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Abstract 
Morphometric analysis is mathematical evaluation and measurement of the 
earth’s shape, surface and its landform’s dimension. Morphometric analysis 
of Dhund river basin in Jaipur district of Rajasthan India has been carried out 
to evaluate various morphometric parameters following the linear, areal and 
relief aspects. The drainage basin, which covers a total area of about 1828 km2 
lies in eastern part of the district with maximum and minimum elevation of 
603 m and 214 m respectively. Morphotectonic parameters like Hypsometric 
Integral, Sinuosity index and Asymmetry Factor have also been computed to 
identify the tectonic characteristics of the drainage basin. Primary and sec-
ondary data such as SOI topographic map, Cartosat-1 DEM and other rele-
vant data were utilized. ArcGIS software (Arc Map 10.2) was used for geo- 
referencing of topographic maps, delineation of watershed and preparation of 
DEM, slope and drainage network. The basin is 6th order drainage basin 
having dendritic pattern of drainage network. A relatively lower mean value 
of Bifurcation ratio suggests that the drainage basin is formed by uniformed 
materials. Drainage basin area has little elongated shape and is less prone to 
floods. Basin has different erosional stages and levels of tectonic activity, 
Moderate Meandering and unstable setting. 
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1. Introduction 

Rivers and various fluvial processes induce morphometric changes in drainage 
basins as these are the most dominant geomorphic systems of earth’s surface 
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that play a vital role in the understanding of land processes, soil and its physical 
properties and erosional features, etc. Drainage patterns form by rivers and 
fluvial processes demonstrate lithological and structural controls of underlying 
rocks. River profile and drainage pattern are analyzed for the study and analysis 
of the morphological characteristics of a drainage basin. Drainage pattern and its 
distribution depend on various factors like climate, relief, slope, structure and 
vegetation and can vary from one type to another type of topography [1]. 

Morphometric analysis, which is one of the characteristics of drainage basin is 
done by measuring and performing numerical and quantitative evaluation of 
earth’s shape, surface and its landforms dimension [2] [3]. It is an important in-
dicator of hydrogeologic processes and landform structure which also helps to 
demarcate the drainage system changes that happened due to anthropogenic ac-
tivities or natural disturbances [1] [3]. 

The use of Geographical Information System (GIS) techniques and remote 
sensing is becoming more common in the study and analysis of the morphome-
tric parameters of drainage basins as these are the most effective, convenient and 
accurate way to perform the analysis [4]-[9]. 

Morphometric characteristics of a drainage basin consist of quantitative pa-
rameters of landscape, derived from its elevation surface or terrain and drainage 
network within the basin [10]. Quantitative methodologies were first used by 
Horton in morphometric analysis of drainage basins from topographic maps 
using manual methods [11]-[17]. Many researchers in different studies, have 
considered morphometric characteristics of a drainage basins as indicators of 
structural effect on neo-tectonic activity and drainage development [18] [19] 
[20] [21]. 

Morphometric parameters are categorized in three aspects namely linear as-
pect (stream order, stream count, steam length, mean stream length, stream 
length ratio, bifurcation ratio, mean bifurcation ratio, basin length), areal aspect 
(basin area, drainage density, stream frequency, drainage texture, elongated ra-
tio, circulatory ratio, etc.) and relief aspect (basin relief, ruggedness number, re-
lief ratio) which are evaluated to derive general characteristics of a watershed 
[3]. 

Morphometric parameters categorized in areal, linear and relief aspects help 
in numerical evaluation of shape of a landscape and explain the basin characte-
ristics, processes and flood hazard corresponding to the hydrological and cli-
matic processes [1].  

The current study makes an attempt to analyze the watershed characteristics 
of the Dhund river basin in Jaipur district of Eastern Rajasthan, India using 
DEM and GIS. 

2. Study Area 

Dhund river basin lies in Jaipur district of East Rajasthan, India and is bounded 
between 75˚40'E to 76˚10'E longitudes and 26˚30'N to 27˚10'N latitudes that 
covers a geographical area of about 1828 km2 (Figure 1). The Dhund river flows  
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Figure 1. Location map of study area. 
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in north-south direction with a gentle to moderate slope that ranges 0˚ - 53˚ and 
has a length of about 98.95 km.  

The Dhund river is a seasonal river which flows in semi-desert terrain of dis-
trict Jaipur. It is the major tributary of Morel river and has subsidiary drainage 
system which forms a N-S elongated river basin. The main tributaries are Ama-
nishah Nala, Jhalana river and Ratanganga nala. It joins river Morel in south- 
east of village Mandaliya and attains the status of main tributary of river Morel 
which itself joins the river Chambal near village Rameshwar in Sawai Madhopur 
district of Rajasthan. 

Channel width of Dhund river is variable as it is narrower in the upstream 
side but as we move downstream the channel becomes wider. 

The study area has a semi-arid climate and receives an average rainfall of 536 
mm annually. The vast area of the basin is dependent upon rain for irrigation as 
it is the perennial source of water. The average annual temperature is 25.1˚C 
with mean maximum temperature 40˚C in the month of May and June. The ba-
sin’s lowest and highest elevations are 214 m and 603 m above mean sea level, 
respectively. 

The basin has residual, structural and denudational linear ridges with ravines 
and alluvial plains. The litho-units exposed in the Dhund river basin belong to 
Bhilwara supergroup, Aravalli supergroup and Delhi supergroup of Archean age 
besides quaternary alluvium. 

Primary land use of the basin is agriculture, but at places reserve forest and 
wasteland has also been reported. At places stone quarrying activity is also seen, 
especially in the southern area of the watershed. 

3. Data Sources and Methodology 
3.1. Data Sources 

The current study has been conducted with the help of following sets of primary 
and secondary data that includes Survey of India topographic maps, Digital Ele-
vation Model of Cartosat-1 DEM, ArcGIS software, published literature and in-
ternet. SOI topographic map no’s 45M/16, 45N/9, 45N/10, 45N/13, 45N/14, 
54A/4, 54B/1, 54B/2 and 54B/3 on 1:50,000 scale has been downloaded from SOI 
website (soinakshe.uk.gov.in) and utilized to get relevant information about vil-
lage/town, drainage network, major roads and railways etc. Cartosat-1 DEM da-
ta has been downloaded from NRSC-ISRO website (bhuvan.nrsc.gov.in) having 
2.5 m resolution is used for generation of Digital Elevation Model (DEM), prep-
aration of slope map and drainage network of the watershed. ArcGIS software 
(Arc Map 10.2) is used for geo-referencing of topographic maps, delineation of 
watershed and preparation of DEM, slope and drainage network. 

3.2. Method 

DEM is used to delineate watershed boundary and drainage network in ArcGIS 
(Arc Map 10.2) software by using UTM zone 43N and WGS84 as global datum. 
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Slope is also prepared by using DEM. Base map was prepared by digitizing fea-
tures like build-up land, road network, expressway, railway line, waterbodies and 
river. Elevation map and slope map (Figure 2 & Figure 3) are prepared by using 
DEM. Drainage network is also prepared by using DEM and it has six orders of 
which 6th order stream is the highest order found in the watershed. Stream 
count, stream order, stream length, stream length ratio, mean stream length, bi-
furcation ratio and mean bifurcation ratio are the parameters that comes under 
linear aspect of morphometric analysis which are calculated in Arc map follow-
ing Strahler method of stream order as mentioned in Table 1. Drainage density, 
length area relation, stream frequency, drainage texture, texture ratio, form fac-
tor, circulatory ratio, infiltration number, elongation ratio, basin shape, length of 
overland flow, drainage intensity, compactness coefficient and constant of channel  
 

 
Figure 2. Drainage network superimposed on DEM. 
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Figure 3. Slope map of study area. 

 
Table 1. Linear aspect of Dhund river basin. 

Stream 
Order(u) 

Stream  
number/ 

Count (Nu) 

Stream  
Length (Lu)  

(in km) 

Mean Stream 
Length (Lsm) 

Stream 
Length Ratio 
RL = Lui/Lui−1 

Bifurcation  
Ratio Rb = 
Nui/Nui+1 

1 1215 1349.83 1.11 0.23 4.43 

2 274 312.51 1.14 0.19 4.49 

3 61 60.18 0.99 0.18 4.36 

4 14 10.80 0.77 0.19 4.67 

5 3 2.10 0.70 0.06 3 

6 1 0.12 0.12   

Total 1568 1735.54   
Mean Bifurcation 

Ratio (Rbm) = 4.19 
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maintenance are the parameters that are classified as aerial aspects while relief 
aspect has three parameters namely basin relief, ruggedness number and relief 
ratio that are calculated using conventional procedure and formulae as men-
tioned in Table 2 and Table 3 respectively. 

4. Results and Discussions 
4.1. Morphometric Analysis 

Basic parameters: 
Area, perimeter and basin length are the basic parameters of a watershed. 
Area:  

 
Table 2. Aerial aspect of Dhund river basin. 

Basic Parameter Unit Formula Result 

Basin Area (A) km2 - 1828 

Basin Perimeter (P) km - 375.89 

Basin Length (Lb) km - 68.44 

Aerial Parameter    

Drainage Density (Dd) km/km2 ΣLu/A 0.95 

Length Area Relation (Lar)  1.4 * A0.6 126.86 

Form Factor Ratio (Rf)  A/(Lb)2 0.39 

Basin Shape (Bs)  (Lb)2/A 2.56 

Elongation Ratio (Re)  ( )2 A π Lb  0.7 

Texture Ratio  Nu1/P 3.23 

Circulatory Ratio (Rc)  4πA/P2 0.16 

Drainage Texture  ΣNu/P 4.17 

Compactness Coefficient  P 2 πA  2.48 

Stream Frequency (Fs)  ΣNu/A 0.86 

Infiltration Number (If)  Dd * Fs 0.82 

Length of overland Flow (Lg) km2 1/(2 * Dd) 0.53 

Drainage Intensity (Di)  Fs/Dd 0.91 

Constant of Channel Maintenance (C) km2/km 1/Dd 1.05 

 
Table 3. Relief aspect of Dhund river basin. 

Parameter (unit in m) Formula Result 

Maximum Elevation (H) - 603 

Minimum Elevation(h) - 214 

Basin Relief (R) H-h 389 

Relief Ratio (Rh) R/Lb 5.68 

Ruggedness Number (Rn) Dd * R/1000 0.37 
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Drainage basin area is defined as area of any land where rainfall collects and 
empties into a single or common outlet like river. Area of Dhund river basin as 
calculated is 1828 km2. 

Perimeter: 
The drainage basin perimeter is considered as the horizontal projection of the 

basin’s water divide. Water divide is the line linking the points of greatest height 
between two drainage basins and separating their surface runoffs. It delimits the 
entire catchment area which is drained by the whole of a river network. The cal-
culated perimeter of the basin is 375.89 km. 

Basin length:  
The length of watershed is measured along the distance of main river channel 

starting from a point in water-divide opposite to the flow of main river channel 
where the first order tributaries originate and join at point in water-divide where 
the main river meets its major tributary. ArcGIS measurement tool is used to 
calculate the basin length (Lb) [22]. Basin length of the watershed is 68.44 km. 

Linear, aerial and relief parameters: 
The study of Dhund river basin has been carried out under three major as-

pects: 
● Linear Aspect—Morphometric parameters computed are Stream Order (u), 

Stream Count (Nu), Total Stream Length (Lu), Stream Length Ratio (RL), 
Mean stream length (Lsm), Bifurcation Ratio (Rb) and Mean bifurcation ra-
tio (Rbm) using standard mathematical equations given in Table 1. 

● Aerial Aspect—Morphometric parameters computed are Drainage Density 
(Dd), Length Area Relation (Lar), Texture Ratio, Form Factor Ratio, Drai-
nage Texture, Elongation Ratio, Circulatory Ratio (Rc), Compactness Coeffi-
cient, Stream Frequency (Fs), Infiltration Number (If), Length of overland 
Flow (Lg), Drainage Intensity (Di) and Constant of Channel Maintenance 
(C) using standard mathematical equations provided in Table 2. 

● Relief Aspect—Morphometric parameters computed are Basin Relief (R), 
Ruggedness Number (Rn) and Relief Ratio (Rh) using common mathemati-
cal equations provided in Table 3. 

Details about the individual morphometric parameter are given below. 

4.1.1. Linear Aspect  
1) Stream Order (u)—“Stream order” is the parameter which is used to de-

scribe the hierarchy of the streams, a positive whole number which indicates the 
branching level of any river. The ordering of streams in a drainage basin could 
be done in many ways using a top-down or bottom-up approach. Horton (1945) 
originally developed the notion of stream orders [23]. The basin has 6 orders of 
streams and 6th order is the highest order (Figure 2). 

2) Stream Number (Nu)—Stream number is defined as count of stream 
channels in a certain order. As the stream order rises, stream frequency gets de-
creased. Stream number also has a close direct proportional relationship with 
channel dimensions and size of the drainage basin. A higher value of stream 
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number suggests lower permeability and infiltration [24]. 
● Total identified stream count—1568  
● Out of the above total streams, 1215 streams were in 1st order, 274 streams 

were in 2nd order, 61 streams were in 3rd order, 14 streams were in 4th order, 3 
streams were in 5th order and 1 stream was in 6th order. 

3) Stream Length (Lu)—Stream Length is an important morphometric pa-
rameter used in quantification of the hydrological attributes of bedrock and the 
drainage extent and exhibits the characteristic size of components of a drainage 
network. Table 1 contains the order wise stream length data and given below are 
the details: 
● Total Stream Length—1735.54 km 
● Total Stream Length for 1st order: 1349.83 km, 2nd order: 312.51 km, 3rd 

order: 60.18 km, 4th order: 10.80 km, 5th order: 2.10 km and 6th order: 0.12 
km. 

4) Mean Stream Length (Lsm)—Mean stream length (Lsm) exhibits the 
characteristic size of components of a drainage network and its contributing 
surfaces [25]. Mean Stream Length is calculated as the ratio of total stream 
length and the number of streams in any particular order [26]. Table 1 contains 
the order wise mean stream length data. Mean stream length for 1st order: 1.11, 
2nd order: 1.14, 3rd order: 0.99, 4th order: 0.77, 5th order: 0.70 and 6th order: 
0.12. 

5) Stream Length Ratio (RL)—Stream Length Ratio is calculated by dividing 
total stream length of an order (Lui) to the total stream length of next lower or-
der (Lui−1). It is an important morphometric parameter as various studies sug-
gest a direct geometrical corelation between the average stream length of an or-
der and that of the corresponding order [27]. Stream Length Ratio in Dhund 
river basin (captured in Table 1) varies between 0.06 - 0.23. Stream length ratio 
for 1st order: 0.23, 2nd order: 0.19, 3rd order: 0.18, 4th order: 0.19 and 5th order: 
0.06. 

6) Bifurcation Ratio (Rb)—Bifurcation Ratio is a dimensionless morphome-
tric parameter in linear aspect which can be used to analyse the structural con-
trol in the geological environment which is computed as the ratio of number of 
streams in any two consecutive stream orders. Low bifurcation ratio value indi-
cates that the geological structures and formations are not affecting the drainage 
pattern, whereas the high value of bifurcation ratio shows the drainage pattern is 
influenced by the geologic structures [28]. Calculated Rb values are captured in 
Table 1 which varies between 3 - 4.67 and mean value of Rb is 4.19. 

4.1.2. Areal Aspect 
1) Drainage Density (Dd)—Drainage density (Dd) was introduced by Hor-

ton (1964) as an identifier to describe the closeness of spacing of channels [29] 
and is calculated as the ratio of total stream length in a given basin to the total 
basin area [25]. A relatively lower value of Drainage density is more likely to 
occur in the regions of highly permeable subsoil material with low relief and ve-
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getative cover and a higher value of drainage density is noted in the regions of 
impermeable sub-surface materials with less vegetation and mountainous relief 
[30]. The study area has a drainage density of 0.95 shown in Table 2 which is 
relatively low value and indicates the basin area is highly permeable subsoil ma-
terial with low relief and vegetative cover. 

2) Length Area Relation (Lar)—For Length Area Relation is calculated using 
the formulae given by Hack (1957), Lar = 1.4 * A0.6 where A is the area of the ba-
sin [31]. Length Area Relation for the study area is 126.86 (Table 2). 

3) Form Factor Ratio (Rf)—Form factor of any basin is calculated as the ra-
tio of the basin area (A) to the square of basin length (Lb) [32] where Lb is 
maximum basin length which is measured as the distance between the mouth 
and the farthest point of the basin. Basins having high value of form factor get 
higher peak flows for lesser duration whereas basins having lower value of form 
factor are more elongated and get lower peak flows for longer duration. The Rf 
value for the study area was calculated as 0.39 (Table 2).  

4) Elongation Ratio (Re)—Schumm (1965) defined Elongation Ratio (Re) of 
a drainage basin as the ratio of diameter of a circle having same area as the basin 
to the maximum length of basin. Value of Elongation Ratio of a basin lies in the 
range of 0.6 to 1 [33]. Elongation Ratio index signifies the watershed slope as 
circular for a value ranging between 0.9 - 0.10, oval for a value ranging between 
0.8 - 0.9, less elongated for a value ranging between 0.7 - 0.8, elongated for a 
value ranging between 0.5 - 0.7 and more elongated for a value < 0.5 [34]. Elon-
gation Ratio calculated for the present study area is 0.7 (Table 2), which indi-
cates that the basin is less elongated. 

5) Texture Ratio (Dt)—Texture ratio is of a drainage basin is calculated by 
dividing the first order stream counts to the perimeter of the basin [34]. For the 
present study area, the drainage texture ratio is calculated as 3.23 (Table 2) 
which would be categorized as moderated and confined in nature. 

6) Circulatory Ratio (Rc)—Circularity Ratio is an important dimensionless 
morphometric parameter which is calculated by dividing the basin area by the 
area of a circle which has circumference equal to the basin perimeter [35]. Length 
and frequency of streams, geological formations, land use/land cover, climate 
and basin slope are the factors affecting Circularity Ratio [36]. The computed 
circulatory ratio for the study area is 0.16 (Table 2) 

7) Drainage Texture (Rt)—Ratio of sum of stream counts to the drainage 
basin parameter is known as the Drainage texture of a drainage basin [36] and 
its value is influenced by various natural aspects like rock and soil type infiltra-
tion capacity, climate, vegetation density and type, stage of development and re-
lief. Low drainage density results into coarse drainage texture while high drai-
nage density leverages fine drainage texture which is depends on infiltration ca-
pacity of bed rock or mantle rock or [37]. Rt value lesser than 4.0 signifies the 
texture as coarse, Rt value in the range of 4.0 - 10.0 signifies the texture as inter-
mediate, Rt value in the range of 10.0 - 15.0 signifies the texture as fine and Rt 
value beyond 15.0 signifies the texture as ultra-fine [38]. The Rt value of the 
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Dhund river basin is 4.17 (Table 2), which suggests the texture of drainage basin 
has intermediate. 

8) Compactness Coefficient—Compactness coefficient is defined as the ratio 
of the perimeter of a drainage basin to the circumference of an area having the 
same as the drainage basin. A circular basin has a compactness coefficient Cc 
value as 1 whereas a compactness coefficient value > 1 signifies that basin shape 
deviates from the circular nature [39]. The compactness coefficient (Cc) is de-
pendent on the slope of watershed and independent of its size [36]. Calculated 
value of Compactness Coefficient (Cc) of Dhund river basin is 2.48 (Table 2). 

9) Stream Frequency (Fs)—The stream frequency (Sf) is calculated by di-
viding the total number of stream segments to the total basin area (Horton 1932) 
[36]. Runoff pattern and other hydrological parameters of the basin are con-
trolled and influenced by Stream frequency. The calculated value of Stream Fre-
quency for Dhund river basin is 0.86 (Table 2) which directly relates to the 
Drainage density of the study area which is 0.95 as per the calculation. 

10) Infiltration Number (If)—The infiltration number is defined as the 
product of stream frequency and drainage density. Infiltration number is used to 
define and quantify watershed infiltration potential and has inversely propor-
tional relationship [40]. Infiltration Number for Dhund river basin is calculated 
as 0.82 (Table 2) which is a lower number indicates higher infiltration. 

11) Length of overland Flow (Lg)—It is the length of water above the 
ground before it gets concentrated into definite stream channels which is rough-
ly equivalent to half of the reciprocal of basin drainage density [41]. Calculated 
value of Lg for the study area is 0.53 (Table 2) which indicates gentle slopes and 
long flow path. 

12) Drainage Intensity (Di)—Drainage intensity is calculated by dividing the 
stream frequency by basin drainage density [34]. Calculated value for Drainage 
intensity is 0.91 (Table 2) for Dhund river basin. 

13) Constant of Channel Maintenance (C) –Schumm (1956) defined Con-
stant of channel maintenance for a basin as reciprocal of its drainage density 
which is a parameter having dimension of length [42]. Calculated value of Con-
stant of Channel Maintenance is 1.05 (Table 2) which signifies that, to create 1 
linear km of the stream channel, it needs an average 1.05 km2 of surface area. 

4.1.3. Relief Aspect 
1) Basin Relief (R)—The basin relief (R) of a basin is defined as the elevation 

difference between the highest and lowest locations on its valley floor. Basin Re-
lief is calculated by subtracting the elevation of the lowest point of the basin 
from the highest point within the basin [43]. The Basin relief calculated for the 
study area is 389 m (Table 3) which is a lower value and indicates high gravity 
of water flow. 

2) Relief Ratio (Rh)—Relief ratio is defined as a dimensionless parameter 
which is calculated by dividing the total relief of a basin by the longest dimen-
sion of the basin parallel to the principal drainage line (Schumm, 1956) [44]. Re-
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lief ratio of watershed is directly proportional to the slope and relief, watershed 
with steep slope and high relief has relatively high value of Relief Ratio whereas 
the watershed with lower slope and basement rocks has lower value of Relief Ra-
tio [45]. Calculated value of Relief ratio for the study area is 5.68 (Table 3) 

3) Ruggedness Number (Rn)—Ruggedness Number is defined as the product 
of drainage density and basin relief and is closely related to the drainage density of 
the basin [45]. Dhund river basin has ruggedness number as 0.37 (Table 3). 

4.2. Morphotectonic Parameters 

1) Hypsometric Integral (HI)—The ratio of the area under the curve to the 
area of the full square created by covering it is known as the hypsometric integral, 
which is determined from the hypsometric curve. It is calculated from the percen-
tage hypsometric curve by calculating the area under the curve and is represented 
in percentage units [46] as shown in Figure 4 for the current study area. Hyp-
sometric Integral signifies the distribution of elevation of any drainage basin area. 

HI = (Mean Elevation − Minimum Elevation)/(Maximum Elevation  
− Minimum Elevation). 

Theoretical range of HI values varies between 0 - 1. A low value of HI signifies 
the area as old and more eroded which eventually infers the evenly dissected 
drainage basins whereas the high values signify high topography relative to mean 
[47]. For the current study area, Hypsometric Integral values lies between 0.24 - 
0.84 with an average value of 0.49 (Table 4) which indicates mature eroded area. 
 

 
Figure 4. Graph of hypsometric integral. 

 
Table 4. Morphotectonic parameters of Dhund river basin. 

Morphot ectonic Parameter Unit Formula Result 

Hypsometric Integral (HI) - 
HI = (Mean Elevation − Minimum Elevation)/ 
(Maximum Elevation − Minimum Elevation) 

Range = 0.24 - 0.84 
Average = 0.49 

Sinuosity Index (SI) - 
SI = (Length of Stream Channel)/(Length of Straight − 
Line Distance) 

1.37 

Asymmetry Factor (Af) - 100 * (Ar/At) 67.29 

0.00

0.20

0.40

0.60

0.80

1.00

1.20

0.00 0.20 0.40 0.60 0.80 1.00 1.20

Re
la

tiv
e 

He
ig

ht
 (h

/H
)

Relative Area (a/A)

https://doi.org/10.4236/jgis.2022.144019


S. Mazahir et al. 
 

 

DOI: 10.4236/jgis.2022.144019 359 Journal of Geographic Information System 
 

2) Sinuosity Index (SI): The sinuosity index of river (SI) is calculated as the 
ratio of the channel (length of river between two points) to the length of meand-
er axis (straight distance between those two points) [48]. 

SI = (Length of Stream Channel)/(Length of Straight-Line Distance) 

SI is a dimensionless parameter, and its value can be categorized into 4 buck-
ets as classified below [49]: 

 
SI Range Category 

SI < 1.05 Straight 

1.05 < SI < 1.3 Sinuous 

1.3 < SI < 1.5 Moderate Meandering 

SI > 1.5 Meandering Form 

 
During the analysis the calculated values are as below: 
Length of Stream Channel = 98.95; 
Length of Straight-Line Distance = 71.62; 
SI = 1.37 (Table 4) which indicates Moderate Meandering. 
3) Asymmetry Factor (AF): Asymmetry factor (AF) specifies asymmetricity 

of a drainage basin. It detects tectonic tilting at drainage basin or any larger scale 
area [50]. 

AF can be calculated by below formula: 

Af = 100 * (Ar/At) 

Ar = Area of the basin to the right of the trunk stream; 
At = Total drainage basin area. 
Calculated value for Asymmetry Factor of the study area is 67.29 (Table 4). 
As an asymmetric factor close to 50 denotes stable setting and uniform lithol-

ogy, less than 50 signifies that the channel is shifted towards the downstream 
right to the drainage basin and greater than 50 indicates that the channel is 
shifted towards the downstream left [51]. Calculated value for the study area ba-
sin indicates an unstable setting and the channel is shifted towards the down-
stream left to the drainage basin. 

5. Conclusion 

Morphometric analysis of the basin was done by using ArcGIS and it is observed 
that this tool helps in making the drainage pattern analysis easier and more ac-
curate than any other method. The basin has 6 orders of streams, and the stream 
ordering depicts dendritic pattern of drainage network. A lower mean value of 
bifurcation ratio indicates that the drainage basin is formed by uniformed mate-
rials. The low drainage density indicates that the basin area has highly permeable 
sub-soil material with low relief and vegetative cover. The calculated value of 
Stream Frequency shows a high correlation with drainage density (Dd). Elonga-
tion ratio indicates that the area has little elongated shape hence less prone to 
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floods. Relief study of the area suggests that the basin has a relatively lower relief 
value which indicates the river basin has high gravity of water flow and low rug-
gedness number shows that the soil erosion is less likely to occur. The study on 
morphotectonic indices of the drainage basin suggests erosional stage and level 
of tectonic activity of basin are not uniform and differ from each other. Sinuosity 
Index value indicates moderate meandering whereas value of Asymmetry Factor 
is indicative of unstable setting. 

Acknowledgements 

The first author thanks the University Grants Commission (UGC) for financial 
assistance in the form of Maulana Azad National Fellowship. The authors are 
grateful to the Chairman, Department of Geology, Aligarh Muslim University, 
for providing the essential infrastructure. 

Conflicts of Interest 

The authors declare no conflicts of interest regarding the publication of this pa-
per. 

References 
[1] Khan, I., Bali, R., Agarwal, K.K., Kumar, D. and Singh, S.K. (2021) Morphometric 

Analysis of Parvati Basin, NW Himalaya: A Remote Sensing and GIS Based Ap-
proach. Journal of the Geological Society of India, 97, 165-172.  
https://doi.org/10.1007/s12594-021-1648-8  

[2] Albaroot, M., Nabil, M.A., Hamdi, S.A., Mohammed, A. and Saleh, A.G. (2018) 
Quantification of Morphometric Analysis Using Remote Sensing and GIS Tech-
niques in the Qa’Jahran Basin, Thamar Province, Yemen. International Journal of 
New Technology and Research (IJNTR), 4, 12-22. 

[3] Asfaw, D. and Workineh, G. (2019) Quantitative Analysis of Morphometry on Ribb 
and Gumara Watersheds: Implications for Soil and Water Conservation. Interna-
tional Soil and Water Conservation Research, 7, 150-157.  
https://doi.org/10.1016/j.iswcr.2019.02.003  

[4] Williams, P.W. (1972) Morphometric Analysis of Polygonal Karst in New Guinea. 
Geological Society of America Bulletin, 83, 761-796.  
https://doi.org/10.1130/0016-7606(1972)83[761:MAOPKI]2.0.CO;2  

[5] Mesa, L.M. (2006) Morphometric Analysis of a Subtropical Andean Basin (Tucu-
man, Argentina). Environmental Geology, 50, 1235-1242.  
https://doi.org/10.1007/s00254-006-0297-y  

[6] Lyew-Ayee, P., Viles, H.A. and Tucker, G.E. (2007) The Use of GIS-Based Digital 
Morphometric Techniques in the Study of Cockpit Karst. Earth Surface Processes 
and Landforms, 32, 165-179. https://doi.org/10.1002/esp.1399  

[7] Altın, T.B. and Altın, B.N. (2011) Development and Morphometry of Drainage Net-
work in Volcanic Terrain, Central Anatolia, Turkey. Geomorphology, 125, 485-503.  
https://doi.org/10.1016/j.geomorph.2010.09.023  

[8] Buccolini, M., Coco, L., Cappadonia, C. and Rotigliano, E. (2012) Relationships 
Between a New Slope Morphometric Index and Calanchi Erosion in Northern Sici-
ly, Italy. Geomorphology, 149-150, 41-48.  
https://doi.org/10.1016/j.geomorph.2012.01.012  

https://doi.org/10.4236/jgis.2022.144019
https://doi.org/10.1007/s12594-021-1648-8
https://doi.org/10.1016/j.iswcr.2019.02.003
https://doi.org/10.1130/0016-7606(1972)83%5b761:MAOPKI%5d2.0.CO;2
https://doi.org/10.1007/s00254-006-0297-y
https://doi.org/10.1002/esp.1399
https://doi.org/10.1016/j.geomorph.2010.09.023
https://doi.org/10.1016/j.geomorph.2012.01.012


S. Mazahir et al. 
 

 

DOI: 10.4236/jgis.2022.144019 361 Journal of Geographic Information System 
 

[9] Jain, A.K., Tiwari, A.K. and Sood, A. (2015) Morphometric Analysis of Drainage 
Basin through GIS: A Case Study of Sukhna Lake Watershed in Lower Shiwalik, In-
dia. International Journal of Scientific & Engineering Research, 6. 

[10] Biswas, A., Das Majumdar, D. and Banerjee, S. (2014) Morphometry Governs the Dy-
namics of a Drainage Basin: Analysis and Implications. Geography Journal, 2014, 
Article ID: 927176. https://doi.org/10.1155/2014/927176  

[11] Horton, R.E. (1932) Drainage-Basin Characteristics. Eos, Transactions, American 
Geophysical Union, 13, 350-361. https://doi.org/10.1029/TR013i001p00350  

[12] Horton, R.E. (1945) Erosional Development of Streams and Their Drainage Basins; 
Hydrophysical Approach to Quantitative Morphology. Geological Society of Amer-
ica Bulletin, 56, 275-370.  
https://doi.org/10.1130/0016-7606(1945)56[275:EDOSAT]2.0.CO;2  

[13] Strahler, A.N. (1952) Hypsometric (Area-Altitude) Analysis of Erosional Topogra-
phy. Geological Society of America Bulletin, 63, 1117-1142.  
https://doi.org/10.1130/0016-7606(1952)63[1117:HAAOET]2.0.CO;2  

[14] Strahler, A.N. (1957) Quantitative Analysis of Watershed Geomorphology. Eos, 
Transactions American Geophysical Union, 38, 913-920.  
https://doi.org/10.1029/TR038i006p00913  

[15] Strahler, A.N. (1964) Quantitative Geomorphology of Drainage Basin and Channel 
Networks. In: Chow, V., Ed., Handbook of Applied Hydrology, McGraw Hill, New 
York, 439-476. 

[16] Schumm, S.A. (1956) Evolution of Drainage Systems and Slopes in Badlands At 
Perth Amboy, New Jersey. Geological society of America Bulletin, 67, 597-646.  
https://doi.org/10.1130/0016-7606(1956)67[597:EODSAS]2.0.CO;2  

[17] Chorley, R.J. and Morgan, M.A. (1962) Comparison of Morphometric Features, 
Unaka Mountains, Tennessee and North Carolina, and Dartmoor, England. Geo-
logical Society of America Bulletin, 73, 17-34.  
https://doi.org/10.1130/0016-7606(1962)73[17:COMFUM]2.0.CO;2  

[18] Nag, S.K. and Chakraborty, S. (2003) Influence of Rock Types and Structures in the 
Development of Drainage Network in Hard Rock Area. Journal of the Indian Socie-
ty of Remote Sensing, 31, 25-35. https://doi.org/10.1007/BF03030749  

[19] Das, J.D., Shujat, Y. and Saraf, A.K. (2011) Spatial Technologies in Deriving the 
Morphotectonic Characteristics of Tectonically Active Western Tripura Region, 
Northeast India. Journal of the Indian Society of Remote Sensing, 39, 249-258.  
https://doi.org/10.1007/s12524-011-0090-6  

[20] Bali, R., Agarwal, K.K., Nawaz Ali, S., Rastogi, S.K. and Krishna, K. (2012) Drainage 
Morphometry of Himalayan Glacio-Fluvial Basin, India: Hydrologic and Neotec-
tonic Implications. Environmental Earth Sciences, 66, 1163-1174.  
https://doi.org/10.1007/s12665-011-1324-1  

[21] Demoulin, A. (2011) Basin and River Profile Morphometry: A New Index With a 
High Potential for Relative Dating of Tectonic Uplift. Geomorphology, 126, 97-107.  
https://doi.org/10.1016/j.geomorph.2010.10.033  

[22] Khan, S. and Javed, K. (2017) Geomorphometric Characteristics and Associated 
Land Use/Land Cover in Sajnam Basin: A Remote Sensing and GIS Based Ap-
proach. Journal of Remote Sensing and GIS, 8, 22-32. 

[23] Scheidegger, A.E. (1968) Stream Orders. In: Finkl, C.W., Ed., Geomorphology, En-
cyclopedia of Earth Science, Springer, Berlin, Heidelberg, 1064-1066.  
https://doi.org/10.1007/3-540-31060-6_355  

https://doi.org/10.4236/jgis.2022.144019
https://doi.org/10.1155/2014/927176
https://doi.org/10.1029/TR013i001p00350
https://doi.org/10.1130/0016-7606(1945)56%5b275:EDOSAT%5d2.0.CO;2
https://doi.org/10.1130/0016-7606(1952)63%5b1117:HAAOET%5d2.0.CO;2
https://doi.org/10.1029/TR038i006p00913
https://doi.org/10.1130/0016-7606(1956)67%5b597:EODSAS%5d2.0.CO;2
https://doi.org/10.1130/0016-7606(1962)73%5b17:COMFUM%5d2.0.CO;2
https://doi.org/10.1007/BF03030749
https://doi.org/10.1007/s12524-011-0090-6
https://doi.org/10.1007/s12665-011-1324-1
https://doi.org/10.1016/j.geomorph.2010.10.033
https://doi.org/10.1007/3-540-31060-6_355


S. Mazahir et al. 
 

 

DOI: 10.4236/jgis.2022.144019 362 Journal of Geographic Information System 
 

[24] Hajam, R.A., Hamid, A. and Bhat, S. (2013) Application of Morphometric Analysis 
for Geo-Hydrological Studies Using Geo-Spatial Technology—A Case Study of Vi-
shav Drainage Basin. Hydrology Current Research, 4, Article No. 157. 

[25] Rai, P.K., Mohan, K., Mishra, S., Ahmad, A. and Mishra, V.N. (2017) A GIS-Based 
Approach in Drainage Morphometric Analysis of Kanhar River Basin, India. Ap-
plied Water Science, 7, 217-232. https://doi.org/10.1007/s13201-014-0238-y  

[26] Pareta, K. and Pareta, U. (2011) Quantitative Morphometric Analysis of a Wa-
tershed of Yamuna Basin, India Using ASTER (DEM) Data and GIS. International 
Journal of Geomatics and Geosciences, 2, 248-269. 

[27] Ramírez, J.A. (n.d.) Horton’s Laws: Example. 
https://www.engr.colostate.edu/~ramirez/ce_old/classes/cive322-Ramirez/CE322_
Web/Example_Horton_html.htm 

[28] Sukristiyanti, S., Maria, R. and Lestiana, H. (2018, February) Watershed-Based 
Morphometric Analysis: A Review. IOP Conference Series: Earth and Environmen-
tal Science, 118, Article ID: 012028.  
https://doi.org/10.1088/1755-1315/118/1/012028  

[29] Dhruw, M. and Khalkho, D. (2020) Morphometric Analysis for Prioritization of 
Sub-Watersheds of Mungeli Block Using a Remote Sensing GIS Technique. Inter-
national Journal of Current Microbiology and Applied Sciences, 9, 823-831.  
https://doi.org/10.20546/ijcmas.2020.906.105  

[30] Chatterjee, A. and Tantubay, A. (2006) Morphometric Analysis for Evaluating 
Groundwater Potential Zones, in Kusangai Jor Watershed Area, Dist. Bolangir, Orissa. 
ISPRS Conference Proceedings XXXVI, Goa, 2006, 5 p. 

[31] Dubey, S.K., Sharma, D. and Mundetia, N. (2015) Morphometric Analysis of the 
Banas River Basin Using Geographical Information System, Rajasthan, India. Hy-
drology, 3, 47-57. https://doi.org/10.11648/j.hyd.20150305.11  

[32] Babu, K.J., Sreekumar, S. and Aslam, A. (2016) Implication of Drainage Basin Pa-
rameters of a Tropical River Basin of South India. Applied Water Science, 6, 67-75.  
https://doi.org/10.1007/s13201-014-0212-8  

[33] Meshram, S.G. and Sharma, S.K. (2017) Prioritization of Watershed through Mor-
phometric Parameters: A PCA-Based Approach. Applied Water Science, 7, 1505- 
1519. https://doi.org/10.1007/s13201-015-0332-9  

[34] Rai, P.K., Singh, P., Mishra, V.N., Singh, A., Sajan, B. and Shahi, A.P. (2019) Geos-
patial Approach for Quantitative Drainage Morphometric Analysis of Varuna River 
Basin, India. Journal of Landscape Ecology, 12, 1-25.  
https://doi.org/10.2478/jlecol-2019-0007  

[35] Waikar, M.L. and Nilawar, A.P. (2014) Morphometric Analysis of a Drainage Basin 
Using Geographical Information System: A Case Study. International Journal of 
Multidisciplinary and Current Research, 2, 179-184. 

[36] Rai, P.K., Chandel, R.S., Mishra, V.N. and Singh, P. (2018) Hydrological Inferences 
through Morphometric Analysis of Lower Kosi River Basin of India for Water Re-
source Management Based on Remote Sensing Data. Applied Water Science, 8, Ar-
ticle No. 15. https://doi.org/10.1007/s13201-018-0660-7  

[37] Deepak, K.M. (2015) The Basic Concept to Study Morphometric Analysis of River 
Drainage Basin: A Review. International Journal of Science and Research, 4, 
2277-2280. 

[38] Vignesh Kumar, M. and Karuppasamy, S. (2012) Land Use and Climate Change 
Impact on the Streamflow of the Tamirabarani River Basin. International Journal of 
Advanced Remote Sensing and GIS, 1, 1-11. 

https://doi.org/10.4236/jgis.2022.144019
https://doi.org/10.1007/s13201-014-0238-y
https://www.engr.colostate.edu/%7Eramirez/ce_old/classes/cive322-Ramirez/CE322_Web/Example_Horton_html.htm
https://www.engr.colostate.edu/%7Eramirez/ce_old/classes/cive322-Ramirez/CE322_Web/Example_Horton_html.htm
https://doi.org/10.1088/1755-1315/118/1/012028
https://doi.org/10.20546/ijcmas.2020.906.105
https://doi.org/10.11648/j.hyd.20150305.11
https://doi.org/10.1007/s13201-014-0212-8
https://doi.org/10.1007/s13201-015-0332-9
https://doi.org/10.2478/jlecol-2019-0007
https://doi.org/10.1007/s13201-018-0660-7


S. Mazahir et al. 
 

 

DOI: 10.4236/jgis.2022.144019 363 Journal of Geographic Information System 
 

[39] Altaf, F., Meraj, G. and Romshoo, S.A. (2013) Morphometric Analysis to Infer Hy-
drological Behaviour of Lidder Watershed, Western Himalaya, India. Geography 
Journal, 2013, Article ID: 178021. https://doi.org/10.1155/2013/178021  

[40] Prabhakaran, A. and Jawahar Raj, N. (2018) Drainage Morphometric Analysis for 
Assessing Form and Processes of the Watersheds of Pachamalai Hills and Its Ad-
joinings, Central Tamil Nadu, India. Applied Water Science, 8, Article No. 31.  
https://doi.org/10.1007/s13201-018-0646-5  

[41] HC, H. (2021) Morphometric Analysis Using Remote Sensing and GIS Techniques 
in the Subwatersheds of Kanakapura Watershed, Arkavathi River Basin, Ramanagar 
District, Karnataka, India. International Conference on Recent Trends in Science & 
Technology, Mysuru, Karnataka, India, January 2021, 54-55. 

[42] Dikpal, R.L., Renuka Prasad, T.J. and Satish, K. (2017) Evaluation of Morphometric 
Parameters Derived From Cartosat-1 DEM Using Remote Sensing and GIS Tech-
niques for Budigere Amanikere Watershed, Dakshina Pinakini Basin, Karnataka, 
India. Applied Water Science, 7, 4399-4414.  
https://doi.org/10.1007/s13201-017-0585-6  

[43] Adhikari, S. (2020) Morphometric Analysis of a Drainage Basin: A Study of Ghat-
ganga River, Bajhang District, Nepal. The Geographic Base, 7, 127-144.  
https://doi.org/10.3126/tgb.v7i0.34280  

[44] Umrikar, B.N. (2017) Morphometric Analysis of Andhale Watershed, Taluka Mul-
shi, District Pune, India. Applied Water Science, 7, 2231-2243.  
https://doi.org/10.1007/s13201-016-0390-7  

[45] Patil, N.P., Kadale, A.S. and Mhetre, G.S. (2015) Assessment of Morphometric 
Characteristics of Karwadi-Nandapur Micro Watershed Using Remote Sensing and 
Geographical Information System. International Journal of Scientific & Technology 
Research, 4, 175-179. 

[46] Singh, O., Sarangi, A. and Sharma, M.C. (2008) Hypsometric Integral Estimation 
Methods and Its Relevance on Erosion Status of North-Western Lesser Himalayan 
Watersheds. Water Resources Management, 22, 1545-1560.  
https://doi.org/10.1007/s11269-008-9242-z  

[47] Rao, L.A., Khan, A. and Govil, H. (2017) Morphometric Characterization of Yamu-
na River Basin Around Agra, Firozabad and Etawah Districts, Uttar Pradesh, Using 
Remote Sensing and GIS Techniques. International Advanced Research Journal in 
Science, Engineering and Technology, 4, 251-264.  
https://doi.org/10.17148/IARJSET.2017.4544  

[48] Susware, N.K., Sapkale, J.B., Susware, V.N. and Gavhane, S.K. (2021) Linkages Be-
tween Sinuosity Index and Flood Sustainability: A Study of Morna River (Maha-
rashtra), India. Current World Environment, 16, 649-661.  
https://doi.org/10.12944/CWE.16.2.28  

[49] Horacio, J.O. (2014) RIVER SINUOSITY: Geomorphological Characterisation Pro-
duced in 2010. Centro Ibérico de Restauración Fluvial and Wetlands International 
European Association, Santiago De Compostela University, Santiago. 

[50] Baioni, D. (2007) Drainage Basin Asymmetry and Erosion Processes Relationship 
through a New Representation of Two Geomorphic Indices in the Conca River 
(northern Apennines). Bollettino-Societa Geologica Italiana, 126, 573-579. 

[51] Prakash, K., Mohanty, T., Pati, J.K., Singh, S. and Chaubey, K. (2017) Morphotec-
tonics of the Jamini River Basin, Bundelkhand Craton, Central India; Using Remote 
Sensing and GIS Technique. Applied Water Science, 7, 3767-3782.  
https://doi.org/10.1007/s13201-016-0524-y 

https://doi.org/10.4236/jgis.2022.144019
https://doi.org/10.1155/2013/178021
https://doi.org/10.1007/s13201-018-0646-5
https://doi.org/10.1007/s13201-017-0585-6
https://doi.org/10.3126/tgb.v7i0.34280
https://doi.org/10.1007/s13201-016-0390-7
https://doi.org/10.1007/s11269-008-9242-z
https://doi.org/10.17148/IARJSET.2017.4544
https://doi.org/10.12944/CWE.16.2.28
https://doi.org/10.1007/s13201-016-0524-y

	Drainage Basin Characteristics of Dhund River Basin, Eastern Rajasthan India, Using Remote Sensing and GIS Techniques
	Abstract
	Keywords
	1. Introduction
	2. Study Area
	3. Data Sources and Methodology
	3.1. Data Sources
	3.2. Method

	4. Results and Discussions
	4.1. Morphometric Analysis
	4.1.1. Linear Aspect 
	4.1.2. Areal Aspect
	4.1.3. Relief Aspect

	4.2. Morphotectonic Parameters

	5. Conclusion
	Acknowledgements
	Conflicts of Interest
	References

