
 

  

 
Open access e-Journal 
Earth Science India  eISSN: 0974 – 8350 
V. 11 (IV), October, 2018, pp.  183-200 
http://www.earthscienceindia.info/    

 
 
 

 

 

 

Spatial and Temporal Variations of the Hydrological 
Characteristics of the Subarnarekha River,  

Eastern India 
 

Debika Banerji and Sutapa Mukhopadhyay 

Department of Geography, Visva-Bharati, Santiniketan, West Bengal 
Email: debika.banerji@gmail.com 

 

ABSTRACT 

The study of the hydrological characteristics of a river is an important aspect 
in order to study the spatial variations and flow dynamicity of the river. The geomorphic 
signatures of the river can be indirectly assessed with the help of its hydrological 

character at a specific river stretch. The Subarnarekha river eastern India, traverses 

over varied geomorphology and this variation can be related to the hydrological 
signals, it leaves behind, at different reaches. A detailed statistical analysis throws light 
on the flooding character of the river which was done through flow histograms, yearly 
variations of water levels, river regime, recession curve analysis and rating curves. The 
study reports two specific findings. Firstly, the flow regimes are experiencing a change 
and there is a decline in the quantity of water flowing in the river in the present 
compared to the past. Secondly, there is a spatial variation in the flow patterns that are 
experienced by the different hydrological stations located in the different reaches of 
the river. The plateau region stations are experiencing high magnitude low frequency 
floods whereas the alluvial floodplains are experiencing low magnitude high frequency 
events. 
 
Keywords: Hydrograph, regime, recession curve, rating curve, water level, flood 
 

INTRODUCTION 
 

Hydrological characteristics of a river reflect on a river’s dynamism and behaviour of 
the river such as flow regimes and intensity of floods (Montgomery and Bolton, 2003). A study 
of the hydrological conditions of the channel forms the basis of assessment of flood dynamics 
of the river (Lane and Richards, 1997). Spatial variations of flow patterns determine the 
characteristics of flood pattern in a particular reach. Temporal variations of the hydrological 
regime of the river help in predicting the future water flow conditions of the river (Richter et al., 
1997). An overall analysis of the hydrological conditions forms the basis of basic study for the 
river.  
 

A BRIEF OUTLINE OF THE HYDROLOGICAL STUDIES 
 

A lot of analysis on discharge data for different rivers have been done for a holistic 
understanding of the river behaviour in terms of its hydrological character (Montgomery and 
Bolton, 2003). This further helps in the understanding of extreme disaster events such as 
floods  or  droughts. Hydrological  data  analysis  is  usually  done with  the  help of statistical  
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techniques usually in the form of basic descriptive statistics such as mean, median and 
standard deviation (Richter et al., 1997; Machiwal and Jha, 2012). The monthly discharge can  
be plotted with the help of hydrographs which vary from annual to yearly. A hydrograph is the 
simplest representation of hydrological data that expresses the nature of a river’s regime. The 
annual discharge hydrograph plotted historically simply highlights the highest flows in a time 
series, pointing out the highest and the lowest flow of the particular river (Gurung and 
Dayaratnu, 2003; Gasim et al., 2013). Individual hydrographs of every year gives a more 
piecemeal analytical understanding of the yearly changes in discharge (Graham, 1999; 
Montanari and Koutsoyiannis, 2012). Flow regimes worldwide and in India show a change in 
its nature, as the natural flow of the channels are reduced or controlled due to different control 
mechanisms (Mei et al., 2017; Arheimer, 2017; Kumar, 2017). Flooding events and flood 
damage can only be assessed once a detailed hydrological analysis is conducted (Tena et al., 
2012). This basic analysis has been done to get a more detailed understanding of the 
character of the river’s regime (Haines, 1988). This approach along with the variation of the 
flow pattern of the river helps in determining and predicting the exact time of occurrence of the 
floods. This also gives a better scenario of the ecological conditions along a river channel 
which may have an impact on the flow of the channel. Furthermore, water level variations over 
the flood levels (Danger Level, CWC, 2013) in a yearly basis analytically determines the nature 
of the floods that occur on the river-whether they are low magnitude high frequency events or 
vice-versa (Hendecha et al., 2017). Such nature of the flood mannerisms of the river can 
directly associate the various factors such as morphology and geology that may affect a river 
behaviour. Recession curve analysis is an important and easy representation of a river’s 
hydrological behaviour which gives the time lag (yearly) for the water to recede into its 
minimum flow. This indirectly helps in determining the flood years and when compared with 
the discharge and the height of water level, this easily helps in justifying the magnitude of the 
flooding event (Toebes et al., 1969; Lane and Richards, 1997; Sarauskiene et al., 2014; 
Kasamba et al., 2015;). A master recession curve gives the hydrological dynamicity of the river 
(Ragunath, 2010). Rating curves relate the stage discharge relationships of a river and they 
are again an indirect means of flood assessment of the river. The curves can also determine 
the channel cross-section characteristics at a given point of the river which also determines 
the flooding character of the particular place of the river.  

 

Fig.1: Location of the study area a) Subarnarekha River Basin in India b) Detailed drainage map.  
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THE STUDY AREA 

 
The Subarnarekha River originates near Nagri village (Ranchi district) in the Chota 

Nagpur plateau of Jharkhand State at an elevation of about 610 m at latitude 23° 18' N and 
longitude 85° 11' E. The Subarnarekha basin consist of Ranchi, Purbi Singhbhum and 
Saraikela Kharsawan district of Jharkhand, Paschim Medinipur and Purulia districts of West 
Bengal and Mayurbhanj and Balasore districts of Odisha (Fig.1). Its important tributaries are 
the Kanchi, Karkari, Dulung and Kharkai (O’Malley, 1911; Roy Chaudhury, 1958; Kumar, 
1969; Bhattacharya et al., 1985). In order to simplify the hydrological nature of the 
Subarnarekha River, the physiographic entities have been discussed and studied on the basis 
of the location of the hydrological stations. Jamshedpur, which is located in the Singhbhum 
Shear Zone, is the uppermost hydrological station. The Ranchi Plateau region, hence, has not 
been taken into consideration.  

 
PHYSIOGRAPHIC ENTITY OF THE STUDY AREA:  

reach wise distribution of the hydrological stations 
 

The Subarnarekha River can be morphologically divided into 4 broad reaches 
(Jamshedpur onwards) based on the geology and geomorphology of the study area. 
Discussion of each reach character with the associated hydrological stations is as follows: 

a) Plateau Region- The hydrological stations Jamshedpur (22⁰ 48' 16″ N; 86⁰ 12' 10″ E) and 
Ghatshila (22⁰ 35' 14″ N; 86⁰ 28' 27″ E) are located within the Singhbhum Shear zone, which 
is a very tectonically active zone. The Subarnarekha River flows through entrenched valleys 
over bedrock. The nature of the river is essentially bedrock in this stretch. The average 
slope is 3⁰ and the elevation of this region ranges between 300 meters to 400 meters. 

b) Transition zone – Hydrological station Jamsholaghat (22⁰ 13' 10″ N; 86⁰ 42' 47″ E) is 
situated where the Subarnarekha River is emerging out of the Chotanagpur Plateau onto 
the alluvial plains of Midnapur. The channel widens dramatically within a few kilometres 
and the presence of bedrocks and alluvial deposits form an interesting setup for 
observation. 

c) Alluvial reach with widely meandering thalweg- The hydrological stations of Rohini (22⁰ 
9' 41″N; 87⁰ 3' 15″ E), Bhosraghat (23⁰ 3' 3″ N; 87⁰ 10' 58″ E) and Haripura (21⁰ 51' 44″ N; 
87⁰ 15' 7″ E) are all located where the Subarnarekha River is flowing over the alluvial plains. 
Broad sand bars and point bars with meandering thalweg form the main geomorphic feature 
of this region. The average slope of this region is low ranging between 2⁰-3⁰ and the 
elevation ranges between 20 to 40 meters. 

d) Deltaic plains- The hydrological station Rajghat (21⁰ 45' 48″ N; 87⁰ 9' 57″ E) is located 
close to the mouth of the Subarnarekha River. Marine influence is felt in these parts with 
mudflats and wetlands being a major morphological character of this reach. The average 
slope of this region is as low as 0⁰-2⁰ and the elevation ranges between 0 meters to 20 
meters. Paradeltaic surface form the major geomorphic unit of this region. 

 
OBJECTIVE 

 
1. To understand the spatial variations of hydrological behaviour of the river reach wise 

and notice any changes spatially.  
2. To arrest any change in the hydrological character of the river with time. 
3. To establish the influence of geomorphic character on the nature and variations of 

flooding in the river. 
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Fig.2: (a) Location of the Hydrological stations (b) Digital Elevation Model (c) Elevation 
zones of the Subarnarekha River Basin. 

 
DATABASE 

Discharge data (CWC data) has been recorded for some selected sites as mentioned 
in Fig.2 of the Subarnarekha River. Some gauge data is available for some more stations (IWD 
data) which are recorded by the Irrigation and Waterways Directorate (Jalasampad Bhawan), 
Government of West Bengal. The discharge data for four stations (Jamshedpur, Ghatshila, 
Jamsholaghat and Rajghat) were analysed but the time span (30 years) for the analysis 
depended on the data availability (discussed in details in Table-1).  

The available hydrological data is of three major types namely discharge, gauge and 
sediment. All three type of data has been recorded by Central Water Commission for only four 
stations which are Jamshedpur, Ghatshila, Jamsholaghat and Rajghat. However, 30 year data 
is available only for Jamshedpur, Ghatshila and Rajghat (1980 to 2010). Jamsholaghat is an 
exception where the discharge data is available for only 8 years (2005-2012). Hence 
Jamsholaghat is left out from the analysis for reducing discrepancies in analysis. However, 
the 30 year gauge data for Jamsholaghat is taken into consideration for analysis. On the other 
hand, the data which is collected for the gauge stations of IWD is only for 3 years. Though it 
is insufficient for a proper analysis but still it gives a general understanding of the nature of the 
river and hence is included. The sediment data is left out of analysis in this paper. 

 
ANALYSIS 

 
a) Hydrograph Analysis of the Subarnarekha River 
 

Average flow of discharge for the CWC stations give an understanding of the total 
amount of flow for the different stations along the Subarnarekha River. This forms the basis of 
basic analysis of flow variations in the river (Raghunath, 2010). 
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Table-1: Detailed hydrological characteristics of hydrological stations, Subarnarekha River. 

    Central Water Commission, Government of India 
     IWD: Irrigation and Waterways Directorate, Government of West Bengal 

 

Fig. 3: Average Discharge, 1980-2010, Subarnarekha River. 

Station Location Type of 
Data 

Nature 
of data 

Period of 
Observation/ 
Period for which 
data available 

Recording 
Agency/ 
Source 

Underlying 
Geology 

Other Catchment 
physiography/ 
Reach character 

Jamshedpur 22° 48' 16''N; 
86° 12' 10'' E 

Discharge; 
Gauge; 
Sediment 

Daily 1980-2010 (30 
years) 

CWC Singhbhum 
Shear Zone 

Bed Rock channel; 
confined and narrow 
channel 

Ghatshila 22° 35' 14''N; 
86° 28' 27'' E 

Discharge; 
Gauge; 
Sediment 

Daily 1980-2010 (30 
years) 

CWC Singhbhum 
Shear Zone 

Bed Rock channel; 
confined and narrow 
channel 

Jamsholaghat 22° 13' 10'' N; 
86° 42' 47'' E 

Discharge; 
Gauge; 
Sediment 

Daily 1980-2010 (gauge) 
(30 years) 
2005-
2012(discharge) (8 
years) 

CWC Transition 
between 
plateau and 
plain 

Bed Rock channel; 
transition zone 

Rohini 22° 9' 41'' N 
87° 3' 15'' E 

Gauge Daily 2012-2015 (gauge) 
(3 years) 

IWD Older 
alluvium 

Flat alluvial channel 

Bhosraghat 22° 3' 3.8664'' 
N 
87° 10' 58'' E 

Gauge Daily 2012-2015 (gauge) 
(3 years) 

IWD Older 
alluvium 

Flat alluvial channel 

Haripura 21° 51' 44'' N 
87° 15' 7'' E 

Gauge Daily 2012-2015 (gauge) 
(3 years) 

IWD Older 
alluvium 

Flat alluvial channel 

Rajghat 21° 45' 48'' N 
87° 9' 57'' E 

Discharge; 
Gauge; 
Sediment 

Daily 1980-2006 
(discharge) 
(26 years) 

CWC Alluvium 
and coastal 
deposits 

Meandering alluvial 
channel with large 
floodplain 
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  A hydrograph is a graph showing discharge (i.e., stream flow at the concentration 
point) versus time. Flow Histograms are analogous to Yearly Discharge Hydrograph patterns 
that give the temporal variations in flow within a river (Gurung and Dayaratnu, 2003). Different 
stations at different reaches (Ghatshila and Jamshedpur: Plateau Region; Jamsholaghat: 
Plateau fringe; Rajghat: Coastal plain) along with their variations reflect upon the 
geomorphology of the reaches, the rock assemblages that reflect on the spatial patterns of 
landscape modifications with a distinct variation of the hydrological stations of the Plateau and 
the Plains.   

In Fig. 3 a general understanding of the discharge patterns of the Subarnarekha River 
have been discussed with the help of representative circles. Average discharge is around 
80,000 cusecs for Jamshedpur and Ghatshila whereas average discharge is around 40,000 
cusecs in Rajghat. A fall in the volume of water in the lower reaches may also be attributed to 
the irrigation canals and check dams that deviate the water and act in controlling floods 
downstream (Tena et al., 2012) as well as flow regulation through dams such as Chandil 
upstream (Mei et al., 2017; Arheimer et al., 2017). 

The annual hydrographs for the Subarnarekha River were plotted by clubbing the daily 
discharge data into monthly data. The months are then classified into pre-monsoon, monsoon 
and post-monsoon months. The graphs (Fig. 4) help in identifying the discharge patterns 
prevalent at the different sites of the Subarnarekha River. The monsoon discharge is the 
highest and the pre-monsoon discharge the lowest for all the stations Jamshedpur and 
Ghatshila experiences peak flow patterns in 1984-85 (Jamshedpur-1,03,000 cusecs; 
Ghatshila- 90,000 cusecs) and in the years 1994-95 (Jamshedpur-140000 cusecs and 
Ghatshila-1,35,000 cusecs) and 2006-07 (Jamshedpur- 90,000 cusecs and Ghatshila- 
1,20000 cusecs). Data for Jamsholaghat is insufficient as the discharge data has not been 
recorded in this station until the year 2005, where the highest discharge has been recorded in 
2011. However, in Rajghat, a discharge peak is only experienced in 1994-95 (80,000 cusecs).  
The variations of such discharge patterns maybe attributed to the geomorphic character of the 
reach. The plateau region has deeper channels whose carrying capacity of discharge is higher 
in comparison to the lower reaches. The yearly variation in the flow pattern overall shows a 
lowering trend of water availability (the variation in the three year moving average curve). 
Hence the Lower Subarnarekha River might experience a water scarcity in the near future. 

b) Regime of the Subarnarekha River 

The regime of a river refers to the seasonal pattern of flow over the year (Gordon et 
al., 1996). River regimes have been identified by Haines et al. (1988) as having an important 
influence on the different river attributes such as its ecology. Regime identification is essential 
for understanding of a river’s nature; the seasons of high regime (potential water availability) 
as well as low regime (shortage periods) correspond to the application of river restoration 
techniques. The river regime has a direct relationship with the flood conditions of the river 
(Kumar, 2017). Ecological flow analysis for rivers in India as well as the other countries have 
become an important aspect of study in order to maintain the health of the river (Kumar, 2017). 

The Subarnarekha River is a meso-scale river basin (CWC, 2013) and the river more 
or less falls in a similar climatic zone. The mouth of the river near Odisha is affected by storm 
surges during the cyclonic disturbances of the Bay of Bengal whereas the rest of the river 
more or less is influences by the South West Monsoon winds as the major source of water to 
the river. 

Haines et al. (1988) has classified the rivers on the basis of their discharge patterns. 
The annual discharge is calculated and the monthly discharges are compared with this. Hence 
the data is converted into a percentage value which becomes easier for the analysis. The 
plotting of this data by this method of classification of river regime into 15 classes (from Gordon 
et al., 1996) the Subarnarekha River falls in the Group 7 class which is the ‘Extreme late 
summer’ regime. 
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Fig.4: Seasonal flow variation, 1980-2012. 
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The available discharge data (1981-2012) has been averaged to understand the 
regime of the Subarnarekha River (Fig. 5). Annual peak flow of discharge varies from station 
to station (30% in case of Jamshedpur, 25% in case of Ghatshila, 6% for Jamsholaghat and 
35% for Rajghat). It is seen that the stations Ghatshila and Jamshedpur have the receding 
limb of the hydrograph slightly flattened whereas such a flatness in the peak is absent in case 
of the stations Jamsholaghat and Rajghat. The bank height of the first two sites is greater 
(around 120m in Jamshedpur) prevents the water to spill over its bank, hence residence time 
of the water remains confined within the channel and then slowly discharges out. On the other 
hand, in the alluvial part of the channel the discharge rises quickly as well as recedes fast as 
it is seen in Jamsholaghat and Rajghat where the receding limb of the graph is sharper. Hence 
the channel here is wide and low bank height allows the water to quickly drain into its 
floodplain.  A variation in the annual flow patterns for the different stations reflects on the flood 
conditions of the river. 

c) Recession curve of the river and Master Recession Curve derivation 

i) Recession Coefficient (K) 

From the derivation of Instantaneous Unit Hydrograph used for a small storm event, the 
time (for concentration of water) in the basin, that is, slope of the recession limb of the 
hydrograph (K) can be calculated. This can be derived from the recession data for a number 
of years for which the data is available.  

K = 
𝛥𝑡

𝐼𝑛 (
𝑄𝑜 
𝑄𝑡

)
 …………………..Eq. 1 

where, K= Slope of the recession flood hydrograph 

𝞓 t = Change in time between 𝑡0 and 𝑡𝑡 

𝑄𝑜 = Discharge at time 𝑡0 

𝑄𝑡 = Discharge at time 𝑡𝑡 

The slope of the curve when converted in terms of time gives an idea about the number 
of days it takes the river water to recede after there has been the monsoon rainfall. The shorter 
the time taken, the lesser is the chances of water stagnation hence flooding. A greater value 
of K indicates a flood occurrence in the basin. This is an indirect method to understand the 
occurrence of flood in the river. 

The K value for the river usually falls between 20 to 30 days (Table-2). 2005 is an 
exceptional year with the river waters taking nearly 53 days for recession. 

ii) Master Recession Curve 

A recession curve of the hydrograph gives the mathematical relationship that explains 
the time taken by the water of the channel to retreat back to base flow levels or minimum flow 
rivers (Raghunath, 2010). Recession curves help in explaining the receding period of floods 
in a river. It is an indirect method to gauge the hydrological conditions of flood in a river. 

A Master Recession Curve gives the overall discharge conditions of a river, over a 
period of time (30 years) and the minimum receding period of flood water in the channel. The 
best fit curve for all the individual recession curves, gives the overall recession conditions of 
the river in a particular reach. The receding period of water in that particular reach is dependent 
on the many conditions that exhibit hydrological controls on the reach- geological and the 
morphology which determines the nature of the flood patterns of the Subarnarekha River. 

The Master Recession Curve was drawn with the help of Hydro pro software. Daily 
discharge was plotted for around 150 days (August to December- each day has been shown 
on the x-axis for understanding the exact number of days around which the water stagnates) 
when the discharge of the river was receding. Individual recession curves for 30 years were 
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plotted on the same graph and then the best fit curve was fitted in to get the average recession 
conditions for the stations in the Subarnarekha River. 

Table-2: Recession coefficient for each year, Subarnarekha River. 

 

Table-3 shows a list of the average recession times for the different stations. Fig. 6 
shows the Master Recession curves for the different stations from which the shape of the 
recession curve can be understood. Recession time and the reach have a close relationship, 
with longer recession times in the plateau region (Jamshedpur: 11 days) than the lower alluvial 
plains (Rajghat: 4 days). This helps explain the flooding patterns of the Subarnarekha River 
as established by the water level variations in the above discussion. Stagnation is greater in 
case of rare and major flooding events as seen in the plateau regions of Singhbhum whereas 
the plains exhibit frequent short term floods where the recession period is low.  Channel banks 
may be also an important geomorphological condition that can determine the recession in a 
particular place. For example, in Jamshedpur and Ghatshila, the bank heights at some places 
are around 8 to 10 meters. The flood water, if it breaches the banks, stagnate and take a 
longer time to recede. On the other hand, in Rajghat, which lies over the coastal-alluvial tracts 
of the Lower Subarnarekha River, bank height is low and varies between 2 to 3 meters. Bank 
breaching is common and the water quickly recedes back when this happens. These floods 

JAMSHEDPUR GHATSHILA RAJGHAT 

Year Slope of 
Recession 

flood 
hydrograph 

(K) 

Number of 
days for 

water 
recession 

Slope of 
Recession 

flood 
hydrograph  

(K) 

Number of 
days of 
water 

recession 

Slope of 
Recession 

flood 
hydrograph  

(K) 

Number 
of days 
of water 

recession 

1981 25.62 26 25.19 25 35.62 36 

1982 13.03 13 14.76 14 19.98 20 

1983 12.59 13 10.86 11 20.85 21 

1984 19.11 19 28.67 29 19.55 20 

1985 23.02 23 19.98 20 26.93 27 

1986 26.49 27 26.49 26 36.92 37 

1987 23.45 23 29.97 30 24.76 25 

1988 26.49 26 26.49 26 30.41 30 

1989 14.33 14 24.32 24 20.42 20 

1990 16.50 17 19.98 20 34.75 35 

1991 7.38 7 19.98 20 22.15 22 

1992 23.02 23 13.90 14 28.23 28 

1993 20.85 21 23.89 24 37.79 38 

1994 N.A N.A N.A N.A 25.19 25 

1995 13.46 13 13.46 13 32.58 33 

1996 15.63 16 19.11 19 47.78 48 

1997 23.45 23 19.54 20 N.A N.A 

1998 26.49 26 26.49 26 37.79 38 

1999 18.67 19 20.85 21 26.93 27 

2000 33.88 34 32.58 33 N.A N.A 

2001 35.18 35 21.28 21 30.41 30 

2002 33.88 34 31.71 32 10.86 11 

2003 18.67 19 17.37 17 17.37 17 

2004 26.49 26 N.A N.A 21.72 22 

2005 52.99 53 48.65 49 52.99 53 

2006 29.53 30 N.A N.A 26.66 27 

2007 26.49 26 27.80 28 N.A N.A 

2008 28.23 28 30.84 31 N.A N.A 

2009 23.23 23 N.A N.A N.A N.A 



Spatial and Temporal Variations of the Hydrological Characteristics of the Subarnarekha River, India: 
Banerji and Mukhopadhyay 

 
 

194 
 

have a lower intensity and are experienced almost yearly. A long stretch of recession indicates 
less probability of breaching and flooding. 

 

Table-3: Recession estimated from Master Recession Curve 

 

 

 

 

 

 

 

 

 

 

Station Reach 
Characteristics 

Best Fit Equation of 
MRC 

Recession Time 
(in days) 

Jamshedpur Singhbhum Shear 
Zone (Plateau) 

y = 2996x-0.956 
R² = 0.7308 

11 

Ghatshila Singhbhum Shear 
Zone (Plateau) 

y = 5597.1x-0.838 
R² = 0.7814 

10 

Rajghat Alluvium y = 25199x-0.894 
R² = 0.7542 

4 
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Fig. 6: Master Recession Curves, Subarnarekha River. 

d) Rating Curve 

The rating curves show the relation of the water level (gauge height) to discharge. This 
is a positive correlation since as the discharge increases, the water level rises as well, with 
the cross-sectional area of the river remaining largely static here (Fenelley, 2013). Points are 
plotted versus the accompanying stage, and a smooth curve is drawn through the points. The 
average trends of the rating curves at the different reaches determine the character of the 
cross-section and thus can significantly give some insight on the floods and breaching of the 
channel banks at that point. 

The rating curves for the three stations of the Subarnarekha River have been taken 
into consideration. Jamsholaghat has been left out as the data is insufficient and the analysis. 
Discharge and Gauge height are plotted on both the axes and best fit curve is fitted in order 
to get a general understanding of the trend of the curves. 

A gentler slope of the rating curve is seen which is expected for the lower reaches of 
the Subarnarekha River (Rajghat) (Fig.7) whereas steeper slopes of the rating curves are 
observed in the upper plateau reaches (Stations: Jamshedpur and Ghatshila which are located 
in the Chotanagpur Plateau). This can be a direct observation of the geomorphic character of 
the channel at the particular reach. A steeper rating curve indicates confined channel cross-
sectional character (as observed in the Chotanagpur upreaches) whereas a broad and shallow 
channel cross-section is reflected as a flatter rating curve. Thus bank breaches and flood 
mechanism is different from the plateau region and that of the coastal plains of the 
Subarnarekha River. 

e) Water level variation 
 

The water level variations are recorded for seven stations located at different reaches 
of the Subarnarekha River. Constant monitoring of water level is done by the different 
Government agencies for these sites in order to monitor the flood situations at the different 
sites. In case of the Subarnarekha River, data was recorded by Central Water Commission 
and Irrigation and Waterways Directorate. Inconsistency in the recorded data is seen (as 
discussed in details in Table-1). But the stations are still taken into consideration in order to 
understand the character of the channel flow. 
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Fig. 7:  Rating Curves, Subarnarekha River. 
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Fig. 8: Water level variations, Subarnarekha River.
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The bank heights of the different stations are known and when this is plotted along with 
the water level patterns, the flood frequency and nature of flooding is easily understood. The 
plateau region stations such as Ghatshila and Jamshedpur, shows the occurrence of 
infrequent breaching of the banks during the floods. Whereas the stations downstream, over 
the alluvium plains show frequent yearly breach of banks during the floods. Hence it can be 
deduced that low frequency high magnitude floods are common in the upstream reaches of 
the Subarnarekha River whereas high frequency low magnitude events are a more common 
occurrence in the downstream reaches of the Subarnarekha River.  

 
The temporal plotting of the water level over the years, help in pinpointing the years 

which may have experienced a flood event in that particular reach in that particular year 
(Fig.8). Jamshedpur, Ghatshila are located in the plateau region where the Subarnarekha 
River is a bedrock channel. Overflowing its banks and causing a flood is rare. Thus the flood 
occurrence is rare. On the other hand, with the differences in the morphological character of 
the plains, there comes a dramatic change in the behaviour of the channel hydrology of the 
river. At Rajghat, there are less dramatic floods. A small rise in the water discharge leads to 
breaching of the low banks of the river causing a flood occurrence. Hence a strong spatial 
variation in the flooding patterns within the Subarnarekha River can be observed. 

Table-4: Summary Table. 

Station Physiographic 
unit 

Discharge 
Volume 
(in cusecs) 

Annual 
Hydrograph 

Recession 
time 
(in days) 

Rating 
curve 

Water level 
variation 

Jamshedpur Bed Rock 
channel; 
confined and 
narrow channel 

80,000 High 
extreme 
discharge 
values seen 
in certain 
years 

11 Steeper 
slope of 
rating curve 

Less frequent 
occurrence of 
water level 
above flood 
level 

Ghatshila Bed Rock 
channel; 
confined and 
narrow channel 

80,000 High 
extreme 
discharge 
values seen 
in certain 
years 

10 Steeper 
slope of 
rating curve 

Less frequent 
occurrence of 
water level 
above flood 
level 

Jamsolaghat Bed Rock 
channel; 
confined and 
narrow channel 

60,000 Insufficient 
data 

Insufficient 
data 

Insufficient 
data 

Less frequent 
occurrence of 
water level 
above flood 
level 

Rohini Flat alluvial 
channel 

N.A N.A N.A N.A More frequent 
ocuurence of 
water level 
above flood 
level 

Bhasraghat Flat alluvial 
channel 

N.A N.A N.A N.A More frequent 
ocuurence of 
water level 
above flood 
level 

Haripura Flat alluvial 
channel 

N.A N.A N.A N.A More frequent 
ocuurence of 
water level 
above flood 
level 

Rajghat Meandering 
alluvial channel 
with large 
floodplain 

40,000 Discharge 
variation not 
seen over 
the years 

4 Gentler 
slope of 
rating curve 

More frequent 
ocuurence of 
water level 
above flood 
level 
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CONCLUSION 

From the analysis of the hydrological data for the stations that are available, it is seen 
that the physiography plays a significant role in the flood patterns and the hydrological nature 
of the river. This was understood with the help of the spatial variations that were exhibited in 
the statistical analysis of the discharge data of the different stations. Table 4 tries to correlate 
the hydrological parameters such as discharge, hydrograph shape, recession time and rating 
curve with the physiography of that reach. This gives an overall idea about the flooding 
patterns in that reach. 

Hence the study reports two specific findings. Firstly, the flow regimes are experiencing 
a change and there is a decline in the quantity of water flowing in the river in the present 
compared to the past. Secondly, there is a spatial variation in the flow patterns that are 
experienced by the different hydrological stations located in the different reaches of the river. 
The plateau region stations are experiencing high magnitude low frequency flooding events 
whereas the alluvial floodplains are experiencing low magnitude high frequency flood events. 
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