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Abstract Geomorphic expressions embedded within the bed-
rock channels, originating from the southernmost part of the
Western Ghats, India, are quantitatively characterized through
well-defined geomorphic indices using digital elevation
models (DEM) and geographical information system (GIS)
tools. Drainage basin asymmetry (Af), transverse topographic
symmetry factor (T), longitudinal profile, stream length gra-
dient index (SL), hypsometric integral and curve (Ihyp), spatial
parameters like drainage density (Dd) and dissection index
(DI) are used for extraction of information related to the char-
acteristic pattern and behaviour associated with the Karamana
river and its two major tributaries. The independent and cu-
mulative analysis of each geomorphic indices indicates adjust-
ment of Karamana river in response to the tectonic activities.
Karamana basin, while showing symmetric character as a sin-
gle unit, exhibits segments of asymmetric nature associated
with the terrain tilting and is evidenced from the variable di-
rectional oscillation from E, SSE, S, NW and W. Varying
characteristics of the longitudinal profiles and abrupt change
in the SL index suggest knick points and uplift of the terrain
due to tectonic processes. The influence of tectonic process

over the stream characteristics is confirmed by identifying
higher levels of SL anomalies in unique lithology. The infer-
ences correlate with the low drainage density and high dissec-
tion index zones in the region with varying influence of tec-
tonic processes. Though, the Karamana river basin as a single
unit shows old age characteristics in the hypsometric analysis
and symmetric nature, the longitudinal profile-assisted SL and
SL anomaly indices are found to be capable of revealing ev-
idences of differential effects of tectonic activities over the
stream characteristics. The deductions are in agreement with
field observations on landforms and channel attributes.
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Introduction

Rivers and river basins are highly sensitive to tectonic pro-
cesses and readjust over a span of time, depending on the
physical properties of basement rocks, climatic effects, fluvial
processes and nature of tectonic activity in the region
(Schumm et al. 1987; Burbank and Anderson 2001; Kirby
and Whipple 2012; Malik 2014). Hence, drainage networks
may contain and reflect vital information about the past and
present tectonic regime (Keller and Pinter 2002; Štěpančíková
et al. 2008), which can be extracted quantitatively by
analysing the morphotectonic characteristics of the river basin
using different geomorphic indices. The geomorphic indices
are considered as valuable tools in the analysis of tectonic
implication and behaviour of the drainage basins, because
these indices reveal the role of geological processes and tec-
tonic activities which modified the terrain to the present shape
(Peters and van Balen 2007; Gloaguen 2008). Tectonic distur-
bances can cause uplift or subsidence, and the resultant relief
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variation guides the interpretation of various geomorphic in-
dices, related to the river basins. However, the general
denudational processes and lowering of the elevated surfaces
make the interpretation of the evidences of the tectonic activ-
ity more complex. The differential erosion can also be due
to abrupt changes in underlying lithology, development of
weaker structural surfaces, changes in valley floor mor-
phology and the gradients of rivers, either by uplift or
subsidence, deflection of streams and creation of knick
points (Schumm et al. 1987; Whipple and Tucker 1999;
Snyder et al. 2000). The advancements in the field of spa-
tial information technology enable the geomorphologists to
carry out more qualitative and precise analysis of morpho-
tectonics and modelling of surface processes, especially
where the field-related measurements and assessment are
difficult or impractical (Garrote et al. 2008; Kale and
Shejwalkar 2008; Ferraris et al. 2012; Mahmood and
Gloaguen 2012; Gao et al. 2013; Malik 2014).

Tectonic influence on the rivers and river basins of Kerala,
the southernmost state in India, with its typical topographic
characteristics, distinct geology and geomorphology, is yet to
be estimated, though such studies have been reported from
various parts of India (Singh et al. 2008; Singh and Awasthi
2010; Markose and Jayappa 2011; Jayappa et al. 2012; Ch.
Kothyari and Rastogi 2013). Kerala, with 44 rivers of various
dimensions, flowing through the multiply deformed crystal-
line terrain, makes it an excellent region to study the morpho-
dynamics and terrain evolution in relation to the tectonics. The
state has also witnessed geomorphic changes, during the
Quaternary period, including basin upliftment, river capture,
rejuvenation of rivers, migration, and knick point develop-
ment as well as uplift of Western Ghats scarp with distinct
regional tilt in drainages over the region (Soman 2000).
Inspite of a variety of structural and geomorphological fea-
tures, little attempt has been made to study the geomorpho-
logical expressions of the river basins in relation to the tecton-
ic disturbance (John and Rajendran 2008; Ambili and
Narayana 2014; Vijith et al. 2015). In the present study, an
attempt is made to analyse the geomorphic expressions and
morphological variations in a medium size river basin
(Karamana River basin), which originates from the Western
Ghats, south of Achankovil Shear Zone in Kerala, by quanti-
tatively analysing the different geomorphic indices.

Regional geological setting

Kerala forms a part of the South Indian Granulite Terrain
(SGT) composed of high grade metamorphic rocks of
amphibolite-granulite facies and divided into different blocks
by major transcrustal shear zones (Drury and Holt 1980;
Drury et al. 1984; Ramakrishnan 1993). The SGT is dissected
by major shear zones such as the Achankovil Shear Zone and

the Palghat-Cauvery Shear System consisting of Moyar-
Bhavani- and Palaghat Cauvery-Attur shear zones
(Satheeshkumar and Prasannakumar 2009). The region has
undergone repeated deformation involving deep-seated
faults/lineaments and shear zones (Nair et al. 1981; Sinha
Roy et al. 1984; Drury et al. 1984; Satheeshkumar and
Prasannakumar 2009), which controlled the major geomor-
phic process and stream patterns in the region (Fig. 1). The
area selected for the present study is located to the south of the
Achankovil Shear Zone and forms a part of the Kerala
Khondalite Belt (KKB) and composed mostly of khondalites,
quartzites, graphite bearing garnetiferous charnockites,
garnet-biotite gneiss and leptynites (Kumar and Chacko
1988). Variation in the geological and structural characteristics
of the region has made a spectacular and distinct geomorphol-
ogy, ranging from high elevated denudational structural hills
to low lying coastal plains within short distance. An escarp-
ment parallel to the coastline and marked with numerous wa-
terfalls and rapids along with various regional and local pla-
nation surfaces with steeply sloping scarps strongly indicate
the role of tectonic processes in shaping the geomorphic fea-
tures in the region.

Study area

Quantitative assessment of tectonically controlled geomorphic
expression in and around the Karamana River basin was car-
ried out using spatial information technology-assisted evalua-
tion of geomorphic indices to evaluate the tectonic influence
over the river basin and channel networks. The Karamana
river basin is located in between N latitudes 8° 31′ 49^ to 8°
40′ 55″ and E longitudes 76° 49′ 46″ to 77° 14′ 35″, covering a
total area of 702 km2, with high variation in terrain character-
istics. Karamana river originates from the dual peaks,
Chemmunji Motta and Aathiramala (>1800 m asl), in
Agasthiarkoodam in the Western Ghats and flows 68 km be-
fore debouching into the Arabian sea and is dammed in two
places, namely Peppara and Aruvikkara, for drinking water
supply to the Thiruvanathapuram city. The basin is underlain
by Precambrian crystalline rocks comprising predominantly
of garnet-biotite gneiss, charnockite, pyroxene granulite, gar-
net-biotite–sillimanite gneiss, gneissic charnockite, younger
intrusives and recent alluvium (floodplain deposits and
sandstone-clays lignite admixture), of which garnet-biotite–
sillimanite gneiss occupies a major part (Fig. 1). All these
rocks, except the intrusives and recent alluvium, have suffered
polyphase deformation and metamorphism (Drury et al. 1984;
Battacharya and Kar 1998). Geomorphologically, the area
forms denudational (structural) hills, residual hills and
mounds, linear ridges, valley fills, vast stretch of floodplains
and coastal land forms like lagoons, beaches and swale com-
plexes. The area, mostly covered with lateritic soil and forest
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loam in the upper catchment regions, experiences a tropical
humid climate and receives an annual average rainfall of
2600 mm from both South-West (June–September) and
North-East (October–December) monsoons. The sub-aerial
relief of the river basin ranges from 5 to 1800m. Themoderate
elevation hill peaks are used for farming and is vegetated with
rubber, coconut trees, tapioca, pepper and plantain, whereas
the higher range hills are covered with forest of varying den-
sity (dense mixed forest to open forest). Valley fills and flood-
plains have paddy and plantain cultivation, though rubber and
mixed crops occupy a major portion of the area.

Materials and methodology

Quantitative geomorphic indices are used to assess the tecton-
ic control over the development of Karamana river basin. The
geomorphic indices, capable of differentiating features gener-
ated due to normal fluvial process and local changes caused by
the tectonic disturbances, are calculated based on the analysis
of the drainage network and relief anomalies in the area. The
indices used to assess the geomorphic expressions associated
with the selected rivers are drainage basin asymmetry (Af),
transverse topographic symmetry factor (T), longitudinal pro-
file, stream length gradient index (SL), hypsometric integral
and curve (Ihyp), spatial parameters like drainage density (Dd)

and dissection index (DI). For the assessment of selected geo-
morphic indices, the main river (Karamana) and two major
tributaries, namely, Killi and Andiyurkonam Ar, are selected.
The concept behind the analysis of relief parameters for the
assessment of impacts of tectonic activity is that the relief
holds clues to the pattern of differential motion of rock in
relation to the varying degree of erosion rates and landform
formation caused due to tectonic processes in the region.
Datasets used in the analysis are Survey of India toposheets
(1:50,000), geological map (Geological Survey of India with
the scale of 1:50,000) and space born digital elevation model
with a resolution of 30 × 30 m derived from Advanced
Spaceborne Thermal Emission and Reflection Radiometer
(ASTER) images (freely available from the website of
GDEM- ASTER GDEM V2, which offers a horizontal and
vertical accuracy of 8.68 and 17.01 m). All the datasets are
processed and the geomorphic indices are derived using
ArcGIS ArcInfo version 9.3 and its spatial analyst extension.

Data analysis and derivation of geomorphic indices

Drainage basin asymmetry (Af)

The asymmetry of drainage basin in relation to the midline
(long axis) is a tool for the identification of response of the

Fig. 1 Study area location map with regional geological settings. a Regional geology of SGT (modified after Drury and Holt 1980) and b geological
map of Karamana river basin (after GSI 1995)
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drainage basin to the recent tectonic activity (Hare and
Gardner 1985; Cox 1994; Keller and Pinter 2002; Salvany
2004; Virdi et al. 2006; Garrote et al. 2008). The Af, expressed
as the percentage of the area in the basin that is found on the
right bank side (towards down flow direction) of the main
stream to the whole area of the basin (Hare and Gardner
1985; Keller and Pinter 2002) and calculated using the Eq. (1)

Af ¼ Ar=Atð Þ*100 ð1Þ

where Ar is the area of the basin to the right side of the major
river and At is the total area of the drainage basin. The asym-
metry factor is highly sensitive to tectonic activity. An asym-
metry factor of 50 % indicates stable settings of a drainage
network formation and basin which has not experienced any
tectonic activity. However, Af index greater or less than 50 %
indicates the possibility of tilting in the left and the right side
of the basin, respectively. For the study area, the Af factor is
calculated separately for the whole river basin and the two
subwatersheds.

Transverse topographic symmetry factor (T)

Transverse topographic symmetry factor (T) indicates the pos-
sible tilt direction of the drainage basin, lateral tilting and the
level of asymmetry or symmetry of a river within the drainage
basin, streammigration in connection with the active meander
belt and the basin midline (Cox 1994; Cuong and Zuchiewicz
2001; Keller and Pinter 2002; Salvany 2004; Virdi et al.
2006). This index can be used to provide significant asymme-
try information in larger drainage systems and regions of rapid
uplift. The T is the ratio of the distance between the midline of
the drainage basin and the active meander belt midline (Da) to
the distance between the midline and the basin divide (Dd)
and can be assessed using the Eq. (2) as proposed by Cox
(1994);

T ¼ Da=Dd ð2Þ

Generally, T ranges from 0 to 1 and the values close to 0
indicate a symmetric basin, while values close to 1 an asym-
metric basin. In the present study, the T index was calculated
for the Karamana river, Killi Ar and Andiyurkonm Ar by
applying a different length criteria for the total length of the
stream.

Longitudinal profile

Streams, from the origin to the mouth, have to adjust with
various landscape evolution induced due to climate change,
lithological variations and tectonic upliftment. Longitudinal
profile of the stream is the transient expression of fluvial pro-
cesses, reflecting geological influences such as the available
relief or tectonic history and base level change, on the

processes of erosion and deposition and of the distribution
of outcrops of different lithology (Hack 1960; Rhea 1993;
Stepancikova et al. 2008; Ambili and Narayana 2014). The
shape of the longitudinal profile is used to analyse and differ-
entiate the influence of fluvial cycle and tectonics over the
development of stream morphology and the shape will vary
from concave, convex and combination (concave-convex).
Generally, convex profiles represent tectonic uplift of the area
while the concave profiles indicate graded river bed charac-
teristics dominated by fluvial process. The variable shape in-
dicates the effect of lithological variations or tectonic uplift
present in the area which can be marked as knick points,
representing the major changes in the stream-bed characteris-
tics (Snyder et al. 2000; Singh and Awasthi 2010; Giaconia
et al. 2012; Ch. Kothyari and Rastogi 2013). The longitudinal
profile of the selected streams was generated by extracting the
elevation at defined interval (500 m each) from the digital
elevation data along the stream channel and is plotted on an
XY graph.

Stream length gradient index (SL) and SL anomaly index

The variation in the stream channel characteristics from steady
state equilibrium to inequilibrium can be identified by the
abrupt changes in stream profiles, presence of knick points
and changes in stream pattern and slope. The major reason
for the development of inequilibrium state of the stream is
the uplift of the terrain. The effects can be evaluated by cal-
culating the stream length gradient index (SL index), which is
an excellent indicator of river pattern and characteristic chang-
es in relation to tectonic disturbance (Hack 1973; Keller 1986;
Zovoili et al. 2004). The SL is used to infer stream power and
rock erodibility owing to its sensitivity to the inequilibrium
state of channels due to tectonic and climatic perturbation
in the channel slope (Štěpančíková et al. 2008; Troiani and
Della Seta 2008). The SL index can be calculated using the
Eq. (3):

SL ¼ ΔH=Δð ÞL� L; ð3Þ

where ΔH is the change in elevation of the reach, ΔL is the
change in length of the reach and L is the total length of the
channel to the point where the SL index is being calculated
upstream to the highest point of the channel.

In order to identify anomalies in the stream channel and
differentiate the stream channel morphology discontinuities,
SL anomaly indices were generated by dividing SL index of
each stream segment by the total SL index (SLtotal) of the
stream. The SL anomaly index classifies the stream segments
into different orders of anomaly based on the values such as no
anomaly (SL anomaly <2), second-order anomaly (2 > SL
anomaly <10) and first-order anomaly (SL anomaly >10)
(Seeber and Gornitz 1983; de Araújo Monteiro et al. 2010).
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The results of the analysis facilitated the identification of
knick points and associated stream characteristics in the high-
ly disturbed sections. In the present study, SL index and SL
anomaly index were calculated for the three rivers by consid-
ering 500 m segments in the river as a single unit of analysis.

Hypsometric curve and integral (Ihyp)

Hypsometric curves are non-dimensional area-elevation
curves, which allow a ready comparison and differentiation
between tectonically active and inactive area in a basin based
on the shape and integral values (Strahler 1952;Willgoose and
Hancock 1998; Singh et al. 2008; Gao et al. 2013). The hyp-
sometric curve obtained by plotting the proportion of the total
height (h/H) against the proportion of the total area (a/A) of
the basin, where H is the total relative height, A is the total
area of the basin and ‘a’ is the area of the basin above a given
line of elevation h and the hypsometric integral (Ihyp) by
assessing the area under the hypsometric curve (Strahler
1952; Keller and Pinter 2002). The shape of the hypsometric
curve is used to characterize the terrain as youth (convex),
mature (S-shaped) and old (concave) and is influenced by
climate, tectonics and lithology, whereas the Ihyp indicates
the percentage volume of the original basin that remains un-
altered (Strahler 1952; Awasthi et al. 2002; Kale and
Shejwalkar 2008). The hypsometric curves and integrals, gen-
erated for the whole river basin and its selected major
subwatersheds, show variable characteristics, while compar-
ing with standard curves.

Drainage density and dissection index (Dd and DI)

Stream network is the major denudational agent which shapes
the watershed landforms by the combined action of erosion
and transportation (Rajakumar et al. 2007). At the same time,
streams respond effectively to tectonic disturbances taking
place in the watersheds (Selvan et al. 2011; Malik 2014).
The spatial distribution of drainage density indicates the land-
scape dissection and runoff potential of the area in relation to
fluvial geomorphic process and tectonic activity in the area.
Characteristic patterns of both depend on the bedrock proper-
ties like strength, fracture density, infiltration and mass
wasting tendencies. At the same time, the dissection index
(DI) helps in estimating the nature and magnitude of dissec-
tion in relation to the vertical exaggeration of terrain which
might be caused due to the tectonic activity in the region
(Schumm 1956; Malik 2014). Dissection index is defined as
a ratio between actual dissection made by the rivers and po-
tential dissection up to base levels and calculated by the ratio
between relative relief and absolute relief of an area to express
the sharpness of the terrain. DI is dimensionless and expressed
as a ratio or percentage. The value of the DI varying from 0.0
to 1 can be used to discriminate the stages of the erosional

cycles and associated terrain development which helps to clas-
sify the region as young, mature or old stage (Selvan et al.
2011). The drainage density is assessed for the whole study
area by calculating the total length of drainages in unit area
(square km) and the dissection index by processing elevation
information from the ASTER DEM using the spatial analyst
extension and raster calculator functions of the ArcGIS
software.

Results and discussion

River basins are ideal units of the landscape to understand the
varying influence of tectonic activities over the landform de-
velopment because drainage networks reflect changes in the
surface slope and have the potential to record the evolution of
tectonic structures related to uplift. The geomorphic indices
were analysed and discussed in detail to understand the char-
acteristics associated with the Karamana river and its
tributaries.

Basin asymmetry factor (Af) identifies tectonic tilting of a
drainage basin and characterizes its asymmetry or symmetry,
as it is sensitive to rotations normal to the axis of the main-
stream and can be applied irrespective of the size of the study
area (Adams 1980). The deviation of Af values from 50 %
suggests terrain tilting, either to the left or right of the major
river segment. Karamana river basin as a single unit shows an
Af value of 51 % indicating symmetrical nature. However,
while considering the subwatersheds, the Andiyurkonam
subwatershed has the Af of 32 % with north-north-westerly
tilt and the Killi Ar shows an easterly tilt with a higher Af
value of 61% (Fig. 2). Though the Karamana basin as a whole
shows symmetric basin character, the variability in the Af
values within the area indicates differential response of terrain
to various geological processes operated in the region.

The variation in the effect of tectonic processes can also be
deducted from the overall elongated shape of the Killi Ar
subwatershed. Effect of the terrain tilting over the stream net-
works can be reinforced by the assessment of transverse topo-
graphic symmetric factor (T), which indicates the asymmetry
and symmetry of the stream segments and its direction of
oscillation with respect to the basin midline. T index was
calculated for all the three rivers under consideration by a
criteria based on the length of the segments. In the major river,
a total of 30 points of interest were selected, each at 2-km
separation whereas 17 and 8 points were selected from the
Killi and the Andiyurkonam Ar, respectively, at a common
distance of separation of 1.5 km (Table 1). The calculated T
index of the Karamana river varies from 0 to 0.47 implying
ground tilting and indicating a lateral shift of the stream and
change of the basin from symmetrical to asymmetrical nature.
Similar nature of variable ground tilting and associated stream
oscillation were found in Killi Ar with the values ranging from
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0 to 0.69 and the Andiyurkonam with 0.02 to 0.85. In order to
identify the direction of terrain tilt and deviation of stream
channel from the midline of the basin, the T vector, which
indicates both the direction and magnitude (severity) of the
stream channel variability, was plotted against each points of
T index. The length of the vector (arrow) is equivalent to the
T-index, and its direction is perpendicular to the segment of
the stream. The direction of the arrow indicates movement of
the river segment, with respect to the basin midline (Fig. 2).
The resultant map shows that the rivers are more asymmetrical
in nature with respect to the basin midlines and indicates vary-
ing tilt directions and magnitudes. The major river Karamana
shows both symmetric and asymmetric stream stretches with
predominant directions of inclinations as east and south-
southeast, and the T vectors in the Killi Ar subwatershed show
easterly and westerly directional tilt with slight variations

from true angle. At the same time, the Andiyurkonam Ar
shows north-westerly and southerly tilt, which is entirely dif-
ferent from those of Karamana and Killi Ar. It is also noted
that between the segments of asymmetry few segments show
symmetric nature and maximum variation is observed in the
middle reach of the river basin. This variation can be attributed
to the presence of a major antiform in the middle reach of the
river basin with NW-SE axial trend. The Af as well as T index
with its directional vectors and variable nature points towards
the influence of regional tectonic activity over the stream
characteristics.

Analysis of river longitudinal profile is regarded as one of
the best tools to study the landscape evolution in relation to
climatic, geologic and tectonic factors. The longitudinal pro-
files generated for the Karamana river and other two tributaries
show high variation in shape and pattern (Fig. 3). The

Fig. 2 Basin asymmetry (Af) and transverse topographic symmetric factor (T) vector showing stream migration direction and tilt directions
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Karamana river shows almost smooth, graded profile with
slight undulations in between the middle reach of the river
indicating the changes in base level equilibrium condition. At
the same time, profiles of Killi and Andiyurkonam Ar show
undulating nature with concave and convex characteristics.
This undulating nature of the profiles may result from the dif-
ferential uplift of the terrain in response to tectonic disturbances
or lithological variations. A field-based assessment was carried
out to verify and understand the undulating, anomalous char-
acteristics of the profile segments. During the field verification,
anomalous features like smooth, flat bed with pebbles and cob-
bles, vast stretch of floodplain associated with unpaired terraces
and exposed bed rock with pot-holes were observed in the
middle and lower reaches of the river, which correlates with
the profile segments showing undulating nature. From this
cross relation, it is inferred that the river has undergone

different stages of changes in relation to differential up-
lifts caused due to tectonic process and the variations
present in the profiles can be considered as knick points.

Tectonically induced terrain morphology, which exerts a
control over the channel profile, can be quantified by deriving
stream length gradient index (SL). The SL index can be used
to recognize the influence of tectonic activity by identifying
irregular high index values over particular rock type and the
value of the SL index will increase as the rivers flow over
active uplifted areas (Keller and Pinter 2002; Troiani and
Della Seta 2008). SL index was computed for the whole
length of all the three rivers at unique distance of 500 m.
The SL index calculated for the Karamana river varies from
14 to 973 m and that of Killi and Andiyurkonam Ar varies
between 1 to 506 m and 1 to 129 m, respectively, (Fig. 4). The
sudden increase in SL value in the adjacent segments indicates

Table 1 Topographic transverse symmetric (T) factor calculated for the selected segments with major tilt directions

Lower reach
of the river

↑
∣
∣
∣
∣
∣
∣
∣
∣
∣
∣
∣
∣
∣
∣
∣
∣
∣
∣
∣
∣
∣
∣
∣
∣
∣
↓

Upper reach
of the river

Karamana River Killi Ar Andiyurkonam Ar

Segment ID T Major direction
of tilt

Segment ID T Major direction
of tilt

Segment ID T Major direction
of tilt

1 0.24 E 1 0.47 W 1 0

2 0.20 2 0.00 2 0.40 SSW
3 0.27 3 0.08 3 0.22

4 0.30 4 0.25 ESE 4 0.02

5 0.26 5 0.05 5 0.09 NNW
6 0.38 SE 6 0 6 0.26

7 0.38 7 0.18 7 0.22

8 0.47 8 0.11 8 0.85

9 0.47 9 0.27 E

10 0.39 E 10 0.04

11 0.24 11 0.08

12 0.16 12 0.06

13 0 13 0.27 ESE

14 0.04 14 0.69

15 0.15 WWN 15 0.41 E

16 0.17 16 0.37

17 0.05 SE 17 0.16

18 0.06

19 0.22

20 0.34

21 0.29

22 0.25

23 0.34 S

24 0.39

25 0.39 SE

26 0.18

27 0.06

28 0.12 NW

29 0.02

30 0.01
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anomalies associated with the stream beds. Identification of
the anomalies associated with the SL index has been facilitat-
ed by deriving the SL anomaly index, which is capable to
differentiate different levels of anomalies associated with the
stream channel like no anomaly, second-order and first-order
anomaly. No anomaly refers to the smooth, graded profiled
stream channel, second-order anomaly refers to steep channel
characteristics and the first-order anomaly indicates very steep
channel. The first- and second-order anomalies also imply the
presence of knick points and associated stream characteristics
in the highly disturbed sections (de Araújo Monteiro et al.
2010). SL anomaly index, calculated for all the three rivers,
is shown in Fig. 5 with various levels of anomalies marked. In
Karamana river, the calculated SL anomaly ranges from <1 to
>7 indicating river sections with no anomaly and while the
second-order anomaly is found to be present in upper, middle
and lower reaches. SL anomaly index of the Killi Ar varies

from less than 1 to greater than 56 with second-order anomaly
in majority of the stream sections followed by the first-order
anomaly from the midland reach of the stream. At the same
time, the Andiyurkonam river shows maximum SL anomaly
index >16 with varying distribution of higher order of anom-
aly (second and first order), in the stream segments analysed.
The anomalous segments are of short length and indicate
abrupt changes in the bed characteristics caused either due to
uplift or lithological variation. In order to differentiate the role
of tectonic uplift and lithological variation over the develop-
ment of stream anomaly, the second- and first-order anomaly
segments were cross compared with the lithological map of
the basin (Fig. 6). The cross comparison shows the occurrence
of higher anomaly stretches of the rivers in uniform (unique
and single) lithology, which ruled out the contribution of lith-
ological variation over SL anomaly and point towards the
differential influence of tectonic activities in the region.

Fig. 3 Longitudinal profiles. a Karamana, b Killi Ar, c Andiyukonam Ar and d field photographs showing knick points in the stream bed
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Fig. 4 Stream length gradient
index (SL) with the longitudinal
profiles of the streams studied a
Karamana, b Killi Ar and c
Andiyukonam Ar
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Fig. 5 SL anomaly index
showing different zones of
anomaly a Karamana, b Killi Ar
and c Andiyukonam Ar
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The geomorphic evolutional stage and erosional status of a
drainage basin can be identified by analysing the hypsometric
curve and calculating the hypsometric integral. Hypsometric
curves and integrals generated for the whole Karamana river
basin and two subwatersheds show very distinct shape of
curves with variable hypsometric integrals, indicating differ-
ential effect of geological process in the region (Fig. 7). The
whole basin as a single unit shows a smooth concave curve
with an integral of 0.07 indicating almost old stage of the basin
where very little amount (7 %) of the overburden remains to
erode. At the same time, the Killi Ar subwatershed shows
variable concavity in the hypsometric curve with integral of
0.24 (24 %). Though the hypsometric integral value of the
Killi Ar subwatershed comes under the class of old age stage

of basin evolution, the hypsometric curve characteristic indi-
cates the transition between the mature to old age stage of the
basin. Similarly, the Andiyurkonam subwatershed shows ma-
ture to old age transitional terrain characteristics with hypso-
metric integral 0.34 (34 %). The variation in the erosional
characteristics reflected through the hypsometric curve and
integral can be attributed to the influence of different
scale of tectonic enhancement over the fluvial process,
which makes the terrain eroded very fast in certain
areas and wise versa and transformed the drainage basin
into evenly dissected.

Drainage density is the numerical measure of landscape
dissection and runoff potential of a basin or subwatershed,
having direct bearing on the attributes of the river basin, and

Fig. 6 Overlay of SL anomalies associated with streams against lithology of the river basin analysed
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the processes operating along the stream course which are
lithology, soil structure and properties, vegetation cover, re-
lief, climate and landscape evolution processes. The drainage
density map prepared for the study area shows a maximum

density of 8724 m/km2 with wide variation in the spatial pat-
tern (Fig. 8a). The higher density zones are concentrated on
the left bank of the major river and the low to moderate zones
are scattered on the right bank. The high drainage density

Fig. 7 Hypsometric curves
showing varying characteristics
of Karamana river basin and its
major subwatersheds

Fig. 8 Map showing spatial pattern of a drainage density and b dissection index
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reflects highly dissected areas with a relatively rapid hydro-
logical response to rainfall events, while low drainage density
means a poorly drained basin with a slow hydrologic re-
sponse. More specifically, the lower value zones were identi-
fied near Aruvikkara as well as Aryanad and are the results of
the uplift occurred in the region. This inference is reconfirmed
through the analysis of dissection index (DI), which portrays
the degree of dissection or vertical erosion and stages of geo-
morphic evolution of the basin. DI map, generated for the
entire basin, shows a range of values between 0 and 1
(Fig. 8b). The generated DI map is segmented into three clas-
ses representing youthful (0–0.10), mature (0.20–0.30) and
monadnock stage/old age (>0.30) to understand the present
stage of basin evolution. Higher the value of DI, the larger is
the undulation and instability of the terrain. The Karamana
basin shows a mean DI value of 0.93, which indicates the
basin is significantly dissected (with high undulation and
greater instability) and these dissection zones are spatially
distributed in the middle to lower catchment regions.
Usually high DI values are associated with lower order
streams in the upper catchments where erosion and down cut-
ting is predominant. But in the case of the Karamana river
basin, dissection of the terrain is more in the middle and lower
reaches suggesting the influence of regional as well as local
uplift and related erosion of the terrain caused due to contin-
ued tectonic activities in the region.

Conclusion

The geomorphic expressions in the Karmana river and its
major tributaries are elucidated through the quantitative anal-
ysis of geomorphic indices. The overall assessment of drain-
age basin asymmetry indicates symmetric character of the full
basin with relatively high asymmetry in the subwatersheds in
the left and the right bank side of the major river. A forceful
deviation of the stream channel is evidenced from the topo-
graphic symmetric factor (T) and its varying orientations. The
prominent direction of terrain tilt varying from east, west,
south, northwest and southeast indicates varying influence of
tectonic activity over the region, which forced the stream net-
works to change the pattern of flow based on the terrain tilt.
Variability in the stream oscillation is maximum in the middle
part of the basin, which could be due to the antiformal fold that
controls the shape, behaviour and flow pattern of the central
segment of the river (Vijith et al. 2015). Though the longitu-
dinal profile and hypsometric curve and integral of the whole
basin indicate the signatures of a graded basin, the changes in
the profile characteristics in certain reaches of the Karamana
river point towards variation from the proposed gradational
characteristic. Unlike the total basin, the Killi and
Andiyurkonam rivers show highly undulating longitudinal
profile with convex, concave-convex segments and the

transitional characteristics of the geomorphic evolutional
stage from mature to old in the hypsometric curve. This indi-
cates the influence of geological process over stream and ba-
sin characteristics. The SL index of all the three rivers shows
abrupt changes in near segment values, indicating the effect of
lithological changes or uplift of the basin in response to tec-
tonic activities. But the SL anomaly index rules out the role of
lithological variation over the development of different char-
acteristics of the river. These inferences are authenticated by
the spatial pattern of drainage density and dissection index,
particularly in the middle and lower reaches, which suggest
the influence of plausible tectonic processes over the stream
and basin characteristics. Among the different geomorphic
indices analysed, the T index, longitudinal profile, SL and
SL anomaly indices seem to be more useful in analysing the
geomorphic characteristics associated with stream channels
and are capable of differentiating the causes of such charac-
teristics. The findings can serve as the baseline information
about the morphotectonic characteristics of the Karamana riv-
er basin, which is undergoing rapid urbanization.
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