variance. Therefore, principal component load-

ing is applied to get better correlation and clearly group the

parameters in physically significant components. Based on

the properties of the geomorphic parameters, three princi-

pal components were defined as drainage, slope or steep-

ness and shape components. One parameter each from the

significant components may form a set of independent

parameters at a time in modeling the hydrologic responses

such as runoff and sediment yield from small watersheds.

Keywords Geomorphic parameters � Principal

component analysis � GIS

Introduction

Watershed is an ideal unit for planning and management of

land and water resources (Gajbhiye et al. 2013). It is a

natural hydrological entity which allows surface runoff to a

defined channel, drain, stream or river at a particular point

(Chopra et al. 2005). Physiography, drainage, geomor-

phology, soil, land use/land cover are some of the param-

eters which play a significant role in watershed planning

(Javed et al. 2011). Watershed management involves proper

utilization of land, water, forest and soil resources. There-

fore, realistic assessment of the hydrological behavior of a

watershed is important to develop effective management

plan. There may be various considerations for the imple-

mentation of management programs in the few sub-water-

sheds only. It is always better to start management measures

from the most critical sub-watershed. Sediment yield from a

catchment is one of the main criteria to find most critical

sub-watershed to soil erosion. However, this criterion

requires for assessing continuous monitoring of sediment

samples at the catchment outlet. Such data are hardly

available in India for small watersheds. Although the sed-

iment yield from large basins can be obtained from such

observation, it is not possible to ascertain the vulnerability

to soil erosion of small watersheds within a basin. In the

absence of sediment yield data morphometric parameters

may be helpful in assessing most critical sub-watershed.

Morphometry is the measurement and mathematical

analysis of the configuration of the earth’s surface, shape

and dimensions of its landform (Clarke 1966). This ana-

lysis can be achieved through measurement of linear, aerial
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and relief aspects of basin and slope contributions. Mor-

phometric analysis of a basin can be better achieved

through a latest technology like RS (Remote Sensing) and

Geographical Information System (GIS) as conventional

measurement of these parameters is laborious and cum-

bersome. Many researchers have demonstrated the poten-

tial of RS and GIS technique for morphometric analysis of

watershed (Shrimali et al. 2001; Thakker and Dhiman

2007; Sharma et al. 2010).

The method of quantitative analysis of watershed was

developed by Horton (1945) and was further modified by

Strahler (1964). Sufficient works on the quantitative ana-

lysis of geomorphological parameters of watersheds have

been done in India and abroad (Ghose et al. 1969). How-

ever, a very little work on the interrelationship of mor-

phological parameters has been carried out. To determine

interrelationship of these geomorphological parameters is

very important to develop sediment yield regression mod-

els (Hydrological modeling). Statistical methods are

applied in a variety of fields in hydrological research.

Factor analysis is useful for interpreting morphometric

parameters and relating the same to specific hydrological

processes. Multivariate analysis is simply a collection of

procedures for analyzing the associations between two or

more sets of data that have been collected on each object in

one or more samples of object. Synder (1962) introduced

some solutions, possibilities of multivariate statistics in

hydrological modeling. Wong (1979) utilized a multivari-

ate statistical technique component analysis in analyzing

the effects of twelve basins and climatological parameters.

Wallis (1965) in discussion of multivariate statistical

methods in hydrology recommends, for multifactor

hydrological problems, the use of principle component

analysis with varimax rotation of the factor weight matrix.

Haan and Allen (1972), Decoursy and Deal (1974) have

also demonstrated the use of multiple regression analysis

for development of hydrological prediction equations

involving geomorphic parameters. Mishra and Satyanara-

yana (1988) carried out principal component analysis with

varimax rotation on ten geomorphic parameters at Damo-

dar Valley catchment of India and concluded that nine

parameters could be significantly grouped into three com-

ponents. Singh et al. (2009) carried out principal compo-

nent analysis to 13 geomorphic parameters collected for

sixteen watersheds of Chambel catchment of Rajasthan.

The parameters are grouped into three components.

Therefore, in this study an attempt has been made to

determine geomorphological parameters and to study the

intercorrelationship (multicollinearity) among variables to

screen out the less significant variables out of the analysis

and to arrange the remaining into physically significant

groups by applying principal component analysis for better

interpretability.

Materials and methods

The study area Kanhiya Nala watershed lies within the

Tons River catchment 80�3202400 to 80�3401200E longitude

and 24�060 to 24�1004800N latitude (Fig. 1) with elevation

ranges from 480 to 600 m above mean sea level and

extends a total area of 25.58 km2. The average annual

rainfall is 1,300 mm. The watershed is situated in Satna

and Panna district of Madhya Pradesh.

The Survey of India (SOI) toposheet number 63 D/12 on

1:50,000 scale was used to prepare a base map. The

satellite data of IRS-P6, LISS-III sensor with 23.5 m res-

olution was used in the present study to prepare updated

drainage map. False Color Composite (FCC) of study area

is presented in Fig. 2.

For generation of digital input maps, image processing

and digital analysis of data, Arc GIS 9.1 and ERDAS

Imagine 9.1 software are used in the present study. SPSS

14.0 is also used for statistical analysis.

Watershed delineation from the topological data

The topological information of the study area was digitized

from georeferenced SOI toposheets 63 D/12 using the

ArcGIS tools. The watershed boundary, sub-watershed

boundary, stream network and contours were digitized in

vector form to generate digital input maps. The drainage

was initially digitized from SOI toposheets and later

updated using IRS-P6 LISS-III Satellite data. The digitized

sub-watershed boundary, updated stream network and

contour lines were used for further geomorphological

analysis (Figs. 3, 4).

Geomorphic parameters

Geomorphologic characteristics play a vital role on the

hydrological response from a watershed, and therefore, a

number of parameters which signify the watershed charac-

teristics are evaluated from toposheets in GIS environment.

For the present study, entire catchment of the Kanhiya Nala

which is a tributary of Tons river of Madhya Pradesh, India

was discretized into eight sub-watersheds. The input

parameters for present study such as area, perimeter, stream

order, number of streams, stream length, elevation and basin

length were derived from digitized stream network and

contour map in GIS environment. The geomorphic param-

eters for the discretized watershed area were calculated using

formula suggested by Horton (1945), Strahler (1964),

Schumm (1956) and Miller (1953) given in Table 1.

Hypsometric analysis of drainage basin is carried out to

develop the relationship between horizontal cross-sectional

drainage basin area and the elevation. In analysis, a curve is

derived by plotting the relative height (h/H) and relative
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areas (a/A); the obtained curve is called as hypsometric

curve (Suresh 1997).The shape of hypsometric curve varies

in early geologic stages of development of the drainage

basin, but once a steady state is attained it tends to vary

little despite lowering relief (Kumar 1991; Suresh 1997).

Principal component analysis

The method of principal components or component ana-

lysis is based upon the early work of Pearson with specific

adaption to principal component analysis suggested by the

Hotelling (1933). The geomorphometric parameters are

usually many times correlated. The correlation indicates

that some of the information contained in one variable is

also contained in some of the other remaining variables.

More specifically, the first principal component is that

linear combination of the original variables which con-

tributes a maximum to their total variance; the second

principal component, uncorrelated with the first, contrib-

utes a maximum to the residual variance, and so on until

the total variance is analyzed. Since the method is so

dependent on the total variance of the original variables, it

Fig. 1 Location map of study area
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is most suitable when all the variables are measured in the

same units. Hence, it is customary to express the variables

in standard form, i.e., to select the unit of measurement for

each variables so that its sample variance is one. Then, the

analysis is made on the correlation matrix, with the total

variance equal to n. The objectives are achieved in three

steps:

Step 1 Calculate the correlation matrix, R.

Step 2 Calculate the principal component loading matrix

by principal component analysis.

Step 3 In the principal component (PC) Loading matrix,

eigen values greater than 1 indicates significant PC

loading.

Eigen value indicated how well each of the identified

factors fit the data from all the geomorphic parameters on

all the principal components.

1. Correlation matrix

The inter-correlation matrix of the geomorphic

parameters is obtained using the following procedure:

(a) The parameters are standardized

X ¼ xij � xj

� �
=Sj ð1Þ

where X denotes the matrix of standardized parameters, xij

ith observation on jth parameters, i 1…N (Number of

observation), j 1…P (Number of observation), xj mean of

Fig. 2 False Color Composite of Study area

Fig. 3 Stream network of study area

Fig. 4 Contour map of study area
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the jth parameters, Sj Standard deviation of the jth

parameters.

(b) The correlation matrix of parameters is the minor

product moment of the standardized predictor

measures divided by N and is given by

R ¼ x0 � xð Þ=N ð2Þ

where, x0 denotes the transpose of the standardized matrix

of predictor parameters

2. Principal component loading matrix

The principal component loading matrix which reflects

how much a particular parameter is correlated with

different factors, is obtained by premultiplying the

characteristics vector with square root of the charac-

teristics values of the correlation matrix.

Thus,

A ¼ Q � D0:5 ð3Þ

where A principal component loading matrix, Q character-

istics vector of the correlation matrix, D characteristics

value of the correlation matrix.

Result and discussion

Morphometric parameters of sub-watersheds were calcu-

lated in GIS environment and are presented in Table 2 and

computed geomorphometric parameters are presented in

Table 3.

The correlation matrix (Table 4) of 13 geomorphic

parameters reveals that strong correlations (correlation

coefficient more than 0.9) exist between bifurcation ratio,

form factor and elongation ratio, between drainage density

and length of overland flow, between circulatory ratio and

compactness coefficient, between form factor and elonga-

tion ratio and between relative relief and relief ratio. Also,

good correlation (correlation coefficient more than 0.75)

exists between bifurcation ratio, stream frequency and

ruggedness number, between texture ratio relief ratio and

hypsometric integral, between stream frequency form fac-

tor and elongation ratio, between circulatory ratio and

ruggedness number and between circulatory ratio and

ruggedness number. Some more moderately correlated

parameters exist (correlation coefficient more than 0.60)

between bifurcation ratio ruggedness number, between

drainage density and stream frequency, between texture

ratio form factor and elongation ratio, between stream

frequency and length of overland flow, between form factor

and circulatory ratio, between circulatory ratio and elon-

gation ratio, between relative relief and hypsometric inte-

gral and between relief ratio and hypsometric integral.

Table 1 Formula for computation of geomorphic parameters

Geomorphic
parameters

Formula Reference

Bifurcation ratio
(Rb)

Rb = Nu/Nu?1

where, Rb = Bifurcation ratio

Nu = Total number of stream of
segment of order u

Nu?1 = Total number of stream of
segment of next higher order

Schumm
(1956)

Drainage density
(Dd)

Dd = Lu/A

where, Dd = Drainage density

Lu = Total stream length of order u

A = Area of watershed

Horton
(1945)

Texture ratio (T) T = N1/P

where, T = Texture ratio

N1 = Total number of streams of first
order

P = Perimeter

Horton
(1945)

Stream
frequency (Fu)

Fu = Nu/A

where, Nu = Total number of streams
of all order

A = Area of watershed

Horton
(1945)

Circulatory ratio
(Rc)

Rc = 4P A/P2

where, Rc = Circulatory ratio

A = Area of watershed

P = Perimeter

Miller
(1953)

Form factor (Rf) Rf = A/Lb
2

where, Rf = Form factor

A = Area of watershed

Lb = Length of watershed

Horton
(1945)

Elongation ratio
(Re)

Re = (2/Lb)*(A/P)0.5

where, Re = Form factor

A = Area of basin

Lb = Length of basin

Schumn
(1956)

Length of
overland flow
(Lo)

Lo = � Dd

where, Lo = Length of overland flow

Dd = Drainage density

Relative relief
(Rr)

Rr = H/P

where, Rr = Relative relief

H = Maximum watershed relief

P = Perimeter of basin

Relief ratio (Rh) Rh = H/Lb

where, Rh = Relief ratio

H = Maximum watershed relief

Lb = Length of basin

Ruggedness
number (RN)

RN = H*Dd

where, RN = Ruggedness number

H = Maximum watershed relief

Dd = Drainage density

Compactness
Coefficient

Cc = 0.2821*A/P0.5

where, Cc = Compactness Coefficient

A = Area of basin

Dd = Drainage density
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It is very difficult at this stage to group the parameters

into components and attach any physical significance.

Hence, in the next, the principal component analysis has

been applied. The correlation matrix is subjected to the

principal component analysis.

The principal component loading matrix obtained from

correlation matrix (Table 5) reveals that the first three

components whose eigen values are greater than 1, together

account for about 91.458 % of the total explained variance.

The first component is strongly correlated (loading of more

than 0.90) with circulatory ratio and compactness coeffi-

cient and moderately correlated (loading of more than

0.60) with form factor and elongation ratio, which may be

termed as shape component. The second component is

strongly correlated with relief ratio and ruggedness number

and good correlated (loading of more than 0.80) which may

Table 2 Sub-watershed wise input geomorphic parameters

Sub-watershed

No.

Area

(km2)

Perimeter

(km)

Length of basin

(km)

Total No. of

stream

Total stream length

(km)

Max. elevation

(m)

Min. elevation

(m)

1 5.54 9.35 3.47 22 13.26 600 560

2 0.77 3.84 1.13 7 3.01 600 560

3 0.93 4.62 1.26 7 2.47 580 540

4 2.61 8.10 2.26 17 9.09 600 540

5 1.99 6.85 1.94 10 6.59 600 520

6 1.09 5.53 1.38 7 2.91 580 500

7 0.89 3.92 1.23 8 3.24 560 540

8 11.96 27.38 5.37 48 34.33 600 480

Table 3 Sub-watershed wise computed geomorphic parameters

Sub-watershed No. Rb Dd T Fu Rc Rf Re Lo Rr Rh RN Cc Hsi

1 4.13 2.39 1.82 3.97 0.80 0.46 0.77 0.209 0.004 0.012 0.096 1.121 0.39

2 2.00 3.93 1.04 9.14 0.65 0.60 0.88 0.127 0.010 0.035 0.157 1.237 0.52

3 2.00 2.64 0.87 7.49 0.55 0.59 0.86 0.189 0.009 0.032 0.106 1.347 0.59

4 4.50 3.48 1.73 6.51 0.50 0.51 0.81 0.144 0.007 0.027 0.209 1.413 0.54

5 4.50 3.32 1.17 5.03 0.53 0.53 0.82 0.151 0.012 0.041 0.265 1.372 0.52

6 2.00 2.68 0.72 6.44 0.45 0.57 0.86 0.187 0.014 0.058 0.214 1.496 0.68

7 2.25 3.62 1.28 8.96 0.73 0.59 0.87 0.138 0.005 0.016 0.072 1.169 0.59

8 7.13 2.87 1.31 4.01 0.20 0.41 0.83 0.174 0.004 0.022 0.345 2.234 0.52

Table 4 Inter-correlation matrix of 13 geomorphic parameters

Parameters Rb Dd T Sf Rc Rf Cc Re Rr Rh RN Lo Hsi

Rb 1.000 -0.179 0.531 -0.782 -0.590 -0.931 0.726 -0.932 -0.484 -0.351 0.734 0.125 -0.472

Dd -0.179 1.000 -0.009 0.659 0.150 0.440 -0.200 0.438 0.103 0.011 -0.013 -0.992 0.107

T 0.531 -0.009 1.000 -0.423 0.267 -0.628 -0.103 -0.618 -0.717 -0.763 -0.072 0.039 -0.772

Sf -0.782 0.659 -0.423 1.000 0.381 0.888 -0.476 0.882 0.241 0.142 -0.543 -0.626 0.485

Rc -0.590 0.150 0.267 0.381 1.000 0.430 -0.944 0.438 -0.132 -0.350 -0.883 -0.054 -0.345

Rf -0.931 0.440 -0.628 0.888 0.430 1.000 -0.609 0.988 0.567 0.442 -0.553 -0.413 0.588

Cc 0.726 -0.200 -0.103 -0.476 -0.944 -0.609 1.000 -0.621 -0.141 0.089 0.846 0.121 0.136

Re -0.932 0.438 -0.618 0.882 0.438 0.988 -0.621 1.000 0.573 0.445 -0.555 -0.412 0.584

Rr -0.484 0.103 -0.717 0.241 -0.132 0.567 -0.141 0.573 1.000 0.969 0.180 -0.125 0.600

Rh -0.351 0.011 -0.763 0.142 -0.350 0.442 0.089 0.445 0.969 1.000 0.344 -0.052 0.684

RN 0.734 -0.013 -0.072 -0.543 -0.883 -0.553 0.846 -0.555 0.180 0.344 1.000 -0.070 0.069

Lo 0.125 -0.992 0.039 -0.626 -0.054 -0.413 0.121 -0.412 -0.125 -0.052 -0.070 1.000 -0.170

Hsi -0.472 0.107 -0.772 0.485 -0.345 0.588 0.136 0.584 0.600 0.684 0.069 -0.170 1.000
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be termed as slope or steepness component. Third com-

ponent is strongly correlated with drainage density and

length of overland flow, good correlation with bifurcation

ratio and moderately correlated with stream frequency. It is

evident from these results that some of the parameters are

highly correlated with some of the components but the

parameters texture ratio and hypsometric integral could not

be grouped with any of the component because of their

poor correlation with them.

To screen out parameters having less significance in

explaining the component variance, parameters texture

ratio and hypsometric integral are screened out from ana-

lysis. Then correlation matrix and principal component

matrix are obtained for eleven parameters.

The principal component loading matrix obtained using

the correlation matrix of eleven parameters (Table 6)

reveals that the first three components now together

accounts for 94.491 % of the total explained variance

showing an increase of about 3.033 %.

The principal component loading here also improved

considerably in almost all significant parameters. The cir-

culatory ratio and compactness coefficient have strong

correlation (loadings of more than 0.90) with the first

component. The elongation ratio and form factor have

moderate correlation (loadings of more than 0.60) with first

component. The relative relief, relief ratio and ruggedness

number have strong correlation with the second compo-

nent. The bifurcation ratio, drainage density and length of

overland flow have strong correlation (loadings of more

than 0.90) with third component. The stream frequency has

moderate correlation (loadings of more than 0.60) with

third component.

It is observed that the first component is strongly cor-

related with circulatory ratio and compactness coefficient

and good correlation with ruggedness number which is

grouped under shape component. The second component

has strong correlation with relative relief, relief ratio and

ruggedness number and termed as slope or steepness

component. The third component has strong correlation

with bifurcation ratio, drainage density and length of

overland flow and moderate correlation with stream fre-

quency hence is called as drainage component.

It can be seen how useful the principal component

analysis has been in screening out the parameters or vari-

ables of least significance and regrouping the remaining

variables into the physically significant factors. Multiple

regression technique can then be applied in modeling the

hydrological responses such as surface runoff and sediment

yields from the watersheds. One parameter each from the

significant components may form a set of independent

parameters at a time in modeling the said hydrologic

responses.

Conclusion

In the present study, 13 geomorphic parameters were

evaluated for eight discretized sub-watersheds of Kanhiya

watershed located in part of Panna and Satna district of

Madhya Pradesh, India for principal component analysis.

Table 5 Principal component loading matrix of 13 geomorphic

parameters

Parameters Component

1 2 3

Rb -0.117 -0.540 -0.825

Dd 0.082 0.005 0.987

T -0.029 -0.524 -0.019

Sf 0.577 0.369 0.656

Rc 0.920 -0.296 0.044

Rf 0.665 0.527 0.396

Cc -0.935 0.051 -0.088

Re 0.670 0.525 0.392

Rr 0.036 0.883 0.037

Rh -0.158 0.924 -0.025

RN 0.136 -0.968 0.038

Lo 0.003 -0.045 -0.991

Hsi -0.028 0.556 0.160

Eigen value 6.186 3.641 2.062

% of Total Factor Co variance 47.583 28.010 15.864

Cumulative % of Total Factor Co

variance

47.583 75.594 91.458

Table 6 Principal component loading matrix of eleven finally

screened out geomorphic parameters

Parameters Component

1 2 3

Rb -0.148 -0.532 0.816

Dd -0.061 0.009 0.983

Sf -0.527 0.299 0.684

Rc -0.914 -0.227 0.042

Rf -0.651 0.504 0.429

Cc 0.920 -0.040 -0.088

Re -0.656 0.506 0.424

Rr -0.002 0.964 0.053

Rh 0.186 0.973 -0.007

RN 0.151 0.978 0.024

Lo -0.023 -0.039 -0.988

Eigen value 5.704 2.724 1.966

% of Total Factor Co variance 51.852 24.767 17.872

Cumulative % of Total Factor Co

variance

51.852 76.619 94.491
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The correlation matrix of the 13 geomorphic parameters

revealed that strong correlations (correlation coefficient

more than 0.9) exist between bifurcation ratio, form factor

and elongation ratio, between drainage density and length

of over land flow, between circulatory ratio and compact-

ness coefficient, between form factor and elongation ratio

and between relative relief and relief ratio. The principal

component loading matrix obtained from correlation

matrix reveals that first three components whose eigen

values are greater than 1, together accounts for about

91.458 of the total explained variance. Based on the results

of the principal component analysis, first component is

strongly correlated with circulatory ratio and compactness

coefficient. The second component is strongly correlated

with relief ratio and ruggedness number. However, third

component is strongly correlated with drainage density and

length of overland flow. The texture ratio and hypsometric

integral could not be grouped with any of the component

because of their poor correlation with them. After screen-

ing out these parameters, the principal component loading

matrix of eleven parameters indicates that first three

components together account for 94.491 % of the total

explained variance. Based on the properties of the geo-

morphic parameters, three principal components were

defined as drainage, slope or steepness and shape compo-

nents. One parameter each from the significant components

may form a set of independent parameters at a time in

modeling the hydrologic responses such as runoff and

sediment yield from small watersheds. The principal

component analysis is a good tool for screening out the

insignificant parameters from the analysis.

Open Access This article is distributed under the terms of the
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tribution, and reproduction in any medium, provided the original
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