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Abstract— The morphometric analysis couple with 

geographical information system and remote sensing which 

is used for evaluates various parameters for the development 

of Sabarmati watershed of sabarkantha district, Gujarat. The 

upper part of the watershed shows parallel-sub parallel and 

rectilinear drainage pattern indicative of structural control, 

whereas the lower part shows dendritic drainage pattern 

revealing the homogeneity in texture and lack of structural 

control. The elongated shape of the watershed indicated the 

values of bifurcation ratio, circulatory ratio and elongation 

ratio. If the high values of drainage density, stream 

frequency, infiltration number and drainage texture indicate 

the study area is underlain by impermeable rocks which 

responsible for high runoff. So, the result of this analysis 

useful in determining the effect of watershed characteristics 

such as size, shape, slope of the catchment on runoff etc. 
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I. INTRODUCTION 

Urbanization and Industrial growth has made its effect on 

the ecosystem and environmental balance. So assessment of 

drainage and its relative parameters give solutions for the 

preparing the plan for the water resource development & 

management. For watershed development and management 

to understand the watershed characteristics like shape, shape 

pattern, terrain feature, etc. through morphometric analysis. 

In morphometric analysis to understand the interrelationship 

between rock type, drainage network, geological structures 

and watershed prioritization. 

Geographical Information System (GIS) and 

Remote Sensing (RS) is most essential for the analysis of 

morphometric parameters of watershed or drainage basin 

through spatial information. The image interpretation 

techniques are less time consuming than the ground surveys. 

Now groundwater is most important natural 

resource and water supplying element, because of increase 

in industrialization and population. Gujarat state the 80 

percent of irrigation through groundwater. 

II. STUDY AREA 

Dedhrota stream is a tributary of river Sabarmati. The study 

area is located in Himmatnagar Tehsil, Sabarkantha, 

Gujarat. The study area is included in the Survey of India 

toposheet no. 46A/14. It lies between 23°30ʹ and 23°45ʹ 

north latitudes and between 72°45ʹ and 73°00ʹ east 

longitudes. The study area is under the process of 

urbanization. The study area is characterized by monsoon 

climate. The average annual rainfall of the study area is 790 

mm that occurs in months of June to September. The 

maximum daily temperature during the year ranges from 

31°C in January to 48.5°C in May while minimum 

temperature ranges from 11.5°C in January to 27.5°C in 

May. 

 

 

 
Fig. 1: Location map of study area 
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III. GEOLOGY 

The study area is covered the different types of rocks. The 

rocks encountered in the study area are sedimentary, meta-

sedimentary, volcanic and metamorphic rocks. The rocks of 

Aravallis and Delhi super group cover a large area in the 

northern and eastern part of the district. Conglomerate, 

variegated, sandstone, shale, clay stone, and chert belonging 

to the Himmatnagar formation of Mesozoic age are found in 

and around Himmatnagar. 

IV. METHODOLOGY 

The study area is demarcated from Survey of India. The 

study area includes in the toposheet no.46A/14 on 1:50000 

scale. The toposheet georeferencing with the help of QGIS 

software. After georeference the drainage pattern needs 

demarcation of all the existing streams. Then digitization of 

the drainage basin is carried out for the morphometric 

analysis in GIS environment using QGIS. Then was 

generated the digital data base for drainage layer of the river 

basin. Various morphometric parameters such as linear, 

aerial and relief aspects of the drainage basin are computed. 

So digitization work is carried for complete analysis of 

drainage morphometry. 

V. RESULT & DISCUSSION 

The total drainage area of Dedhrota watershed is 51.237 Sq. 

km. The development of drainage network in a region is 

dependent on geology, structure, topography, rainfall, etc. 

The drainage is mainly dendritic. Based on drainage order, 

the watershed has been classified as fifth order basin. 

Morphometric analysis of drainage network 

developed in the study area can help in understanding the 

geomorphic processes and hydrological characteristic of the 

watersheds under study. The linear, relief and areal aspects 

of the watershed and sub-basins have been analyzed to 

understand the morphometric of the basin. 

A. Linear Aspects 

Computation of the linear aspects such as stream order, 

stream number for various orders, bifurcation ratio, stream 

lengths for various stream orders and length ration are 

described below. 

1) Stream Number (Nu) 

It is obvious that the total number of streams gradually 

decreases as the stream order increases. With the application 

of GIS, the number of streams of each order and the total 

number of streams was computed. 

2) Stream Order (U) 

The properties of the stream networks is very important to 

study of basin characteristics. The streams with no 

tributaries are designed as first order. The second order 

streams are those having first order streams are its 

tributaries. When second order streams are join together 

they give rise to third order streams. So when streams of 

different orders join they give rise to a stream having higher 

value among the two. Thorough the application GIS shows 

that the drainage network of the study area is 5th order. 

 
Fig. 2: Drainage map of study area 

3) Stream Length (Lu) 

Stream length is defined as the total length of all streams of 

each order in the drainage basin. Stream length is an 

important hydrological characters and it give information 

about surface runoff characteristics. Basin with relatively 

smaller length indicate larger slope and better textures. If 

long length of stream is indicate smoother slope. Total 

length of stream order is 111.47 km. 

4) Bifurcation Ratio (Rb) 

The bifurcation ratio is the ratio of the number of stream 

segments of given order to the number of segments of next 

higher order. Values of bifurcation ratio typically range 

from the theoretical minimum of 3 to 5 for basin in which 

the geologic structures do not distort the drainage pattern. 

The lower value of bifurcation ratio indicate lesser structural 

disturbances. And the higher value  indicate higher slope of 

basin. The bifurcation ratio of the Dedhrota river basin 

ranges from 2.0 to 4.5 and its mean bifurcation ratio is 3.31. 

5) Mean Stream Length (Lsm) 

Mean stream length of particular stream order is obtained by 

dividing the stream length of order by number of segments 

of that order. 

The mean stream length in the watershed varies 

from 0.65 to 6.748. Mean stream length of Dedhrota river 

basin which is increasing with the increase in stream order. 

The Dedhrota river basin is of 5th order and the drainage 

network of the basin should be dendritic. 

6) Stream Length Ratio (RL) 

Stream length may be defined as the ratio of the mean length 

of an order to the next lower order of stream segment. The 

stream length ratio of Dedhrota river basin ranges between  

1.26 – 3.15. The variation in  stream length ratio between 

streams of different orders of Dedhrota river basin. It may 

be indicate variation in slope and topography. 

Stream 

Order(Su) 

Stream 

Number(Nu) 
Bifurcation Ratio(Rb) 

Total Stream Length(Lu) 

km 

Mean Stream Length 

(Lsm) 

(Lu/Nu) km 

Stream Length Ratio(Lur) 

1 102 3.64 66.446 0.65 - 

2 28 3.11 24.182 0.86 1.32 

3 9 4.5 9.815 1.01 1.26 

4 2 2.0 4.279 2.14 1.96 

5 1 - 6.748 6.748 3.15 

Table 1: Linear aspects of Dedhrota Basin
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B. Aerial Aspects 

The aerial aspects of the drainage basin such as drainage 

density (Dd), stream frequency (Fs), texture ratio (T), 

elongation ratio (Re),  circularity ratio (Rc) and form factor 

(Rf)  were calculated. 

1) Drainage Density (Dd) 

Drainage density is the total stream length of all orders per 

area in region of watershed. Drainage density expressed to 

indicate closeness of spacing of channels. High drainage 

density is the resultant of impermeable subsurface material, 

vegetation. Low drainage density is observed of highly 

permeable subsoil material, dense vegetation cover. The 

drainage density of whole river basin is 2.17 km/sq.km. It 

indicates moderate permeable subsoil and moderate 

vegetative cover. 

2) Stream frequency (Fs) 

Stream frequency is the number of stream segments of all 

orders per unit area. It is the measure of the closeness of the 

drainage. High stream frequency indicates more surface 

runoff and low stream frequency indicate more percolation 

hence has groundwater potential. The stream frequency of 

the whole basin is 2.77 per sq.km. It indicates the moderate 

permeable sub surface material. 

3) Texture Ratio (T) 

Texture ratio is the product of drainage density and stream 

frequency and has classified drainage texture into five 

different textures. The drainage texture is less than 2 

indicate very coarse, 2 - 4 indicate coarse, 4 - 6 indicate 

moderate, 6 - 8 indicate fine and greater than 8 is very fine 

drainage texture. The drainage texture for the whole basin is 

6.0. It indicates moderate texture of  surface material. 

4) Form Factor (Rf) 

Form factor is defines as the ratio of the basin area to the 

square of the basin length. The value of form factor would 

always be greater than 0.78 for a perfectly circular basin. 

Smaller value of form factor indicates more elongated. 

Basin having high form factor indicate larger peak flow in 

shorter duration whereas low form factors having lower 

peak flow of longer duration. The form factor of the whole 

basin is 0.33 indicating elongated in shape having lower 

peak flow in longer duration. 

5) Elongation Ratio (Re) 

Elongation ratio is the ratio of the circle of the same area as 

the drainage basin to the maximum length of basin. The 

discharge characteristics of any watershed are controlled by 

the elongation ratio. Elongation ratio of the watershed 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). In regions having low elongation ratio 

values indicate more erosion whereas region having high 

values indicate high infiltration capacity and low runoff. The 

elongation ratio of the basin is 0.4. It indicates the basin is 

more elongated and more erosion, also having less 

infiltration and high runoff. 

C. Relief Aspects 

1) Relief 

Basin relief is the maximum vertical difference between the 

highest and lowest elevation within the basin. Basin relief 

plays a significant role in landforms development, drainage 

development, surface and sub-surface water flow, 

permeability and erosional properties of the terrain. The 

whole relief of watershed is 54m.  

2) Relief Ratio 

The relief ratio termed as the maximum relief to horizontal 

distance along the longest dimension of the basin parallel to 

the principal drainage line. It is the ratio of basin relief to 

basin length. While high values are characteristic of hill 

regions and low values are characteristic of valley. Low 

relief ratio indicates the discharge capabilities of the 

watershed are low and chances of groundwater potential are 

good. The relief ratio of the watershed is 0.0043.  

3) Slope 

Slope is an important parameter in geomorphic studies. 

Slope distribution is plays a significant role in determining 

infiltration, runoff relation. 

 
Fig. 3: DEM of study area 

VI. CONCLUSION 

Watershed prioritization is one of the most important 

aspects of planning for development and management of 

natural resources. The study using GIS can be very useful in 

evaluation of various morphometric parameters. The 

morphometric analysis of the drainage network of the 

watershed show dendritic pattern with 5th order drainage. 

The larger number of first order stream indicate gentle slope 

gradient. The variation in stream length ratio might be due 

to change in slope and topography. The drainage density of 

watershed was 2.17 km/Sq.km which indicates moderate 

permeable subsoil. The elongation ratio was 0.4 which 

indicates the basin is more elongated and more erosion, also 

having less infiltration and high runoff. The stream 

frequency indicate that the watershed show positive 

correlation with increasing stream population with respect to 

increasing drainage density. The form factor suggests the 

elongated shape and smaller peak flow in longer duration. 
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