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ABSTRACT 
Now a day natural resources like land, soil and water is getting degraded, eroded and polluted. It 
is our prime duty to conserve the limited resources which should be categorically studied at 
watershed level. In this regard, the present study was carried out to assess linear and shape 
morphometric parameter in 7 sub-watersheds of the Ahar watershed and their prioritization for 
soil and water resource management. The drainage network and morphometric parameters were 
delineated and computed by using Arc GIS 9.3. ASTER DEM has been used to delineate the 
sub-watersheds. It has been found that the total number of streams is 814 and fifth order has 
been considered as highest order. The highest bifurcation ratio among all the sub-watersheds is 
3.95 which indicates less structural controlled drainage and the Ahar watershed fall under 
normal basin category. The prioritization was carried out by assigning ranks to the individual 
indicator and the compound value was calculated. Watersheds with highest compound value 
were given low priority while lowest compound values were given high priority. The result 
shows that the sub-watersheds ASB3, ASB4 and ASB5 falls under high risk for soil erosion and 
need to give high priority for land conservation practice to conserve the land from further 
degradation. 

Key Words : Morphometric analysis, Prioritization, Ahar watershed, Sub-watershed, Soil 
degradation 

 
INTRODUCTION 

A watershed is an ideal unit for the 
management of natural resources like land and 
water and for mitigation of the impact of 
natural disasters for achieving sustainable 
development1. The human being is closely 
attached with the development and 
conservation of natural resource like soil and 
water. In this regard prioritization of watershed 
on the basis of quantitative analysis is required 
for sustainable development. The quantitative 
analysis of morphomertic parameters is of 
immense utility in river basin evolution and 
watershed prioritization for soil and water 
conservation at micro level watershed. 
Geology, relief and climate are the key 
determinants of running water ecosystems 
functioning at the basin scale2. Morpho         
metric descriptors represent   relatively  simple  

approaches to describe basin processes and to 
compare basin characteristics3 and enable an 
enhanced understanding of the geological and 
geomorphic history of a drainage basin4. 
Morphometric study in the field of hydrology 
was first initiated by Horton to identify and 
measurement of shape. Morphometric analysis 
of a watershed provides a quantitative 
description of the drainage system, which is an 
important aspect of the   characterization of 
watersheds4. Morphometry is the measurement 
and mathematical analysis of the configuration 
of the Earth’s surface, shape and dimension of 
its landforms5,6. Morphometric analysis 
involves the evaluation of stream parameters 
through the measurements of different stream 
properties7-10. The morphometric assessment 
helps to elaborate a primary hydrological 
diagnosis in order to predict approximate *Author for correspondence 
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behaviour of a watershed if correctly coupled 
with geomorphology and geology11. 
Identification of drainage networks within 
basins or sub basins can be achieved using 
traditional methods such as field observations 
and topographic maps or alternatively with 
advanced methods using remote sensing and 
GIS12,13. It is very difficult to work out drainage 
network by using traditional methods. The 
study of drainage characteristic has been carried 
out in different part of the globe by using 
conventional method14. The satellite remote 
sensing has the ability to provide synoptic view 
of large area and is very useful in analyzing 
drainage morphometry15. In recent years GIS is 
very powerful tools for morphometric analysis 
in India as well as world. With the advent of 
remote sensing and GIS, the research has been 
carried out in Land-use change and its socio-
environmental impact with ease and accuracy16. 
The interpretation of remote sensing data in 
conjunction with sufficient real ground 
information makes it possible to identify and 
outline various ground features such as 
geological structures, geomorphic features and 
their hydraulic characters17-19. 
Watershed prioritization is the ranking of 
different sub watersheds according to the order 
in which they have to be taken for treatment 
and soil conservation measures. Morphometric 
analysis could be used for prioritization of sub-
watersheds by studying different parameters 
like linear, aerial and relief aspects of the basin 
and slope contribution20. This  analysis   can be  

achieved through measurement of   linear and 
areal parameters of the watershed even without 
the availability of soil maps21.  

AIMS AND OBJECTIVES 
The main objective is to assess the 
morphometric characteristics of the study are 
to prioritize the sub-watershed for soil resource 
management and conservation. 
Study area 
The Ahar watershed has been carried out for 
detail study. The study area of 264.299 km2 is 
located in Udaipur district, Rajasthan, India 
(Fig. 1). The geographical location of this 
basin lies between longitude 73031’57” E to 
73045’03” E and latitude 24034’43” N to 
24047’34” N falling Survey of India toposheet 
no.45H/9 and 45H/10 on 1:50,000 scale. The 
elevation of the study area ranges from 541 
meter to 974 meter. The study area falls in 
semi-arid region under tropical climatic 
condition. The mean maximum temperature 
varies from 220 C in December-January to 400 

C in May-June. May and June are the hottest 
months. The mean minimum temperature 
ranges from 8.30 C in December-January to 
25.80 C in May-June. December and January 
are the cold months. Monsoon arrives in the 
middle of the June with thunderstorm. It 
annually receives around 637 mm of rainfall 
which is enough to increase the humidity of 
the area. The humidity reaches up to 90 
percent during monsoon. 

Fig. 1 : Location map of the study area 
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METHODOLOGY 
To delineated watershed of the study area 
SOI topographic map 45H/10 on 1:50,000 
scale and ASTER DEM (30 m resolution) 
were used in GIS environment. Georeferan-
cing of toposheets was done in Arc GIS 9.3. 
Drainage map was prepared by on screen 
digitization using Arc GIS 9.3 software  
(Fig. 2). ASTER DEM was used to delineate 
main watershed as well as seven sub 
watersheds. Quantitative Morphometric par-
ameters such as linear, areal and relief par-
ameters have been calculated through the use 
of a Geographical Information System using 
Arc GIS environment. For linear aspect, high  

weightage has assigned for high values and 
aerial aspect low weightage assigned for 
high values22. The linear parameters have a 
direct relationship with erodibility. Hence 
for prioritization of sub-watersheds, the 
highest value of linear parameters was rated 
as rank 1. But Shape parameters have an 
inverse relationship with erodibility. Thus, 
the lowest value of shape parameters was 
rated as rank 1. Prioritisation was carried out 
by calculating compound value (Cp). 
Watersheds with highest Cp were of low 
priority while those with lowest Cp were of 
high priority. Thus an index of high, medium 
and low priority was produced. 

 Fig. 2 : Sub-watershed wise drainage map where (a) is denoted as sub-watershed ASB1, (b) is 
ASB2, (c) is ASB3, (d) is ASB4, (e) is ASB5, (f) is ASB6 and (g) is ASB7

RESULTS AND DISCUSSION 
Linear aspect 
Linear aspects include stream order, stream 
number stream length, mean stream length, 
stream length ratio and bifurcation ratio and 
are discussed below. 
Stream Order (U) 
Differentiate the stream order in the basin is 
the first step to analyse. Stream order 
expresses the hierarchical relationship between 
stream segments. The channel segments has 
been ranked as 1st order stream has no 
tributaries, 2nd order streams have tributaries 

only of 1st order streams and by joining two 2nd 
order, 3rd order stream is formed and so on.  
Stream Number (Nu) 
Laws of stream numbers states that the 
number of stream segments of each order 
forms an inverse geometric sequence against 
plotted order 23. The total number of streams 
is 814. Out of which 626 are 1st order, 144 
are 2nd order, 31 are 3rd order, 11 are 4th 
order and 2 are 5th order. The streams have 
been formed dendritic pattern. The 
watershed wise number and order is given in 
the Table 1(a). It shows that the highest 
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number of stream is found in ASB5 (160) 
and lowest number is in ASB1 (63). 
Calculated number of streams with order 
also shows in every sub-watershed that the 

number of streams decreases with increasing 
order (Fig. 3). With small deviation from 
straight line most of the drainage network 
shows linear relationship (Fig. 4). 

Table 1(a) : Linear aspects of Ahar sub-watersheds 

Sub-watershed 
Number of streams (Nu) Stream length in Km (Lu) 

I II III IV V Total I II III IV V Total 

ASB1 49 10 3 1  63 25.462 7.596 5.333 2.985  41.375 

ASB2 63 14 3 1 1 82 39.723 11.275 5.247 8.573 1.335 66.152 

ASB3 121 24 4 2 1 152 63.447 17.197 13.402 5.739 6.351 106.136 

ASB4 91 22 6 2 1 122 46.422 19.068 4.238 11.756 6.605 88.088 

ASB5 122 28 8 2  160 53.270 20.273 11.738 9.928  95.209 

ASB6 82 20 4 2  108 49.782 16.867 13.160 7.761  87.570 

ASB7 98 23 4 1  126 62.832 18.331 10.379 5.205  96.746 

 
Fig. 3 : Stream number Vs stream order 

 
Fig. 4 : Log of stream number Vs stream order 
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Stream Length (Lu) 
The average length of streams of each order in a 
drainage basin tends closely to approximate a 
direct geometric ratio. Table 1(a) shows that the 
total length of stream segments decreases with 

increasing stream order (Fig. 5 and Fig. 6). It 
shows that sub-watershed wise also the trends is 
same which indicates that the topography is 
gently sloping, low relief and homogenous 
lithology. 

 
Fig. 5 : Stream length Vs stream order 

 
Fig. 6 : Log of stream length Vs stream order 

Mean stream length (Lsm) 
The mean length of a channel is a dimensional 
property and reveals the characteristic size of 
drainage network components and its 

contributing basin surface. Table 1(b) shows 
that the mean stream length of a particular 
order is greater than that of next lower order 
and less than that next higher order (Fig. 7). 

Table 1(b) : Linear aspects of Ahar sub-watersheds 

Sub-watershed Mean stream length in Km (Lsm) 

I II III IV V Total 
ASB1 0.52 0.76 1.78 2.99  6.04 

ASB2 0.63 0.81 1.75 8.57 1.34 13.09 
ASB3 0.52 0.72 3.35 2.87 6.35 13.81 

ASB4 0.51 0.87 0.71 5.88 6.61 14.57 
ASB5 0.44 0.72 1.47 4.96  7.59 
ASB6 0.61 0.84 3.29 3.88  8.62 
ASB7 0.64 0.80 2.59 5.21  9.24 
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Fig. 7 : Mean stream length Vs stream order 

Stream Length Ratio (Rl) 
The stream length ratio can be defined as the 
ratio of the total stream length of a given order to 
the total stream length of next lower order and 
having important relationship with surface flow 

and discharge. Table 1(c) and Fig. 8 shows the 
changes of stream length ratio from one order to 
another indicating their late youth stage of 
geomorphic development24. The variation may 
be due to changes in slope and topography25. 

Table 1(c) : Linear aspects of Ahar sub-watersheds 

Sub-
watershed 2nd /1st 3rd/2nd 4th/3rd 5th/4th Mean stream 

length ratio 
ASB1 0.298 0.702 0.56  0.52 

ASB2 0.284 0.465 1.634 0.156 0.635 

ASB3 0.271 0.78 0.428 1.107 0.646 

ASB4 0.411 0.222 2.774 0.562 0.992 

ASB5 0.381 0.579 0.846  0.602 

ASB6 0.339 0.78 0.59  0.342 

ASB7 0.292 0.566 0.501  0.272 
 

 
Fig. 8 : Stream length ratio Vs U/U-1 
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Bifurcation Ratio (Rb) 
The bifurcation ratio (Rb) is the ratio between 
stream numbers of a particular order and next 
higher order26. Horton (1945) considered 
bifurcation ratio (Rb) as an index of relief and 
dissections. It is a dimensionless parameter. 
Bifurcation ratio shows only a small variation 
from region to region or different 
environments except where powerful 
geological control dominates27. If bifurcation 
ratio varies from one order to its next order, 
then these irregularities are attributed to 
geological and lithological development of a 

drainage basin. Generally, bifurcation ratios 
range between 2.0 to 5.0 for sub basins in 
which the geologic structure does not exercise 
a dominant influence on the drainage pattern 
and indicates that the basin is falling under 
normal basin category. Here the values of 
bifurcation ratio in Table 1(d) indicate that 
these values falls under normal basin 
category. The mean bifurcation ratio ranges 
from 2.22 to 3.95 which indicate the basin has 
suffered less structural disturbance and the 
drainage pattern has not been distorted by 
structural disturbance. 

Table 1(d) : Linear aspects of Ahar sub-watersheds 

Sub-watershed 1st /2nd 2nd /3rd 3rd /4th 4th /5th 
Mean 

bifurcation 
ratio (Rb) 

ASB1 4.9 3.33 3  3.74 

ASB2 4.5 4.67 3 1 3.292 

ASB3 5.04 6 2 2 3.76 

ASB4 4.14 3.67 3 2 3.201 

ASB5 4.36 3.5 4  3.95 

ASB6 4.1 5 2  2.22 

ASB7 4.26 5.75 4  2.80 

Length of overland flow (Lg) 
The length of overland flow (Lg) for sub-
watersheds ASB1, ASB2, ASB3, ASB4 and 
ASB5 in the study area ranges from 0.15 to 
0.19 (Table 2). These low values of Lg (less 
than 0.2) indicates very low water potential for 
water flow and infiltration. The Lg value of 
ASB6 and ASB7 is 0.35 and 0.36 indicating 
more water potential for overland flow and 
moderate infiltration. Therefore, low elevation 
areas with high infiltration found in ASB1 and 
ASB2 sub-watersheds is associated with high 
groundwater potential zone. 
Areal aspect 
Areal aspects include Drainage Density (Dd), 
Stream Frequency (Fs), Drainage Texture (T), 
Form Factor (Ff) , Elongation Ratio (Re) , 
Circularity Ratio (Rc), Constant of channel 
maintenance (C). 
Drainage density (Dd) 
Drainage density is defined as the total length 
of all streams in a basin divided by the area of 

the basin28. It describes the spacing of channel. 
Low value of drainage density (Table 2) 
indicated that the    region is having permeable 
subsoil material under vegetative cover and it 
also indicates the watershed has low relief, 
where as high Dd is favoured in regions of 
weak or impermeable subsurface materials, 
sparse vegetation and mountainous relief 29. 
Low drainage density leads to coarse drainage 
texture whereas high drainage density leads to 
fine drainage texture. In the study area, ASB4 
and ASB5 sub-watersheds shows high 
drainage density whereas ASB6 and ASB7 
sub-watersheds shows low drainage density. 
Drainage texture (T) 
Drainage texture is defined as the total number 
of stream segments of all orders divided by the 
perimeter of the watershed. It describes 
relative spacing of drainage lines, which are 
more prominent in impermeable material 
compared to the permeable ones. Drainage 
texture (T) depends upon a number of natural  
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factors such as climate, rainfall, vegetation, 
lithology, soil type, infiltration capacity, relief 
and stage of development30. Soft or weak rocks 
unprotected by vegetation produce a fine 
texture, whereas massive and resistant rocks 
cause    coarse    texture31. Sparse vegetation of  
arid climate causes finer textures than those 
developed on similar rocks in a humid climate. 
Smith classified drainage density into five 
different   classes   of drainage texture, i.e. less  

than 2, indicates very coarse, between 2 and 4 
is coarse, between 4 and 6 is moderate, 
between 6 and 8 is fine and greater than 8 is 
very fine drainage texture. On the basis of 
smith’s classification only ASB3 and ASB5 
sub-watersheds falls under moderate texture 
and remaining sub-watersheds falls under 
coarse drainage texture  and remaining sub-
watersheds fall under coarse drainage texture 
(Table 2). 

Table 2 : Sub-watershed wise areal aspect of Ahar watershed 

Sub-watershed ASB1 ASB2 ASb3 ASB4 ASB5 ASB6 ASB7 

Area (A) in Km2 15.72 25.69 36.94 27.34 27.68 61.74 69.13 

Perimeter (P) in Km 23.07 28.82 32.47 36.43 28.59 41.18 53.84 

Length of basin (L) in Km 4.83 10.84 11.32 12.76 8.86 15.54 18.42 

Drainage density (Dd) 2.63 2.58 2.87 3.22 3.44 1.42 1.40 

Drainage texture (T) 2.73 2.85 4.68 3.35 5.59 2.62 2.34 

Stream frequency (Fs) 4.01 3.19 4.11 4.46 5.78 1.75 1.82 

Form factor (Ff) 0.67 0.22 0.29 0.17 0.35 0.26 0.20 

Shape factor (Sb) 1.48 4.57 3.47 5.96 2.84 3.91 4.91 

Elongation ratio (Re) 0.93 0.53 0.61 0.46 0.67 0.57 0.51 

Circularity ratio (Rc) 0.37 0.39 0.44 0.26 0.43 0.46 0.30 

Length of overland flow (Lg) 0.190 0.194 0.174 0.155 0.145 0.353 0.357 

Constant of channel maintenance (C) 0.38 0.39 0.35 0.31 0.29 0.71 0.71 

Compactness coefficient (Cc) 1.64 1.60 1.51 1.97 1.53 1.48 1.83 

Stream frequency (Fs) 
Stream frequency is the total number of stream 
segments of all order per unit basin area32. 
Flooding is commonly occurring in a basin 
with high drainage and stream frequency. A 
higher Fs reflects greater surface runoff and a 
steeper ground surface. Lower Fs values 
indicate permeable sub-surface material and 
low relief 33. ASB6 and ASB7 shows low relief 
whereas the sub-watersheds ASB5 followed by  

ASB4, ASB3 and ASB1 shows higher value of 
Fs (Table 2), which indicates impermeable 
sub-surface material and moderate to high 
relief. 
Form factor (Ff), Elongation ratio (Re) and 
Circularity ratio (Rc) 
Form factor, elongation ratio and circulatory 
ratio signify the shape of the micro-
watersheds. Form factor is measured dividing 
the basin area by the square of basin length34.  
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For a perfectly circular basin the form factor 
would always be near about 0.7854. The basins 
with high form factors have high peak flows of 
shorter duration. Elongation ratio is the ratio 
between the diameter of the circle of the same 
area as the drainage basin and the maximum 
length of the basin. Values in the range of 0.6 - 
0.8 usually occur in the areas of high relief and 
steep ground slope. Circularity ratio is the ratio 
of the basin area to the area of a circle having 
the same circumference perimeter as the basin, 
which is dimensionless and expresses the 
degree of circularity of the basin35. By analysis 
these three ratio only sub-watershed ASB1, 
situated eastern side of the watershed, is nearly 
oval or circular in shape and the remaining 
sub-watersheds are elongated in nature. 
Constant channel maintenance (C) 
It is an inverse of drainage density. It depends 
on the lithology, permeability and infiltration 
capacity of surface material, climatic condition 
and vegetation36, depends on the rock type, 
permeability, climatic regime, vegetation cover 
as well as duration of erosion. Table 2 shows 
that the value of constant channel maintenance 
(C) of the study area varies from 0.29 to 0.71 
which  indicates  that  these sub-watersheds are  

under the influence of low permeability and 
high surface runoff. 
Relief aspect 
The relief aspects include Relative relief (R) 
and Relief ratio (Rh) and Ruggedness number 
(Rn) of the micro-watersheds. The maximum 
elevation of the watershed is 974 meter found 
at ASB5 sub-watershed and the minimum 
height of 541 meter at the mouth of the 
watersheds at ASB6 and ASB7 sub-watershed 
(Table 3). Relative relief for all the sub-
watersheds ranges from 299 meter to 392 
meter (Table 3). This high value of R indicates 
gravity of water flow, low infiltration and high 
runoff conditions of the study area. The relief 
ratio is the ratio between the basin relief and 
the length of the basin. It is also an indicator of 
intensity of erosion processes and sediment 
delivery rate of the basin. The relief ratio 
ranges from 0.021 to 0.078 (Table 3). This low 
value is the characteristic features of less 
resistant rocks of the area37. Ruggedness 
number is the product of maximum basin relief 
and drainage density. It is a dimensionless 
number.38 It can describe the slope steepness 
and length of the basin. Table 3 shows that the 
value of Rn ranges from 0.89 to 1.18, which 
indicates that the area are rugged with high 
relief and high stream density (Fig. 9). 

Table 3 : Relief aspect of Ahar sub-watersheds 

Sub-
watershed 

Maximum 
elevation in 

meter 

Minimum 
elevation in 

meter 

Relative 
relief (R) 

Relief 
ratio 
(Rr) 

Ruggedness 
number 

(Rn) 

ASB1 971 596 375 0.078 0.99 

ASB2 970 619 351 0.032 0.90 

ASB3 942 631 311 0.027 0.89 

ASB4 930 631 299 0.023 0.96 

ASB5 974 630 344 0.039 1.18 

ASB6 897 541 356 0.023 0.50 

ASB7 933 541 392 0.021 0.55 
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Fig. 9 : Elevation map of the study area

Prioritization of watershed 
The morphometric parameters i.e. stream order 
(U), Stream frequency (Fs), length of overland 
flow(Lof), drainage density(Dd), elongation 
ratio(Re), Form factor(Ff) etc are termed as 
erosion risk assessment parameters and have 
been used for prioritization of sub 
watersheds.39-42 So, here linear and shape 
parameter has been used for prioritization of 
sub-watersheds for soil resource management 
and conservation.43-46 Linear parameters are 
directly related with erodibility and for 
prioritization the highest value among the 
seven sub-watersheds was ranked as 1, next 
higher value was ranked as 2 and so on. 
Whereas shape parameters are inversely 
related with erodibility and consider the lowest 
value was ranked as 1, next lower value was 
ranked as 2 and so on (Table 4). On the basis 
of compound parameter the seven sub-

watersheds have been classified into three 
priority zone shown in Table 5 and Fig. 10. 
The sub-watersheds ASB3, ASB4 and ASB5 
are fall in high priority zone. These watersheds 
generally consist of steep slopes, high drainage 
density, high stream frequency, low form 
factor and low elongation ratio. So these three 
sub-watersheds need to give highest priority 
for land conservation from further degradation 
and soil erosion prevention practice. ASB1 and 
ASB2 are fall in medium priority zone. These 
watersheds consist of moderate slopes, 
moderate values of drainage density, stream 
frequency, drainage texture and moderate to 
high form factor, circulatory ratio and 
elongation ratio. ASB6 and ASB7 are fall in 
low priority zone. These watersheds consist of 
lower slopes, very low drainage density, 
stream frequency, texture ratio, high form 
factor, circulatory ratio and elongation ratio.47 
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Table 4 : Prioritization of sub-watersheds on the basis of morphometric parameters 

Sub-watershed ASB1 ASB2 ASB3 ASB4 ASB5 ASB6 ASB7 

Linear 
Parameter 

Drainage density (Dd) 4 5 3 2 1 6 7 

Stream frequency (Fs) 4 5 3 2 1 7 6 
Mean bifurcation 
ratio (Rb) 

3 4 2 5 1 7 6 

Drainage texture (T) 5 4 2 3 1 6 7 
Lenth of overland 
flow (Lg) 

4 3 5 6 7 2 1 

Shape 
Parameter 

Form factor (Ff) 7 3 5 1 6 4 2 
Shape factor (Sb) 1 5 3 7 2 4 6 
Elongation ratio (Re) 7 3 5 1 6 4 2 
Circularity ratio (Rc) 3 4 6 1 5 7 2 
Compactness 
coefficient (Cc) 

5 4 2 7 3 1 6 

Compound parameter (Cp) 4.2 4.0 3.6 3.5 3.3 4.8 4.5 
Final priority 2 2 1 1 1 3 3 

Table 5 : Prioritization classes of sub-watershed based on Cp value 

Prioritization classes 
Compound values Priority class 

< 4.0 High priority 
4.01 – 4.4 Medium priority 
≥ 4.5 Low priority 

  

 
Fig. 10 : Watershed prioritization map
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CONCLUSION 
The present study has been carried out using 
remote sensing and GIS software for 
morphometric analysis and prioritization of 
Ahar watershed Rajasthan, India. GIS has 
proved very much helpful in the analysis of 
drainage basin with ease and accuracy. The 
prioritization based on morphometric analysis 
revealed that ASB3, ASB4 and ASB5 sub-
watershed fall under very high priority, ASB1 
and ASB2 under medium priority and ASB6 
and ASB7 fall under low priority zone based 
on soil resource management with respect to 
the soil erosion. The watersheds which are 
falling under high priority should be taken 
under high consideration for implementation of 
soil conservation measures. Watershed 
prioritization is considered as one of the most 
important aspects of planning and sustainable 
development programme for soil conservation. 
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Environment should be put in 
the category of our national 
security. Defense of our 
resources is just as important 
as defense abroad. Otherwise 
what will remain there to 
defend? 

                          Robert Redford 

 


