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Abstract

Water availability and water scarcity in a river basin are influenced by the geomorphological processes occurring within a
river basin. Therefore, quantitative evaluation of the river basin shape provides a crucial lead in assessment of the impact of
geomorphological processes on the hydrology of the basin. Arkavathy river basin has been selected for the present study. The
basin with an annual average rainfall of 874.87 mm is a persistent water scarce basin located in Cauvery river basin in south
India. The basin has been subjected to rapid urbanization due to which there is an increased water demand over a period of
time. Hence, to tackle the growing water scarcity and reoccurrence of droughts in the basin, an attempt has been made in
the present study to investigate and understand the basin morphometry and derivation of hypsometric curve of Arkavathy
river basin using remote sensing (RS) and geographic information system (GIS) techniques. Quantitative evaluation of basin
morphometry has been made, and the impact of basin morphometry on the peak runoff and flooding in the basin has been
assessed. The basin hypsometric curve has aided in assessment of the erosion status of the basin and its impact on the risk
of sedimentation on water bodies. The morphometric parameters and hypsometric curve are then analysed to investigate the

potential impact of the basin morphometry on the water availability and water scarcity afflicting the basin.
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Introduction

Drainage or river basin, distinct with “divide” or “inter-
fluves”, is the fundamental landscape unit in which col-
lection and distribution of water and sediment occur (Rit-
ter 1995). According to Waikar and Nilawar (2014), the
hydrological phenomena occurring in a drainage basin can
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be correlated with its physiographic characteristics such
as size, shape, slope, drainage density and stream density.
Water scarcity and droughts in a river basin are caused due
to increase in demand for water over a period of time as
a consequence of increase in population, increased food
production and energy, variation in rainfall pattern, climate
change, etc. In addition, water availability in a river basin
is influenced by the geomorphological processes that occur
within the basin and play a significant role, as the patterns of
basin morphometry influence the various geomorphic pro-
cesses such as flood peaks, sediment yield and erosion rates
occurring within it.

The quantitative evaluation of the basin and its land sur-
face analysis also known as “morphometry” (Guth 2011)
offer new insight into the hydrological process occurring
within the basin and therefore serves as a crucial lead into
the assessment of water scarcity in a river basin. Further,
the geomorphic processes occurring within basins and land-
forms are analysed with the hypsometric curve of the basin
which is the non-dimensional measure of the proportions of
surface area of a catchment or watershed above a given ele-
vation (Willgoose and Hancock 1998). Hypsometric curves
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assist in investigation of erosional stage of the basins and the
lithology controlling the erosion in basin; and provide valu-
able information about the basin slope and geomorphology
of the basin, which finds applications in watershed treat-
ment, basin planning and identification of rainwater harvest-
ing structures (Sarp et al. 2011).

Arkavathy river basin, located in the north-eastern
part of Cauvery river basin in south India, faces persis-
tent water shortage. The average annual rainfall of the
basin found based on analysis of rainfall data from 1987
to 2014 is 874.87 mm (Table 1). The study area is located
in agro-climatic zone, namely “Eastern Dry Zone” with a
rainfall range of 679.1 mm to 888.9 mm (Department of
Agriculture 2018). Rise in population is observed in the
Arkavathy river basin in the past three decades particularly
in the metropolitan city of Bengaluru wherein one-third

Table 1 Average annual rainfall (water year) in Arkavathy river basin

Year Average rainfall in water year Below or
(mm) above aver-
age
1987-1988 1038.92 Above
1988-1989 786.04 Below
1989-1990 747.73 Below
1990-1991 531.18 Below
1991-1992 1057.78 Above
1992-1993 902.22 Above
1993-1994 1008.77 Above
1994-1995 653.59 Below
1995-1996 757.73 Below
1996-1997 1059.77 Above
1997-1998 922.12 Above
1998-1999 1195.30 Above
1999-2000 937.98 Above
2000-2001 1187.39 Above
2001-2002 747.95 Below
2002-2003 458.92 Below
2003-2004 806.08 Below
2004-2005 1003.11 Above
2005-2006 1206.59 Above
2006-2007 571.21 Below
2007-2008 968.80 Above
2008-2009 1078.21 Above
2009-2010 896.13 Above
2010-2011 1004.10 Above
2011-2012 641.45 Below
2012-2013 537.58 Below
2013-2014 914.86 Above
Average annual rainfall (water year) in Arkavathy river
basin=_874.87 mm
Source: Karnataka State Natural Disaster Monitoring Centre

(KSNDMC), Government of Karnataka, Bengaluru, and author
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of the city is located in Arkavathy river basin. Bengaluru
city and other cities continue to witness growth in terms
of expanse and population. Though population and rainfall
continue to influence the water supply and demand, the
impact of geomorphological processes on hydrology of the
Arkavathy river basin is very important in investigation of
the causes of water scarcity that afflicts the basin.

Therefore, the objective/focus of the present study is
derivation of morphological parameters and hypsometric
curve for the Arkavathy river basin and, with morphom-
etry and hypsometric curve, investigation of the potential
impact on the water availability and water scarcity afflict-
ing the basin.

Study area

Arkavathy river sub-basin is located within Cauvery river
basin, southern India, and constitutes 5% of the area of
Cauvery river basin (Fig. 1). Arkavathy river is a tributary
of river Cauvery along with other rivers such as Shimsha,
Hemavathy, Kabini, Bhavani, Noyyal and Amaravathy
(Fig. 1). River Arkavathy originates at Nandi Hills located
partly in Bangalore Rural district and partly in Chikkabal-
lapur District in the north-eastern corner of the sub-basin
and joins river Cauvery at Mekedatu, Kanakapura taluk,
Ramanagar District (Figs. 2, 3). The total length of Arka-
vathy river across the longest drainage path is 165 km, and
the flow path is located entirely in the state of Karnataka.
The total area of Cauvery river basin is 81,155 km?, whereas
the area of Arkavathy river sub-basin is 4146.39 km?. Arka-
vathy river sub-basin within Cauvery river basin is located
between co-ordinates 12° 15'00” N and 13° 25'00" N latitude
and 77° 10'00” E and 77° 45'00" E longitude. About 97%
of the sub-basin is located in the Karnataka State, whereas
only 3% is located in Tamil Nadu State. It spans across 3
districts of Karnataka, namely Ramanagara, Bangalore Rural
and Bangalore Urban besides Krishnagiri District of Tamil
Nadu (Fig. 3).

Data products

1. Digital elevation model (DEM) of NASA’s Shuttle
Radar Topography Mission (SRTM) available with
Consortium of Space Information (CSI) of CGIAR,
i.e. CSI-CGIAR (2018). From this DEM, the portion of
Arkavathy basin was extracted in ArcGIS 10.2.

Survey of India (Sol) toposheets of 1:50,000 scale.
Lithology in Arkavathy river basin derived from the data
of Central Ground Water Board (CGWB 2012).
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Fig. 1 Location map of Cauvery
river basin and Arkavathy sub-
basin along with DEM of South
India (DEM resolution 90 m at

equator)
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Source: DEM from CGIAR-CSI, India-WRIS (2002) and author
Methodology parameters and hypsometric curve. NASA’s Shuttle Radar

Integrated use of remote sensing (RS) and geographic infor-
mation system (GIS) techniques/tools has been adopted
in the present study to delineate Arkavathy river basin,
derive the stream network, derive and analyse morphologic

Topography Mission (SRTM) mosaic digital elevation
model (DEM) that covers 80% of globe at a resolution of
90 m at equator and 5° X 5° tiles has been used to delineate
the Arkavathy river basin (CSI-CGIAR 2018). The DEMs
have been processed so that “no-data” voids are filled.

Pigllase ¢l ay .
e @) Springer



86 Page4of15

Applied Water Science (2020) 10:86

Fig.2 Stream network in Arka- 77°00"E 77°100"E  77°200°E 77°30'0"E  77°40'0"E
vathy river basin -13°40'0"N
Stream network Map
Arkavathy River Basin
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Source: DEM from CGIAR-CSI and author

Survey of India (Sol) toposheets of 1:50,000 scale have also
been used to verify the geo-referencing of the DEM. ArcHy-
dro tools in ArcGIS 10.2 have been used to derive basin
boundary, drainage pattern and watersheds within the basin
to understand the morphological parameters. The steps fol-
lowed are shown in Fig. 4. The longest drainage length was
digitized and converted to vector data using ArcGIS 10.2.
The derived basin boundary was then converted to vector
data called “shapefile” from which the area and perimeter
of Arkavathy river basin was calculated in attribute table of
ArcGIS. Stream order in accordance with Strahler (1964)
and stream length for each order in Arkavathy river basin
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were determined using ArcGIS 10.2. The formulae used to
estimate morphometric parameters are shown in Table 2.
The results are shown in Tables 3 and 4. Tables 3 and 4
show the morphometric parameters and characteristics of
Arkavathy basin, respectively.

Hypsometric curve for Arkavathy river basin is derived
using SRTM mosaic DEM and ArcGIS 10.2. In accordance
with Vivoni et al. (2008), contour line representations were
created in the original DEM of 90 m resolution in ArcGIS 10.2
at vertical resolution of 100 m for the basin relief of 1064 m
(1435-371 m). However, close to highlands and lowlands the
interval is restricted to 29 m and 35 m, respectively. Using
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Fig.3 Stream network across 77°q’0"E 77°1 I0'0"E 77°2?'0"E 77°3P‘0"E 77°4P'0"E
districts Ramanagar, Bengaluru | 13°40'0"N
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the DEM, the elevations between 1435 m (the highest eleva-
tion) and 371 m (the lowest elevation) in Arkavathy basin are
classified into 12 classes considering the contour interval of
100 m as shown in Table 5. The contours are then derived in
ArcGIS 10.2 (Fig. 5). The surface area between contours has
been calculated in attribute table after conversion of reclassi-
fied raster showing contours to polygon feature in ArcGIS. The
surface area within each contour class is merged using merge
option in ArcGIS editor and raster calculator. The relative sur-
face area above each contour (in accordance with Willgoose
and Hancock 1998) is calculated by dividing the surface area
between each contour class by the total area of the basin, i.e.

T T 1 1
77°20'0"E  77°30'0"E  77°40'0"E  77°50'0"E

4146.39 km?. The relative surface area is converted to percent-
age, and then, the cumulative relative surface area is derived in
percentage. Similarly, the relative elevation or relative height
(in percentage) of the basin is derived as €37 where “e” is
any contour height/elevation and “E” is the relief of the basin,
i.e. 1471 m—371 m=1064 m. The difference of the selected
contour elevation of the basin corresponding to the lowest
elevation (371 m) divided by basin relief, i.e. 1064 m, gives
the relative height of the corresponding contour which is a
dimensionless number. The relative surface area and relative
height are expressed in percentage (0—100%) for the purpose
of better interpretation of hypsometric curve. By plotting the
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Fig.4 Steps to delineate

watershed, stream network and DEM with il sinks DEM
hypsometric curve in ArcGIS Rz 7
10.2 Flow Direction L )
Manual classification of elevations
V.4 5
Flow Accumulation
RS Reclassify the raster with elevations
Stream Definition A4
7 Raster to Polygon
Stream Segmentation N7
{; Start Editor
Catchment Grid Delineation
\NZ

Z

Select by Attributes in Attribute Table

Catchment Polygon Processing

of Raster to Polygon file

\Z

selection

[Create Point §Hape;| e for Pour Point

Select Gridcodes representing
contour and merge using Editor

\Z

Choose Pour Point on Flow
Accumulation

Attribute Table now gives surface
area of each contour class

Choose Pour Point for requisite
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\Z
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Z

surface area in excel

Requisite Watershed is Delineated

\Z

Steps followed for delineation of Arkavathy basin

Prepare Chart for Hypsometric curve

Steps followed for derivation of Hypsometric Curve

(HEC-GEOHMS, 2013)

percentage relative surface area against corresponding relative
height of the basin, the hypsometric curve has been derived.
The steps to derive the hypsometric curve are shown in Fig. 4.
The values of relative surface area and relative height are
shown in Table 5.

Results and discussion

The Arkavathy river basin morphological parameters such
as linear, relief and areas aspects calculated are shown in
Table 3, and the characteristics such as bifurcation ratio,
stream length ratio and numbers of segments are shown in
Table 4. The hypsometric curve for Arkavathy river basin is
shown in Fig. 6a.

Morphometric evaluation of Arkavathy river
basin

The morphometric evaluation of Arkavathy drainage basin
provides quantitative description of the basin geometry that
helps in understanding the geomorphological characteristics,
diastrophism, and geology and basin response to various
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hydrological processes occurring within the basin (Chatter-
jee 2006).The evaluation and discussions are made classi-
fying the morphometry of Arkavathy river basin into linear
aspects, relief aspects and areal aspects.

Linear aspects

The drainage pattern in Arkavathy river basin is dendritic
to sub-dendritic (Fig. 7). The dendritic pattern indicates the
presence of uniform resistance of rock to the drainage in the
basin. According to Petersen et al. (2017), dendritic patterns
tend to develop in areas where the rocks have a roughly equal
resistance to weathering and erosion and are not intensely
jointed. Data from CGWB (2012) confirm that Arkavathy
river basin is underlain with intrusive acidic rock and banded
gneissic rock complex that is more or less uniform through-
out the basin (Fig. 8). The change in mean stream length
values from 1.92 to 44.5 indicates the change in elevation
across the topography and the change in slope of the basin.
That the basin is also undergoing erosion, despite the uni-
form resistance of rocks, is confirmed by the hypsometric
curve which shows no sign of concavity in the surface area
between uplands and lowlands (Fig. 6a). The morphometric
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Table 2 Formulae for estimation of morphometric parameters of Arkavathy basin

Morphometric parameters Formulae References
Linear aspects
Stream order (U) Hierarchical order Strahler (1964)
Stream length (L) Length of the stream Horton (1945)
Mean stream length (L) L,,=L/N, where L,=stream length of order “U” and N, =total number of stream seg-  Horton (1945)
ments of order “U”
Stream length ratio (R;) R; =L,/L,_, where L,=total stream length of order “U” and L,_, = stream length of Horton (1945)
next lower order
Bifurcation ratio (R;,) R,=N,/N,,, where N, =total number of stream segment of order “u” and N,,;=num-  Schumn (1956)
ber of segment of next higher order
Areal aspects
Drainage density (D) Dy=L/A where L=total length of streams and A =area of watershed Horton (1945)
Stream frequency (Sy) S¢=N/JA where N,=total number of streams and A =area of watershed (km?) Horton (1945)
Texture ratio (7) T=N,/P where N, =total number of first-order streams and P = perimeter of watershed =~ Horton (1945)

(km)
Form factor (Ry)
Circulatory ratio (R.)

Rf=A/(Lh)2 where A =area of watershed (km?) and Ly =Dbasin length (km)
R.=47nA/P, where A =area of watershed (km?), £=3.14, and P= perimeter of watershed Miller (1953)

Horton (1932)

(km)

Elongation ratio (R,) R.=2 \/ (A/m)/L,, where A =area of watershed (km?), t=3.14, and L, =basin length (km) Schumn (1956)

Length of overland flow (L) L=1/(2D4) where D, is drainage density Horton (1945)
Constant of channel maintenance (C) C=1/D, where D= drainage density Horton (1945)
Relief aspects

Basin relief (B,) Vertical distance between the lowest and highest points of watershed Schumn (1956)

Relief ratio (R;) Ry, =B,/L, where B, =basin relief (km) and L, =basin length (km) Schumn (1956)

Ruggedness number (R,) R, =B, x Dy where B, =basin relief and D,=drainage density (km/km?) Schumn (1956)

study and hypsometric curve reveals that due to progressive
erosion, the existing water bodies in the basin are at risk of
sedimentation with consequent loss of live storage leading
to increased water stress in the basin. This explains partly
the fact reported by Srinivasan et al. (2015), Arpita (2018)
and Suresh (2001) that the water bodies and major reservoirs
of the basin such as Thippagondanahalli and Hesaraghatta,
that once supplied water and were lifeline to Bengaluru city,
have been silted up.

The stream order in accordance with Strahler (1964)
obtained for Arkavathy river basin is six, and therefore, the
basin is designated as sixth-order basin. The stream order
is derived from DEM and ArcGIS 10.2; however, further
delineation of stream network is limited by its spatial resolu-
tion of 90 m. The stream definition has been considered for
an area as low as 2 km? of Arkavathy basin in ArcGIS 10.2
that comprises 239 cells/pixels in ArcGIS for the derivation
of sixth-order basin. For the current study, a stream order of
six has been considered to minimize errors due to limitation
in the resolution of DEM. Table 4 shows number of stream
segments of all six-order stream segments in Arkavathy
river basin. The geomorphic characteristics of Arkavathy
river basin confirm to Horton (1932) that the number of
stream segments of different orders decreases with increase
in stream order. From the different-order stream segments

in Arkavathy river basin, it is observed that the number of
stream segments in stream orders 1 and 2 possesses large
number of stream segments. Such a pattern according to
Chatterjee (20006) is an indication that the topography is
under erosion, and according to Sujata et al. (2013), the
pattern is attributed to anomalous basin development, local
variation in topography and effect of localized geological
disturbance.

Bifurcation ratio is the foremost parameter linking the
hydrological regime in a basin (Raj et al. 1999). It is an
important indicator of relief and dissection of the basin. In
Arkavathy basin, bifurcation ratio shows variation from 2
to 5.50 (with a mean of 3.78) across different stream orders
(Table 4). According to Yangchan (2015), any basin with
bifurcation ratio within range of 3.0 to 5.0 indicates that the
geologic structures do not distort the drainage pattern within
that basin, whereas Rao (2016) states that any bifurcation
ratio less than 3.0 indicates lack of structural control and
that more than 5.0 shows structural control over formation of
drainage pattern. In Arkavathy river basin, as the bifurcation
ratio for stream order 3 and stream order 5 is less than 3.0
(2.75 and 2, respectively), it can be inferred that there is less
structural control for streams of orders 3 and 5. This indi-
cates flat terrain specifically across regions where streams of
orders 3 and 5 are located, whereas an increase in bifurcation
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Table 3 Morphometric

. S1. no. Morphometric parameters Values for Arka- Unit Morphomet-
E:‘Z?;neters of Arkavathy river vathy river basin r.ic evalua-
tion

1 Basin area (A) 4146.39 km? -

2 Basin perimeter (P) 425.11 km -

3 Basin length (L) 165.87 km -

4 Basin width (W) 25 km -

5 Highest stream order (U) 6 No -

6 No. of stream segments 716 No -

7 Stream length (L) 2160.7 km -

8 Mean stream length 360.11 km -

9 Mean stream length ratio (R;) 2.01 No -

10 Bifurcation ratio (Ry) Mean 3.78 No -

11 Length of overland flow (L) 0.96 km High

12 Form factor (Ry) 0.15 No Low

13 Texture ratio (7) 1.32 km™! Low

14 Circulatory ratio (R.) 0.288 No Low

15 Elongation ratio (R,) 0.25 No Low

16 Compaction coefficient 1.863 No High

17 Drainage density (D) 0.52 km/km? Low

18 Constant of channel maintenance (C) 1.92 km -

19 Stream frequency (F;) 0.172 per sq km Low

20 Basin relief (B}) 1064 m High

21 Relief ratio (R} 0.007 No High

22 Ruggedness number (R,) 546 No High
Table 4 Morphometric characteristics of Arkavathy river basin
Stream order No of seg- Stream length  Bifurcation ratio ~ Mean stream length, Cumulative Cumulative num-  Stream length

ments (V) (L) (km) (Ry), NJ/(Nyy1) (km), L,=L/N, length, (km) ber of segments ratio, L,/L,_,

1 562 1081.4 4.64 1.92 1081.4 562
2 121 584.8 5.50 4.83 1666.2 683 2.51
3 22 215 2.75 9.77 1881.2 705 2.02
4 8 137 4 17.13 2018.2 713 1.75
5 2 98 2 49 2116.2 715 2.86
6 1 44.5 44.50 2160.7 716 0.91
Total 716 2160.7 Mean 3.78 Mean 21.19 Mean 2.01

ratio above 3.0 for stream orders 1 and 4 indicates local rug-
ged topography at uplands and lowlands, but specifically at
locations where streams of orders 1 and 4 are prevalent. The
bifurcation ratio for stream order 2 is 5.5, which is above 5.0,
indicating the presence of structural control and geological
disturbances in streams of order 2 (Sujata et al. 2013).

The consequence of low bifurcation ratio according to
Kulkarni (2015) is that there will be higher possibilities
of flooding. Therefore, it can be deduced that, for stream
orders 3 and 5 having low bifurcation ratios of 2.75 and
2.0, respectively, water tends to accumulate rather than
spreading out. In contrast, possibility of flooding is low for

Piedase cllodlayan
KACST a.0141lg oglel)

@ Springer

the stream orders 1, 2, and 4 which have higher bifurcation
ratios of 4.64, 5.5 and 4, respectively, because the energy
of flow is low, thereby increasing the scope for infiltration
in these stream orders (Al Saud 2009). Therefore, coupled
with human interventions observed extensively across the
basin there is increased flood risk in Arkavathy river basin
for streams of orders 3 and 5 that also depends on com-
bination of factors such as the intensity of precipitation,
vegetation cover and nature of such human intervention.
However, according to Paul and Bayode (2012), the time
of peak, time of concentration and the peak discharge are
dependent on the shape of the basin. Another important
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Table 5 Derivation of hypsometric curve

Sl. no. Elevation reclassified in ArcGIS  Surface area Surface Accumulated relative surface Contour Relative hel%
(contour interval 100 m b/n S1. between contours,  area, ; area above contour elevation elevation/ elevation €=>7D 71)
No.2 to No.11) a (km?) (%) $(%) height, e (m) (%)
0 1435 100.00
1 1400-1435 4.50 0.11 0.11 1400 96.71
2 1300-1400 19.36 0.47 0.58 1300 87.31
3 1200-1300 100.31 2.42 2.99 1200 7791
4 1100-1200 696.24 16.79 19.78 1100 68.52
5 1000-1100 1015.68 24.49 44,28 1000 59.12
6 900-1000 1429.37 34.47 78.74 900 49.72
7 800-900 865.29 20.87 99.61 800 40.32
8 700-800 10.84 0.26 99.87 700 30.92
9 600-700 3.72 0.09 99.96 600 21.52
10 500-600 1.01 0.02 99.99 500 12.12
11 400-500 0.53 0.01 100 400 2.73
12 371-400 0.06 0.00 100 371 0
Total area (A) 4146.39 E=1064
(1435-371)
Q
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Fig.5 Comparison of hypsometric curve of Arkavathy river basin

observation from the results in Table 4 is that the stream
lengths of orders 1, 2 and 4 constitute 83.5% of the total
length of the stream network that indicate higher scope
for infiltration, which can be utilized through construction
of ground water recharge structures across these stream
orders.

Relief aspects

The relief measure of a basin indicates the potential energy
of a drainage basin because a region having a high relief
can transfer high energy into the drainage system (Yangchan
et al. 2015). The relief in Arkavathy river basin is found to
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Fig.6 Classification of Arkavathy river basin as contour line classes
at 100-m interval in ArcGIS 10.2 for derivation of hypsometric curve
in Arkavathy river basin

be high at 1064 m with the highest elevation 1435 m above
the mean sea level found in the north-eastern tip of the basin
located in Chikkaballapur District and the lowest elevation
of 371 m above mean sea level in the southern tip at the con-
fluence of Arkavathy river with Cauvery river at Mekedatu,
Kanakapura taluk, Ramanagara District.

The higher relief found in Arkavathy river basin indicates
greater energy available in the drainage system of the basin.
Despite higher relief, the infiltration characteristics in the
basin depend on numerous variables such as slope of the
terrain (such as steep slope of uplands and lowlands in the
basin and flat terrain in between), rainfall, vegetation, sub-
surface material and the nature of human interference in the
basin across various stream orders which is also reflected
by the drainage density (Oyatayo et al. 2017; Sukristiyanti
et al. 2018). So, the infiltration characteristics vary within
the basin. The greater energy at steep uplands and lowlands
causes quicker drainage with less scope for infiltration into
the ground at these locations, whereas the flat terrain shown
by hypsometric curve in between showing moderate to
less slope possesses different infiltration characteristics in
accordance with (Oyatayo et al. 2017). Another consequence
of the higher energy is the scope for erosion in the basin,
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particularly at locations closer to steeper relief. Referring
to the hypsometric curve of the basin (Fig. 6a), it is clear
that the elevation at lowlands (toe region) is steep, as less
surface area (<5%) is covered in the lowlands for eleva-
tions of up to 40%, and similarly, about 20% (80 to 100%)
elevation at uplands (head region) is covered by the surface
area of about 0-5%. The hypsometric curve shows the steep-
ness of topography within 5% of the surface area in both the
uplands and lowlands, whereas there is relatively flat surface
area in between. So, any runoff generated at uplands and
lowlands possesses the tendency to drain out quickly due to
the steepness of topography. Due to its steepness, the dis-
sected uplands and lowlands are conducive for construction
of surface storage structures, whereas ground water recharge
structures and smaller water harvesting structures can be
built in the flatter terrain also classified in geomorphological
term as pediment-piedmont region.

Areal aspects

Areal aspects of morphometry are crucial in assessment
of runoff particularly the contribution of overland flow to
the stream network that depends on the shape and slope of
the terrain besides relief and linear aspects. Some of the
indices that have quantitatively assessed in areal aspects are
form factor, elongation ratio, circulatory ratio, compaction
coefficient, drainage density, stream frequency and length
of overland flow.

The visual examination of shape of the Arkavathy river
basin in (Fig. 2) shows that it is an elongated. But, the areal
indices estimated for the basin confirm this assessment. On
examination of the indices/parameters shown in Table 3, it
is observed that the form factor for Arkavathy river basin is
0.15 which is low. According to Rai et al. (2014), form factor
would always be greater than 0.78 for perfectly circular basin
and the smaller the value of form factor, the more elongated
will be the basin. The circularity ratio and elongation ratio
of Arkavathy river basin are 0.288 and 0.25, respectively,
which are low. The compaction coefficient of the basin is
1.823 which is high in comparison with the value stated by
Paul and Bayode (2012). According to Waikar and Nilawar
(2014), basins with elongation ratio higher than 0.9 are cir-
cular in shape, and basins with elongation ratio less than
0.7 are elongated. The value of 0.288 circularity ratio and
elongation ratio of 0.25 for Arkavathy river basin shows that
the basin is highly elongated and possesses steep slope at
uplands and lowlands, which is also confirmed by the relief
and hypsometric curve of the basin. The consequence of the
confirmation of elongated nature of Arkavathy river basin is
the reduced peak discharge of runoff in the basin.

Drainage density of a basin evaluates the erosion sta-
tus of a basin (Bates 1981). Regions with high drainage
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densities possess less infiltration, increase runoff and
possess at least moderately erodible surface materials
(Petersen et al. 2017). Higher the drainage density, the
greater the amount of runoff and the significant the degree
of channel abrasion for a given rainfall (Eze and Efiong
2010). From the results for Arkavathy river basin, it is
observed that the drainage density for the basin is low,
i.e. 0.52. Similarly, the stream frequency is 0.172 which
is also low. According to Pallard et al. (2009), one direct
effect of decrease in drainage density is decreasing flood
volumes that is attributed to long concentration times
implying more opportunities for water to infiltrate. The
length of overland flow for Arkavathy basin is 0.96 that

confirms longer concentration time and non-existence of
young topography Nongkynrih and Husain (2011). How-
ever, the drainage density of the basin and the long con-
centration time are dependent not only on the relief but
also dependent on the resistance of rocks across different
stream orders, vegetation, rainfall and sub-surface mate-
rial. The large portion of the basin (80% of the basin)
is flatter terrain as depicted by hypsometric curve of the
basin. And the average annual rainfall in the basin is lowly
874.87 mm. And the drainage density of the basin shows
a low value of 0.52 and long overland flow value of 0.96.
Therefore, there is scope for higher infiltration reflected
by low drainage density in regions of the flatter terrain.
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Description of head and toe of hypsometric
curve

Figure 6a shows the hypsometric curve derived for Arkavathy
river basin. Referring to the curve, the downward vertical part
is termed as “toe” of the hypsometric curve and the concave
upward part at the left hand side of the curve is termed “head”
and the part of the curve in between “head” and “toe” is called
“body” of the hypsometric curve. The region showing concav-
ity, i.e. “head” and close to “head”, is an indication that the
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region is predominated by erosion and the eroded materials are
accumulating in the downstream (Chattopadhyay et al. 1996).

Relation between morphological parameters
and hypsometric curve

Hypsometry is strongly dependent on drainage network and
basin geometry. For example, the width-to-length ratio of the
basin also known as “aspect ratio” influences the shape of
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the hypsometric curve significantly (Willgoose and Hancock
1998). According to Keller and Pinter (1996), hypsometric
curves show the stage of development of drainage network.
These curves provide information not only on the erosion
status of the basin but also the tectonic, climate and litho-
logical factors controlling it (Sarp et al. 2011). The relief
ratio and catchment volume captured through hypsometric
curve are useful in determining runoff and other hydrologi-
cal processes (Vivoni et al. 2008). According to Sinha Roy
(2002), as the aspect ratio declines, the drainage network
becomes highly branched leading to higher bifurcation ratio.
Then, for low aspect ratio, the toe height will be of increas-
ing elevation at the downstream part of the basin.

For Arkavathy river basin, the morphological parameters
such as form factor, circularity ratio and elongation ratio
show that the basin is elongated. In other words, the basin
exhibits low aspect ratio. Therefore, in accordance with
Sinha Roy (2002), amongst different stream orders of Arka-
vathy river basin, it is observed that streams of order no 1,
2 and 4 are in possession of higher bifurcation ratio of more
than 3.0. Analysing the number of stream segments (N)
shown in Table 4, out of the total number of stream seg-
ments of 716 identified in the basin, the sum of the number
of stream segments for stream order no. 1, 2 and 4 is 691
(=561+121+8) or about 96.50% of stream segments in
Arkavathy river basin possess higher bifurcation ratio. The
outcome of the impact of morphological parameters on hyp-
sometric curve can be observed in Fig. 6a that clearly depicts
toe in the downstream part of the curve with increased eleva-
tion followed by slight concavity.

Comparison of hypsometric curve
of Arkavathy river basin

Figure 6a shows the hypsometric curve of Arkavathy river
basin, and Fig. 6b shows three different types of hypsometric
curve classified as (1) young stage, (2) mature equilibrium
stage and (3) monadnock stage (Monadnock stage means
subdued terrain with isolated elevated regions of resistant
rock as per Willgoose and Hancock 1998). According to
Sarp et al. (2011), convex hypsometric curves depict young
and slightly eroded regions (the top most hypsometric curve
in Fig. 6b), S-shaped curves (like the middle or second curve
in Fig. 6b depict moderately eroded regions, and then the
concave curves, i.e. the bottom most curve in Fig. 6b, point
to old and highly eroded regions.

From the comparison of the hypsometric curve derived
for Arkavathy river basin with the classification shown in
Fig. 6b, it is clear that the hypsometric curve derived for
Arkavathy river basin resembles closer to the convex hyp-
sometric curve shown as top most curve in Fig. 6b with less
head in upstream and greater toe height in downstream than

the S-shaped curve in the middle or concave curve in the
bottom of Fig. 6b. Therefore, from the comparison it can be
inferred that the basin under study certainly has not attained
mature equilibrium stage. Rather, the erosion status in the
basin has moved beyond young stage but possesses consider-
able scope for erosion in the future before it attains mature
equilibrium stage.

Further, a line A—-C has been drawn for the hypsometric
curve derived for Arkavathy river basin to verify the depar-
ture of the actual landform surface from the line A-C. If “I”
is the inflection point of the curve, i.e. the point changing
from concave downwards to concave upwards (or convex),
and the E, is the vertical height between “I” and the hypso-
metric curve, it is clear that E, is minimal but above the line
A—C which is considered as negative by Sinha Roy (2002).
According to Sinha Roy (2002), E, is negative in immature
and young landforms when the hypsometric curve lies above
A-C, whereas in mature and old landforms, E, is positive.
Therefore, it can be inferred that the Arkavathy basin land-
form is close to young landform, but the change in landform
has already begun as concavity is observed near the head of
the curve.

Conclusions

The study of hypsometric curve reveals that Arkavathy river
basin is close to young but not old type of basin. Hence, the
basin possesses considerable scope for erosion in future. The
presence of flatter terrain in midlands in between uplands
and lowlands is confirmed by hypsometric curve. And that
puts existing reservoirs and water bodies across midlands at
risk of sedimentation and loss of crucial live storage which
will lead to accentuation of water stress in the basin.

Morphological characteristics of the basin indicate vari-
ation in different stream orders that confirms the anoma-
lous basin development and local variation in topography
in the basin. The dendritic to sub-dendritic pattern indi-
cates uniform resistance to drainage pattern by major rock
types in the basin such as intrusive acidic rock and banded
gneissic rock. Along with the combination of factors such
as human intervention and intensity of precipitation, flood-
ing is expected across stream orders 3 and 5 due to lower
bifurcation ratios, whereas stream orders 1, 2, and 4 pos-
sess increased scope for infiltration that facilitate building
water harvesting and recharge structures. The steeper slopes
at highlands and lowlands depicted by hypsometric curve,
particularly at the regions across stream orders 3 and 5, have
the potential to conserve water through large surface water
harvesting structures.

The areal aspects of the Arkavathy river basin confirm
that the basin is elongated and as a consequence Arkavathy
river basin experiences low peak flows of runoff for longer
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duration despite flood risk. Lower drainage density and
length of overland flow in the basin confirm longer concen-
tration times for runoff particularly in the regions of lower
relief. Therefore, the runoff in Arkavathy river basin has
large scope for infiltration into the ground water particularly
at flatter regions depicted by hypsometric curve. However,
as Arkavathy river basin possesses moderate- to low-water-
bearing aquifer systems such as granite and gneiss rock
types, the water infiltrated can only be stored across fluvial
deposits across the valley floors and stream channels of the
drainage network or in rock fractures. As the aquifer sys-
tems in Arkavathy basin are not high-water-bearing systems,
considering the water budget of the basin, the cause of loss
of water in a basin can be deduced as evapotranspiration. It
can be concluded that due to high time of concentration of
runoff in the basin, as a consequence of its morphometry,
the loss of water due to evapotranspiration rates leads to the
persistent water scarcity in the basin.
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