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ABSTRACT

Morphometric analysis and thereby prioritization of watersheds have gained significant importance 
in land and water resources management. In this study an attempt has been made to prioritize sub-
watersheds based on morphometric analysis using geospatial techniques in Umar Nala watershed of 
Narsinghpur district, of Madhya Pradesh. Morphometric parameters, considered for the present study are 
stream frequency (Sf), drainage density (Dd), texture ratio (T), elongation ratio (Re), circulatory ratio (Rc), 
form factor (Rf), bifurcation ratio (Rb) and relief ratio (Rh). These parameters were estimated for each sub-
watershed then ranks were assigned for prioritization of sub-watersheds on the basis of value/relationship 
to arrive at a computed value for final ranking of the sub-watersheds. On the basis of morphometric 
parameters determined in GIS environment and then applying standard formulae prioritization among 
seventeen sub watersheds of Umar Nala, sub watershed no 10 is on top priority among seventeen sub 
watersheds for further soil and water conservations measures to be taken in the watershed.

Highlights

mm This study conducted in Umar Nala watershed of Narsinghpur, district of Madhya Pradesh, India to 
prioritize sub-watersheds based on morphometric analysis using geospatial techniques.

mm In this study, we employed seventeen sub watersheds of Umar Nala, and found which watershed 
urgently requires soil and water conservation measures.
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Population of our country is increasing over the 
years as a result pressure on natural resources also 
increasing (Sharma et al. 2016). So, it necessitates 
management and development of land and water 
resources on watershed basis (Sharma et al. 2008; 
Sharma et al. 2010). Watershed is a hydrological unit 
from which precipitation water flows to a common 
outlet or single point into small and large streams, 
rivers or oceans (Sharma et al. 2011; Patil et al. 2016, 
Rao, 2019; Rao et al. 2019). Geospatial technique has 
emerged as powerful tool to manage watersheds 
(Sharma et al. 2013; Patle and Awasthi, 2019a: Patle 
and Awasthi 2019b).
Quantitative description of any watershed is 

an aspect which is important to characterize 
any watershed, which can be made easily by 
morphometric analysis of the watershed (Strahler 
1964). Linear, aerial and relief aspects of watershed 
require measurement of watershed area, its 
perimeter, stream number, stream length to make 
morphometric analysis (Sharma and Seth 2010). 
Strahler (1964), Miller (1953), Smith (1950), Horton 
(1932, 1945), and others carried out pioneering work 
on the drainage basin morphometry.
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Prioritization of sub-watersheds based on 
morphometric analysis of Hiran river catchment, 
Jabalpur, Madhya Pradesh using geospatial 
technique, was attempted by Tignath et al. (2014). 
Sediment Yield Index and morphometric analysis 
based prioritization was carried out in Midnapur 
district of West Bengal by Nooka Ratnam et al.. 
(2005) using remote sensing and Geographical 
information system. Morphometric analysis and 
prioritization of sub watersheds in Bino watershed, 
Uttrakhand has been carried out by Kandapal et al. 
(2018) using potential of RS and GIS approach. In 
the present study, efforts were made to prioritize 
the sub-watersheds of Umar Nala watershed of 
Narsinghpur district, Madhya Pradesh for soil 
conservation.

MATERIAL AND METHODS
Umar Nala watershed lies between 22°39’59.91” 
& 22°43’33.93” N latitude and 78°45’0.30” & 
78°48’59.38” E Longitude, elevation ranges between 
374 and 935 m above mean sea level and covers 
2974 ha area (Fig. 1). The watershed falls within 
the boundary of Narshinghpur, district of Madhya 
Pradesh. The study area comes under the Central 
Narmada valley. Average annual rainfall is 1192 
mm, temperature varies from 8.2°C to 42.5°C of the 
study area. Soil is clay to loamy in texture.

 
Fig. 1: Location map of study are

To prepare the base map of study area Survey of 
India toposheet 55 J/14 on 1:50000 scale was scanned 
in .jpg format and used for further processing. 
Toposheet was first imported and georefrenced 
in ERDAS Imagine then further GIS operations 
were made in Arc GIS. Digitization of watershed 
boundary & its perimeter, sub watersheds boundary 
& its perimeter, stream network (Fig. 2) and 
contours (Fig. 3) were done using Arc GIS.

Fig 2 Stream network of Umar nala Watershed

Fig. 3: Contour map of watershed

The digitized boundary, streams and contours were 
further sub divided for the sub watersheds. These 
initial parameters were used to determine stream 
frequency (Sf), drainage density (Dd), texture ratio 
(T), elongation ratio (Re), circulatory ratio (Rc), form 
factor (Rf) and bifurcation ratio (Rb) using standard 
formulae (Table 1).
On the basis of compound (average) rank values 
prioritization rating of all sub watershed of Umar 
Nala watershed was determined. The sub watershed 
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with lowest compound rank value was given the 
highest priority.

RESULTS AND DISCUSSION
Stream ordering was given using Straheler (1964) 
ordering system. Umar Nala watershed is 5th order 
watershed. The sub-watershed 1 to 13 of third order, 
14, 15 and 16 forth order and 17th is of fifth order. 
The stream network is presented in Fig. 2.
The basic morphometric parameters i.e. number 
of streams; length of streams, max length of 
watersheds and its area & perimeter is determined 
using potential of GIS (Table 2). Morphometric 
parameters estimated using formulae are presented 
in Table 3.
Values of bifurcation ratio in sub watersheds ranges 
between 1.33 for sub watershed 13 and 5.40 for sub 
watershed 1. So, lower value of Rb of sub watershed 

1 shows structurally less disturbed watershed 
(Sharma et al. 2010). Low value of drainage density 
i.e. 3.65 (Sub watershed 6) shows the watershed’s 
highly permeable characteristics. However, high 
value of Dd of sub watershed 13 (Dd= 17.03) shows 
its impermeableness of sub watershed (Gajbhiye et 
al. 2015). Stream frequency varies between 6.62 of 
sub watershed 6 and 32.56 of sub watershed 11 and 
has good agreement with drainage density. Texture 
ratio values of sub watersheds ranges between 1.43 
for sub watershed 8 and 5.83 for sub watershed 1.
Form factor values of sub watersheds ranges 
between 0.17 (sub watershed 9) and 0.68 (sub 
watershed 7). Lower values of Rf suggests elongavity 
of watershed and lower peaks of flow for longer 
duration. Circulatory ratio values varies between 
0.21 (sub watershed 16) and 0.82 (sub watershed 
2). Elongation ratio values ranges between 0.47 (sub 
watershed 9) and 0.93 (sub watershed 7).

Table 1: Formula for computation of morphometric parameters

Morphometric Parameters Formula Reference
Bifurcation Ratio (Rb) Rb = Nu/ Nu+1

Where, Rb = Bifurcation Ratio
Nu = Total number of stream of segment of order u
Nu+1 = Total number of stream of segment of next higher order

Schumn (1956)

Drainage density (Dd) Dd = Lu/ A
Where, Dd = Drainage density

Lu = Total stream length of order u
A = Area of basin (km2)

Horton (1945)

Stream Frequency (Sf) Fs = Nu/ A
Where, Nu = Total number of streams of all order

A = Area of basin (km2)

Horton (1945)

Form factor (Rf) Rf = A/ Lb
2

Where, Rf = Form factor
A = Area of basin (km2)
Lb = Length of basin (km)

Horton (1945)

Circulatory ratio (Rc) Rc = 4 Π A / P2

Where, Rc = Circulatory ratio
A = Area of basin (km2)
P = Perimeter (km)

Miller (1953)

Elongation ratio (Re) Re = (2/Lb) * (A/ Π)0.5 Schumn (1956)
Ruggedness Number (RN) RN = H × Dd

Where, RN = Ruggedness Number
H = Maximum watershed relief (m)
Dd = Drainage density

Relief ratio Rh = H × Lb

Where, Rh = Relief ratio
H = Maximum watershed relief (m)
Lb = Length of the basin
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Relief ratio shows the steepness of watershed. In 
the present study Rh values of the sub-watersheds 
vary from 0.07 to 0.35 (Table 2) suggesting gentle 
slope in the sub watershed 6 and steep slope in sub 
watershed 13 (Meshram and Sharma, 2018).
Biswas et al. (1999) in their study stated that 
the parameters i.e. drainage density, stream 
frequency bifurcation ratio, texture ratio, elongation 
ratio circulatory ratio, form factor and relief 
ratio parameters are the erosion risk evaluation 

parameters which can be used for prioritization 
of sub-watersheds. Morphometric parameters viz. 
drainage density, stream frequency, bifurcation ratio, 
texture ratio and relief ratio parameters have a direct 
relationship with erodibility, higher the value; more 
is the erodibility (Sharma et al. 2012). Therefore, for 
prioritization of sub-watersheds , the highest value 
of linear and relief parameters was taken as rank 1, 
and second highest value was taken as rank 2 and so 
on, and the least value was taken last in rank. Shape 

Table 2: Morphometric parameters of sub-watersheds determined in GIS environment

Sub-watershed 
No.

Perimeter 
(km)

Area 
(km2)

Elevation (m) Total 
Relief (m)

No. of 
Streams

Max length of 
watershed (km)

Total Stream 
Length (km)Max. Min.

1 6.0 2.00 919 779 140 35 1.82 9.75
2 3.0 0.59 898 782 116 10 1.18 3.21
3 6.0 1.65 837 604 233 15 2.12 6.72
4 6.0 1.45 782 535 247 21 1.95 7.45
5 6.0 1.43 766 535 231 20 2.1 7.23
6 8.0 2.87 935 750 185 19 2.64 10.47
7 4.0 1.10 886 755 131 11 1.27 4.66
8 7.0 1.15 844 578 266 10 1.9 5.27
9 10.0 2.57 844 448 396 20 3.87 11.2
10 6.0 1.31 748 398 350 16 2.31 7.67
11 3.0 0.43 622 398 224 14 1.1 6.89
12 10.0 3.08 882 520 362 28 3.33 11.72
13 3.0 0.32 771 398 373 8 1.06 5.45
14 6.0 1.59 752 459 293 18 1.96 8.17
15 11.0 2.97 901 479 422 39 3.88 14.25
16 14.0 3.35 841 397 444 40 3.36 18.72
17 6.0 1.88 753 374 379 19 2.12 10.71

Table 3: Computed morphometric parameters of sub-watersheds

Sub watershed No. Rb Sf Dd T Rf Re Rc Rh

1 5.40 17.50 4.88 5.83 0.60 0.88 0.70 0.08
2 2.75 16.95 5.44 3.33 0.42 0.73 0.82 0.10
3 3.33 9.09 4.07 2.50 0.37 0.68 0.58 0.11
4 4.00 14.48 5.14 3.50 0.38 0.70 0.51 0.13
5 3.88 13.99 5.06 3.33 0.32 0.64 0.50 0.11
6 3.75 6.62 3.65 2.38 0.41 0.72 0.56 0.07
7 3.00 10.00 4.24 2.75 0.68 0.93 0.86 0.10
8 2.50 8.70 4.58 1.43 0.32 0.64 0.29 0.14
9 4.17 7.78 4.36 2.00 0.17 0.47 0.32 0.10
10 4.25 12.21 5.85 2.67 0.25 0.56 0.46 0.15
11 1.92 32.56 16.02 4.67 0.36 0.67 0.60 0.20
12 4.75 9.09 3.81 2.80 0.28 0.59 0.39 0.11
13 1.33 25.00 17.03 2.67 0.28 0.60 0.45 0.35
14 2.33 11.32 5.14 3.00 0.41 0.73 0.55 0.15
15 2.21 13.13 4.80 3.55 0.20 0.50 0.31 0.11
16 2.75 11.94 5.59 2.86 0.30 0.61 0.21 0.13
17 2.50 10.11 5.70 3.17 0.42 0.73 0.66 0.18
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parameters such as elongation ratio, circulatory ratio 
and form factor have an inverse relationship with 
erodibility lower the value, more is the erodibility 
(Sharma et al. 2012) . Thus the lowest value of shape 
parameters was rated as rank 1, next lower value 
was rated as rank 2 and so on and the highest value 
was rated last in rank. So, the ranking of the sub-
watersheds has been determined by assigning the 
highest/rank based on highest value in case of linear 
and relief parameters and lowest value in case of 
shape parameters (Table 4).
After assigning the ranks based on different 
parameters, the ranking values for all the linear, 
relief and shape parameters are added up for each 
of the sub-watersheds to arrive at compound value 
(Cp). Based on average value of these parameters, 
the sub-watershed having the least rating value 
was assigned highest priority, next higher value 
was assigned second priority and so on. The 
sub-watershed which got the highest Cp value 
was assigned last priority. Hence, on the basis of 
morphometric analysis sub-watershed 10 falls in 
the top priority and sub-watershed 7 on the last 
priority to start the soil conservation work in Umar 
Nala watershed.

CONCLUSION
The present study demonstrate the utility of remote 
sensing and GIS technique in prioritizing sub-

watersheds based on morphometric analysis. This 
study has found that sub-watershed 10 falls on 
the top priority; hence, this prioritization may be 
taken for soil conservation measures by planners 
and decision makers for locale-specific planning 
and development.
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