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-----------------------------------------------------------ABSTRACT------------------------------------------------------------- 
One of the major problems confronted by the hydrologists for many years is the prediction of runoff from a 

given basin for a known rainfall. This problem is so complex that its complete solution is practically impossible, 

as there are numerous factors which affect the runoff process. In this situation, development of a rainfall runoff 

model is important in Nira Deoghar Dam catchment located at latitudes of northern 18˚6’18” and longitudes of 

eastern 73˚43’36” in Pune District of Maharashtra. The proposed study on rainfall-runoff modeling over the 

Nira Deoghar Catchment is essential to explore the spatial and temporal distribution of excess water available 

in the catchment which has supposed to be harvested and can be utilized for irrigation. 

By considering the above said aspect the rainfall-runoff studies were carried out by using various rainfall-

runoff empirical formulae. There are only two rain gauge stations located in the catchment namely Shirgaon 

and Deoghar and data available is only for 18 years (1981-1997). So due to limitations in available data the 

rainfall data from adjacent Dhom catchment can be taken for analysis with thirty one years of monthly and 

annual rainfall (1967-1997). 
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I. INTRODUCTION 
Water is the elixir of life and a precious gift of nature to the mankind. Water is a basis necessity for 

sustaining the life and development of society. It is fast becoming a scarce commodity in most parts of the world. 

The source of all water on the globe is precipitation. Proper estimation of run-off magnitude is required for 

efficient design, planning and management of river basin projects that deal with conservation & utilization of 

water for various purposes. To determine accurate quantity of surface run-off that in any river basin, 

understanding of the complex relationship between rainfall and run-off processes of particular basin is necessary. 

Determination of Runoff depends on many geo morphological and climate factors etc. 

The basic requirements in designing water projects, is the estimation of runoff resulted from 

precipitation. In order to achieve this purpose, various methods, empirical equations and rainfall-runoff models 

can be used. Determination of runoff resulted from precipitation is one of the most important factors in 

hydrologic problems analysis and water resources management. The relationship between precipitation and 

runoff is a complicated and non-linear relationship which is depended on several factors. 

1.1 Yield 

The total quantity of surface water that can be expected in a given period from a stream at the outlet of 

its catchment is known as yield of the catchment in that period. The annual yield from a catchment is the end 

product of various processes such as precipitation, infiltration and evapotranspiration operating on the 

catchment. Due to the inherent nature of the various parameters involved in the processes, the yield is a random 

variable. A common practice is to assign a dependability value (say 75% dependable yield) to the yield. Thus, 

75% dependable annual yield is the value that can be expected to be equaled to or exceeded 75% times (i.e. on 
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an average 15 times in a span of 20 years). Similarly, 50% dependable yield is the annual yield value that is 

likely to be equaled or exceeded 50% of times (i.e. on an average 10 times in 20 years). 

The calculation of natural runoff volume is of fundamental importance in all surface water resources 

development studies. The most desirable basis for assessing the yield characteristics of a catchment is to analyze 

the actual flow records of the stream draining the catchment. However, in general, observed discharge data of 

sufficient length is unlikely to be available for many catchments. As such, other alternate methods such as the 

empirical equations and watershed simulations are often adopted. 

1.2Empirical Equations 

The importance of estimating the water availability from the available hydrologic data for purposes of 

planning water-resource projects was recognized by engineers even in the last century. With a keen sense of 

observation in the region of their activity many engineers of the past have developed empirical runoff estimation 

formulae. However, these formulae are applicable only to the region in which they were derived. These formulae 

are essentially rainfall-runoff relations with additional third or fourth parameters to account for climatic or 

catchment characteristics.  

Some of these methods have more expanded domain and can be used for some same regions by 

applying some corrections and choosing proper coefficients.  

1.3 Study Area  

Area of the studied region is 44.20 sq. miles located in western ghat area of Sahyadri hills and it is 15 

Km.from Bhor City in Dist. - Pune. Geographically, the watershed is located between latitudes of northern 

18˚6’18” and longitudes of eastern 73˚43’36”. There are small villages within the study area and a large part of 

watershed slopes is made by forests and Rangeland Topographically, the up-Slope part of watershed including 

stony and rocky heights with steep slopes and a few branches of water bodies and almost without soil.  

 

 
 

Fig.1 Nira river  

 

The Nira River basin has a tropical climate with a hot summer and a mild winter. Agro-Climatically the 

area falls under the group of semiarid regions. Nira Deoghar dam is mainly an irrigation earthen dam; receive its 

main source of water from ghat area of Sahyadri hills. In This paper, the rainfall-runoff process of Nira Deoghar 

catchment, one of the Sub-basin of Krisnha River is considered for the study. The Catchment area was 

predominantly influenced by North West Monsoon. The month of June to October accounts for major rainfall.   

 

 

 

 



Estimation of Runoff Yield for Nira Deoghar Catchment Using Different Empirical Equations 

www.theijes.com                                                The IJES                Page 77 

Fig. 2 Nira Deoghar Dam 

 
 

1.4 METHODOLOGY 

 The purpose of this study is to apply various empirical methods of runoff estimation and to evaluate 

them with regard to available results in Nira Deoghar catchment. In this study, various rainfall-runoff models and 

empirical formulae are considered to estimate the runoff depth of Nira river basin of Nira Deoghar Dam 

catchment and the results were compared with available data. 

1.4.1 Available Data 

The Shirgaon and Deoghar raingauge stations are located inside Nira Deoghar catchment and the 

monthly rainfall data is available for the period 1980 to 1997 (i.e. 18 years). Whereas Jambhali and Kelanje are 

the raingauge stations located in adjacent Dhom catchment and monthly rainfall data is available for the period 

1967 to 1997 (i.e. 31 years). These four raingauge stations influence the Nira Deoghar catchment and the 

monthly and annual rainfall data of these stations are used for analysis purpose. 

1.4.2 Test for Consistency of Data 

Before using the rainfall records of a station, it is necessary to first check the data for continuity and 

consistency. If the conditions to the relevant to the recording of a raingauge station undergone a significant 

change during the period of record, inconsistency would arise in the rainfall data of that station. The consistency 

check of rainfall data has to be done by checking one to one consistency of rainfall data of Jambhali and Kelanje 

station with Shirgaon and Deoghar station.The consistency is observed in rainfall data. 

Fig.3 Consistancy check of  rainfall data 

 

1.5 Results 

The analysis of data is done to estimate the annual runoff of the Nira Deoghar catchment by using 

different empirical formulae. Now, from these estimated annual runoff values the average yield of the catchment 

and dependable yield of the catchment are calculated.  These yields are then compared with the available yield 

values of catchment by R-R relations of Dhom dam and Veer dam.  
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Fig. 4 R-R Relationship using Barlow’s Method 
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Fig. 5 R-R Relationship using Inglis 
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Fig. 6 R-R Relationship using Coutagine Formula 
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Fig. 7 R-R Relationship using Laceys Formula 
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Fig. 8 Comparision of Runoff values of Nira Deoghar catchment 

 

 1.5.1 Comparison of Yields 

The annual yield values obtained from various empirical equations are then compared with the average 

yield value, 50% dependable yield and 75% dependable yield  as given in Table. 
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Table 1 – Estimated Yield by using different methods 
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Fig. 9 Comparision of Yield values of Nira Deoghar catchment 

 

CONCLUSION 
During the course of the currently proposed research we investigated the appropriateness of 9 runoff 

estimation methods that are widely used in Indian hydrology were investigated for Nira Deoghar catchment. 

Also these models were evaluated using available rainfall-runoff relationships of the adjacent Dhom dam and 

downstream Veer dam. In general we claim that significant deviations were found between the measured and 

calculated yields for the catchment. 

The results plotted in a graph shows that, the runoff yield results obtained from Inglis Formula,Khosla’s 

Formula,Coutagine relationship, Lacey  equation are relatively closer to the available results calculated by using  

R-R relationship of Dhom dam and Veer dam; whereas, the result of Stranges Table method are slightly higher 

than the available results. The results obtained from Barlow’s equation, SCS-CN method and equation 

developed by Dept. of Irrigation, India has very lower values of runoff yield. Also with regard to results from 

Khosla’s formula, Coutagine relationship and Lacey equation it can be concluded that the assumption made for 

average temperature of Nira Deoghar catchment (i.e. 33˚C) is quite correct. The Barlow’s equation has been 

derived from the study of small catchment in Uttar Pradesh. Therefore the results obtained by using this equation 

in Nira Deoghar Catchment are not matching. While using SCS-CN method for Nira Deoghar catchment some 

assumptions are made regarding soil type to decide CN number, due to this assumptions the yield obtained from 

the catchment is lower. The equation used by Dept. of Irrigation India is based on the data of river Reihand, 

hence this relation cannot be directly applicable for our study. 
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