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Abstract

River responses to endogenic perturbations and
climatic attributes lead to the morphological
development of basins, the quantification of
whose terrain facets to decipher the ambient
process-response mechanisms has long been an
important aspect of geomorphological studies.
The availability of newer, higher resolution
datasets, however, entail that past exercises in
this domain be looked at anew, in terms of the
greater sensitivity and diversity of information
that can now be extracted/collated. Here, we
combine classical and modern morphometric
methods to examine the terrain characteristics
of the Kharkai River Basin in eastern India,
with this basin chosen for its diversity of
landforms and human activities. While tradi-
tional methods have been based on eliciting
terrain information from topographical maps,
we use a higher resolution Digital Elevation
Model (DEM) to extract such attributes. The
stream network was derived using flow-routing

and flow accumulation algorithms and a net of
1 km � 1 km grids was overlain on the DEM
to compute various morphometric parameters.
These were combined using Principal Compo-
nent Analysis to demarcate distinct
physiographic/landscape entities, in conjunc-
tion with the corresponding lithological and
soil attributes of the area. Multi-temporal land
cover and land use layers extracted from
Landsat datasets were overlain on the extracted
terrain units to estimate changes in the same
across different landscape types. The demar-
cated terrain units strongly correlated with the
lithology, as expected, and this also controlled
local slope and drainage development. More
rugged locales had greater vegetation cover but
were also threatened by deforestation due to
agricultural expansion and mining.
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6.1 Introduction

The term ‘Morphometry’ was initially adopted by
De Martonne (1934), and ‘morphometric meth-
ods’ encapsulate the numerical characterization of
different landform/landscape attributes/elements
as enumerated from digital elevation datasets or
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from topographical maps. Morphometry, then is
widely considered as the mathematical measure-
ment of the Earth’s surface together with the
shape, dimension and distribution of its con-
stituent landforms (Clarke 1996; Agarwal 1998;
Obi Reddy et al. 2002; Vaidya et al. 2013; Singh
et al. 2014; Asfaw et al. 2019). This provides the
basis for ‘quantitative geomorphology’ and as
such can be viewed as the means of creating a
‘census handbook of the landform’with a purpose
to provide an empirical description of its inherent
characteristics without delving into or trying to
formulate a hypothesis of its origin. The main
aspects of the landform features which provide the
differentiating characteristics and which can be
studied from a topographical map are (Hammond
1954)—the area (surface arrangement), altitude,
relief and volume (horizontal dimension) and the
slope (deviation of the surface from the horizon-
tal). All these individual elements, along with the
overall different aspects of the drainage basin
within which they are situated, are investigated in
morphometric examinations and terrain analysis.

The eventual aim of these analyses is terrain
characterization leading to terrain modelling (Patel
and Sarkar 2010), not only to decipher just the
general surface attributes but also garnered towards
any type of geo-applications. Investigating such
indicators helps reveal the geo-hydro morphological
functioning of drainage basins (Horton 1945; Evans
1972, 1984), which encapsulates ambient factors
like climate, topography (Strahler 1952, 1964;
Chorley et al. 1984), structure (Shreve 1969; Mer-
ritts and Vincent 1989; Oguchi 1997), tectonics and
its geomorphology (Mueller 1968; Ohmori 1993;
Cox 1994; Burrough and McDonnell 1998; Hurtrez
et al. 1999). Hence, such attributes are crucial fac-
tors in gauging landscape evolution (Goodbred
2003; Das et al. 2018a) and profoundly impact the
basin network (Zhang 2005; Das et al. 2018b)
developed within a watershed. The combined
assessment of these characteristics successfully
mirror the overall denudational evolution of a
locale (Patel et al. 2021). Thus, any landscape is
readily explainable with the help of morphometry,
in terms of architectural unevenness and watershed
characteristics, that together with the underlying

hydro-geological processes have been operative in
creating the present landforms (Horton 1932; Smith
1958; Miller 1953; Soni 2017; Gizachew and Ber-
han 2018; Asfaw et al. 2019), and in enabling soil
erosion and other surficial processes (Khare et al.
2014; Asfaw et al. 2019).

Thus geomorphometry intertwines principles
from mathematics, computer science and earth
system analysis (or simple morphometry). This
field has been revolutionized by geocomputational
advances over the last three decades and the greater
development and availability of coarser and higher
resolution digital elevation models (DEMs)
(Maune 2001). Morphometric exercises are now
largely undertaken through various geographic
information systems (GIS) or dedicated software
suites. Newer remotely sensed datasets and rele-
vant methods have simplified terrain and hydro-
morphometric analyses of drainage basins from
DEMs (Jensen 1991; Wise 2000; Aparna et al.
2015; Patel 2013; Patel et al. 2016; Gutema et al.
2017; Gizachew and Berhan 2018; Kabite and
Gessesse 2018; Afsaw et al. 2019). Harinath and
Raghu (2013) have further explained how in situ
methods of landscape and terrain evaluation are
laborious, time consuming and capital intensive,
while geomorphometric analysis provides far
easier evaluative measures of drainage basins.

However, continuously representative sur-
faces are hard to characterize using traditional
measures and newer various parameters have
been framed to enumerate terrain facets that older
measures may fail to describe. Two such meth-
ods are the ‘terrain fabric’ (Guth 2001) and the
surface ‘openness’ (Yokoyama 2002) parame-
ters. Terrain fabric characterization is the proba-
bility that a surface is organized as linear ridges
rather than as isotropic topography, while open-
ness reveals the dominance of exposure over
enclosure of a site. Yet many computed variables
are similar in nature, e.g. the hypsometric inte-
gral and elevation skewness parameters are quite
similar (Pike 2001). Currently, DEM analysis
could be best termed as ‘a modern, analytical,
cartographic approach to represent the bare-earth
topography by the computer manipulation of
terrain heights’ (Tobler 2000).
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Landscape interlinkages form the basic foun-
dation of the economy in most developing coun-
tries, encapsulated by its water and land attributes
(Chattopadhyay and Carpenter 1990). Surface
drainage characteristics have been quantified and
mapped worldwide, mostly employing traditional
methods (e.g. Horton 1945; Morrisawa 1959;
Langbein and Leopold 1964; Strahler 1954, 1957,
1964). Such analyses have aimed to assess drai-
nage properties by measuring various channel
network aspects, e.g. stream ordering, watershed
area and perimeter extents, drainage length, den-
sity and frequency, bifurcation and texture ratios
(Kumar et al. 2000), to mention but a few. For
such quantitative characterization of a watershed,
measurements of linear/areal aspects, stream gra-
dients and valley slopes are required (Kumar et al.
2000; Nag and Chakraborty 2003; Krishnamurthy
1996; Vijith and Satheesh 2006). These analyses
help reveal the ambient drainage character and its
interactions with the local topography (Obi Reddy
et al. 2002, 2004; Sutradhar 2020).

The underlying geology, exogenic and endo-
genic processes and major climatic alterations
profoundly influence drainage network develop-
ment (Ghosh 2016), the genesis and morphology
of landforms, soil properties and the alterations
in present-day land use and land cover due to
both natural and anthropogenic stimuli, causing
degradation (Subhramanyan 1981; Javed et al.
2009, 2011; Altaf et al. 2014; Islam and Barman
2020). Morphometric aspects are thus used in
various catchment-based assessments like terrain
analysis (Patel and Sarkar 2010), delineation of
geomorphological features, quantitative geo-
morphology and watershed prioritization (Sarkar
and Patel 2011, 2012).

The novelty of this research is its combining
of traditional and the modern morphometric
techniques to bridge the remaining gaps found
across the literatures that either use the newer or
the more conventional morphometric techniques
to explain river basin landscapes. This work
underlines the multi-temporal alterations
observed along different topographic classes
occurring over various morphogenetic regions

using statistical measure like factor score, which
helps to decipher a new comparative way of
investigating and comprehending the river basin
landscape. This in turn will also help to identify
those areas in urgent need of attention in terms of
effectuating proper land and water preservation
exercises.

The major objectives of the present research
thus include extraction and exploration of the
structural properties of the Kharkai River basin,
underlining its terrain aspects using conventional
grid-based morphometry and more recent GIS-
based automated algorithms. The second objec-
tive is to understand the relation between the
geomorphometric parameters using statistical
measures like Principal Component Analysis
(PCA) to delineate distinct terrain units present
within the basin, highlighting their erodibility
and validating the results obtained from geo-
morphometric evaluation. The final objective is
to bring out the multi-temporal changes occur-
ring within the river basin by detecting the land
use and land cover (LULC) alterations across the
past thirty years, which would help pinpoint
areas that need attention for implementing land
and water conservation practices.

6.2 Materials and Methods

6.2.1 Database

The methodology followed in this study requires
diverse datasets from four main sources—the
remotely sensed SRTM DEM (Shuttle Radar
Topographic Mission Digital Elevation Model)
tiles and the LANDSAT imageries of the study
area from the Earth Explorer repository of the
USGS (United States Geological Survey)
(https://earthexplorer.usgs.gov/); Survey of India
topographical maps for corroboration of river
basin outline and DEM-extracted stream net-
work; and finally geology, lithology and geo-
morphology maps from the Geological Survey of
India quadrangles. Table 6.1 lists the data types
and their respective sources in detail.
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6.2.2 Data Analysis

The analysis undertaken was to primarily extract
the terrain information on various GIS platforms
like MapInfo Professional GIS and ArcMap 10.3,
while other allied mapping and statistical soft-
ware like Whitebox GAT-3.4, SAGA GIS 7.5
and IBM SPSS-23 were used for creating the
geo-database. Terrain aspects and drainage net-
works were demarcated and extracted and then
the attribute data pertaining to the stream and
basin parameters were attached accordingly to
generate the required database for producing
the maps. Three-dimensional (3-D) surfaces of
relevant geomorphic parameters of the basin
were subsequently generated and the respective
isopleth maps prepared. Map overlays were done
to show spatial relations between different attri-
butes. The empirical relationships derived
between the various morphometric variables—
liner, areal, relief attributes enabled terrain clas-
sification for demarcating distinct physiographic
units within the basin using PCA-based factor
analysis and hierarchical clustering. These were
validated and correlated with the existent LULC
types and patterns.

6.2.3 Extraction of Morphometric
Parameters

Following conventional practice, the entire river
basin was covered by grids of 1 km � 1 km
dimension for extraction of the morphometric
attributes for each grid and this starts with the
visual analysis of the DEM surface to distinguish
various relief features (Patel 2012). This was
followed by the correlation of the ascertained
relief features with the basin geology by draping
the litho-cover map over the DEM surface and
the generation of contours at 10 m interval. The
extraction of stream networks using the D8
method of flow routing and flow accumulation
methods then followed, with this eliciting a more
denser river network than is usually obtainable
from topographical maps (Patel and Sarkar 2009;
Das et al. 2016). The grid-wise extraction of
various morphometric parameters like maximum
grid elevation, mean grid elevation, relative
relief, average slope, dissection index, stream
frequency, hypsometric integral surrogate, drai-
nage density and texture and ruggedness index
was done subsequently. Through interpolation of
the extracted parameter values from the centroid

Table 6.1 Enumerated list of parameters in the present study

Sl.
No

Parameters Data
type

Data source Scale/resolution Time
period

1. Elevation,
Terrain &
Drainage

Raster SRTM DEM (USGS), version 3.0 30 m September,
2014

2. Topography &
Kharkai River
Channel

Line and
polygon
coverage

Survey of India Topographical Maps,
Sheet Numbers—73F/5, F/6, F/7, F/9,
F/10, F/11, F/12, F/13, F/14, F/15,
F/16; 73 J/2, J/3, J/4, J/7, J/8; 73 K/1
and K/5

1:50,000 2006

3. Geology &
Lithology

Polygon
coverage

Geological Survey of India
Quadrangles

1:250,000 2006

4. Geomorphology Polygon
coverage

Geological Survey of India
Quadrangles

1:250,000 2006

5. Land use &
Land cover

Raster Landsat TM 4–5 C-1 Level-1 and
Landsat 8 OLI/TIRS C1 Level 1;
Paths/Rows: 140−44 & 140−45

30 m December,
1990 &
April, 2020
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of each morphometric grid using triangulation
technique- inverse distance weighted (IDW), the
respective isoline maps were generated. Com-
putation of numbers of grids and amount of basin
area falling under the respective iso-zones in
each isoline map generated above led to the
preparation of frequency or percentage area his-
tograms on this basis. The other terrain mor-
phometric parameters such as terrain surface
texture, terrain surface convexity, topographical
wetness index and topographical position index
were calculated based on automated algorithms
which are already coded in a GIS environment
and can thus be extracted directly from the input
DEM tiles. Brief explanations of the enumerated
parameters are as follows:

• Mean elevation: The average altitude within
each grid is recorded on the basis of enu-
meration of all the DEM pixels falling within
it.

• Relative relief: Considered as the ‘amplitude
of available relief’ or ‘local relief’, it is the
elevation difference between the lowest and
highest points in an areal unit (Smith 1935).

• Average slope: Slopes (the angular terrain
inclinations between the ridge crest and valley
bottom) result from the combination of the
local geological structure, absolute/relative
relief, vegetation cover, climate, drainage
and degree of dissection. It is a vector quantity
and Wentworth (1930) put forward a method
for the calculation of the average slope of an
area (in degrees). In this method, however, the
counting of contour crossings does not strictly
take into account the nature of the gradient
since the same contour may cut a grid on
numerous occasions and thus a higher slope
value will be obtained which is not actually
the case. Furthermore, the sensitivity of the
derived slope value is dependent on the con-
tour interval and the smaller the contour
interval, the better minor gradient changes can
be enumerated.

• Dissection index: It is the ratio of the relative
relief and the highest elevation in a grid, and
indicates the dissection/magnitude of a terrain.
‘It takes into account the dynamic potential

state of the area as well, i.e., the ratio between
relative relief (relief energy) and the perpen-
dicular distance from the erosion base’ (Miller
1953; Nir 1957). The classification of the
dissection index values is as follows (modified
from Kumar and Pandey 1982): less dissected
(below 0.1), medium dissected (0.1–0.3),
much dissected (0.3–0.6), highly dissected
(above 0.6). The values for the dissection
index so derived vary between 0 (when the
entire depth of altitude is dissected) and 1
(where minimum altitude is equal to the
maximum altitude—no dissection has taken
place). It reveals gently rolling uplands and
dissections in mountainous areas particularly
(Pal 1972). This index can be indicative of the
erosional cycle stage, with old, mature and
young stages related to dissection values.

• Hypsometry surrogate: The grid-wise Hyp-
sometric Integral (HI) was computed across
the basin surface as proposed by Pike and
Wilson (1971).

• Terrain Surface Texture: Terrain textures
consider relief (Z factor) and spacing (X, Y
factors), which represent measures of spatial
intricacy per unit area, incorporating the
drainage density and slope curvature. This
measure highlights the ‘fine-versus coarse
expression of topographic spacing’, i.e. the
‘grain’ (Ayalew and Yamagishi 2004; Iwa-
hashi and Pike 2007), and was earlier referred
to as ‘frequency of valleys and ridges’ or
‘roughness’ (Iwahashi 1994; Iwahashi and
Kamiya 1995; Iwahashi et al. 2001).

• Terrain Surface Convexity: For automatic
classification of a high gradient topography,
slope gradient and surface texture of the
topography play a combinational and funda-
mental role, but are inadequate to classify low
relief features, for instance, segregating older
river terraces from the younger ones. So in
order to better demarcate these, the local con-
vexity or positive surface curvature was uti-
lized by Iwahashi and Pike (2007). It is
commonly seen that low surface convexity
conforms to broad valleys and mountain foot
slopes, while higher values are typically asso-
ciated features like alluvial fans or terraces.
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• Topographical Wetness Index: The TWI
parameter measures the relief effect on the
generation of runoff (O’Loughlin 1986) and
thereby approximates surface saturation zones
(Beven and Kirkby 1979; Barling et al. 1994).
Similar TWI value zones are likely to behave
in a similar hydrological manner when pre-
cipitation occurs, if the other ambient condi-
tions match (Qin et al. 2011). The TWI
depends on the algorithms used to compute
the upslope contributing area and the slope
gradient (Qin et al. 2009).

• Topographical Position Index: The TPI
parameter (Guisan et al. 1999) is an automated
algorithm meant for measuring topographic
slope positions and enable landform classifi-
cation. It has been used in geology (Mora-
Vallejo et al. 2008; Deumlich et al. 2010; Illés
et al. 2011), geomorphology (Tagil and Jen-
ness 2008; Liu et al. 2009; McGarigal et al.
2009; De Reu et al. 2013), hydrology (Less-
chen et al. 2007; Francés and Lubczynski
2011; Liu et al. 2011) and many more to such
allied branches and quantifies the elevation
difference of a central point and the mean
elevation within a predetermined radius from
it (Gallant and Wilson 2000; Weiss 2000,
2001). Positive TPI values are discerned for
central point that are located above their sur-
roundings, and negative values indicate lower
topographic positions. The TPI range thus
depends on the predetermined radius and
elevation difference (e.g. Grohmann and Ric-
comini 2009). Higher predetermined radius
values usually denote major landforms while
lower values correspond to minor valleys and
ridges (De Reu et al. 2013).

• Stream frequency: It denotes the total number
of streams flowing per unit area (Horton 1945)
and is closely related with the drainage den-
sity, and the various parameters that influence
drainage density. It is indicative of the nature
of runoff in an area, giving insights into the
overland flow length and channel spacing. To
compute it, all drainage lines were clipped
using each morphometric grid and the number
of channel segments lying within each grid
were counted. The sum of the length of each

of these drainage lines is later used while
computing the grid-wise drainage density.

• Drainage density: Horton (1945) enumerated
this as the ratio of the sum of all stream
lengths within the basin to its total area. As a
principal component of the landscape that
could be investigated using maps and aerial
photographs, drainage density has been the
subject of numerous studies with the under-
lying belief being that if the numerous inde-
pendent variables that control drainage
density could be quantitatively related to it,
the results would be of great academic interest
and practical value (Schumm 1956; Lin and
Oguchi 2004). Thus, it is an important vari-
able that has been related to climate change
(Rodgriguez-Iturbe and Escobar 1982;
Moglen et al. 1998), slope failure (Oguchi
1997), hillslope processes (Tucker 1998),
stream flow (Dingman 1978; Carlston 1966),
flood peaks (Pallard et al. 2009; Ogden et al.
2011), mean annual discharge and sediment
yields (Branson and Owen 1970; Wasson
1994; Binger et al. 1997; Biswas et al. 1999).
It has also been used to detect variations of
rock types and structure by photo-geologists
to document the stage of erosional evolution
of a drainage system and in land reclamation
studies.

• Drainage texture: Postulated by Smith
(1950), it is obtained by multiplying the stream
frequency and drainage density parameters,
and is indicative of the mesh of drainage lines
that have developed over a surface. Thus
indirectly, it also points towards the lithologi-
cal, structural, pedological and climatic set up
of an area. The scale of drainage texture after
Pal (1972) is coarse (<4), intermediate (4–10),
fine (10–50) and ultrafine (>50).

• Ruggedness index: It is a parameter used to
describe how rugged the terrain is (Horton
1945), with terrain ruggedness being a feature
of areas having high relief variations as a
result of dissection sub-aerial denudational
processes. The more dissected the topography,
the more rugged it appears, being a combined
expression of relief, texture and slope
steepness.
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6.3 Study Area

6.3.1 River Course and Basin
Physiography

The Kharkai River flows due NNE (north north-
east) and then NNW (north north-west) for a
distance of 63 km from its source in the
Bamanghati–Kolhan upland area through the
Singhbhum plain, before the river takes a sharp
turn due east within the Achaean terrain of
southern Singhbhum that includes areas of
Jharkhand and Odisha (Fig. 6.1). The Kharkai
follows a roughly east north-east (ENE) course
till it confluences with the Subarnarekha, its
trunk stream, at Adityapur near Jamshedpur in
Saraikela-Kharsawan district of Jharkhand
(Fig. 6.1). The river basin covers approximately

6255.75 sq.km. and has a perimeter of about
774.05 km.

The Kharkai, with a width of 15 to 30 m, has a
meandering course and a steep gradient for the
first 40 km of its course and a relatively steeper
gradient between the 350 and 225 m contours,
situated mainly within the iron ore series of rocks.
Part of the gentle gradient section is found in the
NNW course and the rest is in the eastern course
on either side of the abrupt right-angled turn in the
Kharkai River beyond Chaibasa. The upper
reaches are marked by meandering index (mean)
of 1.3 with a mean gradient 1:30 and 1:350 for the
southern and northern segments, respectively.

This Kharkai Basin mostly covers the south-
western part of Subarnarekha basin, and geo-
morphologically it consists of a several distinct
planation surfaces at varying altitudes (Fig. 6.2).

Fig. 6.1 Location of the Kharkai River Basin
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The elevation is between 960 and 130 m,
respectively, with the altitude range being
830 m. The highest surface is along the southern

rim built up by the Bamanghati–Kolhan upland
and the northern Porahat hill formations. This
rises to over 600 m. above sea level, within

Fig. 6.2 Digital elevation model of the Kharkai River Basin, showing the elevation distribution and representative
surface profiles with major planation surfaces
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which the river's meandering index varies from
1.2 to 1.38 and mean gradient is 1:30. This
ridgeline actually forms the water divide in
between the Koel (South), Baitarani and Sub-
arnarekha drainage systems. The second surface
within which the river has a meandering index
from 1.2 to 1.38 and mean gradient less than
1:350, lies below an average altitude of 600 m. It
is an extensive belt stretching in an irregular
manner, thus fencing the basin in its north, west
and southern part in a striking way. This planation
surface rises to above 300 m and corresponds
mostly to the iron ore series and Singhbhum
granite formations (Mukhopadhyay 1980).

6.3.2 Climatic Attributes and Soil
Cover

This river basin has a tropical monsoon climatic
regime with alternate dry and wet seasons (Singh
1975). The hot weather commences in March
and temperatures rise sharply till May, when the
mean monthly temperature is between 29 and
32 °C. During the summer southwest monsoon
(June−October), the rainfall received is between
100 and 150 cms, which is almost 90% of the
total. Since, the Kharkai is seasonal, its discharge
is highest during July–August, with a strongly
leptokurtic hydrograph. January has the lowest
temperatures (mean of around 16.4 °C).

The soil cover varies according to the parent
rock and mostly contains high ferric oxide and
bauxite, which tinges them red. A mixture of
lateritic, black and red soils is predomi-
nantly found over the area. These soils range from
laterite and lateritic soils on the high plateau sur-
faces in the north along Dalbhum and in the south
around Simlipal (Singh 1975). Yellow grey loams
and black and brown soils are found within valley
floors or in predominantly lowland areas along the
trunk stream of Kharkai and its major tributaries.
The tertiary soils contain gravel and grit with high
alluvial content at Adityapur where the Kharkai
meets the Subarnarekha. Loams of reddish yellow
variety are found here with marked lateritic forma-
tions due to intense leaching by pluvial events,
which are eroded and reworked by the initial stream

orders that dissect the river basin. Admixture of
kaolin, siliceous matter and potash makes the soils
here wet and sticky, retaining moisture for a long
time but which become hard and friable when dry.

6.3.3 Basin Lithology

The area is principally underlain by Precambrian
igneous and metamorphic rocks (Fig. 6.3a). Some
sedimentary rocks are found along the courses of
the main channels and there are some laterite
patches in the area. The majority of the exposed
rocks are granitoids, which are often weathered
and fractured and have gneissic banding. Besides
these, amphibolite and metabasics intrusions
occur within the granitoid mass. The basin also
contains a great variety of sheared and foliated
formations since it is situated along and close to
some major shear zones and fault lines that have
created great contortions in the surface topogra-
phy, forming twisted linear ridges (Mahadevan
2002). The sedimentaries usually occupy higher
elevations, overlying the basics and metamorphics
below. The sheared rocks are of many varieties
and show different stages of prograding meta-
morphism, with the presence of micas, phyllites,
schists, migmatites and gneiss.

The entire basin area may broadly be divided
into two broad geological provinces though even
within these two major divisions, there are the
occasional patches of rocks of a differing char-
acter (Fig. 6.3b). This first group comprises
Achaeans of granite and gneiss and such meta-
igneous rocks, in the central and southern part of
the basin. The second group is an amalgamation
of sheared, heavily contorted and foliated rocks
belonging to the schist and phyllite group (cen-
tering around large formations of quartzites) that
are cut and intruded into by many formations of
amphiboles and pyroxenes in the northern to
central portion of the basin. This group shows a
wider variety of lithological variations than the
first one that is largely uniform, except where
intruded into by amphiboles and epidiorites in
the extreme south, along linear narrow ridges.
All formations are intruded by pegmatites and
quartz veins in lineament swarms.
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6.3.4 Basin Geomorphology

The plateau landscape is heavily eroded by the
drainage network of the Kharkai and its major
tributaries. The pediment-pediplain complex
comprises almost 70% of the basin landscape
(Fig. 6.3c). Next is the moderately dissected
denudational hills and valleys along the edges of
the river basin which account for 16.5% of the
landscape while moderately dissected structural
hills and valleys comprise the higher elevations
and form 8.5% and are the source regions of
most streams. Only 1% of the basin geomorphic
constituents is comprised of highly dissected

structural hills and the smaller geomorphic units
are very localized, contributing less than 1% of
the landscape.

6.4 Results and Discussions

6.4.1 Enumerated Morphometric
Parameters

Morphometric parameters consider variations
in terrain attributes (shape/shape/alignment) and
there are several parameters that reveal the
varying aspects of the spatial geometry of the

Fig. 6.3 Landscape attributes- a Detailed lithological units, b Broad lithological groups, and c Geomorphological units
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landscape, each with their own benefits and
weaknesses. The quantitative interpretation of the
Kharkai River Basin using morphometric tech-
niques provides a standardized scale of mea-
surement and comparison of its various aspects.
The statistical and graphical methods deal mainly
with the relationship of the basin area to each
surface attribute and their cartographical repre-
sentation portrays the total character of the
landscape. The type of morphometry, their
method of extraction, individual formulae and

description used to discuss each of them are
presented in detail (Table 6.2).

The highest mean elevation zones are found
along the extreme northern, north-western, south-
eastern and eastern edges of the basin where it
ranges between 750 and 800 m (Fig. 6.4a). The
lowest values of 50−150 m abound around the
confluence zone of the two major streams in the
north-eastern section. Mostly, the mean elevation
ranges between 150 and 200 m and comprises
the entire central zone of the basin. Numerous

Table 6.2 Morphometric parameters used for terrain analysis of the Kharkai River Basin

Parameter
type

Morphometry
base

Morphometric
parameters

Enumeration References

Terrain Grid Mean
elevation

Average elevation of the river basin

Relative relief Maximum Elevation—Minimum Elevation Smith
(1935)

Average slope tan−1 ((N * CI)/636.6)
(N = Average no. of contour crossings in
each grid, CI = Contour Interval and 636.6 is
a constant)

Wentworth
(1930)

Dissection
index

Relative Relief/Absolute Relief Miller
(1953) and
Nir (1957)

Surrogate of
hypsometry

(Mean Elevation—Minimum Elevation)/
Relative Relief

Pike and
Wilson
(1971)

Automated
algorithm

Terrain surface
texture

Spatial intricacy per unit area (i.e. drainage
density and changes in sign of slope aspect or
curvature)

Iwahashi
and Pike
(2007)

Terrain surface
convexity

Segregation of high and low relief features

Topographical
wetness index

log [Flow Accumulation/tan (Slope in
degree)]

Beven and
Kirkby
(1979)

Topographical
position index

Measuring topographic slope positions and to
automate landform classifications

Guisan et al.
(1999)

Drainage Grid Stream
frequency

No. of Stream segments flowing through a
grid/Grid Area

Horton
(1945)

Drainage
density

Total Length of Streams of all order/Grid
Area

Drainage
texture

Drainage Density � Stream Frequency Smith
(1950)

Terrain &
drainage

Ruggedness
index

(Relative Relief � Drainage Density)/1000 Horton
(1945)
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small streams dissect the higher elevation zones
as they descend to the lower heights. The highest
relative relief zones are observed along the
northern, north-eastern, north-western, south-
eastern and southern fringes of the river basin,
ranging between 400 and 500 m, while rest of
the basin is highly dissected by numerous small
streams for which the relative relief is low,
ranging between 50 and 150 m.

In the Kharkai River Basin, the highest average
slope values are obviously found in the higher
elevation zones, i.e. along the northern and south-
ern periphery, with values between 24° and 30°
(Fig. 6.4b). On the whole, the greatest part of the
basin has slope values ranging between 6° and 12°.
Almost the entire basin area is moderately dissected
(values 0−0.2°) by the Kharkai, its main tributaries
and numerous smaller streams, except a few more
affected patches in the southern, northern and
south-eastern fringes where values are around 0.5°
−0.9°, due to the higher ambient slope and eleva-
tion (Fig. 6.5a). Higher HI values denote a greater
volume of material still to be eroded from within
that basin grid area while lower values point to
more eroded tracts (Fig. 6.5b). Higher dissection
has caused most of the basin landscape to have
relatively lower HI values between 0.2 and 0.4,
while higher values are present along the water
divides to the south-west, south and north, where
they are between 0.6 and 0.8. The higher HI values
in a landscape that is otherwise geologically quite
old are possible indicators of an ambient topo-
graphic disequilibrium (e.g. Guha and Patel 2017).

The terrain surface texture (TST) shows that the
central portion of the basin, through which the major

rivers drain, have the least values, i.e. below 8,
which means that the texture of the terrain surface is
flat and therefore this corresponds to the pediplain-
pediment complex (Fig. 6.6a). The foot slope areas
of the dissected denudational hills are represented in
lighter brown shades, with a value range of 8–16,
and show a higher degree of texture roughness,
while the highest range of > 32 is for the highland
areas having remnants of few structural hills that
are dissected by first order streams. The terrain
surface convexity (TSC) map (Fig. 6.6b) shows that
the higher elevation structural and denudational hills
are having a clear convex slope with a value of more
than 60, and stretching out till the foot slopes or
pediments. Followed by this, the continuation of this
value range of 40–60 clearly shows the undulating
slopes of the pediment areas within the river basin of
the Kharkai. Furthermore, the lowest range values of
the below 20 group is the actual pediplan complex
where the trunk streams of Kharkai and its major
tributaries are continuously eroding the landscape in
due achievement of gradation. The TWI map
(Fig. 6.6c) shows that the Kharkai basin has nega-
tive values, i.e. below –10 in the higher elevation
areas implying that these zones have higher runoff
and least surface saturation. Contrastingly, the pri-
mary drainage area has higher values ranging from –

1 to + 10, indicating how surface saturation along
the stream courses increase and this rises to > 10 in
those tracts that are adjacent to the central drainage
network of the Kharkai and its tributaries.

In the Kharkai basin, the TPI values pre-
dominantly range between –5 and + 5, implying
that the topography is mostly dissected by
denudational process, i.e. the major streams

Fig. 6.4 Traditional morphometric parameters (grid-based evaluation)- a Mean elevation, b Relative relief, and
c Average slope
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(Fig. 6.6d). The higher altitude areas show val-
ues > 5, especially in the structural and denuda-
tional hill complex around the fringes of the river
basin. Stream frequencies in the Kharkai basin

range between 10 and 20 stream segments per sq.
km. (Fig. 6.7a), except for some patches in the
south-central, north-eastern and north-western
parts, where the stream frequency is between

Fig. 6.5 Traditional morphometric parameters (grid-based evaluation)- a Dissection Index, b Hypsometry, and
c Ruggedness index

Fig. 6.6 New topographic variables (DEM pixel-based evaluation)- a Terrain surface texture, b Terrain surface
convexity, c Topographic wetness index, and d Topographic position index
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25 and 30, along the higher water divides that are
drained by numerous smaller streams. The drai-
nage density map of the Kharkai River basin
(Fig. 6.7b) reveals that almost the entire area has
a drainage density of 3.0 to 4.5 km/sq.km, with
few patches ranging above 4.5 km/sq.km, along
the principal confluence zones of the major trunk
streams of the Kharkai and its tributaries. The
drainage texture map (Fig. 6.7c) shows that
drainage texture values lie between 40 and 70 for
most of the basin, except some zones along the
main stream course and its tributaries where
values range between 90 and 120. Thus, the
region mostly has an ultrafine drainage texture.
Ruggedness index values in the central portion of
the river basin range between 0.0 and 0.3 over
the pediplain complex, with this being an uneven

plain or almost flat landscape drained by the
major tributaries and the Kharkai itself (Fig. 6.5
c). The water divides exhibit greater ruggedness
due to the presence of moderately dissected
structural hills and valleys carved out by the
numerous streams issuing forth therein.

6.4.2 Statistical Analysis
of enumerated
Morphometric
Parameters

The different parameters computed above were
arranged in the geo-database and their respective
descriptive statistics were computed (Table 6.3).
Their computed correlation coefficients

Fig. 6.7 Drainage parameters- a Stream frequency, b Drainage density, and c Drainage texture

Table 6.3 Descriptive
statistics for the
enumerated morphometric
variables

Measures RR AS DI RI SF DD DT HI

Mean 73.70 5.89 0.17 0.14 8.61 2.30 23.32 0.38

Median 32.01 3.82 0.12 0.07 8.50 2.35 19.75 0.39

Mode 16.99 3.15 0.07 0.00 9.00 0.00 0.00 0.44

Standard
deviation

78.51 4.92 0.12 0.16 4.12 1.03 17.86 0.11

Sample
variance

6164.18 24.25 0.01 0.03 16.99 1.07 319.07 0.01

Kurtosis 2.19 1.57 0.30 6.39 −0.06 −0.31 1.23 −0.16

Skewness 1.65 1.49 1.11 2.28 0.18 −0.18 1.05 −0.11

Range 439.01 28.11 0.61 1.30 29.00 5.43 118.28 0.71

Minimum 6.00 0.00 0.02 0.00 0.00 0.00 0.00 0.02

Maximum 445.01 28.11 0.63 1.30 29.00 5.43 118.28 0.73

Count 6616 6616 6616 6616 6616 6616 6616 6616

Note RR: Relative Relief; AS: Average Slope; DI: Dissection Index; RI: Ruggedness
Index; SF: Stream Frequency; DD: Drainage Density; DT: Drainage Texture; HI:
Hypsometric Integral
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(Table 6.4) reveal their interlinkages. Obviously, the
topographic variables (RR, AS, DI and RI) and the
drainage variables (SF, DD and DT) are strongly
and positively correlated among themselves.
Mostly, the drainage and topographic parameters
are inversely related with each other, pointing to the
paucity of drainage development in the higher ele-
vations within the basin and the concentration of
streamlines along the lower valley floors.

6.4.3 Factor Analysis and delineation
of Morphometric Regions

While a correlation matrix states the relationship
type between pairs of variables, factor analysis
employs a ‘factor loadings’ matrix, that distin-
guishes the various ‘basic’ or ‘abstract’ variables,
expressing the relationship level between these
and the original variables and provides a sim-
plified data matrix, i.e. the ‘factor score’ (or
weightings) matrix. Beginning the analysis
without any preconceived ideas as to the relative
importance of the variables, it is initially rea-
sonably presumed that each variable contributes
the same amount of information to the study, and
the lengths of the corresponding vectors are
standardized. To ensure that all the vectors have
the same origin, the mean of each variable is
made equal to zero. Using such standardized
vectors, the cosine of the angle separating any
two vectors equals the coefficient of correlation
between the corresponding variables.

Data reduction from the original eleven vari-
ables to a few significant factors was obtained by
extracting and rotating the factor-loadings
matrix, and the corresponding relationships
were noted in terms of the percentage contributed
to the variance of each variable by each rotated
factor (Table 6.5). Four factors were significant,
as they explained >80% of the total variation.
The initial loadings on Factor-1 seemed to align
closely with the variances. Factor One scores
were thus mapped across the Kharkai Basin
(Fig. 6.8) to derive regions which are the best
representative amalgamation of the combinations
of the different morphometric variables. The
prepared maps show good visual correlation with
the different terrain features and using this a
number of terrain units were demarcated
(Table 6.6). The proportion of basin area falling
under each unit was also enumerated. It shows
that the Kharkai Basin is mostly comprised of an
undulating, at times broken, plain surface with
local higher tracts. The unevenness of topo-
graphic classes is greater in the northern and
western parts of the basin over the zone of frac-
tured and sheared high grade metamorphics than
over the Chota Nagpur granite-gneiss complex
that forms the rest of the region. These maps of
Factor One Scores describe the various types
landforms developed from intensive and contin-
uous riverine erosion. The central part of the
basin has values between –2 and 0, indicative of
gently sloping undulating plains. The northern
fringes show summital convexities and some

Table 6.4 Correlation
coefficients among the
enumerated morphometric
parameters

RR AS DI RI SF DD DT HI

RR 1.00

AS 0.86 1.00

DI 0.93 0.83 1.00

RI 0.72 0.76 0.73 1.00

SF −0.29 −0.14 −0.27 0.15 1.00

DD −0.33 −0.17 −0.30 0.20 0.83 1.00

DT −0.28 −0.18 −0.27 0.14 0.93 0.90 1.00

HI 0.05 0.03 −0.09 −0.22 −0.35 −0.40 −0.37 1.00

Note RR: Relative Relief; AS: Average Slope; DI: Dissection Index; RI: Ruggedness
Index; SF: Stream Frequency; DD: Drainage Density; DT: Drainage Texture; HI:
Hypsometric Integral
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hilly peaks, the north-western and west-central
zones show dissected ridges and plateau surfaces
with some intermittent heights. In the south, the
range of topographic variation is from 0 to 3, i.e.
mostly gentle foot slopes to dissected ridges and
plateau surfaces.

6.4.4 Relating changing LULC
attributes
with the Terrain Units

Modification of the natural landscape by human
activities leaves profound impacts and changing
LULC patterns are a major component of many
current ecological concerns, being recognized as
key drivers of environmental change (Turner
et al. 1993; Iqbal and Sajjad 2014). A compara-
tive analysis of LULC units within the Kharkai
basin was thus done to elicit the major changes
within the Kharkai river basin from 1990 to 2020
(Fig. 6.9). There are six major LULC classes
(Table 6.7), which are typically fragmented and
conform to the usual types seen in the Chota
Nagpur Plateau region (e.g. Chatterjee and Patel
2016; Sarkar and Patel 2016) and marked chan-
ges have occurred in each. Water bodies (which
includes ponds and lakes) were seen to shrink
with increasing prevalence of agriculture and
forestry. Vegetation cover has depleted by over
246.99 km2 and fallow land have declined by

243.44 km2 from 1990 to 2020, with both of
these contributing to more areal coverage under
agriculture, which has seen a sharp rise of 494.38
km2. Settlement coverage and those of mines and
quarries have risen markedly during this time
period, particularly the huge urban expansion of
Jamshedpur and Adityapur, at the mouth of the
river in the north-eastern part of the basin. While
the rivers have also shown a minimal decline in
its share of LULC units by 15.15 km2, this may
be due to image classification issues as well as
from the continuous encroachment onto the river
bed as a result of sand mining and farming on the
principal stream and its tributaries.

The interrelations among the lithology, major
geomorphic units, LULC with the factor-one
score based topographic units and the automated
algorithm-based geomorphometric parameters
needs to be delved into further to understand the
landscape fabric (Table 6.6). Higher TST values
can be well related to the higher topographic
classes discerned from factor one scores (like the
hill summits and summital convexities) as the
maximum and mean values express the high
amount of ruggedness with greater values. The
contrary is observed for the gentle undulating
slopes in the pediment and pediplain complex,
consisting of LULC units like agricultural lands,
water bodies, settlements and fallow lands. The
higher TSC values demarcating the hill tops and
convex slopes of the moderately to highly

Fig. 6.8 Factor One score-based landscape unit delineation in the Kharkai River Basin- a Planform view, and b 3-D
perspective
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dissected denudational hills and valleys pre-
dominantly have natural vegetation cover (for-
ests). The other extreme of the TSC value range
shows that lower mean values represent gentle or
undulating slopes of the pediplain complex
where the convexity is almost nil or near to zero.
In case of TWI values, higher elevation areas
from hill top summits to footslopes, highlight
tracts where the amount of runoff is higher. The
pediplain zone having the major rivers, settle-
ments and agricultural lands are represented by
low TWI scores and are underlain either by the
Chota Nagpur gneiss-granite complex or the
fractured and sheared metamorphic lithology that
contains major intrusions. Lastly, the TPI values
indicate the position of the topographic classes
and is one of the best parameters to validate the
morphometric regions derived based on the fac-
tor one scores. Extremely low TWI scores rep-
resent the central section of the river basin that is
drained by major streams and is therefore ideal
for practicing agriculture due to presence of
major water bodies and available fallow land
cover in the pediplain complex. The higher TWI

values corroborate quite perfectly with the factor
one scores in showing higher elevations (scarp-
lands, summital convexities and the hill summits
majorly) that are moderate to highly dissected.

As is obvious, the nature of the terrain has an
influence on the kind of landscape modification
undertaken within the basin and the different
terrain units demarcated on the basis of the
morphometric attributes. Such modifications of
the ambient geomorphic diversity of the Chota
Nagpur region and its adjoining tracts through
anthropogenic activities are quite common (Patel
and Mondal 2019; Patel et al. 2020), while this
also has a marked impact on the streamside
ecology and degree of riparian naturalness and
vegetation cover (Saha et al. 2020) along the
principal river corridors (cf. Banerji and Patel
2019). The smaller hills and ridges and hill
summits have been largely levelled in a series of
broad terraces to enable cultivation (Fig. 6.10a)
while the higher dissected plateau tracts have
undergone marked clearing in their original
vegetation cover (Fig. 6.10b). In the piedmont-
pediplain zone and the footslopes of the ridges,

Fig. 6.9 LULC attributes in the Kharkai River Basin for the years- a 1990, and b 2020
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Table 6.7 Changes in LULC observed within the Kharkai River Basin from 1990 to 2020

Sl.
no

LULC
class

Years Change
matrix 2020
−1990

Interpretation

2020 1990

Area (sq. km.)

1 Water
bodies

18.61 60.31 −41.70 Major shrinkage and drying up of water bodies

2 Vegetation 1547.62 1794.61 −246.99 Depletion of vegetation cover

3 River 97.44 112.59 −15.15 Decrease of riverine drainage due to drying up of
streams and encroachment of river beds for
agriculture

4 Settlement 357.79 304.89 +52.90 Massive urban expansion—Jamshedpur and
Adityapur

5 Fallow 254.37 497.81 −243.44 Major decline in fallow land coverage

6 Agriculture 3979.92 3485.54 +494.38 Major rise of area under agriculture

Fig. 6.10 Google Earth screenshots of LULC changes in
the Kharkai Basin- a Planation and deforestation of the
small hills for agriculture, b Deforestation occurring in
plateau surface and dissected ridges, c Hollowing of
pediplain-piedmont and foot slope areas for local water

harvesting, and d Excavations along gently undulating
surfaces and floodplains for irrigation and transport
infrastructure. Note All images are aligned to north
vertically upwards
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local surface water harvesting measures have
formed landforms of excavation and accumula-
tion (Szabo 2006), with ponds dug up and
mounds of earth piled around (Fig. 6.10c). Along
the gently sloping floodplains and undulating
surfaces by the major stream courses, more
extensive earth-moving measures have ensued to
create transport and irrigation facilities
(Fig. 6.10d). Further assessment of the soil loss
occurring from the basin as a result of these
LULC changes can be discerned by using
methods like the Universal Soil Loss Equation
(Majhi et al. 2021). Further assessment of the soil
loss occurring from the basin as a result of these
LULC changes can be discerned by using
methods like the Universal Soil Loss Equation
(Majhi et al. 2021).

6.5 Conclusion

Landscape characterization has been performed
in this study to develop an understanding about
how different geomorphometric parameters are
derived based on conventional grid system and
from recently developed automated algorithms in
a geospatial environment. The central section of
the Kharkai River basin was found to be heavily
eroded by the principal tributaries and by the
Kharkai itself, while the edges of the river basin
are composed of high to moderately dissected
denudational ridges and some structural hills and
valleys. The various morphometric parameters
were statistically correlated with each another to
delineate distinct terrain units using PCA. Strong
positive correlations were obtained among the
drainage and topographic variables while inverse
relations were elicited between the drainage and
topographic parameters. An abundance of drai-
nage development in the higher elevations and
clustering of major tributaries along the lower
valley floors was discerned. The correlation
matrix was further used to develop major phys-
iographic zones using factor one scores to deci-
pher the most pertinent topographic classes to
describe the landscape of this river catchment.
Two major lithological formations, i.e. the Chota

Nagpur granite-gneiss complex in the south and
the fractured and sheared metamorphics con-
taining intrusives in the northern half of the river
basin were corroborated with the present-day
LULC units. The respective areal coverage under
settlements and agriculture has seen a major rise
in the past thirty years while there has been a
considerable decline in the natural vegetation
cover (forests), fallow land and water bodies.
Some evidences from Google Earth imagery
were collected across the basin to showcase the
major alterations occurring under the various
topographic classes. The need for planning and
implementation of land and water conservation
schemes can hence be practiced for the most
anthropogenically modified and erodible portions
to protect the landscape from further degradation.
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