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ABSTRACT 

Reliable prediction of quantity and rate of runoff from land surface into streams and rivers is needed in dealing 

with many water resources planning, designing of hydraulic structures and management problems. Conventional methods 

of runoff estimation are expensive, time consuming and difficult process and these method of runoff measurement are not 

easy for hilly and inaccessible terrain. The problem most often encountered in hydrological studies is the need for 

estimating runoff from a watershed for which there is record of rainfall and no record of runoff. Geographic Information 

System (GIS) can effectively use to manage spatial and non spatial database that represent study, an attempt has been made 

to estimate runoff a catchments using SCS CN method which is a widely used and popular method.    

 In present study land use land cover description of catchment have been use satellite image of IRS LISS II. The 

major part of the area has steep to very steep slopes associated with undulating landscapes. the soil and Land cover that 

have been identified in the part of catchment is clay and agriculture, middle part of catchment is confined by loam soil and 

forest land cover. 
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INTRODUCTION 

In engineering hydrology runoff due to storm event is often a major subject of study all abstractions from 

precipitation ,viz. those due to evaporation, transpiration, infiltration, surface detention and storage, are considered as 

losses in the production of runoff. Rainfall being the predominant form of precipitation causing stream flow, especially the 

flood flow in majority of rivers in India. Runoff means the draining or flowing off of precipitation from a catchment area 

through a surface channel. It represents the output from the catchment in a given unit of time. . Discharge values are 

necessary for ungauged catchments for the design of various hydraulic structures such as small dam. Geographical 

Information System (GIS) is computer based system design tool applied to geographical data for integration, collection, 

storing, transforming and display spatial data for solving complex and management problems. 

STUDY AREA 

The Man Project is being constructed at village Jeerabad of Manawar Tehsil of District Dhar, Madhya Pradesh. 

The project site is about 2 km from village Jeerabad located on Khalghat-Manawar-Amjhera district road and is about 22 

km from Manawar. The dam being built on the river Man, drained by the Narmada is one of the 30 major dams being built 

in the Narmada Valley - a part of the controversial Narmada Valley Development Authority (NVDA). The total catchment 

area at Man Project site is 713.76 sq. km. The geographical location of the Man catchment is 22° 24’ 20” N latitude and 
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75° 05’40” E longitude. 

 

Figure 1: Index map showing Man Catchment in Narmada Basin and Rain Gauge 

METHODOLOGY AND RESULT ANALYSIS 

SCS Curve Number Method 

The RCN (runoff curve number) method was originally established by the SCS in 1954. It was originally designed 

to be an in “inter agency” tool for the estimation of runoff it was therefore never subjected to peer or journal review by 

anyone outside the SCS. 

The SCS curve number procedure in its standard form is a well established modeling method developed in the 

mid of 20th century by Soil Conservation Service (SCS) and since than it has been widely used both as a research tool and 

for solving practical programs. 

The SCS curve number is water balance equation based. The formula of effective rainfall is derived as a result of 

transformation 
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Where, P= total precipitation (mm), Ia = initial abstraction (mm), and S= potential maximum retention (mm). 

Q=0, for P - Ia. The initial abstraction is related to S by the equation: 
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Ia = λ⋅⋅⋅⋅S 

In the SCS method it is assumed that the value of λ coefficient equals 0.2, although for Indian context pertaining 

to the black soil region. 
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The potential maximum retention by the soil is given by relating it to a dimensionless parameter known as the 

curve number (CN) that depends upon the hydrologic soil groups, antecedent moisture conditions as well as land use land 

cover factors in the catchment area.  
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Antecedent Moisture Condition (AMC) 

AMC refers to the moisture content present in the soil at the beginning of the rainfall runoff event under 

consideration. It is well known that initial abstraction and infiltration and are governed by AMC. For purposes of practical 

application three level of AMC are recognized by SCS as follows: 

AMC-I: Soils are dry but not to wilting point satisfactory cultivation has taken place. 

AMC-II: Average conditions. 

AMC-III: Wet condition. 

Soils 

In determining the CN values, the hydrological classification is adopted. Here soils are classified into four classes 

A, B, C, and D based on the infiltration and other characteristic. The important soil characteristics that influence 

hydrological classification of soils are effective depth of the soil, average clay content, infiltration characteristics and the 

permeability. Following is the brief description of four hydrologic soil groups. 

Group A (Low Runoff Potential) 

Group B (Moderately Low Runoff Potential) 

Group C (Moderately High Runoff Potential) 

Group D (High Runoff Potential) 

DATA COLLECTION  

Rainfall 

The rainfall data have been collected for the period June 2004 to October 2013 of five Raingauge Stations Dhar, 

Sardarpur, Gandhwani, Nalcha and Tirla under Man catchment from Land Record Department, Office of Collectorate, 

district Dhar, Madhya Pradesh. 

Toposheet 

Survey of India Toposheet No. 46 N/2,46 N/3, 46 N/6, 46 N/7 of scale 1:50,000 are collected from Narmada 

Valley Development Authority (NVDA), Indore (M.P.). 
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Soil group and Land Use and Land Cover (LULC) map 

The Sheet No.2 of Madhya Pradesh Soil Map and Mapping Unit under Man catchment has been collected from 

National Bureau of Soil Survey and Land Use Planning (NBSSLUP), Nagpur Govt. of India. 

             National land use/land cover mapping is downloaded for Dhar district of Madhya Pradesh using IRS-LISS III 

1:50,000 scale which is downloaded from the website of BHUVAN having portal name as www.bhuvan.nrsc.gov.in 

Table 1: Distribution of Land use and Land Cover (LULC) of Man Catchment 

Cover Description No. of Pixel 
Area 

(Sq.Km) 
Percentage of 

Area 

Agriculture , Crop Land 345814 311.233 43.60% 
Scrub land ,Barren ,West Land 25198 22.678 3.18% 
Scrub Forest ,Forest 45645 41.081 5.76% 
Deciduous ,Forest 225528 202.975 28.44% 
Wetlands ,Water Bodies , River Stream , 
Canal, Reservoir, Pond 

28427 25.584 3.58% 

Fallow ,Agriculture  90921 81.829 11.46% 
Built up, Rural 5305 4.775 0.67% 
Barren/ Unculturable / Waste Land, Scrub 
land 

21547 19.392 2.72% 

Builtu p, Urban 3127 2.814 0.39% 
Grass , Grazing 1261 1.135 0.16% 
Evergreen/Semi Evergreen 18 0.016 0.002% 
Built up , Urban 284 0.256 0.04% 
  Total 713.76 100% 

 

Computation of Weighted Average Curve Number 

The average value of curve number for AMC-I, AMC-II and AMC-III as given in Table 2 have been appropriately 

used in the equation suggested by SCS to compute the direct runoff depth in mm using the average value of daily rainfall in 

mm.  

Calculate weighted curve number by    =
∑���×��

��
                                                                                                    (4) 

After the getting values of, CN-II are given and CN-I and CN-II given by equation 5 and 6. CN-I and CN-III the 

potential retention S is computed using the equation 7 and Initial Abstraction Ia are given by 0.2S.In Arc GIS to apply in 

raster calculator in this equation and find out daily runoff by spatial distribution show in figure 5. 

 ������	��� − � = �. �� × ���� ×  ��.���×����	                                                                                                     (5) 

 �����	���	��� − ��� = !. �� × ���� ×  ���.��""�×����	                                                                                          (6) 

In Arc GIS above equation used in Raster calculator tool to calculate direct runoff flow chart show in figure 5. 

Spatial Distribution of runoff show in figure 6 
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Table 2:  Area Weighted Average CN of Man Catchment 

Antecedent Moisture AMC-I AMC-II AMC-III 
Condition, (AMC) Dry Average Wet 

Average Curve Number, CN 62.75 76.97 88.31 

Potential Retention, S 150.73 75.97 33.61 

Initial abstraction, Ia= 0.2 S 30.14 15.19 6.72 

 

The calculation of CN’s for large areas or many drainage basins can be cumbersome and time consuming, 

therefore a GIS is an appropriate tool to use for such an application. The composite curve number for normal condition is 

76.97, where for the dry and wet conditions are 62.75 and 88.31 respectively. The forest cover retains the rainfall for 

maximum period and moderates the direct surface runoff having minimum value of curve numbers. 

Table 3: Computation of Average Curve Number 
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Figure 2: Cover Description of Man Catchment 

 

Figure 3: Soil Map of Man Catchment 
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Figure 4: Curve Number (CN-II) Map of Man Catchment 

 

Figure 5: Methodology adopted for Computation of Curve Number 
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Table 4: Using SCS CN of Man Catchment Rainfall and Runoff in mm

 

CONCLUSIONS 

In this study an attempt is made to study the hydrologic features of Man catchment. the amount of runoff from 

same watershed were the records of runoff is not available. Many methods can be used to determine the runoff from 

ungaged watershed. Soil Conservation Service (SCS) Curve Number method is a simple, widely use and efficient method 

for determining the amount of runoff from a rainfall even in a particular area. In the present study, the method was used to 

estimate the direct surface runoff from Man catchment and with the help of Geographical Information System (GIS). 

• The results in the present study shows that runoff in the catchment can be studied for reliable accuracy along with 

the spatial variation of soil type and land use type. 

• The SCS curve number method which is used for runoff estimation is most accurate and in future we can compare 

it with other conventional method which is also used for runoff estimation. 

• The analysis can be extended to assess the impact of land use changes. on the rainfall runoff relationship. 

• The catchment area in which runoff data is available then comparison between actual runoff and observed runoff 

can be easily prepared. 
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