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Abstract— In this study an attempt has been made to assess 

the hydrogeological characteristics of the Bihar State, India. 

We determined stream order, flow direction, slope, hill shade, 

drainage density, form factor and rainfall variability in the 

study area. In order to calculate these parameters, Shuttle 

Radar Topographic Mission (SRTM) elevation, gridded 

rainfall data, and, Geographical Information System (GIS) 

have been used. The drainage density of the study area varies 

from 0.4724 to 0.5663 which indicates that the presence of 

permeable subsoil and coarse texture. Strahler’s stream 

ordering system were followed and found that stream order 

of the study area varies up to 9.  Slope of the study area is 

found between 00 and 750.  The study also reveals that 

streams generally flows in north- south direction with total 

number of stream varies from 786 to 6723. The average 

stream length of all segments is 131.63km. Bihar gets 

maximum rainfall in northern parts in comparison to other 

parts and also suffers to frequent flooding. 
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I. INTRODUCTION 

The state of Bihar, India is considered as a flood prone state 

with north Bihar being severely affected region in the state 

(National Institute of Disaster Management, NIDM, 2007).In 

Bihar, the holy rive Ganga flows west to east and divides the 

state in two regions namely north Bihar i.e. north of the 

Ganga and south Bihar i.e. south of the Ganga. In the state 

floods generally occur in river basins like Ganga, , Gandak, 

Son and others due to heavy rainfall during the summer 

monsoon season. The River , in north Bihar, known as the 

Sorrow of Bihar has extended her catchment in the northern 

Bihar and flooding in its basin is associated with both the 

anthropogenic and natural calamities as well. Recently the 

state has faced an enormous damage of life and property that 

has occurred in 2008 as a result of major flood event in the 

River Kosi which was one of the most disastrous episodes of 

flood that has occurred in Bihar. The heavy rainfall and large 

amount of discharge of water from the reservoir leads to 

cause the major flood. Another important issue is the siltation 

in the river of north Bihar is a major problem of flooding; it 

reduces the depth of the river and water holding capacity as 

well. Floods in the rivers of south of the Ganga is relatively 

less dangerous. To assess, flood management, knowledge of 

lithological features such as topography, channel length, 

geomorphologic and geologic setup of an area [1] is required. 

[2] In their study concluded that morphometry parameter 

derived by using Digital Elevation Model (DEM) helps in 

understanding the hydrological behavior of river which 

influences the flood. DEM and Geographical Information 

System (GIS) are widely used for watershed delineation and 

flood hazard mapping. Recently, [3] in their study had given 

stress on the need of DEM for the hydrologic analysis of 

flood.   

 The DEM is being widely used for the 

geomorphological and morphometric study of an area. DEM 

is the 3-D representation of natural topography and manmade 

features present on the earth’s surface. There are various 

source of DEM such as Advanced Space borne Thermal 

Emission and Reflection Radiometer (ASTER), Shuttle 

Radar Topography Mapping Mission (SRTM) and Global 

Multi-resolution Terrain Elevation Data 2010 (GMTED 

2010). Earlier research is carried out for comparison of basin 

morphometry by using ASTER (30m) and SRTM (90m) 

DEM data and concluded that out of two DEMs, SRTM 

(90m) provides better results [4]. The SRTM provides the 

most complete high resolution Digital elevation model of the 

earth. By using DEM, geological structure and geomorphic 

features and their hydraulic attributes are best studied [5]; [6]. 

Topography controls hydrological responses on the surface 

after rainfall and is major contributor for flood inundation [7]. 

Water flow direction, accumulation and infiltration all these 

are associated with landforms of the catchment. Prior 

information of the response of catchment during heavy 

rainfall is very important in order to assess the impact of flash 

flood [8]; [9]. 

 Researcher [10] assessed the severity of flood 

hazard in Bihar by using satellite and hydrological data. [11] 

Highlighted the use of remote sensing for real time flood 

mapping and monitoring of flood. [12] Demonstrate the use 

of remote sensing and GIS to assess the water logging area 

both due to excessive irrigation, heavy rainfall and flood 

water. Most of the earlier research focused on flood mapping, 

flood hazard but no any research has been carried out to know 

the hydrogeological characteristics with respect to flood for 

entire Bihar. Therefore in this paper an attempt has been 

made, by using DEM, to study stream order (u), stream length 

(Lu), mean stream length (Lsm) and slope, drainage density, 

form factor as hydrogeologic characteristics of the Bihar. 

Such study is useful to develop understanding on flood, its 

inundation and management. 

II. STUDY AREA, DATA AND METHODOLOGY 

Bihar (24°20'10” N ~ 27°31'15” N, 83°19'50” E ~ 88°17'40” 

E) is situated in the eastern region of the Gangetic plain of 

India. It is bounded by Nepal in the north, Jharkhand in the 

south, West Bengal in the east and by Uttar Pradesh in the 

west. The Bihar plain is divided into two unequal halves by 

the river Ganga which flows through the middle from west to 

east. Bihar is endowed with large rivers most of them are 

perennial rivers which originates from the Himalayas. The 

average elevation above sea level of Bihar is 173 feet; north 

east part of the state has mostly plain having lower elevation. 
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The climate of Bihar is tropical with three distinct seasons - 

winter, summer and rainy. High precipitation is received 

during south west monsoon season. The normal rainfall of 

Bihar is 1225 mm. The Himalayan Mountains in the north 

play a significant role on the distribution of monsoon rainfall 

in Bihar. Due to weak monsoon and erratic pattern of rainfall 

the state experiences drought and sever flood and drought 

which significantly affects agriculture and water resources of 

the Bihar. There are three major types of soil occupy in Bihar 

such as Piedmont Swamp Soil, Terai Soil and The Gangetic 

Alluvium Soil. The main occupation of the state is 

agriculture, Gangetic plains soil is the backbone of 

agriculture. 

 Shuttle Radar Topographic Mission (SRTM) DEM 

data at 90m resolution is considered from CGIAR-CSI 

(srtm.csi.cgiar.org) and administrative boundary of India is 

obtained from the website of DIVA GIS. DEM data which 

were downloaded as four tiles was mosaiced by using ArcGIS 

and study area of Bihar was extracted after adding Bihar 

shape file by using ArcGIS. Then subset image was projected 

(UTM zone 44N, WGS 1984) and now projected digital 

elevation was used for further analysis. With the help of 

spatial analyst tool (hydrology) in ArcGIS sink, fill, flow 

direction, accumulation, length and stream link, stream order 

were derived.  All maps were created by ArcGIS map.  

 Projected DEM is processed by a fill tool which 

removes the errors such as sinks and eliminates 

discontinuities. The output of the filled DEM is used to flow 

direction tool. This tool calculates the direction in which 

water will flow out of the pixel to one of the eight surrounding 

pixels. With the help of flow direction, flow accumulation is 

created and further stream link is created by flow 

accumulation. Various surface parameters are also generated 

using different surface tools. Total length and number of the 

stream is calculated by ArcGIS while area of basin is 

calculated by shape file of districts. 

 
Fig. 1: Study area map 

III. RESULTS AND DISCUSSION 

For drainage-basin analysis, first step is to designate stream 

orders (Horton 1945, Strahler 1964). The smallest permanent 

streams are called “first order”. Two first order streams join 

to form a larger, second order stream; two second order 

streams join to form a third order, and so on (Sreedevi et al 

2009). Fig.2 shows stream order of the state Bihar, India 

which is characterized up to ninth order. The variability of 

stream order is found due to physiographic and structural 

condition of the Bihar. The count of stream channels in its 

order is known as stream number. The number of streams of 

each order is computed which varies from 786 to 6723. The 

maximum stream number is found in Pachim Champaran 

while minimum is in Seohar district. The maximum stream 

number in Pachim Champaran indicates that there is lesser 

stream order while minimum stream number in Seohar 

indicates that there is higher stream order (Parveen et al. 

2012). Stream length is another parameter which is the total 

length of all streams of each order in drainage basin. Strahler 

(1965) suggested that the stream length of a particular order 

is inversely proportional to the stream order i.e. length of 

stream decreases with increase in stream order. The stream 

length of the study area is also computed which varies from 

30 to 258 km. The maximum length has been found in Pachim 

Champaran district while the minimum has been found in 

Seohar district. The average stream length of study area is 

131.63km.  

 
Fig. 2: Stream order and slope of the study area 

 
Fig. 3: Elevation of the Bihar 

 Slope and relative relief are the main morphological 

factors controlling drainage density which is total length of 

streams of all orders per drainage area. Low density leads to 

coarse drainage texture while high drainage density leads to 

fine drainage texture (Strahler 1964; Nageswara Rao et 

al.,2010). It depends on annual rainfall, infiltration capacity, 

vegetation cover, surface roughness and runoff intensity etc.  

 According to Smith (1950) drainage density less 

than 2 indicates very coarse textures, between 2 and 4 is 

related to coarse, between 4 and 6 is moderate, between 6 and 

8 is fine and greater than 8 is very fine drainage texture. The 

drainage texture of 13.34 shows presence of highly resistant 

permeable material with low relief. Drainage density of the 
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study area is varies from 0.4724 to 0.5663. Low drainage 

density indicates that the texture of all districts is very coarse. 

 The form factor indicates the flow intensity of a 

basin for a defined area. It is the ratio of the basin area to 

square of the basin length (Horton 1932). Form factor value 

should always be less than 0.7854. The smaller the value of 

the form factor, the more elongated will be the basin. Basins 

with high-form factors experience larger peak flows of 

shorter duration, whereas elongated basin with low-form 

factors experience lower peak flows of longer duration. Form 

factor of the study area is varies from 0.3042 to 0.0907. So 

smaller the value of form factor all the basin of study area is 

more elongated and experiences lower peak flows of longer 

duration. 

 Slope is the most important and specific feature of 

the earth's surface form. Maximum slope of any area 

experienced that larger water flow downwards. Slope plays a 

significant role in determining infiltration and runoff. Any 

area having higher slope experiences low infiltration rate and 

high runoff and vice-versa. Fig. 2 show slope of Bihar which 

is derived with the help of ArcGIS and it varies from 0 to 75 

degree. It is found that higher slope is in south Bihar ( 

Bhabhua, Gaya, Nawada, Jamui, Banka, Munger and 

Lakhisarai districts) and in northwest (Pachim Champaran) . 

So water cannot be accumulate for longer time due to having 

higher slope because it will flow downwards and runoff will 

be high and infiltration rate will be low. As shown in Fig.2 

the slope of North part of Bihar is varies from 0 to 2.5 degree, 

so these parts are mostly plains. Therefore there is probability 

to accumulate more water during flood in compare to region 

having higher slope. The hill shade estimates light received 

per unit area in each cell. A value of 0 indicates that the 

surface/cell is in the shade and a value of 254 indicates that it 

is pointing directly at the sun and would therefore be 

receiving the more light.Fig.5 shows that the maximum hill 

shade is found in some part of Pachim Champaran, Bhabhua, 

Gaya, Nawada, Jamui, Banka, Munger, and Lakhisarai.  

 
Fig. 4: Hill shade and flow direction of Bihar 

 Digital elevation model contains large number of 

topographic depressions which is known as sink. These 

depressions often create problem in determining flow 

directions and other parameters. Because water cannot flow 

continuously until sinks are filled. Elevation varies in 

between 24 to 640 meter. Maximum elevation is found in 

south part of Bihar in comparison to north Bihar (Fig.3).  

 Fig.4 shows flow direction over the study area in 

which on average flow direction of  all streams in northern 

Bihar are towards south, while flow direction of southern 

Bihar streams are towards north. However flow direction of 

all the streams in western region of study area is towards east. 

As shown in fig.4 exactly the flow direction of North Bihar is 

towards south and west therefore during flood time all 

streams flow towards south and joins the Ganga river. Some 

streams of North Bihar also flow towards west which joins 

small tributaries of Ganges and Gandak and finally meets in 

river Ganga. The flow direction of south-west part of Bihar is 

towards north and slope of this part is found to be high which 

varies from 24 to 75 degree. Therefore all the streams of this 

region join the Son River which flows towards south to north 

direction which finally meets in the river Ganga at Ara 

districts. The legend value of 1,2,4,8,16,32,64 and 128 

indicates the flow direction is in the east, south east, south, 

south west, west, North West, north and north east 

respectively. 

 To assess the spatial and temporal rainfall variability 

over Bihar, gridded rainfall data for the time period of 1980-

2018 is obtained from IMD (Indian Meteorological 

Department). Bihar gets maximum rainfall during monsoon 

season (June, July, August, and September). Figure 5 shows 

the spatial variability of monsoon rainfall for the considered 

time period. Study area receives large spatial variability of 

rainfall. Northern part of the state receives maximum rainfall 

of 22 mm/day in the monsoon season although southern parts 

receive lesser amount of rainfall. It is also found that the trend 

of monsoon rainfall in the region is decreasing from the time 

period of 1980-2018.  

 
Fig. 5: Monsoon rainfall of Bihar during 1980-2018 

IV. CONCLUSIONS 

Systematic analysis of hydrological parameters of the study 

area using DEM and Remote Sensing provides valuable 

information for understanding hydrological characteristics. It 

is found that stream order of study area is varies from first to 

ninth order. In the study area slope varies from 0 to 75 degree, 

overall the slope is low except Bhabhua, Jamui, Pachim 

Champaran, Gaya, Nawada, Jamui, Banka, Munger, and 

Lakhisarai. So in this districts of Bihar water cannot be 

accumulate longer time because it will flow downwards and 
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runoff will be high and infiltration rate will be low. Whereas 

in lower slope area indicates that the infiltration rate is good 

and runoff is low. The average stream length of study area is 

131.63 km. Form factor of the study area varies from 0.3042 

to 0.0907. So all the basin of study area is more elongated and 

experiences lower peak flows of longer duration. Drainage 

density of the study area is varies from 0.4724 to 0.5663 

which indicates coarse texture. Monsoon rainfall in the region 

is decreasing in the time period of 1980-2018. Determination 

of all these parameters provides overall view of the terrain 

information like slope, ground water recharge, runoff 

intensity which is useful for hydrological and flood 

management study. 
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