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Abstract: 

Remote sensing and GIS technique are very significant tools for analyzing morphometric 

characteristics of watersheds related to drainage. Morphometric parameters are very useful to 

understand any watershed. Drought-prone area like Bundelkhand needs a proper detailed 

study to create effective watershed-based planning. This study is conducted in the Hamirpur 

District of the Bundelkhand region in India, which is one of the most drought-prone districts 

of Uttar Pradesh. These morphometric parameters are created through ASTER DEM in Arc-

SWAT. The area shows a dendritic drainage pattern, which is characteristic of a massive hard 

rock terrain. In this Quantitative morphometric analysis, the highest order stream of the area 

is found to be 6th order. The mean bifurcation ratio and length of the overland flow of the 

study area are 4.4 and 2.28 km, respectively which indicate high surface runoff in the basin 

and the late youth stage of geomorphic development of the basin.  
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1. Introduction: 
 
 Land, water and soil are initial natural resources and their extensive utilization with the 

increased population is a major concern for humanity. Further, dealing with the increasing 

demand for land and water resources is a major essential step to conserving natural resources 

for sustainable development. The morphometric analysis provides a quantitative description 

of the drainage system which is an important aspect of micro & mini watershed prioritization. 

The large use of available innate resources like soil and water is essential for an agriculture-

based country like India (Sangale and Yannawar, 2014). Bundelkhand has a maximum 

dependency on agriculture, a similar status found in the Hamirpur district. Mismanaged and 

extensive use of natural resources seriously deteriorates and degrades their quality for 

sustainable development (Muhammad et al., 2015). Due to the quality degradation of water 

resources, most available water is not sufficient for consumption and drinking (Aravinda and 

Balakrishna, 2013). over-exploitation of natural resources for maximum agricultural 

production creates problems due to defective agro-based practices and the absence of 

watershed development practices, these types of issues become more serious for human 

society. resultant it reduced groundwater recharge, increased runoff, increased soil erosion 

and depleted the storage capacity of the reservoir (Chougale and Jagdish, 2017). Earlier, 

morphometric analysis techniques have been used by different scholars (Srivastava and 

Mitra, 1995; Srivastava, 1997; Nag,1998; Agarwal, 1998) and all have concluded their 

research with the help of remote sensing and GIS technique is a prominent tool for watershed 

analysis & drainage morphometry. 

2. Description of Study Area:  

Hamirpur District is located in the Bundelkhand Region, which is part of Uttar Pradesh, this 

is the one of districts, out of seven districts of this region (Fig.1). other districts of Uttar 

Pradesh in the Bundelkhand region are Lalitpur, Jhansi, Jalaun, Hamirpur, Banda, Mahoba, 

and Chitrakoot. The Bundelkhand Region lies Between 23°08′N and 26°30′N latitude and 

78°11′E and 81°30′E longitude, while the Hamirpur district is located at25°07′N and 

26°07′N latitude and 79°17′E and 80°21′E longitude. The total area of Bundelkhand is 71, 

619 km2, and Hamirpur District extended in 4,121 km2 or 41,8870 hectares. Four Main 

Tahsils (Hamirpur, Sarila, Rath, and Maudaha) are located in Hamirpur District (Fig-1) 
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Location map of the study area: 

 

Location Map of study Area (Figure- 1) 

3. Data Requirement: 

The survey of India topographic sheets (54O/4-7, 54O/9-13, 54N/16, 63C/2, 63C/5, 63B/4) on 

1:50,000 and SRTM (Spectral Radar Topographic Mission) digital elevation model of 

Hamirpur district of 30 m resolution was used for morphometric analysis and stream 

processing. The Survey of India topographic map was georeferenced using World Geodetic 

System (WGS) 84 datum, Universal Transverse Mercator (UTM) zone 43N projection in 

ESRI ArcGIS desktop 10.3 (Table 1)attached below with the details.       

 

Table1: Data and sources of study 
Data  Sources 
Toposheet No.  
54O/4-7, 54O/9-13, 54N/16, 63C/2, 63C/5, 
63B/4 on 1:50,000 scale. 

Nakshe portal - Survey of India 

Digital Elevation Model (DEM) 
Geology and  
Drainage Data 

STRM Data (Srtm.csi.cgiar.org) 
CGWB,2017 
Drought management report, Hamirpur 
District, 2017 

Administrative boundary 
Software used 

Digitized from the Nakshe portal 
QGIS, Arc-SWAT 
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3.1. Methods and Materials for the Study – 

Remote Sensing and GIS advanced techniques have been used for morphometric analysis. 

This study area is covered in the Survey of India toposheets series number 54O/4, 54O/5, 

54O/6, 54O/7, 54O/9, 54O/10, 54O/11,54O/12, 54O/13, 54N/16, 63C/2, 63C/5, 63B/4 on 

1:50,000 scale. ASTER (DEM) with 30m from STRM was used to generate different 

morphometric parameters in Arc-GIS software 10.3. The drainage map has been extracted 

using SRTM images and by giving pour points. and it has been projected on WGS 1984 

UTM zone 44N. The slope and relief of the basin were examined using digital elevation 

model data (DEM) available at USGS Earth Explorer on NASA Website. Shuttle Radar 

Terrain Mapper (SRTM) data on 90 m resolution. 

3.2. Morphometric Parameters –  

morphological features are very important parameters of spatial analysis.to understand any 

watershed body, these morphometric parameters are developed and practised by many 

scholars (Table 2) attached below with the details. 

Table 2- Analytical approaches for morphometric measurements. 

 Morphometric 
Parameters  

Methods  References 

Linear Aspects Stream order(U) Hierarchical order Strahler, 1964 
Stream number (Nu) Number of streams of each 

order 
Strahler, 1964 

Stream length (Lu) Length of the stream Horton, 1945 
Mean stream length 
(Lsm) 

Mean stream length 
(Lsm) 

Horton, 1945 

Stream length 

ratio (RL) 
RL =Lu/Lu-1; where Lu=Total 
stream length of the order 
‘U’, Lu-1=Stream length of 
next lower order. 

Horton, 1945 

Bifurcation 
ratio (Rb) 

Rb = Nu/ Nu+1; where, 
Nu=Total number of stream 
A segment of order ‘u’; 
Nu+1=Number of a segment 
of next 
higher order 

Horton, 1932 

Length of overland 
flow (Lof) 

Lof = 1/2Dd where, 
Dd=Drainage density 

Horton, 1945 

Areal Aspects Drainage density (Dd) Dd = L/A where, 
L=Total length of 
streams;A=Area of watershed 

Horton, 1945 

Constant channel 
maintenance (C) 

Lof = 1/Dd where, 
Dd=Drainage density 

Horton, 1945 

Stream frequency (Fs) Fs = N/A where, Horton, 1945 
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N=Total number of streams; 
A=Area of watershed 

Drainage texture ratio 
(T) 

T = N1/P where N1=Total 
number of first 
order streams; P=Perimeter of 
watershed 

Horton, 1945 

Form factor (Rf) Rf=A/(Lb) 2; where A=Area 
of the watershed, 
Lb=Basin length 

Horton, 1932 

Circulatory ratio 
(Rc) 

Rc=4πA/P2 where A=Area of 
the watershed, 
π=3.14, P=Perimeter of 
watershed 

Miller, 1953 

Elongation ratio 
(Re) 

Re=2√(A/π)/Lb;where, 
A=Area of the watershed, 
π=3.14, 
Lb=Basin length 

Schuman,1956 

Relief Aspect  Basin relief (Bh) The vertical distance between 
the lowest and highest points 
Of watershed. 

Schuman,1956 

W15706 R h=Bh/Lb; where, Bh=Basin 
relief; Lb=Basin length 

Schuman,1956 

W15707 Rn= Bh × Dd; where, Bh 
=Basin relief; Dd=Drainage 
density 

Schuman,1958 

 Relative relief (Rr) Rr = Bh/Bp; where,B =Basin 
relief; Bp=Basin perimeter 

Melton (1957) 

 

These morphometric parameters are divided into three categories 1. Linear aspects, 2. Areal 

aspects and 3. Relief Aspects (Table 5.1). The morphometric parameters such as stream order 

(U), stream length (Lu), mean stream length (Lsm), stream length ratio (RL), bifurcation ratio 

(Rb), mean bifurcation ratio (Rbm), relief ratio (Rh), drainage density (Dd), stream frequency 

(Fs), drainage texture (Rt), form factor (Rf), circulatory Ratio (Rc), elongation ratio (Re) and 

length of overland flow (Lg). The methodology for the calculation was based on the formula 

suggested by Horton (1945), Strahler (1964), Hardly (1961), Schumn (1956), Nookara-tanm 

et. al. (2005) and Miller (1953) which are mentioned in (Table 5.1) all three types of 

morphometric aspects could be delineated through the help of Remote sensing and GIS 

technique. 

4. Result and Discussion: 

4.1. Geomorphology and Geology of Hamirpur – 

Morphometric analysis has been created through remote sensing and GIS technique. The 

outcome of this research has been shown as the thematic map. (CGWB,2017) 
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Geological map of Hamirpur District (Figure- 2) 

The rocky surface, attaining elevations of 225 to 335m, from the sea level, contains pediment 

and dissected denudational hills (Fig 2), which are part of Pre- Cambrian Basement massif 

(Table 3). That is igneous hard rock, due to seasonal rainfall-based erosion, it eroded 

maximum along with the bank of rivers like Yamuna and Betwa. The Upper Ganga Plain, 

with an elevation of 110 to 250 m in the northern part, consists of upland and lowland. Banda 

Plain and also Varanasi Plain constitute the upland. While Banda Plain is rolling with 

inselbergs and is sandy to gravelly, whereas Varanasi Plain is flat and silty in nature (Fig 2). 

 

Table 3:  Geomorphology of Hamirpur district: 

 

(Source: District gazetteer) 

 

The lowland is 10 is 30m lower than the Bundelkhand upland. It is developed along Yamuna, 

Betwa and Dhasan rivers and comprises Older Flood Plain and Active Floodplains due to the 

Youngness of both rivers.  

 

A Major Physiographic units 1.Pre-Cambrian Bundelkhand 
massif as the basement. 

2 Quaternary alluvium 
comprising sands, clay and 
silt. 
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i. Digital Elevation Model (DEM) – 

Digital Elevation Model is the one of most important data set for morphometric parameter 

calculations to represent accurate land aspect. Digital Elevation Modal (DEM) consists of a 

sampled array of elevation of ground Positions that are normally at regularly spaced intervals. 

30m DEM, ASTER- STRM (Shuttle Radar Topography Mission) is downloaded from the 

USGS website, GIS open-source software is used to geo-referenced and digitize to Toposheet 

no DEM data also proceed with the help of this software. In the region highest elevation is 

194 and the low elevation is 0. it means, the maximum sallow land is found on the bank of 

rivers, like Ken and Chandrawal rivers. High elevation area covered by Rath and Sarila tahsil.  

 

 

Figure 3: Digital Elevation Model (DEM) of Hamirpur District 

 

4.2. Drainage system – 

In Hamirpur district, Yamuna, Betwa, Dhasan, Ken, Urmil, Bhima Pandwaha and 

Chandrawal are very important rivers of the drainage system (Table4) This drainage system 

is part of the Upper Ganga Agro-climatic zone which is dependent upon agricultural 

outcomes. It is also part of ‘Ken and Betwa doab’, the Yamuna River creates the north 

boundary of the Hamirpur district, and it has a very short length in this district and river 
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‘Urmil’ river’ is running in the southern boundary of this district. The Birma river flows 

through the middle part of the district (Fig 4). The ‘Swami-Bramha-Nand Dam’ is 

constructed in the Bharma river, due to the suitability of gathering water between the 

highland and the lowland of the ‘Bundelkhand Upland’ and surrounded by the high altitude. 

(Fig 3) Betwa river flows along with the northeast border of Hamirpur district where the 

Dhasan river joins it at Kuprat village of Rath, and Betwa meets with the Yamuna River at 

Sangmeshawar. Chandrawal is a tributary river of Ken they both flow in the eastern part of 

the district. 

Table 4: Drainage of Hamirpur district: 

A Major Drainage  Two major rivers, namely 
Yamuna and Betwa meet in 
the north-eastern part of the 
district. 
Dhasan river flows along 
The north-west part of the 

(Source: District gazetteer) 

 

Figure 4: Drainage map of Hamirpur District 

This is a seasonal river but it has more water capacity than the other rivers in the district. 

These rivers play a very important role to run the irrigation system in the Hamirpur district. 

(Table 4) This district has very poor surface water storage despite the proximity to many 

rivers, which also results due to a lack of surface water availability contribution in the 
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bounded watersheds of this specific region. The analysis was done based on stream length 

and total water capacity (Figure 5) in the area. 

 

Figure 5: River length and water capacity of the area 

 

The study area encompasses part of the ‘Yamuna River basin’ but the length and water 

capacity of the river stretch are very less in this district. ‘The river Betwa’ which flows centre 

of this district flows West to East direction in this district and has very significant in this 

district. It has more length as well as a large capacity to hold monsoon water for this region. 

While the ‘Chandrawal river’ is small and seasonal, it has a wide basin than the other rivers 

which hold heavy water resources during better monsoon season, sometimes it’s affected by 

the flood also due to excess rainfall. Generally, all these rivers create a large basin in this 

district. But the quantity of water is very fluctuating due to its geomorphology. Maximum 

water resources are stored along with the river banks while all other drainages only hold 

water resources during the monsoon season. After this, it gets dried or used due to the over-

exploitation of water resources. Without proper conservation of water resources, it gets 

wasted.   

 

 

 

 

 



International Journal of Research in Social Sciences 
Vol. 9 Issue 6, June 2019,  
ISSN: 2249-2496 Impact Factor: 7.081 
Journal Homepage: http://www.ijmra.us, Email: editorijmie@gmail.com                          
Double-Blind Peer Reviewed Refereed Open Access International Journal - Included in the International Serial Directories Indexed & Listed 
at: Ulrich's Periodicals Directory ©, U.S.A., Open J-Gate as well as in Cabell’s Directories of Publishing Opportunities, U.S.A 

  

2052 International Journal of Research in Social Sciences 
http://www.ijmra.us, Email: editorijmie@gmail.com 

 

 

5. Conclusion: 

Identification and quantification of water resources have become an alarming issue that needs 

to address at the earliest. Morphometric parameters are authentic and less manually tempered, 

as well as time savers also. This concept have become prevalent only after society became 

aware of the irreversible value of water resources that were exploited unsustainably to meet 

their demands. Remote sensing and GIS have highly revolutionized this field mainly due to 

their user-friendly programming, and feasible accessibility. The GIS technique is very useful 

for understanding landscape features. This tool can help to create many thematic maps for 

watershed development, this technique is very useful for micro-level planning programs for 

water resources. 

The Watershed is a very important factor in drought vulnerability mitigation. A well-planned 

and effective strategy can be a better solution for mankind because the livelihood of people 

exists surroundings water resources. In this situation, the government play a very crucial role 

to manage resources sustainably and tackling the hazardous situation. Miss management and 

harnessing of water resources, people force to face water crises. This study is conducted in 

the Hamirpur district of Uttar Pradesh which is part of Bundelkhand high land, In the study, 

we are examining the role of government in watershed management to the enhancement of 

water resources and depends upon the livelihood. 
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