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Abstract
Drainage network quantification with respect to the climate, tectonics, lithology and geomorphology provides significant 
evidence of the drainage development, hydro-geomorphic and denudation characteristics of an area. The present study was 
carried out by using Shuttle Radar Topographic Mission DEM to study the drainage morphometry and its influence on the 
hydrological characteristics of Vaitarna and Ulhas basins in Maharashtra, India. Results of the morphometric analysis reveal 
that the catchment of Vaitarna and Ulhas can be described as of 6th and 7th order drainage basins, encompassing an area of 
3795 and 4733 km2, respectively. Additionally, Vaitarna basin is characterised by relatively higher mean bifurcation ratio as 
compared to the Ulhas basin, indicative of higher structural control and steeper gradient in Vaitarna basin. Lower drainage 
density and stream frequency affirm availability of permeable sub-surface material and homogeneous lithological characteris-
tics in both basins. The shape parameters show both basins are semicircular with dendritic and sub-dendritic drainage pattern. 
The relief parameters of Vaitarna and Ulhas suggest both of these basins are characterised by very high relief and steep slope. 
GIS-based analysis of all these morphometric parameters indicates the drainage development of the study area progressed 
well beyond maturity stage and lithology have a major impact on the drainage development in Vaitarna and Ulhas basins.
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Introduction

Development of a drainage system through geologic past 
depends on several factors such as climate, lithology, tecton-
ics and geomorphic controls of an area. Geomorphometry 
is the measurement and mathematical investigation of the 
earth’s surface, dimension and its landforms (Clarke 1996). 
The morphometric parameters can be derived by measuring 
the linear, aerial and relief properties along with slope of the 
basin (Nautiyal 1994; Nag and Chakraborty 2003; Magesh 
et al. 2012).

Since now many workers carried out morphometric anal-
ysis to determine the drainage network and basin character-
istics of drainage development (Miller 1953; Boulton 1968; 
Gardiner 1975; Costa 1987; Moussa 2003; Mesa 2006; 
Magesh et al. 2012), but the pioneer study of morphomet-
ric analysis was conducted by Horton (1932, 1945), Miller 

(1953) and Strahler (1964). All the works on morphometry 
performed by recent workers are following their principles. 
Although many researchers have been carried out the mor-
phometric study, an insufficient number of works describe 
the relationship of drainage morphometry with respect to the 
climate, lithology and tectonics of an area (Das et al. 2018).

Seasonal monsoon climate characterises Vaitarna and Ulhas 
basins in the western Deccan trap region. Both basins show a 
considerable hydrological variability in the drainage network 
throughout the year. The study area also experienced a rapid 
erosion in the recent geological period due to the recession 
of Western Ghat escarpment (Subrahmanya 1987; Widdow-
son 1997; Kale and Shejwalkar 2007) through the combined 
processes of climate, tectonics, lithology and slope. These 
factors play a crucial role in landscape evolution (Goodbred 
2003; Zhang 2005) and leave fingerprints on the drainage net-
work (Das et al. 2018). Assessment of these factors together 
with drainage network and relief characteristics divulges the 
hydrological, geomorphic and denudation history of an area.

In this work, through the assessment of drainage network 
and relief parameters together with climate, tectonics and 
lithology an attempt has been made to understand the present 
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hydro-geomorphic characteristics and the stage of drainage 
basin development of Vaitarna and Ulhas basins, Maharashtra. 
This morphometric technique is an important and powerful 
method for watershed management, groundwater supervision, 
demarcation of groundwater potential zones, pedological 
assessment, environmental and ecological evaluation.

Study area

Vaitarna and Ulhas rivers are originating from the greatest 
escarpment of India (Western Ghats) and flowing through 
the Konkan region to the Arabian Sea. These river basins are 
laying into the Maharashtra State, India (Fig. 1). Latitudinal 
and longitudinal extension of the study area is 18°45′ N- 20° 
N and 72°45′ E- 74° E. Total area of Vaitarna and Ulhas 
basins are 3795 and 4733 km2, respectively. A large part of 
the study area is covering dispersed vegetation. Upstream 
area of Vaitarna and Ulhas basins has a very steep slope. 
Mostly, dendritic drainage pattern has been observed in both 

basins, but rectangular drainage pattern characterises some 
areas due to the influence of faults available in these water-
sheds. The study area is having several numbers of water 
reservoir such as lakes, dams, etc. A major part of the area 
is covering isolated hills (elevation < 500 m), and the topo-
graphical slope is towards west. The area is characterised by 
numerous joints, dykes and fractures along the NNE–SSW 
direction (Das 2017; Das and Pardeshi 2018). The study area 
can be divided into three major geomorphic parts which are 
steep escarpment from where the streams are originating, the 
pediment on the central part of the basins and the coastal low-
land area. Major rock type of the study area is basalt, formed 
due to the Deccan basalt flooding by Reunion hotspot in the 
Cretaceous-Tertiary period. In lower reaches, both of these 
basins show a large area of alluvium deposition (Fig. 2). 

The study area is located in monsoon climatic region 
where rainfall can only be seen in monsoon months (June-
Sept), rest of the times the region shows dry climatic condi-
tion (Doke et al. 2018). Although the region remains dry 
during the non-monsoon period still, the area is having mean 

Fig. 1  Location map of the study area with respect to Maharashtra State and India
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annual rainfall more than 2500 mm. The temperature of the 
study area varies between 15 and 35°C. Elevation of the 
study area ranges from 0 metres in coastal lowland region 
to 1400 metres above sea level at the escarpment zone. All 
these parameters of physical environment greatly affect the 
drainage morphometry of both these rivers.

Methodology

Earlier morphometric measurements were carried out by 
using traditional methods such as topographical maps and 
field analysis. In late twentieth century, advancement of 
technology introduced remote sensing and GIS, by which 
analysis of morphometric data for large drainage basin area 
became much easier than before (Das and Pardeshi 2018). 
Nowadays, for the study of morphometric properties and 
basin characteristics, remote sensing data such as Digital 
Elevation Model (DEM) has become very popular world-
wide. In recent years, numerous studies on morphometric 
analysis have been carried out all over the world by using 
DEM and GIS (Dietrich et al. 1993; Nag 1998; Lindsay et al. 
2004; Deng 2007; Lindsay and Evans 2008; Wilson et al. 
2008; Verstappen 1983; Chopra et al. 2005; Mesa 2006; 
Magesh et al. 2012; Jacques et al. 2014). All the morpho-
metric parameters can be automatically calculated by using 
DEM in GIS software, and the output data can be utilised 
for further geoenvironmental assessment (Das et al. 2018).

In this study, Shuttle Radar Topographic Mission (SRTM) 
data sets with 3 arc-sec (90 m) resolution used in ArcGIS 
environment to delineate the drainage basins. SRTM data is 

freely obtainable at http://srtm.csi.cgiar .org, and the data cov-
ers almost entire earth (60° N- 60° S) with 5° × 5° tiles. The 
processing of SRTM data is very first and inexpensive way 
for regional topographical analysis with satisfactory accuracy.

Figure 3 shows the methodology which has been followed 
in this study to generate streams. SRTM data were filled in 
ArcGIS environment to correct DEM errors. Flow direc-
tion, flow accumulation and stream order tools were used to 
generate streams followed by the Strahler’s method of stream 
ordering (1952). All the rivers with no tributary marked as 
1st order stream; two 1st order streams join and form 2nd 
order stream and so on. The highest drainage order found 
in Vaitarna and Ulhas basins are 6th and 7th order, respec-
tively. Later, all the morphometric parameters such as basin 
area, basin perimeter, stream length, bifurcation ratio, drain-
age density, stream frequency, relief, relief ratio, circularity 
ratio, elongation ratio, form factor, etc. were calculated to 
evaluate the basin characteristics and the stage of drainage 
development. Table 1 shows the list of morphometric param-
eters and appropriate formulae which are used in this study.

Results

Vaitarna and Ulhas river basins have been investigated 
in this paper are draining about 3795 and 4733 km2 area, 
respectively. Few factors that control the drainage devel-
opment are climate, geology and relief. The type of drain-
age pattern has been observed in both channels are mainly 
dendritic and sub-dendritic which are an irregular branch-
ing of tributaries from many directions joining to the trunk 

Fig. 2  Maps are showing lithological characteristics of Vaitarna and Ulhas basin

http://srtm.csi.cgiar.org
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stream at less than of a right angle. Vaitarna and Ulhas have 
been classified as 6th and 7th order basins. Depending on 
stream network and basin properties, all the morphometric 
parameters have been calculated to understand hydrological 
characteristics of both river basins.

Stream order (u)

Horton (1932) introduced the concept of stream order. To 
classify the streams in a drainage basin, stream ordering 
is the most popular method used worldwide. The main 
stream in the down reach of a basin generally shows the 

highest stream order. In this study, streams are classi-
fied by using Strahler’s method of stream ordering. It 
is observed that Ulhas and Vaitarna have 6th and 7th as 
highest stream order. The maximum frequency of streams 
found in 1st order on the hilly rugged terrain. Observation 
also shows that as stream order increases, the number of 
streams decreases significantly in both basins (Fig. 4a).

Mean stream length (Lsm)

Mean stream length (Lsm) represents the characteristics 
of stream network in the basin surface area. Lsm has been 

Fig. 3  Methodology carried out to generate the drainage network

Table 1  Morphometric parameters along with corresponding formulae

S. no. Parameters Formulae References

1 Stream order (u) Hierarchical rank Strahler (1964)
2 Stream number (Nu) Number of streams in each order Horton (1945)
3 Stream length (Lu) Length of stream Horton (1945)
4 Mean stream length (Lsm) Lsm = Lu/Nu Strahler (1964)
5 Stream length ratio (RL) RL = Lu/(Lu − 1) Horton (1945)
6 Bifurcation ratio (Rb) Rb = Nu/(Nu + 1) Schumm (1956)
7 Mean bifurcation ratio (Rbm) Rbm = average bifurcation ratio of all order Strahler (1957)
8 Drainage density (Dd) Dd = Lu/A Horton (1945)
9 Stream frequency (Sf) Sf = Nu/A Horton (1945)
10 Drainage texture (T) T = Dd × Sf Smith (1950)
11 Circularity ratio (Rc) Rc = 4πA/P2 Strahler (1964)
12 Elongation ratio (Re) Re = D/L = 1.128 

√

A /L Schumm (1956)

13 Form factor (Ff) Ff = A/L2 Horton (1945)
14 Relief (R) R = H − h Hadley and Schumm (1961)
15 Relief ratio (Rh) Rh = R/L Schumm (1963)
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calculated by dividing total length of the stream in an order 
to the total number of stream of the same order. Table 2 
indicates the variation of Lsm of Vaitarna and Ulhas basins 
ranging from 0.91 to 64.98  km and 0.89 to 54.48  km, 

respectively. Figure 4b illustrates that in a given order, 
Lsm increases exponentially than the previous lower order. 
It indicates the trunk stream of an order is comparatively 
longer than its previous tributary streams.

Stream length ratio (RL)

Stream length ratio (RL) can be defined as the ratio of the 
mean length of the one order to the next order of streams 
(Horton 1945). Table 2 shows some minor variation of RL 
over the studied river basins. This variation may be occurred 
due to the different slope and lithological changes in the 
basin topography. Critical inspection shows increasing trend 
of stream length ratio from lower order to the higher order 
in both basins; it implies matured topographical condition.

Bifurcation ratio (Rb)

Bifurcation ratio (Rb) can be defined as the ratio of the num-
ber of streams in an order to the number of streams in the 
higher order in the drainage basin (Schumm 1956). Bifur-
cation ratio shows low values for all basins except where 
geological structure dominates. Therefore, by computing 
bifurcation ratio, geological and structural control of the 
drainage basin can be easily understood. Bifurcation ratio 
more than 5 indicates significant structural disturbances 
and the substantial influence of geological structures to the 
drainage network. The mean bifurcation ratio of Vaitarna 
and Ulhas are 4.79 and 3.94, respectively. The Rb values 
indicate low to moderate structural control in Vaitarna basin, 
but Ulhas is not affected by any structural disturbances over 
drainage network.
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Fig. 4  a Scatterplot is showing the relationship between stream order 
and stream number. b The relationship between stream order and 
mean stream length

Table 2  Results of drainage network properties in Vaitarna and Ulhas basins

Basin name Stream order 
(u)

Stream number 
(Nu)

Stream length 
(Lu) (km)

Mean stream length 
(Lsm) (km)

Stream length 
ratio (RL)

Bifurcation 
ratio (Rb)

Mean bifurca-
tion ratio 
(Rbm)

Vaitarna I 2423 2208 0.91 – – 4.79
II 561 994 1.77 1.95 4.32
III 122 461 3.78 2.13 4.60
IV 21 200 9.53 2.52 5.81
V 5 256 51.29 5.38 4.2
VI 1 65 64.98 1.27 5

Ulhas I 2942 2627 0.89 – – 3.94
II 664 1197 1.80 2.02 4.43
III 146 529 3.63 2.01 4.55
IV 29 337 11.63 3.21 5.03
V 8 167 20.92 1.80 3.63
VI 2 103 51.74 2.47 4.00
VII 1 54 54.48 1.05 2.00
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Drainage density (Dd)

Drainage density (Dd) of a basin indicates the closeness 
of spacing of streams (Horton 1932). It can be defined as 
the ratio between the total length of streams in all order 
to the basin area. Generally, in low relief region, drainage 
density shows lower values and in high relief region, drain-
age density becomes higher (Strahler 1964). Drainage den-
sity of Vaitarna and Ulhas basins is 1.10 and 1.06 km/km2, 
respectively (Table 3); it indicates that both river basins are 
consisting homogeneous lithology which is controlling the 
drainage density. Figure 5 illustrates the variation of drain-
age density over Vaitarna and Ulhas basin. Observation 

shows that both the basins are having higher drainage den-
sity towards downstream, it is mainly due to the availability 
of alluvium which has more erosion potential.

Stream frequency (Sf)

Horton (1932) introduced stream frequency (Sf) as a total 
number of streams from all stream orders per unit area. Sf 
values for Vaitarna and Ulhas basins are 0.82 and 0.80, 
respectively. Sf depends on the lithology of the basin, and it 
affects the drainage texture. There is a positive correlation 
between stream frequency and drainage density that indi-
cates as the stream frequency increases, drainage density 
also increases.

Drainage texture (T)

Drainage texture (T) varies depending on several numbers of 
factors such as climate, lithology, relief, infiltration capac-
ity, vegetation covers and the stage of drainage development 
(Smith 1950). Massive, resistant rock shows coarse drain-
age texture and, at the same time area underlain by soft or 
weak rock, shows fine drainage texture. The drainage tex-
ture mainly depends upon climate and vegetation of an area 
(Dornkamp and King 1971). In a different climatic region 
such as the arid or semi-arid area where sparse vegetation 
found, the drainage texture will be finer compared to the 
humid climatic region having dense vegetation. Drainage 
texture is simply the product of drainage density (Dd) and 
stream frequency (Sf). Both the Vaitarna (T = 0.91) and 
Ulhas (T = 0.85) basins exhibit very coarse drainage texture.

Table 3  Results showing variation of basin morphometric properties 
of Vaitarna and Ulhas basins

S. no. Parameters Basin name

Vaitarna Ulhas

1 Basin area (A)  (km2) 3795 4733
2 Basin perimeter (km) 353 498
3 Basin length (km) 95 111
4 Drainage density (Dd) (km/km2) 1.10 1.06
5 Stream frequency (Sf) (No/km2) 0.82 0.80
6 Drainage texture (T) 0.91 0.85
7 Circularity ratio (Rc) 0.38 0.24
8 Elongation ratio (Re) 0.73 0.70
9 Form factor (Ff) 0.42 0.38
10 Relief (R) 1226 1394
11 Relief ratio (Rh) 12.92 12.55

Fig. 5  Drainage density map of Vaitarna and Ulhas basins
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Circularity ratio (Rc)

Strahler (1964) demonstrated circularity ratio (Rc) as the 
ratio of basin area to the area of a circle having the same 
perimeter of the drainage basin. Rc value near to 1 indi-
cates the circular shape of the basin and similar infiltration 
rate over the basin area. Lower values of Rc represent youth 
stage of basin development where the surface water flow 
takes comparatively lesser time to reach the basin outlet. 
Rc values of Vaitarna and Ulhas are 0.38 and 0.24, respec-
tively. Moderate values of Rc for both basins indicate mature 
topography and Ulhas basin is comparatively elongated than 
Vaitarna.

Elongation ratio (Re)

Elongation ratio (Re) is the ratio between the diameter of a 
circle having the same area as the basin and total length of 
the basin (Schumm 1956). Re value will be 1 for a perfect 
circular basin. As Re decreases, river basin becomes more 
elongated. Table 4 represents classifications of required 
Re values for different basin shapes. Both the Vaitarna 
(Re = 0.73) and Ulhas (Re = 0.70) basins are showing high 
elongation ratio, indicating semicircular basin shapes over 
the study area.

Form factor (Ff)

Form factor (Ff) can be defined as the ratio between total 
drainage area and the square of the basin length. Horton 
(1945) defined this parameter to predict flow intensity of a 
basin of a defined area. Smaller values of the Ff indicates 
more elongated basin with lower peak flow for a longer dura-
tion. More the value of Ff, more circular the basin with the 
potential of flash flood due to higher peak flow for a shorter 
duration. Ff values for Vaitarna and Ulhas are 0.42 and 0.38, 
respectively. Ff values of these basins indicate the semicir-
cular shape of basins with moderate peak flow for shorter 
time duration.

Relief

Basin relief is an important geomorphic factor to under-
stand the erosional and mass movement processes in the 

basin area. Basin relief can be defined as the difference 
between highest elevation and the lowest elevation within 
the basin. Very high relief of a basin shows steep slopes 
where hillslope processes predominate and low relief basins 
are comparatively flat regions having more dominance of 
in situ weathering processes. Figure 6 shows spatial varia-
tion of elevation over the study area. Relief of Vaitarna and 
Ulhas are 1226 and 1394 m, respectively. Very high relief 
of these basins indicates steep slope and hillslope are domi-
nating processes along with high-velocity runoff and less 
infiltration potential over the basin area.

Relief ratio (Rh)

According to Schumm (1956), relief ratio (Rh) is a dimen-
sionless height–length ratio of horizontal distance to the 
longest extent of the basin to the principal drainage line. Rh 
indicates overall steepness along with the erosional poten-
tial of the drainage basin. Both the Vaitarna (Rh = 12.92) 
and Ulhas (Rh = 12.55) basins indicate high values of relief 
ratio; it implies very steep slope and high-intensity erosional 
mechanism over the study area.

Slope

The slope is an important geomorphic aspect which indi-
cates the degree of inclination of a basin concerning the hor-
izontal surface. The understanding slope is essential because 
it provides valuable information for agriculture, planning, 
engineering structures, etc., (Sreedevi et al. 2005). Morpho-
climatic processes mainly control the slope in areas having 
different rock types with the various rates of resistance. By 
using SRTM data sets, slope maps have been prepared in 
ArcGIS environment. Observation reveals that variation of 
slope in Vaitarna and Ulhas basins ranges from 0° to 57° 
and 0° to 69°, respectively (Fig. 7). Higher variation of slope 
represents steep scarp with rapid runoff and high erosion 
vulnerability.

Discussion

The effectiveness of quantitative morphometric analysis of a 
watershed entirely depends on the interrelationship between 
various drainage network and relief parameters. The varia-
tion in these parameters causes differences in the terrain of 
a basin (Kale and Rajaguru 1986). In this study, results of 
all the linear, aerial and relief parameters are attributed on 
the basis of drainage network and basin relief characteristics.

Vaitarna and Ulhas are classified as 6th and 7th order 
drainage basins, respectively. Higher stream order indicates 
greater runoff through the basin outlet due to higher num-
ber of tributaries and sub-tributaries (Hajam et al. 2013). 

Table 4  Elongation ratio (Re) 
classification for different basin 
shapes

Range Shape

<0.5 Highly elongated
0.5–0.6 Moderately elongated
0.6–0.7 Elongated oval
0.7–0.8 Semicircular
>0.8 Circular
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Figure 4a, b depicts the relationship between stream order 
with respect to stream number and mean stream length 
which shows a significant correlation. Horton (1945) demon-
strated that when stream order plotted against stream num-
ber and stream length, it is shown as a straight line on the 
semilog scale, which can also be seen in the present study. 
Strahler (1957) illustrated that significant positive correla-
tion is found between the stream order and the basin area. 
Similar observations are made in this study where Ulhas 

basin has much higher basin area compared to the Vaitarna 
basin. Therefore, the condition of stream order increases as 
the basin area increases and is fulfilled.

Calculation of bifurcation ratio is one of the fundamental 
methods to understand the structural control over a drain-
age basin. Results from previous researches carried out in 
different locations indicate that the mean bifurcation ratio 
without geological control varies between 3 and 5 (Vittala 
et al. 2004; Chopra et al. 2005; Kant et al. 2015; Radwan 

Fig. 6  DEMs are showing a variation of elevation in Vaitarna and Ulhas basin

Fig. 7  Slope maps of Vaitarna and Ulhas basins are showing the degree of inclination of land concerning the horizontal ground surface
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et al. 2017). Vaitarna basin (Rbm- 4.79) shows higher bifur-
cation ratio as compared to the Ulhas basin (Rbm- 3.94). 
Hence, Vaitarna river basin is characterised by higher struc-
tural control. Observation on the drainage network shows 
that dendritic drainage pattern is more common in case of 
lower bifurcation ratio. As the bifurcation ratio increases, 
the control of structure become higher and river network 
shows parallel or rectangular drainage pattern. Streams in 
Vaitarna upstream appears as distinctive parallel drainage 
network which indicates structural control over the source 
region but dendritic drainage pattern characterises the Ulhas 
basin, from source to mouth reflects relatively less control 
of structure on drainage network.

Aerial morphometric parameters reflect the lithology, 
climate, tectonics and denudation history of an area. These 
parameters also control the drainage system and the runoff 
characteristics. Rao et al. (2010) argued that drainage density 
depends on the lithology type and structural physiognomies 
of an area. Region that lies on granitic, gneiss and schist 
generally shows lower drainage density due to the hard rock 
lithology. Moreover, drainage density controls the surface 
runoff which influences the infiltration capacity of an area 
(Das et al. 2017). In this study, Vaitarna and Ulhas basins 
show prominent basaltic lithology with a very low drain-
age density (Vaitarna-1.10; Ulhas-1.06) due to the less ero-
sional mechanism. In the downstream of the both basins, the 
drainage density increased as a result of the availability of 
softer alluvium which has a higher erosion potential. Also, 
lower drainage density indicates good permeability of the 
sub-surface material in both basins. In the study of Kumar 
et al. (2015), similar observations were made that region 
having hard rock lithology is characterised by lower drain-
age density. Magesh and Chandrasekhar (2014) have shown 
that range of drainage density in the Western Ghats region 
indicates similar nature of permeable sub-surface strata. Nag 
(1998) suggested that drainage density also depends on cli-
matic conditions, relief, infiltration capacity and vegetation 
cover of an area.

Scholars from different regions clarified that basins having 
circularity and elongation ratio as 0 are elongated; whereas 
1 indicates circular shape (Pandey and Das 2016; Umrikar 
2017). Observation on the basin circularity ratio and elonga-
tion ratio of the Vaitarna (0.38, 0.73) and Ulhas basin (0.24, 
0.70) reflects semicircular shape. Basin shape can reflect the 
tectonic potential of an area. Bull and McFadden (1977) have 
shown that basins draining on the tectonically active areas 
are generally elongated. Hence, it is assumed that Vaitarna 
and Ulhas basins are tectonically stable. Molin et al. (2004) 
pointed out that elongation basin shape occurs due to high 
local relief and steep slope. Despite the circular characteris-
tics, the study area shows steep escarpment and high relief 
primarily because of the complex character and the location 
of the Western Ghats escarpment.

Apart from this drainage network and relief parameters, 
assessment of few factors such as climate, lithology, geo-
morphology and tectonic settings of an area are imperative to 
understand the landscape development and evolution, which 
can be used for future environmental planning. Precipitation 
over a drainage basin influences the river flow, groundwater 
storage and the geomorphic character of an area. According 
to many researchers, Western Ghat has been experienced a 
periodic uplift since middle Mesozoic until the early Ceno-
zoic period (Radhakrishna 1993; Valdiya and Rajagopalan 
2000; Valdiya 2001a, b, 2008; Ramkumar et al. 2017). As a 
consequence, the uplift of Western Ghat on the path of SW 
monsoon creates enormous orogenic rainfall over the study 
area (Gunnel 1998). Rainfall is the primary source of water 
for all the streams in Vaitarna and Ulhas basins. Although 
both the basins show very high runoff during the monsoon 
season, in the non-monsoon period most of the upstream 
tributaries remain dry. As mentioned before, both the basins 
show numerous dykes, faults and shears which influence the 
water to infiltrate, but due to the prominent basaltic lithology 
over the study area, regardless of the availability of dykes, 
the study areas do not have a good groundwater potential 
except those regions having thick alluvium deposit in the 
downstream.

A thin stretch of Western Ghats escarpment creates very 
high relief over the study area. Except for this source region, 
the entire study area shows gentle pediment, scattered hills 
and coastal plains. These pediment regions are having a 
dominant mechanism of chemical weathering due to high-
intensity rainfall in monsoon period and high temperature. 
Hillslope processes predominate on the upstream of both 
basins where the Western Ghat escarpment is located. Com-
bined work of all these denudation processes through space 
and time leads to the study area to evolve into mature to 
early-old stage of basin development.

Conclusion

The innovation of remote sensing and GIS technology made 
geospatial analysis easier than ever. By using DEM, any 
computational studies for a basin covering a large area can 
be easily done with high accuracy. These new technologies 
have replaced the traditional methods of morphometric anal-
ysis. The fluvial landscape is a fundamental geomorphic fea-
ture can be seen anywhere in this world except high-latitude 
polar region. Therefore, for any watershed management, the 
morphometric analysis is an essential study.

The present paper describes the morphometric analysis 
of Vaitarna and Ulhas river basins. Vaitarna and Ulhas are 
classified as 6th and 7th order drainage basin, having an 
area of 3795 km2 and 4733 km2, respectively. The majority 
of the area in both basins show dendritic drainage pattern. 
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Bifurcation ratio of Vaitarna river basin indicates low to 
moderate structural control, but Ulhas does not show any 
structural control over the drainage area. Low drainage den-
sity observed in both basins mainly due to the hard rock 
lithological structures which reveal the surface area has very 
low permeability. Stream frequency and drainage texture are 
indicating very coarse spacing between streams because of 
sparse vegetation cover and dry climatic conditions. Cir-
cularity ratio, elongation ratio and form factor represent 
semicircular basin shape for both basins with moderate peak 
flow. Relief properties of the drainage basins have shown 
that both basins are having a steep slope and high inten-
sity of erosional mechanism. Overall analysis of the present 
study indicates mature to early-old stage of drainage devel-
opment over the study area. The study also relates climate, 
lithology, geomorphology and tectonic history with respect 
to the morphometric characteristics. The present study can 
be directly applied for future planning and management of 
Vaitarna and Ulhas basins.
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