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Abstract—The form and structure of river basins and their allied drainage networks are articulated by their morphometric 

parameters. Morphometric parameters of a river basin are quantitative attributes that are derived from the terrain or 

elevation surface and the basin’s drainage network. For morphometric studies, geographic information system (GIS) 

techniques with remote sensing are used as convenient tools. The Jia Bharali river basin of the states of Assam and 

Arunachal Pradesh of India has been selected as the study area to derive the morphometric parameters. Assessment of 

drainages and their relative parameters such as stream order, stream length, drainage frequency, drainage density, 

drainage texture, form factor, circulatory ratio, elongation ratio and bifurcation ratio have been taken for assessment of the 

basin using GIS techniques based on SRTM DEM of 90 m resolution. The study revealed that the basin is 9th order and is 

characterized by dendritic to sub-dendritic drainage pattern. 

 

Index Terms—GIS, Jia Bharali river basin, morphometric analysis, SRTM DEM 

________________________________________________________________________________________________________ 

I. INTRODUCTION 

Morphometric assessment aids to elaborate a primary hydrological diagnosis in order to envisage ballpark behaviour of a basin. 

The hydrological response of a river basin can be interrelated with the physiographic characteristics of the river basin, such as size, 

shape, slope, drainage density and size, and length of the streams, etc. The symphony of the stream system of a river basin is 

expressed quantitatively with stream order, drainage density, bifurcation ration and stream length ratio etc. [1,2]. Morphometric 

descriptors represent relatively simple approaches to describe basin processes and to compare basin characteristics and enable an 

enhanced understanding of the geological and geomorphic history of a river basin [8]. Quantitative morphometric analysis facilitates 

understanding of the drainage development, surface run-off generation, infiltration capacity of the ground, groundwater potential 

etc Hence, morphometric analysis of a watershed is an indispensable first step, towards basic understanding of watershed dynamics. 

The quantitative analysis of morphometric parameters is of mammoth efficacy in river basin evaluation, watershed prioritization 

for soil and water conservation, and natural resources management etc. at micro level. In many studies morphometric analysis has 

been used to locate suitable sites for construction of check dams and artificial recharge structures etc. 

For morphometric analysis and to study the morphometric properties of a river basin, GIS along with remote sensing has become 

an effectual tool. Such GIS based techniques are increasingly being used for morphometric analysis of river basins throughout the 

world. It can execute watershed delineation through techniques such as DEM, rainfall-runoff modeling etc. the GIS derived 

information of the basin can be integrated with the conventional data base. GIS softwares have resulted to be of immense utility in 

the quantitative analysis of the geomorphometric aspects of the drainage basins.  Thus, it can be said that remote sensing and GIS 

techniques enable one to arrive at natural resource development and management solutions. 

II. RESEARCH OBJECTIVES 

The objectives of this study can be abridged as morphometric analysis and derivation of morphometric parameters of the Jia 

Bharali river basin of the states of Assam and Arunachal Pradesh of India based on SRTM DEM of 90 m resolution through GIS 

and remote sensing.  

III. MATERIALS AND METHODS 

Study area 

The Jia Bharali river basin of the states of Assam and Arunachal Pradesh of India is selected as the study area. The Jia Bharali 

river is one the chief right bank tributaries of the Brahmaputra river and originates from the Kangto Massif and is about 257.18 km 

long. Its length within Arunachal Pradesh is 183.36 km and within Assam is 73.82 km. The total area of the Jia Bharali river basin 

is 10,853 sq km extending between longitudes 91°58' and 93°23' east, and latitudes 26°36' and 27°59' north. The river basin 

comprises areas of the West Kameng and East Kameng districts of Arunachal Pradesh and Sonitpur district of Assam. The Manas 

river basin lies in the west and the Subansiri river basin is in the east. The Jia Bharali river along with its tributaries flows towards 

south to merge with the river Brahmaputra. Figure 1 shows the study area. 
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Figure 1 The Jia Bharali river basin – the study area. 

Methodology 

GIS techniques with remote sensing have been used for the processing of satellite data and for preparation of many vector 

layers. Using all thematic layers and GIS information, a detailed morphometric analysis is carried out for the study area. The 

methodology is shown in the following flowchart (Figure 2).  

 

Figure 2 Flowchart of research methodology 
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Computation of morphometric parameters 

The hydrological response of a basin is governed by its morphological characteristics to a substantial extent. The basin 

characteristics are measured and conveyed in quantified morphometric parameters that can be studied for their influence on runoff 

and sediment yield. In the present study, a few of the imperative morphological parameters for the study area have been derived using 

ArcGIS software and mathematical formulae [1,2,3,4,6,7,8] that are listed below in Table 1. 

Table 1 Formulae and relationships for the computations of the morphometric parameters 

Morphometric 

parameter 
Formulae/Relationship Reference 

Stream order Hierarchical rank 
Strahler, 

1964 

Stream length (Lu) Length of stream 
Horton, 

1945 

Mean Stream length 

(Lum) 

Lum = Lu/Nu, where Lu is the total stream length of order ‘u’, Nu is the total number of 

stream segments of order ‘u’ 

Strahler, 

1964 

Stream length ratio (R) 
R = Lu/Lu-1, where Lu is the total stream length of order ‘u’, Lu-1 is the total stream 

length of its next lower order 

Horton, 

1945 

Bifurcation ratio (Rb) 
Rb = Nu/Nu+1, where Nu is the total number of stream segment of order ‘u’, Nu+1 is the 

number of stream segments of the next higher order 

Schumn, 

1956 

Mean bifurcation ratio 

(Rbm) 
Rbm = average of the bifurcation ratio of all the order 

Strahler, 

1957 

Relief ratio (Rh) Rh = H/Lb, where H is the total relief (relative relief) of the basin, Lb is the basin length 
Schumn, 

1956 

Relative relief (Rr) 
Rr = H/P, where H is the total relief (relative relief) of the basin, P is the perimeter (km) 

of the basin 

Melton, 

1957 

Drainage density (Dd) Dd = Lu/A, where Lu is the total stream length of order ‘u’ and A is the basin area in km2 
Horton, 

1932 

Constant of channel 

maintenance (Cm) 
Cm = 1/Dd, where Dd is the drainage density 

Schumn, 

1956 

Length of overland flow 

(Lg) 
Lg =1/(2 x Dd), where Dd is the drainage density 

Horton, 

1945 

Ruggedness number 

(Rn) 

Rn = Dd x H, where Dd is the drainage density and H is the total relief (relative relief) of 

the basin 

Strahler, 

1958 

Stream/Drainage 

frequency (Df) 

Df  = Nu/A, where Nu is the total number of stream segment of order ‘u’ and A is the 

basin area in km2 

Horton, 

1932 

Drainage texture (T) 
T = Nu/P, where Nu is the total number of stream segment of order ‘u’ and P is the 

perimeter (km) of the basin 

Horton, 

1945 

Form factor (Rf) 
Rf  = A/Lb

2, where A is the basin area in km2 

and Lb is the basin length (km) 

Horton, 

1932 

Circulatory ratio (Rc) 
Rc = (12.57 x A)/P2, where A is the area (km2) 

and P is the perimeter (km) of the watershed 

Miller, 

1953 

 

IV. RESULTS AND DISCUSSIONS 

Using ArcGIS software, various thematic layers were generated for DEM, slope, aspect, flow direction and flow accumulation 

by adopting standard interpretation techniques. The results of the software analysis and derived morphometric parameters based on 

SRTM DEM are presented in this segment. The morphometric analysis of the parameters, namely stream order, stream length, 

bifurcation ratio, relief ratio, drainage density, drainage frequency, form factor, circulatory ratio, elongation ratio, area, perimeter 

of the basin are carried out using mathematical formulae from SRTM DEM data in ArcGIS. The results obtained from the analysis 

are shown in Table 3. 
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Area 

Basin area has been identified as the most important of all the morphometric parameters controlling catchment runoff pattern. 

This is because the larger the basin, the greater the volume of rainfall it intercepts, and the higher the peak discharge that result. In 

the present analysis, the basin has been considered as a polygon. Area of the basin was derived from ArcGIS software as it gives 

the area of the polygon automatically. The area of the study area was found to be 10424.51km2. 

Perimeter 

In the ArcGIS software, the study area showed its perimeter as 575.25 km. 

Stream order 

After analysis of the drainage map, it is found that the study area has a highest 9th order stream and drainage pattern is dendritic 

to sub-dendritic drainage pattern. The GIS analysis results for stream orders are shown in Table 2. 

Stream length 

Stream length is one of the most important hydrological features of a basin as it reveals the surface runoff characteristics. Streams 

of relatively smaller lengths are characteristics of areas with larger slope and finer textures. Streams with longer lengths are generally 

the characteristics of flatter surface with low gradients. Usually, the total length of stream segments is highest in first stream orders 

and decreases as the stream order increases. The number of streams of various orders in the basin was counted and their lengths 

measured from the mouth to the divide of the drainage basin. Stream length is a revelation of the chronological developments of 

the stream segments including interlude of tectonic disturbances. The stream lengths for respective stream orders for the study area 

are shown in Table 2. 

Table 2 Drainage analysis of the study area 

Stream order No. of streams Length of streams (km) 

1 78809 25838.2648 

2 15999 8462.6540 

3 3539 3936.4651 

4 768 1963.8498 

5 151 878.1265 

6 32 555.9455 

7 8 287.9242 

8 2 85.3064 

9 1 101.7704 

 Total = 99309 Total = 42110.31 

 

Bifurcation ratio 

Bifurcation ratio is related to the branching pattern of a drainage network and is defined as the ratio between the total numbers 

of stream segments of one order to that of the next higher order in a drainage basin. The calculated bifurcation ratio for the study 

area is 0.01, an indication that the study area is a highland area. This low Rb value indicates low structural disturbance in the study 

area. This suggests that the study area has low potentials for discharge compared to those of highland areas with bifurcation ratio 

of 5.0 [5]. Bifurcation ratios are controlled by basin physiographic factors especially basin relief and drainage density [3]. 

Relief ratio 

The maximum basin relief of the drainage area is 6984 m (7049 m - 65 m). The Rh normally increases with decreasing drainage 

area and size of sub-watersheds of a given drainage basin [9]. The relief ratio of the study area is 0.03. The relief ratio of the basin 

is the characteristic feature of less resistant rocks. The lower values may indicate the presence of basement complex rocks that are 

exposed in the form of small ridges and mounds with lower degree of slope. 

Relative relief 

Melton (1957) used this term to measure the relief of watershed and is defined as H/P, where H is the total relief (relative relief) 

of the basin and P is the perimeter of the basin. The relative reliefs are classified into three categories viz. (i) low relative relief = 0 

km - 0.1 km, (ii) moderately relative relief 0.1 km - 0.3 km, and (iii) high relative relief = above 0.3 km. The value of Rr is found 

to be 27.81, which indicates high relative relief. 

Drainage density 

Drainage densities can range from less than 5 km/km2 when slopes are moderately steep, rainfall not very high and bedrock 

permeable (e.g. sandstones), to much larger values of more than 500 km/km2 in mountainous areas where rocks are impermeable, 
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slopes are steep and rainfall totals are high. The drainage density (Dd) of the study area is 4.04 km/km2. Thus, in this study, the 

drainage density falls less than 5 km/km2 which indicates that the area has a moderately steep slope, not very high rainfall and less 

permeable bedrock. Low drainage densities are often associated with widely spaced streams due to the presence of less resistant 

surface materials (lithologies or rock types), or those with high infiltration capacities. A low drainage density indicates that most 

rainfall infiltrates into the ground and few channels are required to carry the runoff. In general, low drainage density leads to coarse 

texture while high drainage density leads to fine texture [5].  

Constant of channel maintenance 

The value of Cm is found out to be 0.25 for the study area. 

Length of overland flow 

Overland flow is significantly affected by infiltration and percolation through the soil, both varying in time and space. Generally 

higher value of  Lo is indicative of low relief and where as low value of Lo is an indicative of high relief. In this study, the length of 

overland flow of the study area is 0.12 km. The study area falls under high relief area. 

Ruggedness number 

An extremely high value of ruggedness number (Rn) is encountered, particularly when both H and Dd are large i.e. when slope is 

steep and long. The value of Rn is found to be 0.58 for the study area, which is quite high.  

Stream/drainage frequency 

Stream/drainage frequency mainly depends on the lithology of the basin and reflects the texture of the drainage network. The 

basins of the structural hills have higher stream frequency, drainage density while the basins of alluvial has minimum. The stream 

frequency of the study area is 9.53 stream segments per km2. The existence of less number of streams in a basin indicates matured 

topography, while the presence of large number of streams indicates that the stream is youthful and still undergoing erosion.  

Drainage texture 

Smith (1950) have classified five different drainage textures related to various drainage densities as very coarse (below 2), coarse 

(2-4), moderate (4-6), fine (6-8) and very fine (8 and above). Drainage texture depends on a number of natural factors such as 

climate, rainfall, vegetation, rock and soil types, infiltration capacity, relief and stage of development. Weak rocks devoid of 

vegetative cover produce fine texture, while rocks which are hard and with vegetative cover produce coarse texture. The value of 

drainage texture is 172.64 unit/km for the study area, i.e. the basin comprises of fine to very fine textures.  

Form factor 

Form factor is the numerical index commonly used to represent different basin shapes [1]. The form factor of the study area is 

0.17. Low form factor shows that the basin is elongated and thus has low peak flow of longer duration. Consequently, the flood 

flow of this type of basin is difficult to manage than the circular basin. The smaller the value of form factor, the more elongated 

will be the basin. The basins with high form factor have high peak flows of shorter duration, whereas, elongated drainage basin 

with low form factors have lower peak flow of longer duration.  

Circulatory ratio 

The calculated Rc value for the study area is 0.40, which indicates that the drainage basin is more elongated than circular. The 

value of circularity ratio varies from 0 (in line) to 1 (in a circle). It is affected by the lithological character of the basin. The ratio is 

more influenced by length, frequency (Df), and gradient of streams of various orders rather than slope conditions and drainage 

pattern of the basin. It is a significant ratio, which indicates the dendritic stage of a basin. Its low, medium and high values are 

indicative of the youth, mature and old stages of the life cycle of the tributary basins. Watershed having circular to oval shape allows 

quick runoff and results in a high peaked and narrow hydrograph, while elongated shape of watershed allows slow disposal of water, 

and results in a broad and low peaked hydrograph.  

Elongation ratio 

Elongation ratio determines the shape of the basin and can be classified based on these values as circular (0.9 - 1), oval (0.8 - 

0.9), less elongated (0.7 - 0.8), elongated (0.5 - 0.7), more elongated (< 0.5). Regions with elongation ratios are susceptible to more 

erosion whereas regions with high values correspond to high infiltration capacity and low runoff. The elongation ratio of the 

drainage basin is 0.46, which indicates more elongation and more prone to erosion with less infiltration capacity. Circular drainage 

basins are more efficient in the discharge of runoff. They are at greater risk from flood hazard because they have a very short lag 

time and high peak flows than the elongated basins. Elongated drainage basins have low side flow for shorter duration and high 

main flow for longer duration and are less susceptible to flood hazard.  
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Table 3 Morphometric parameters of the study area 

Morphometric parameters 
Parameter values 

Area (A) (km2) 10424.51 

Perimeter (P) (km) 575.25 

Basin length (Lb) (km) 251.30 

Total relief (H) (km) 6.89 

Total number of streams (Nu) 99309.00 

Total stream length (Lu) (km) 42110.31 

Drainage density (Dd) (km/km2) 4.04 

Constant of channel maintenance (Cm) 0.25 

Length of overland flow (Lo) (km) 0.12 

Stream/drainage frequency (Df) (unit/km2) 9.53 

Drainage texture (T) (unit/km) 172.64 

Form factor (Rf) 0.17 

Circulatory ratio (Rc) 0.40 

Elongation ratio (Re) 0.46 

Relief ratio (Rh) 0.03 

Bifurcation ratio (Rb) 0.01 

Relative relief (Rr) 27.81 

Ruggedness number (Rn) 0.58 

 

V. CONCLUSION 

An endeavor has been made in this study to perform quantitative morphometric analysis of the Jia Bharali river basin using 

SRTM DEM 90 m resolution in ArcGIS platform. The present study demonstrates the usefulness of GIS for derivation of 

morphometric parameters and hence morphometric analysis of the basin. The study reveals that GIS based approach in evaluation 

of drainage morphometric parameters at river basin level is more appropriate than the conventional methods. The conventional 

methods of morphometric analysis are time consuming and error prone, so instead GIS technique has been used for more reliable 

and accurate estimation of similar parameters of watersheds. The drainage density and drainage frequency are the most useful 

criterion for the morphometric classification of drainage basins that certainly control the runoff pattern, sediment yield and other 

hydrological parameters of the drainage basin.  Thus from the study it is highly comprehensible that GIS technique is a competent 

tool in geomorphometric analysis for geo-hydrological studies of drainage basins. These studies are very useful for planning and 

management of drainage basins. The present study is valuable for erosion control, watershed management, land and water resources 

planning and future prospective related to runoff study. Following are the conclusions interpreted from the results of this study: 

   The present study has illustrated morphometric analysis based on several drainage parameters by which the Jia Bharali 

river basin has been classified under nine order basin. 

   The values of form factor, circulatory ratio and elongation ratio of the study area show  that  the  basin  is  elongated  and 

thus  has  low  peak  flow  of  longer duration. Consequently, the flood flow of this type of basin is difficult to manage 

than the circular basin. 

   The low bifurcation ratio of the Jia Bharali river basin of 0.01 is an indication that parts of its segment are liable to 

flooding. Bifurcation ratios ranging from 3-5 indicate natural drainage system characterized by homogenous rock. This 

low Rb value also indicates less structural disturbance in Jia Bharali river basin. 

   The drainage density (Dd) of the study area is found to be 4.04 km/km2.Thus, in this study, the drainage density falls less 

than 5 km/km2 which indicates that the area has a moderately steep slope, not very high rainfall and less permeable bedrock. 

   The value of drainage texture for the study area is 172.64 unit/km for the study area, i.e. the basin comprises of fine to 

very fine textures.  

   The relief ratio of the study area is 0.03. The relief ratio of the basin is the characteristic feature of less resistant rocks. 

The lower values may indicate the presence of basement complex rocks that are exposed in the form of small ridges and 

mounds with lower degree of slope. Low relief ratios also indicate that the recharge capabilities of the basin are low. 
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