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Abstract: Hypsometric analysis is a significant tool for assessing the influence of geologic and tectonic 
factors on topography and also to prioritize sub-watersheds based on soil erosion and runoff. To 
understand the type of erosive processes and relative age of land forms, hypsometric analysis is carried 
out for all the 15 sub-basins of Meenachil River Basin, a humid tropical river basin of the Western Ghats, 
Kerala.  Hypsometric analysis was performed on SRTM DEM (90m resolution) to derive the hypsometric 
parameters and the curves for each sub- watershed as well as to entire basin using CalHypso an Add-on 
tool to Arc GIS 9.2 and the statistical data like hypsometric integral, skewness and kurtosis were also 
determined. Based on the shape of hypsometric curves and value of hypsometric parameters, the 
geomorphic stages of the sub watersheds were identified, and the erosion status of the watersheds was 
finally predicted based on the geomorphic stages. Among the 15 sub-watersheds, six sub-watersheds 
indicate the in-equilibrium stage as the Hypsometric Integral > 0.3. The analysis also revealed that the 
lithologic and structural differences between areas or recent minor uplifts for sub-watersheds SW4, SW5, 
SW8, SW11, SW12 and SW13. The pattern of the hypsometric curves of SW6, SW7, SW14 and SW15 
suggested that the formation of alluvial deposits made the watershed favourable for groundwater re-
charge.  
 
 
Key words: Meenachil River Basin, Digital Elevation Model, CalHypso, Hypsometric Curve, 
Hypsometric Integral. 

 
 

1. INTRODUCTION 
 

The hydrological response of watersheds to 
precipitation events depends on the mechanisms of 
runoff generation, in particular on the partitioning 
between surface and subsurface discharge to the 
channel network, where the topography plays a 
significant role in determining the basin response 
(Schumm 1956; Howard 1990; Tarboton et al., 
1992; Marani et al., 2001; Ivanov et al., 2004a; 
Bertoldi et al., 2006; Ascione et al., 2008). A strong 
interplay exists between basin geomorphic shape 
and its hydrological response, which ultimately 
defines the impact of the outcome of erosional 
processes on landscape form (Rodri′guez-Iturbe & 
Valdes 1979; Ijja´sz-Va´squez et al., 1992; Duffy 
1996; Tucker & Bras 1998; Ivanov et al., 2004b). 
While the hydrological processes depend on many 

basin properties, the relief ratio and catchment 
volume design important roles in determining runoff 
(Zecharias & Brutsaert 1988; Hutchinson 1989; 
Eltahir & Yeh 1999; Luo & Harlin 2003). 
Hypsometric analysis helps to assess the influence of 
geologic and tectonic factors on topography. 
According to Harlin 1978, the hypsometric curve is 
treated as a cumulative probability distribution 
function; the form of the curve can be quantitatively 
described by a series of statistical moments, such as 
skewness and kurtosis of its density function. 
Further these parameters or attributes are sensitive to 
subtle changes in overall basin slope and basin 
development as the mass is removed by erosion over 
a long geological time period (Harlin 1980). The 
statistical characteristics of hypsometric analysis 
include hypsometric integral (Ea), hypsometric 
curve, co-ordinates of slope inflection points, 
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hypsometric skewness and kurtosis etc.  
The relief ratio and catchment volume can be 

concisely captured through the hypsometric (area-
altitude) curve and the hypsometric curve is typically 
represented as the distribution of the relative height 
(h/H) with relative area (a/A) (Langbein 1947; 
Strahler 1952; Pike & Wilson 1971). Despite that the 
hypsometric curve aggregates the three-dimensional 
basin structure, its shape has been related to the 
hydrograph peak and travel time (Harlin 1984; Luo 
1998; Oertel 2001; Luo & Harlin 2003; Latron & 
Gallart 2007; Liyanagamage & Hewa 2012; 
Kedareswarudu et al., 2013) and the regional 
groundwater base flow (Marani et al., 2001; Vivoni et 
al., 2007). Hypsometric analysis is not only a 
significant tool for identifying the geological stages of 
development but also for prioritization of sub-
watersheds based on soil erosion and runoff. Many 
works have been reported on Hypsometric analysis 
using GIS and D’Alessandro et al., (1999) emphasises 
the significance of Hypsometric analysis in the study 
of morphoevolution of drainage basin by portraying 
the evolution of the land tectonic history using 
hypsometry. 

The hypsometric curve has been widely used 
to interpret stages of landscape evolution due to uplift 
and denudation (Ijja´sz-Va´squez et al., 1992; Ohmori 
1993; Tucker & Bras 1998; Willgoose & Hancock 
1998; Brocklehurst & Whipple 2004; Cheng et al., 
2012). Previous studies also showed that basin 
hypsometry is related to the size, shape, and relief of 
the basin (Strahler 1952; Weissel et al., 1994; Vivoni 
et al., 2004; 2005; Vivoni et al., 2008, Markose & 
Jayappa, 2011) as well as other factors such as the 
dominant erosion process (Moglen & Bras 1995; 
Willgoose & Hancock 1998; Luo 2000; Hancock & 
Willgoose 2001; Azor et al., 2002; Chen et al., 2003; 
Korup, 2006; Singh 2009; Ramu & Mahalingam 
2012), sensitiveness to both uplift rates and the 
erosional resistance of lithological units (Lifton & 
Chase 1992; Hurtrez et al., 1999; Chen et al., 2003; 
Walcott & Summerfield 2008; Sivakumar et al., 
2011) and rapid tectonic activities (Keller & Pinter 
1996; Hurtrez et al., 1999; Chen et al., 2003; Korup et 
al., 2005; 2007; Pedrera et al., 2009; Barbero et al., 
2010; Shahzad & Gloaguen 2011; Mahmood et al., 
2012). Practical applications of hypsometric analysis 
are foreseen in hydrology, soil erosion and 
sedimentation studies and military science. 
 

2. MATERIALS AND METHODOLOGY 
 

The present study covers 831.661km2 out of 
the total 1272 km2 area of the Meenachil River 
Basin and is located between 9º32’ and 9º51’N 

latitudes and 76º29’ and 76º56’ E longitudes (Fig. 1). 
Meenachil River, one of the major rivers of Kerala, 
originates from Kolahalamedu at an elevation of 
1156m above MSL. The major river draining has a 
length of 78km. The river basin enjoys the humid 
tropical climate with an average rainfall of 
3120mm/year of which 1646mm is received during 
the Southwest monsoon. The river has a total annual 
yield of 2349 million cubic meters and annual 
utilizable yield of 1110 million cubic meters. As far 
as the ground water resource is concerned, the area 
falls in the category of ‘white’, which means that 
only less than 65% of the ground water is utilised. 
The Meenachil watershed is divided into 15sub-
watersheds, 47 mini-watersheds and 114 micro-
watersheds. 

The Hypsometric analysis of the Meenachil 
River Basin was based on published Survey of India 
topographical maps on a 1:50,000 scale. The hard 
copy topographic map was scanned and geo-
referenced in ERDAS IMAGINE 9.1 and onscreen 
digitization process was carried out using Arc GIS 9.2 
for preparing the stream network. The designation of 
the stream order is based on the hierarchy ranking of 
streams proposed by Strahler (1964). The entire River 
Basin is divided into 15 sub-watersheds which were 
also digitized from the geo-referenced topographic 
maps. The SRTM obtained elevation data on a near 
global scale is used for the present study, for the 
SRTM data the website http://srtm.csi.cgiar.org was 
accessed, from which digital elevation model (DEM) 
of whole basin and 15 sub watersheds were extracted 
(Fig. 2). Hypsometric curves of each sub watershed 
and full basin are obtained using CalHypso an Add on 
tool to Arc GIS 9.2. Statistical data like hypsometric 
integral, skewness and kurtosis are determined. From 
the hypsometric curves, maximum concavity, co-
ordinates of slope inflection point (I) given by a* and 
h* are calculated using the hypothetical curve (Fig. 3) 
of Sinha (2002). Based on the shape of hypsometric 
curves and value of hypsometric parameters, the 
geomorphic stages of the sub watersheds were 
identified. Finally based on the geomorphic stage, the 
erosion status of the sub watersheds is predicted. 

 
3. RESULTS AND DISCUSSION  

 
Hypsometry is the graphical representation of 

the area/elevation function of a drainage basin or the 
integral of a basin’s surface area with respect to its 
elevation (Langbein 1947; Strahler 1952) (Fig. 4). It 
is commonly used to assess the extent of basin 
erosion/relative geomorphic age/degree of 
excavation and, by extension, the interplay of 
denudation and tectonic uplift. 
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Figure 1. Meenachil River Basin 
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Figure 2. Digital Elevation Model of Meenachil River Basin 
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Figure 3. A hypothetical curve defining the hypsometric 

parameters 
 

A hypsometric integral (a value) and a 
hypsometric curve (an S-shaped line graph) are 
outputs of hypsometric analysis (Anderson & 
Anderson 2010). A hypsometric integral (HI), 
sometimes called the “elevation/relief ratio”, can be 
calculated for every basin. This index summarizes the 
basin based on its relief and mean elevation. It 
provides a general index of erosion or tectonism. HI 
is useful when comparing several basins to one 
another. HI values are reported to two decimals. HI 
values of <0.30 are considered stable and “mature” in 
the Davisian sense, while values >0.60 indicate 
unstable, “young” basins. Similar HI values may be 
calculated for basins with very different geomorphic 
histories. In hypsometric curves, cumulative area and 
normalized relief are typically plotted on the x-axis 
and y-axis, respectively. X-axis is scaled from 0-
100% (cumulative number of pixels in equal-interval 
elevation bins of a chosen size). From the 
hypsometric curves, maximum concavity and co-
ordinates of slope inflection point were calculated 
using the hypothetical curve of Sinha (2002). Y-axis 
is scaled from 0-1, based on catchment relief (0 value 
is lowest elevation in basin and 1 is the highest).  

In tectonically active areas (uplifting), high HI 
values (HI >0.50) and convex curves reflect the 
“young” stage of landscape development (more 
mass at higher elevations). Balanced S-shaped 
hypsometric curves (HI ~0.50) indicate relatively 
young, but still developing basin landscapes. 
Concave-upward curves (HI < 0.50) usually suggest 
“older”, more extensively excavated basins in 
tectonically stable landscapes. Similar hypsometric 

curves can be produced by the interaction of 
climatic, tectonic, rock type forces, sometimes 
“overprinting” one another (Bishop et al., 2002).  

The percentage hypsometric curve (area-
altitude curve) relates horizontal cross-sectional area 
of a drainage basin to relative elevation above basin 
mouth. By use of dimensionless parameters, curves 
can be described and compared irrespective of true 
scale. Curves show distinctive differences both in 
sinuosity of form and in proportionate area below 
the curve, here termed the hypsometric integral. A 
simple three-variable function provides a 
satisfactory series of model curves to which most 
natural hypsometric curves can be fitted. The 
hypsometric curve can be equated to a mean ground-
slope curve if length of contour belt is taken into 
account (Strahler 1952). The morphology of a river 
basin plays a fundamental role in the dynamics of 
surface and subsurface runoff generation. 
Substantial modifications of the basin morphologic 
system can lead to changes in the river basin 
response to precipitation events. The hypsometric 
curve is a concise, but powerful instrument that 
encloses the necessary features to represent the form 
of a watershed and its evolution. It is also able to 
describe the hydrologic behaviour of a river basin 
through a set of parameters related to the shape of 
the curve (Di Benedetto et al., 2006). 

Hypsometric curves (Fig. 4) are classified into 
two groups based on the shape. First group includes 
the curves with upward concavity representing less 
fluvial processes. The second group is characterized 
by convex concave shape with, pointing to fluvial 
and slope wash processes of landforms. Hypsometric 
curves for all sub-watershed shows upward concave 
curves but SW4, SW5, SW6, SW7, SW8, SW10, 
SW11, SW12, SW13, SW14 and SW15 showed 
downward concave at lower reaches. The convex 
shape of the graph in the downstream of the sub-
watersheds indicates mass accumulation at the 
mouth. From the hypsometric curves, hypsometric 
parameters such as hypsometric integral (HI), point 
of maximum concavity (Eh), coordinates of point of 
inflection (h*, a*) and height of hypsometric curve 
at different points have been determined and 
tabulated in Table 1. Hypsometric integral controls 
the shape of the hypsometric curve and thereby 
provides clues for landform evolution (Sinha 2002). 
Downward concave hypsometric curves show high 
hypsometric integral. Based on the value of 
hypsometric integral, the sub watersheds are 
classified into 3 groups and they are  
(1) Old (0 < HI < 0.3),  
(2). Mature (0.3 < HI < 0.6) and  
(3). Young (0.6 <HI < 1).  
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Table - 1: Hypsometric parameters of Meenachil River Basin and its 15 sub-watersheds 

Watershed Area (km2) Hypsometric Integral (Ea) Maximum concavity (Eh) a* h* h 
(0.2) 

h 
(0.5) 

h 
(0.8) 

SW1 156.347 0.2701 4.7 0.55 0.17 0.50 0.20 0.08 
SW2 61.071 0.2413 6.5 0.23 0.39 0.43 0.19 0.07 
SW3 47.938 0.2390 6.8 0.30 0.28 0.38 0.19 0.12 
SW4 21.176 0.3235 5.0 0.24 0.44 0.47 0.30 0.18 
SW5 45.978 0.3865 4.2 0.09 0.70 0.58 0.39 0.21 
SW6 110.767 0.1935 8.5 0.14 0.30 0.26 0.17 0.13 
SW7 48.599 0.2625 6.7 0.19 0.40 0.38 0.26 0.14 
SW8 21.883 0.4286 2.9 0.74 0.10 0.67 0.40 0.20 
SW9 22.202 0.2535 6.4 0.13 0.45 0.39 0.24 0.12 
SW10 32.582 0.2999 6.1 0.10 0.17 0.45 0.29 0.17 
SW11 23.808 0.3329 5.2 0.23 0.47 0.50 0.32 0.18 
SW12 71.993 0.3173 5.1 0.14 0.53 0.49 0.30 0.19 
SW13 64.453 0.3796 4.5 0.12 0.59 0.53 0.40 0.23 
SW14 55.065 0.2484 6.4 0.10 0.48 0.39 0.24 0.14 
SW15 47.799 0.2092 7.1 0.34 0.15 0.30 0.18 0.11 

Meenachil river basin 831.661 0.0834 10.1 0.15 0.14 0.10 0.05 0.04 
 

Table - 2: Statistical moments derived from the hypsometric curves 
Watershed Area (km2) Hypsometric Integral (Ea) Skewness Kurtosis Density Skewness Density Kurtosis 

SW1 156.347 0.2701 0.9852 3.1890 1.0338 3.0855 
SW2 61.071 0.2413 0.9195 2.7860 1.1147 2.8912 
SW3 47.938 0.2390 0.9461 2.8063 1.3941 3.7327 
SW4 21.176 0.3235 0.5575 2.1884 0.5738 1.7878 
SW5 45.978 0.3865 0.5259 2.2299 0.2435 1.6032 
SW6 110.767 0.1935 0.2823 1.5215 1.2953 2.5998 
SW7 48.599 0.2625 0.5428 2.0204 0.8752 2.0515 
SW8 21.883 0.4286 0.5623 2.3379 0.1464 1.6817 
SW9 22.202 0.2535 0.6233 2.1496 0.8606 2.0793 
SW10 32.582 0.2999 0.5130 2.1008 0.5708 1.7124 
SW11 23.808 0.3329 0.5699 2.1995 0.5865 1.7904 
SW12 71.993 0.3173 0.5786 2.1933 0.6225 1.8102 
SW13 64.453 0.3796 0.4384 2.0523 0.2710 1.4345 
SW14 55.065 0.2484 0.5764 2.0706 0.8420 2.0085 
SW15 47.799 0.2092 0.4961 1.8407 1.0721 2.2990 

Meenachil river basin 831.661 0.0834 -0.2837 0.9570 1.6064 3.0615 
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Table - 3: Inference on Hypsometric parameters 

Watershed Area 
(km2) 

Hypsometric 
Integral 

(Ea) 

Basin response to  

*GSD Hydrology Erosion Tectonism  Lithology  

SW1 156.347 0.2701 Old Intensified run-off Prone to erosion Less influenced  Homogenous 

SW2 61.071 0.2413 Old Intensified run-off Prone to erosion Less influenced Homogenous 

SW3 47.938 0.2390 Old Intensified run-off Prone to erosion Less influenced Homogenous 

SW4 21.176 0.3235 Mature Uniform water 
discharge Less eroded surface Partially 

influenced 
Intrusions and exposed to 

denudation 

SW5 45.978 0.3865 Culminating 
stage 

Uniform water 
discharge Less eroded surface Influenced Intrusions and exposed to 

denudation 

SW6 110.767 0.1935 Very Old Ground water 
potential Deposition at lower reaches Less influenced Homogenous 

SW7 48.599 0.2625 Old Ground water 
potential Deposition at lower reaches Less influenced Homogenous 

SW8 21.883 0.4286 Culminating 
stage 

Uniform water 
discharge Less eroded surface Influenced Intrusions and exposed to 

denudation 

SW9 22.202 0.2535 Old Intensified run-off Prone to erosion Less influenced Homogenous 

SW10 32.582 0.2999 Old Uniform water 
discharge Less eroded surface Partially 

influenced Exposed to denudation 

SW11 23.808 0.3329 Mature Uniform water 
discharge Less eroded surface Partially 

influenced 
Intrusions and exposed to 

denudation 

SW12 71.993 0.3173 Mature Uniform water 
discharge Less eroded surface Partially 

influenced 
Intrusions and exposed to 

denudation 

SW13 64.453 0.3796 Culminating 
stage 

Uniform water 
discharge Less eroded surface Influenced Intrusions and exposed to 

denudation 

SW14 55.065 0.2484 Old Ground water 
potential Deposition at lower reaches Less influenced Homogenous 

SW15 47.799 0.2092 Very old Ground water 
potential Deposition at lower reaches Less influenced Homogenous 

Meenachil 
river basin 831.661 0.0834 Monadnock 

phase 

Ground water 
potential at lower 

reaches 

Prone to erosion, 
maintained a quasi-
equilibrium stage 

Less 
influenced Homogenous 

*GSD – Geologic Stage of Development 
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Figure 4. Hypsometric curves of Meenachil River Basin and its 15 sub-watersheds  

 
Among the 15 sub-watersheds, the SW4, 

SW5, SW8, SW11, SW12 and SW13 is having the 
hypsometric integral greater than 0.3, indicates the 
mature stage. Sub-watersheds in mature stage have 
more susceptibility to erosion when compared to old 
stage, since these sub watersheds are still in in-
equilibrium. The hypsometric integral values of 
0.4286 (highest among the tributaries) and 0.0834 

(The Meenachil whole basin) of watersheds (Table 
1) indicated that 43% and 8% of the original rock 
masses still exist in these watersheds respectively. It 
is understood from the analysis that the geology of 
the watersheds is attaining old stages at higher 
reaches, while certain watersheds of the lower 
reaches have been attaining mature stages. 
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Figure 5. Structural Map of Meenachil River Basin 
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These watersheds, especially SW4, SW5, SW8, 
SW11, SW13 (southern side) and SW 12 (northern 
side) have slow rate of erosion unless there are very 
high intense storms leading to high runoff peaks as 
explained by Ritter et al., (2002). The abnormality in 
the distribution of hypsometric integral values has been 
evaluated further, since the general principle is that as 
the river progresses towards the mouth, processes 
along its longitudinal profile have a change from 
young to mature to old as suggested by Thornbury 
(1969) and refined by Rosgen (1994). The analysis 
suggested that the high hypsometric integral values of 
the watersheds lying at the lower reaches of the 
Meenachil River basin are attributed to structural 
disturbances, especially the neo-tectonic influence in 
the basin geometry. Hence an evaluation of the 
structural components of the study has been prepared 
and the result of which is presented as figure 5. The 
observations of Ajaykumar et al., (2013) regarding the 
influence of structural components at the lower reaches 
of Meenachil river is further clarified with the high 
hypsometric integral values of SW4, SW5, SW8, 
SW11, SW12 and SW13 due to the epitomization by a 
plunging antiformal anticline.   

Differences of the hypsometric surfaces are also 
quantified using the statistical metrics introduced by 
Harlin (1978): hypsometric integral (I), skewness (SK) 
and kurtosis (K); and density skewness (DSK) and 
kurtosis (DK), as shown in Table 2. The configuration 
of the upland region and the dissected lowlands lends 
itself to imposing hypsometric changes to the basin that 
mimic the effects of long-term landscape evolution, as 
performed in numerical experiments expressed by 
Willgoose (1994) and Moglen & Bras (1995). The 
Meenachil basin has attained a quasi-steady state on 
the drainage-basin scale despite Quaternary climatic 
fluctuations, as the actively uplifting and eroding 
landscapes have been adjusted to the mean climatic 
condition. It is well evident from the hypsometric 
integral values and the pattern of the hypsometric curve 
of the SW6. The basin has developed a very old 
geographical expression with good ground water 
potential. The pattern of the hypsometric curves of 
SW6, SW7, SW14 and SW15 suggested that the 
formation of alluvial deposits made the watershed 
favourable for groundwater re-charge. The results have 
ratified those observations made by Whipple (2001) 
and Singh (2009). The major observations on each 
watershed based on hypsometric integrals have been 
tabulated and presented in Table 3. 

 
4. CONCLUSION 

 
The evolution of the drainage basins of 

Western Ghats has an association with Western 

Ghats orogeny. Since the river basin has age old 
evolutionary history to unveil, the stages of youth, 
maturity, and old age in regions of homogeneous 
rock give a distinctive series of hypsometric forms, 
while mature and old stages give identical curves 
unless monadnock masses are present. Hence, the 
proposal to opt the terminology like an in-
equilibrium stage, an equilibrium stage, and a 
monadnock phase in place of young, mature and old 
stages respectively is also found relevant here. The 
hypsometric analysis showed that the drainage basin 
height, slope steepness, stream channel gradient, and 
drainage density are having a good negative 
correlation with mean integrals. Among the 15 sub-
watersheds, the SW4, SW5, SW8, SW11, SW12 and 
SW13 are having the hypsometric integral greater 
than 0.3, indicates the in-equilibrium stage. Sub-
watersheds in in-equilibrium stage have more 
susceptibility to erosion when compared to 
equilibrium stage. The analysis also revealed that the 
lithologic and structural differences between areas or 
recent minor uplifts may account for certain curve 
differences as seen in the case of SW4, SW5, SW8, 
SW11, SW12 and SW13 and the regions of strong 
horizontal structural benching give a modified series 
of hypsometric curves. The pattern of the 
hypsometric curves of SW6, SW7, SW14 and SW15 
suggested that the formation of alluvial deposits 
made the watershed favourable for groundwater re-
charge. Hence, the practical application of 
hypsometric analysis is foreseen in hydrology, soil 
erosion and sedimentation studies, and military 
science. 
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