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Abstract
Rainfall and surface runoff are the two most important components, which control the groundwater recharge of the basin. 
The long-term groundwater recharge of an aquifer gets affected by the population growth, irregular agriculture activities and 
industrialization. Hence, estimation of rainfall-surface runoff is very much essential for proper groundwater management 
practices. In the present study, Soil Conservation Service Curve Number (SCS-CN) model was employed in combination 
with geospatial techniques to estimate rainfall-surface runoff for the Lower Bhavani River basin in South India. To develop 
the SCS-CN model, rainfall data were obtained for 33 years (1983–2015) from 22 rain gauge stations spread over the basin. 
IRS LISS-IV satellite data of 5.8 m spatial resolution were used to analyze the land use/land cover (LU/LC) behavior. Based 
on the soil properties, four Hydrological Soil Groups (HSG) were identified in the basin which is most significant for surface 
runoff estimation. Curve Number (CN) values were obtained for various Antecedent Moisture Conditions (AMC) such as dry 
condition (AMC I), average condition (AMC II) and wet condition (AMC III). Spatial distribution of CN values was plotted 
using Geographical Information System (GIS) for the entire Lower Bhavani Basin to assess the surface runoff potential. 
The results indicate that the annual rainfall varies from 267 mm (2002) to 1528.6 mm (2005), and the annual surface runoff 
varies from 102.04 mm (1985) to 463.02 mm (2010). The SCS-CN model outputs predict that the average surface runoff of 
the basin is 211.99 mm, and the average surface runoff volume is 81,995,380  m3. The study also indicates that nearly 53% of 
the basin area is dominated by high to very high surface runoff potential. Finally, the output of surface runoff potential was 
validated with the Average Groundwater Level Fluctuation (AGLF) observed in 57 wells spread over the entire basin. The 
basin AGLF ranges from 2.32 to 21.72 m. The surface runoff potential categories are satisfactorily matching with the AGLF 
categories. Moderate surface runoff as well as moderate AGLF zones mostly occupy the central portion of the basin, which 
possess good groundwater potential. However, the high surface runoff zones in the basin lead more surface water flow into 
the river channels, which reduce the infiltration rate and decline the water table. This problem can be solved by construct-
ing suitable artificial groundwater recharge structures across the river channels in the high surface runoff potential areas.
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Introduction

Hydrological modeling is one of the important processes in 
water resources applications. Especially, rainfall-based sur-
face runoff analysis is the major challenging factor in hydro-
logical modeling, which is essential for the development, 
planning and management of water resources. The implica-
tion of hydrological models to observe the water quantity 
is a challenging and scientific task in a semi-arid region 
(Perez-Sanchez et al. 2019; Gajbhiye et al. 2015; Karunani-
dhi et al. 2020). The stream of water directly runs over the 
land surface to a channel is overland flow and infiltrate and 
flow horizontally near the soil surface to a channel is known 
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as interflow (Fitts 2002). The groundwater contributes to the 
stream known as base flow, and the total flow of the stream 
is known as surface runoff (Fetter 2001). The flow of water 
is usually considered as surface runoff, which is considered 
as an instant flow that enters into a stream and combines to 
form a watershed (Rao et al. 2010). For an effective man-
agement, one should have a clear understanding about the 
hydrological behavior of the watershed characteristics. The 
surface runoff and sediment transportation are the two sig-
nificant hydrological processes, which are observed from 
the rainfall events.

Rainfall is one of the main sources for surface runoff, and 
these two components are very important in the hydrological 
cycle (Ashish et al. 2014; Thilagavathi et al. 2014). Rainfall-
based surface runoff model is foremost important in water 
resource development planning (Mishra et al. 2013). Geo-
spatial techniques can enhance the conventional methods 
to significant extent in the rainfall-surface runoff studies. 
These techniques are effectively used to produce hydro-
logical variables over space and time. The reflected solar 
energy recorded by the multi-spectral sensors can be used 
to generate the optical satellite datasets for obtaining the 
land and water resource information such as land use/land 
cover (LU/LC), soil, geology, geomorphology, etc., (Mukesh 
et al. 2014; Thilagavathi et al. 2015a; Subramani et al. 2012). 
Geographical Information System (GIS) is a tool developed 
to store, manipulate, retrieve and display the spatial and non-
spatial data information (Hema et al. 2010). This tool is use-
ful for assessing the parameters of land use/land cover (LU/
LC), soil, topography and hydrological settings (Vaibhav 
et al. 2013; Thilagavathi et al. 2015b). For rainfall surface-
runoff studies, GIS along with remote sensing data is an 
informal approach to study the watershed in a large scale. 
The hydrological-based surface runoff models are classified 
into different types: lumped, distributed and semi-distrib-
uted. The lumped models analyze every sub-watershed by 
a weighted average response of hydrological factors. The 
distributed model is a grid-based model that permits the 
watershed to analyze the hydrologic response of a grid cell. 
The commonly used empirical method is USDA-Soil Con-
servation Service Curve Number (SCS-CN) in the National 
Engineering Handbook (NEH-4) (USDA-SCS 1974). It is 
mostly used to estimate the surface runoff from ungauged 
watersheds. This model helps to combine the hydrological 
and climatological factors in a single entity, which is known 
as ‘Curve Number’. Nowadays, numerous models are used 
for surface runoff predictions. Among them SCS-CN model 
is very simple, easy to recognize and apply, steady and capa-
ble of integrating several runoff generating characteristics 
such as slope, soil, land use/land cover practices, hydrologi-
cal and antecedent moisture conditions (AMC). It estimates 
surface runoff for a small watershed from 5 days’ antecedent 
rainfall. SCS-CN model was initially developed for the small 

watersheds having less than 15  km2 and later modified for 
the large watersheds by utilizing the weighting curve method 
with the spatial inputs of LU/LC and soil characteristics 
(Ramakrishnan et al. 2009). Major advantage of this method 
is that GIS techniques can be easily integrated because the 
parameters needed for the model is in geographical nature.

Many researchers have attempted to estimate the surface 
runoff using SCS-CN method by combining the remote 
sensing datasets. The spatial and non-spatial datasets are 
extracted to evaluate the hydrological characteristics of 
a watershed with the aid of multi-temporal datasets like 
monthly rainfall, land use/land cover, soil, slope, etc., (Shi 
et al. 2009; Tejram et al. 2012; Viji et al. 2015; Ishtiyaq et al. 
2015; Matej et al. 2016; Shah et al. 2017; Jaimin et al. 2017; 
Al-Juaidi et al. 2018; Arya et al. 2020a). High-resolution 
satellite datasets are used to map the impervious surfaces for 
the execution of SCS-CN model (Mondal et al. 2009; Ansari 
et al. 2016). The SCS-CN coupled with Universal Soil Loss 
Equation (USLE) is also used to compute rainstorm-gen-
erated sediment yield of a watershed (Mishra et al. 2006). 
The surface runoff depth can be obtained using SCS-CN 
method, and average depth can also be calculated for total 
rainfall (Taher et al. 2015). The direct surface runoff mainly 
depends upon rainfall, soil type, soil moisture, drainage den-
sity, topography, size and shape of a watershed and land use/
land cover (Agarwal et al. 2014; Tailor and Shrimali 2016). 
The seasonal variation of rainfall-surface runoff is generally 
determined using SCS-CN method for the development of 
land and water resource management practices such as veg-
etative and engineering measures (Muthu and Santhi 2015). 
Anubha et al. (2015) computed the annual surface runoff 
depth for a watershed using GIS techniques. Joy (2016) 
applied NRCS-CN method to assess the surface-runoff depth 
and average runoff. Eight different models were combined 
with SCS-CN method to assess the accuracy of surface run-
off estimation in 15 watersheds by Ajmal et al. (2015). In 
their study, CN exhibited good results than the fixed value of 
SCS-CN model. The LU/LC changes also significantly affect 
the surface runoff and sediment yield (Worku et al. 2017). 
Saravanan et al. (2015) used geomorphological based linear 
cascade model (GLCM) combined with SCS-CN rainfall-
surface runoff method for flood management during different 
storm events. Khalid et al. (2015) and Bhura et al. (2015) 
utilized the SCS model to estimate the surface runoff in an 
urban area with suitable AMC conditions. The availability of 
surface runoff for artificial recharge was estimated through 
SCS-CN method, and it was effectively used to classify the 
potential areas for water harvesting structures (Anbazhagan 
et al. 2005; Ajaykumar et al. 2012; Jha et al. 2014; Bhaskar 
and Suribabu 2014; Dinagara Pandi et al. 2017; Karunani-
dhi et al. 2019). Validation and calibration of surface run-
off models are very important to reduce uncertainty of the 
observed modeling inputs (Nastiti et al. 2018).
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The Lower Bhavani River basin is affected by water scar-
city and over exploitation problems, which lead the aquifer 
into stress. The variation in rainfall intensity and groundwa-
ter levels with respect to space, time and depth affected the 
farmers in this region (Arya and Subramani 2015; Anand 
et al. 2020). Hence, it is important to improve the groundwa-
ter resources through rain water harvesting techniques (Arya 
et al. 2018). Therefore, it is very much essential to estimate 
surface runoff of the basin and to apply hydrological based 
SCS-CN model to identify the surface runoff potential areas 
in basin with the aid of geospatial techniques.

Study area

Climate and rainfall

The Lower Bhavani River basin is situated in Erode dis-
trict of Tamil Nadu state, India. Bhavani River is the fourth 
largest tributary of Cauvery River, which confluences near 
Bhavani town. The total geographical area of the basin is 
2424  km2, which lies between 11° 15′ and 11° 45′ North 

latitudes and 77° 0′ and 77° 40′ East longitudes (Fig. 1). 
The northern part of the study area is covered with hills. 
The ground elevation varies between 66 and 1473 m with 
respect to mean sea level (Anand et al. 2017). The regional 
slope of the basin is towards southeast. The hilly areas are 
covered with evergreen forest, deciduous forest and planta-
tions, whereas the plain areas comprises crop land, scrub, 
fallow land and built-up land. The drainage pattern in the 
basin is mostly dendritic to sub-dendritic. The basin expe-
riences semi-arid climatic condition with the temperature 
variation between 22 and 40° C. The average annual rain-
fall of the basin is 739.67 mm, which was calculated from 
33-year rainfall data (1983–2015) obtained for 22 rain 
gauge stations spread over the basin. The basin receives 
more rainfall during northeast and southwest monsoon 
seasons. However, the basin also receives considerable 
rainfall during the transitional period. Rainfall contribu-
tion by various monsoon seasons in the study area are as 
follows: NE monsoon (44%) > SW monsoon (28%) > Pre-
monsoon (22%) > Post monsoon (6%) (Anandakumar et al. 
2008).

Fig. 1  Location map of the Lower Bhavani River basin
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Geology and soil

The Lower Bhavani River basin mainly consists of two 
major rock types, namely fissile hornblende-biotite gneiss 
and charnockite. Charnockite is mostly observed in hills, 
whereas fissile hornblende-biotite gneiss is noticed in the 
plains (Aravinthasamy et al. 2019a, b). The basin also con-
sists of pyroxene granulite, ferruginous quartzite, garnet-
iferous-quartzofeldspathic gneiss, quartzite, talc-tremolite 
schist, amphibolite, gabbro/anorthosite, pink migmatite, 
dolerite dykes and granite intrusions (Anandakumar and 
Subramani 2014). The basin area mostly comprises red cal-
careous and red non-calcareous soils. Brown and black soils 
are also observed in some places as pockets. Major por-
tion of the study area is dominated by red calcareous soil, 
which varies from sandy to loamy texture. The coarser soil 
is noticed in the hilly areas, whereas the finer soil namely 
clay is deposited in the low-lying areas such as river and 
water courses. Therefore, the soils of low-lying areas con-
tain higher percentage of clay than the dry land soils (Fao 
2014). Alluvium is noticed all along the Bhavani River 
course, and colluvium is present in the foot hills. The basin 
comprises different kinds of soil texture such as clay, clay 
loam, silty clay, loamy sand, sandy clay, loam, sandy clay 
loam and sandy loam. It is further characterized by hard and 
compacted nature due to the lime content (CGWB 2008). 
As agriculture is the backbone of this region, groundwater 
resources are often overexploited in many places leading the 
aquifer into stress.

Materials and methods

In the present study, Survey of India (SOI) toposheets of 
1:50,000 scale were used to generate base map with details of 
rivers, tanks, reservoirs, reserve forests, road networks, drain-
age networks and major settlements. Remote sensing data and 
secondary datasets pertaining to this study were collected from 
various government agencies. Indian remote sensing satel-
lite data with the spatial resolution of 5.8 m (LISS-IV) were 
obtained from the National Remote Sensing Centre (NRSC), 
Hyderabad, India for February 2015 and December 2015. Soil 
details were collected from the Tamil Nadu Agricultural Uni-
versity (TNAU), Coimbatore. Rainfall data were obtained from 
the Tamil Nadu State Ground and Surface Resources Data 
Centre, Public Works Department (PWD), Chennai for the 
period of 33 years (1983–2015). Further, CARTOSAT Digi-
tal Elevation Model (DEM) with 30 m spatial resolution was 
acquired from the Bhuvan web-portal belonging to the Indian 
Space Research Organization (ISRO). All the data products 
were digitally converted and georeferenced with UTM and 
WGS-84 projection/coordinate system using ArcGIS software 
(v.10.2.1). Slope map was derived from the Digital Elevation 

Model (DEM) using IMSD (1995) classification system. Satel-
lite imageries were used to prepare land use/land cover (Lu/
LC) map based on the NRSC classification system. Maximum 
Likelihood Classifier (MLC) of supervised classification tech-
nique was adopted for LU/LC feature extraction from the sat-
ellite imageries. The obtained map of LU/LC was spatially 
intersected to assign the Curve Number (CN) for each respec-
tive polygon in GIS environment. Finally, CN values were 
assigned for all the polygons. The CN value for each polygon 
was calculated using the ‘area weighted’ method. In this study, 
rainfall was considered as the key factor to generate surface 
runoff over the basin using the spatial interpolation technique 
in GIS. Finally, cross validation was attempted using Average 
Groundwater Level Fluctuation (AGLF) method (Devi and 
Katpatal 2016). The detailed methodology adopted to execute 
this work is shown in the Fig. 2.

SCS‑CN model

Soil Conservation Service Curve Number (SCS-CN) method 
is an empirical method, which is commonly used to quan-
tify the direct surface runoff in a watershed. This method was 
established by the United States Department of Agriculture—
Soil Conservation Service (USDA-SCS) in the year 1954 (Ral-
lison 1980). It basically requires two input parameters, namely 
rainfall and Curve Number (CN). Further, it also considers 
two important assumptions. The first assumption suggests that 
ratio of the quantity of surface runoff ‘Q’ to maximum rainfall 
is equal to the ratio of the volume of infiltration of quantity 
and amount of potential maximum retention ‘S’. The second 
assumption narrates the initial abstraction ‘Ia’ and the potential 
maximum retention ‘S’ (Patil et al. 2008; Satheshkumar et al. 
2017). The infiltration losses are combined with external stor-
age by the relationship of

The empirical relationship for ‘Ia’ is denoted by,

Therefore, ‘Q’ is the direct surface runoff depth (mm), ‘P’ 
is the rainfall depth (mm) and ‘Ia’ is the initial abstraction 
before surface runoff begins (mm), which includes the surface 
storage, interception and infiltration with respect to overflow 
of the watershed. ‘S’ is the potential maximum retention after 
the surface runoff begins (mm).

For Indian condition, ‘S’ is the potential maximum reten-
tion, which is denoted by

From the above Eq. (3), CN is the curve number which is 
the dimensionless surface runoff index to determine outcome 

(1)Q =
(P − Ia)2

(P − Ia + S)

(2)Ia = 0.3S

(3)S = (25400∕CN)−254
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of changes in Hydrological Soil Group (HSG) and land use/
land cover (LU/LC) pattern on runoff. The value of CN 
ranges from 1 to 100 (USDA 1972). A higher value indi-
cates high surface runoff, whereas lower value indicates low 
surface runoff. Now, the Eq. (1) can be modified as

SCS-curve number runoff equation is furthermost tech-
nique to estimate the direct surface runoff of the watershed 
with simplicity, flexibility and adaptability (Tarun and 
Jhariya 2016). This method considers the ability of soil to 
infiltrate water with combination of land use/land cover 
and Antecedent Moisture Condition (AMC) (Amutha and 
Porchelvan 2009). From the observation of soil hydrologi-
cal properties, the SCS-CN soil classification scheme was 
grouped into four different categories, namely ‘A’, ‘B’, ‘C’ 

(4)Q =
(P − 0.3S)2

(P + 0.7S)

and ‘D’ (Table 1). This classification is useful to increase 
the probability of surface runoff and absolute infiltration of 
the watershed.

Antecedent moisture condition (AMC)

Antecedent moisture condition (AMC) states the existing 
moisture content in the soil on the initial level of rainfall-sur-
face runoff model observation. A well-known factor of ini-
tial abstraction and infiltration characteristics are observed 
by AMC (Mishra et al. 2004). For the execution of SCS-CN 
model, three levels of AMC are important, which are listed 
in Table 2. The constraints of AMC classification are totally 
constructed by the overall rainfall magnitude of previous 
5 days, and their limits are considered as two types of sea-
sons: first (growing season) and second (dormant season). 
AMC II is considered as average moisture condition, which 
is used in the present study (USDA 1986). Runoff Curve 

Fig. 2  Methodology adopted for 
computation of rainfall-surface 
runoff using SCS-CN method
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Rainfall Map 

Spatial Intersect 
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AMC Condition 

SCS-CN Model

Runoff Estimation

Validation using AGLF Method 

Results & Discussion

Conclusion

Table 1  Soil conservation service classification scheme (USDA 1974)

S.no Hydrologic soil 
group (HSG)

Soil textures Surface runoff 
potential

Infiltra-
tion rate 
(mm/h)

1 Group ‘A’ Deep, well drained sands and gravels Low < 7.5
2 Group ‘B’ Moderately deep, well drained with moderate fine to coarse structure Moderate 3.8–7.5
3 Group ‘C’ Clay loams, shallow sandy loam, soils with moderately fine to fine textures Moderate 1.3–3.8
4 Group ‘D’ Clay soils that swell significantly when wet, very slowly drained High < 1.3
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Numbers (CN) for various LU/LC categories are obtained 
for average moisture condition (AMC II) and dry condition 
(AMC I) or wet condition (AMC III). To generate the Curve 
Number for AMC I and AMC III, the following Eqs. (5) and 
(6) are used:

In the above equations, CN (II) is the curve number for 
the normal condition, CN (I) is for dry condition and CN 
(III) is for wet condition (Chow et al. 2002).

Area weighted curve number method

The spatial input maps of soil and land use/land cover are 
used for intersection. Further, the intersection map repre-
sents new polygons, which is referred as soil-land map. The 
curve number value varies with respect to each land use/land 
cover classes. The obtained results were familiar to compute 
the total weighted curve number for AMC II condition with 
respect to each polygon of the land area:

In the above Eq. (7), ‘CNw’ represents weighted curve 
number; ‘CNi’ denotes curve number for a particular land 
area; ‘Ai’ indicates curve number of ‘CNi’ and ‘A’ represents 
total area of the basin.

Hydrological soil group (HSG)

The rainfall surface runoff of the basin depends upon the 
saturation excess of overland flow where the soil texture 
plays a major role. It is prepared using the soil data. Fur-
ther, the soil map of the basin was reclassified into vari-
ous Hydrological Soil Groups (HSG) through observation 
of infiltration capacity of the soils. HSG is grouped as ‘A’, 
‘B’, ‘C’ and ‘D’. Group ‘A’ soil has high infiltration rate 
and low runoff. Group ‘B’ soil has moderate runoff poten-
tial, and Group ‘C’ soil observes fairly. Group ‘C’ has slow 
infiltration rate and fewer infiltration capacity than ‘B’ but 

(5)CN(I) =
CN(II)

2.281 − 0.0128CN(II)

(6)CN(III) =
CN(II)

0.427 + 0.00573CN(II)

(7)CN
w
=
∑

CN
i
× A

i
∕A

downward distance and water table conditions are normally 
same as group ‘B’. Group ‘D’ has very low infiltration rate 
and produces high surface runoff potential (Mishra et al. 
2008; Tarun and Jhariya 2016). The soil characteristics are 
influenced by hydrological grouping of soil with the param-
eters of soil texture, soil depth, average clay content and 
infiltration capacity of the soil (Arya et al. 2019).

Rainfall‑surface runoff estimation

Daily rainfall data of the Lower Bhavani River basin were 
analyzed for the period from 1983 to 2015 (33 years). The 
spatial and temporal variations of rainfall-runoff were eval-
uated using the geospatial inputs in the GIS environment 
(Subramani et al. 2015). The calculated average annual rain-
fall was used to evaluate the surface runoff depth and volume 
of runoff for the period of 33 years. Interpolation is the pro-
cess of estimating the value of properties of unsampled loca-
tions within the area through existing observation of data 
(Burrough 1986). Several traditional and geostatistical inter-
polation methods like inverse distance weighting (IDW), 
Thiessen polygon, linear regression, ordinary kriging, and 
simple kriging with varying local means are used to estimate 
rainfall. Among these methods ordinary kriging is generally 
recommended for the mountainous regions (Mair and Fares 
2011). Binh and Thuy (2008) recommended spline method 
for mountainous areas, ordinary kriging method for small 
area containing flat terrain and hills, and IDW method for 
the large areas containing flat terrain and hills. The distance-
based weighting method has been adopted to interpolate the 
climatic variable of rainfall by Legates et al. (1990), Stall-
ings et al. (1992) and Goovaerts (2000) in different parts of 
the world. Subramani et al. (2012) have applied IDW method 
to compute surface runoff and groundwater resources from 
the monsoon rainfall for the Chithar River basin, south India. 
They have used 70 years’ (1933–2002) rainfall data of eight 
rain gauge stations situated at different elevations (plain and 
mountain regions) in that basin.

Spatial interpolation technique of inverse distance 
weighted (IDW) method was used because it is a global 
technique used to fit a model through the prediction vari-
able over all points in the study region. The interpolation 
method is a deterministic approach used to estimate values at 
unsampled points and determined by a grouping of values at 
known sampled points (Hartkamp et al. 1999). The values of 

Table 2  Categories of 
antecedent moisture condition 
(AMC)

Amc group Soil characteristics Five day antecedent rainfall in mm

Dormant season Growing season

I Dry condition < 13 < 36
II Average condition 13–28 36–53
III Heavy rainfall/wet condition > 28 > 53
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surrounding locations are weighted by the distance from the 
spatial location point of rain gauge station. This approach 
governs the cell values using a linear weighted combina-
tion of trial points and allows user to control the important 
familiar points upon the interpolated values. Further, the dis-
tance of known points is perceived from the obtained values 
(Naoum et al. 2004). As one-fourth of the Lower Bhavani 
River basin (612  km2 out of 2424  km2) falls under hilly ter-
rain, and only 2 rain gauge stations out of 22 are situated in 
the hill ranges, the IDW method has been used in the present 
study. However, accuracy of the output has to be ascertained 
by comparing with the other methods since this method has 
some limitations in the mountainous areas (Schut 1976; 
Mair and Fares 2011). Finally, the spatial inputs (soil, land 
use/land cover, curve number, HSG) were modeled using 
the SCS-CN method and cross validation was made with the 
help of 57 existing wells in the basin.

Results and discussion

Land use/land cover

Land use/land cover (Lu/LC) is commonly used for sustain-
able management of the environment. The Lu/LC map was 
prepared from the satellite data using GIS (Thilagavathi 
et al. 2015b; Arya et al. 2020a). The Lower Bhavani River 
basin comprises of various Lu/Lc features such as evergreen 
forest, deciduous forest, Rabi crop, Kharif crop, double/
tripls crop, plantation, current fallow, scrub land, barren 
rocky and built-up land (Fig. 3). The forest cover (evergreen 
and deciduous forest) mainly occupies the northern hilly 
terrain. It covers an area of 577.05  km2. The agricultural 
land spreads in the flat terrain, which includes Kharif crop 
(291.74  km2), Rabi crop (225.62  km2), double/triple crop 
(1109.1  km2) and current fallow land (136.82  km2). The 
scrub land occupies 17.56  km2, and plantation covers an 

Fig. 3  Land use/land cover map of the Lower Bhavani River basin
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area of 25.12  km2. The built-up land occupies 27.43  km2, 
which is mainly surrounded by the agricultural land. The 
barren rocky area is exposed over 3.3  km2, which is mostly 
in the western part of the basin. Water bodies (10.46  km2) 
are seen all over the basin. The areas occupied by each Lu/
LC categories are presented in Table 3.

Soil texture

Soil type is a major factor to determine erosion, surface run-
off, infiltration and sediment control of a particular basin, 
and soil texture refers to the combination of sizes of the soil 
particles. It is a unique property of a soil because it provides 
the possibility of rainwater to infiltrate and accumulate in the 
soil strata and then causes extension of runoff start time (Xu 
et al. 2015; Subramani et al. 2013). Soil that has high clay 
content represents low infiltration and low hydraulic conduc-
tivity but the slope factor (steepness) is also directly related 
to the runoff accumulation in down fall area (Subramani 
et al. 2012; Magesh et al. 2016). The study indicates clay 
loam (917.7  km2) is primarily distributed in the northern 
and eastern parts where its surface colour varies from grey 
to dark grey and represents red and black soils (Fig. 4). It 
mostly occupies the flat terrain and is subject to erosional 
activities of the area. Sandy loam (536.2  km2) occurs in the 
central and eastern parts of the basin, which is mainly in 
the terrain. It represents the alluvial deposits noticed in the 
Bhavani River course. This type of soil has moderate to high 
water content, and it is most suitable for cultivation of crops 
like paddy, sugarcane and groundnut. The loamy sand (415.8 
 km2) occurs over moderate to gentle slope in the northern 
part, which is supposed to have dark reddish to red lateritic 
gravel derived from gneissic rocks in the upstream side of 
the basin. This kind of soil is probably suitable for cultiva-
tion of pulses, grain crops and oilseeds. Sandy clay (243.78 
 km2) deposits are found over the gentle to moderate slope 

areas in the foothills. This soil colour varies from reddish-
brown to brown. The water availability in this soil is quite 
low, and hence it is suitable for the cultivation of fodder, 
black gram, grass and trees. The loam (152.92  km2) occu-
pies the hilly region in the northern part of the study area 
where the slope is very steep. It is mostly unconsolidated in 
nature. This soil colour varies from brown to reddish brown. 
Sandy clay loam (118.4  km2) is mostly darker in tone and 
denser in nature. This soil is noticed in the flat to gentle slop-
ing area, and its surface colour varies from reddish brown 
to dark brown. Generally, sandy clay loam lies in between 
sandy loam and clay loam, which is prone to sheet erosional 
activities. Silty clay (31.36  km2) occurs the nearly leveled 
ground, which is composed of very dark grey clayey calcare-
ous material seen in the central part of the basin. The clay 
dominant calcareous content is derived from the calcium 
carbonate rich rocks, which leads to poor permeability of 
water (Kaliraj et al. 2015). This soil has lower buried pedi-
ments, which tends typically lighter and loose materials due 
to erosional effect. Clay (8.41  km2) occurs in small portion 
mainly in the bajada region. Loam and sandy clay loam cat-
egories are found to be adequate towards high permeability 
of surface water. The areal coverage and percentage of vari-
ous soil texture categories are shown in Table 4.

Hydrological soil group (HSG)

Hydrological soil group (HSG) is one of the main com-
ponents used to calculate the curve number (CN). Hydro-
logical soil groups were identified for the Lower Bhavani 
River basin based on the USDA-Soil Conservation Service 
(SCS) guidelines to determine the rainfall- surface runoff of 
the basin (Table 4) (Fig. 5). The HSG classification of soil 
mainly depends on the infiltration rate of each soil texture 
category. Group ‘D’ (926.07  km2) soil has very low infiltra-
tion capacity and mostly impervious in nature. It represents 
mostly fine-grained soil. It mainly occurs in the southern 
and western boundaries of the basin. The second dominant 
HSG group of soil is ‘B’, which spreads over an area of 
777.95  km2. This soil has medium to coarse texture, which 
possesses moderate to good infiltration rate. This type of soil 
group contains loamy sand to sandy soil observed mainly 
in northern hilly areas. Group ‘A’ soil category represents 
coarser texture, which spreads over an area of 689.13  km2 
in the central part of the basin where the main stream of 
Bhavani River flows. It mainly includes gravel and alluvial 
soil where the infiltration rate is very high and surface run-
off is very poor. Group ‘C’ soil occupies only 31.35  km2 
area, which occurs as linear patch in the central part of the 
basin. This soil has moderate to high surface runoff potential 
including sandy clay loam or clay loam (Table 5).

Table 3  Areal representation of various land use/land cover catego-
ries

Land use/land cover categories Area  (km2) Area (%)

Barren rocky 3.3 0.14
Deciduous forest 231.09 9.53
Evergreen forest 345.96 14.27
Double/triple crop 1109.1 45.75
Kharif crop 291.74 12.03
Rabi crop 225.62 9.3
Current fallow 136.82 5.65
Scrub land 17.56 0.72
Plantation 25.12 1.04
Water bodies 10.46 0.43
Built-up land 27.43 1.14
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Slope

Slope is an important factor for groundwater recharge com-
putation and rainfall-runoff estimation (Arya et al. 2020b). 
The slope map of Lower Bhavani Basin is shown in the 
Fig. 6. The variation of slope (steep to gentle) greatly influ-
ences the infiltration rate of groundwater. Slope map of the 

study area was prepared based on the integrated mission 
suitable development (IMSD) classification system, which 
comprises of seven slope categories (nearly level, very gen-
tle level, gentle, moderate, strong, moderately steep and very 
steep). Various slope categories and their surface runoff 
behavior are shown in Table 6. The study area comprises of 
both hilly and plain regions. The nearly level slope category 
covers most of the basin area (1852.64  km2 i.e., 76.4%), 
which is favourable for groundwater recharge because of 
slow rate of surface runoff. 

Curve number (CN)

The curve number method (USDA 1972) is also recog-
nized as the hydrologic soil cover complex method, which 
is mostly used for the surface runoff estimation. It requires 
the combination of rainfall data and CN value. This method 
estimates the surface runoff capability of the basin, which 
expresses through statistical values, varies between 0 and 
100 (Ketul et al. 2017). The CN values are employed to 

Fig. 4  Map showing various soil texture classes in the Lower Bhavani River basin

Table 4  Soil texture classes and their aerial coverage

Soil texture classes Area  (km2) Area (%)

Clay 8.41 0.34
Clay loam 917.7 37.86
Silty clay 31.36 1.3
Loamy sand 415.8 17.15
Loam 152.92 6.3
Sandy clay 243.78 10.05
Sandy clay loam 118.4 4.89
Sandy loam 536.2 22.11
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convert the rainfall distribution into runoff distribution. 
The Lu/Lc and soil maps were intersected by using spatial 
intersection tool in GIS software. Further, CN value was 
assigned for each spatial polygon of soil and LU/LC classes. 
The double/triple crop (47.03%) category of LU/LC class is 
dominated in the study area, which includes all the four HSG 
groups (A, B, C and D). The other Lu/LC categories in the 
basin are evergreen forest (13.91%), Kharif crop (11.73%), 
deciduous forest (9.28%), Rabi crop (9.06%), current fal-
low (5.49%), scrub land (1.12%), built-up land (1.08%), 
plantation (0.99%), water body (0.43%) and barren rocky 
(0.13%). Runoff Curve Number (CN) values were computed 
for various Antecedent Moisture Condition categories such 

as average condition (AMC II), dry condition (AMC I) and 
wet condition (AMC III). The weighted CN values obtained 
for AMC I, AMC II and AMC III are 49.24, 68.9 and 83.84, 
respectively (Table 7). The Curve Numbers (CN) obtained 
for various Hydrological Soil Groups and LU/LC categories 
for the average Antecedent Moisture Condition (AMC II) 
are given in Table 8. The spatial distribution of CN values 
plotted using GIS for the entire Lower Bhavani basin (Fig. 7) 
indicates that lower CN values are observed over 37.44% of 
the basin area, whereas the higher CN values are noticed 
over 62.56% of the basin area. The higher CN value gener-
ates more surface runoff, and the lower CN value generates 
less surface runoff from the rainfall data.

Rainfall‑runoff estimation

Using the SCS-CN model, the initial abstraction (Ia = 0.3S) 
was determined where ‘S’ is the potential maximum reten-
tion, which is calculated for the AMC II condition. Further, 
spatial variation of rainfall intensity map was generated 
using IDW spatial interpolation method (Vennila et al. 2007; 
Karunanidhi et al. 2013) (Fig. 8). All these input parameters 
were employed to estimate the surface runoff of the basin. 
The average surface runoff is calculated as 211.99 mm, 

Fig. 5  Map showing the spatial distribution of hydrological soil groups (HSG) in the Lower Bhavani River basin

Table 5  Hydrological Soil Groups (HSG) in the Lower Bhavani River 
basin and their aerial coverage

Hydrological soil groups 
(HSG)

Area  (km2) Area (%)

Group A 689.13 28.42
Group B 777.95 32.08
Group C 31.35 1.3
Group D 926.07 38.2
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and the average volume of surface runoff is calculated as 
81,995,380  m3. The estimated annual rainfall, surface runoff 
and runoff volume are shown in Table 9. The annual surface 
runoff was estimated from the monthly rainfall data available 

at 22 stations using SCS-CN method. In order to find out the 
surface runoff volume, each year’s runoff value was multi-
plied with the basin area (A = 2,424,000,000  m2) (Satheesh-
kumar et al. 2017). The data analysis indicates that rainfall 
intensity varies from 267 mm (2002) to 1528.6 mm (2005), 
and the surface runoff varies from 102.04 mm (1985) to 
463.02 mm (2010) in the Lower Bhavani River basin. The 
annual rainfall of the basin gradually increases from 1983 

Fig. 6  Slope map of the Lower Bhavani River basin

Table 6  Slope categories and their surface runoff behavior

Slope categories (%) Area  (km2) Area (%) Significance of runoff

Nearly level 1852.64 76.4 Low surface runoff
Very gentle level 207.42 8.56 Low surface runoff
Gentle 134 5.53 Low surface runoff
Moderate 129.62 5.35 Moderate surface 

runoff
Strong 77.48 3.2 Moderate surface 

runoff
Moderately steep 20.58 0.85 High surface runoff
Very steep 2.85 0.11 High surface runoff

Table 7  Weighted CN values obtained for various antecedent mois-
ture conditions (AMC)

AMC Weighted CN 
value

Potential maximum 
retention (s)

P > 0.3S

I 49.24 261.84 78.55
II 68.9 114.65 34.39
III 83.84 48.95 14.68
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to 2000 and suddenly decreases from 2000 to 2003. Fur-
ther, there has been a tremendous rise in rainfall between 
2004 and 2011. The surface runoff curve shows gentle ups 
and downs, which mostly resembles the rainfall intensity 
(Fig.  9). However, there are some mismatches noticed 
between the rainfall curve and runoff curve. The event-
based runoff coefficient is one of the important parameters 
to infer the multi-time series information on rainfall-runoff 
response datasets. The employed linear statistical model 
was ***assisted in identification of runoff coefficients, 
through the runoff process. Two variables were considered 
for the evaluation such as independent variable (rainfall) and 
dependent variable (runoff). A scatter plot was prepared to 
understand the linear relationship between annual rainfall 
intensity and surface runoff. Their relationship is moder-
ately significant (R2 =  + 0.42) (Fig. 10), indicating that for 
a given rainfall event, the predicted surface runoff has been 

lesser for all annual years. Hence, identified response proved 
that rainfall alone is not influencing the runoff of the basin. 
Along with other environmental factors such as monsoonal 
effect, soil and its antecedent moisture condition, intercep-
tion, land use/land cover, agricultural activities, geology and 
slope characteristics play major roles in the basin. Espe-
cially, clay and loamy soils observed in steep slope regions 
contribute to surface runoff due to interaction of base flow 
during non-monsoonal period.

Eventually, the surface runoff potential areas were 
obtained through the spatial inputs of LU/LC, soil types 
and texture, slope, HSG and annual average rainfall of the 
study area. The integrated surface runoff potential map is 
presented in Fig. 11. The rainfall-surface runoff potential 
was grouped into five classes such as ‘very high’, ‘high’, 
‘moderate’, ‘low’ and ‘very low’. The northern portion of 
the study area falls under the categories of very low to low 

Table 8  Curve Numbers 
obtained for various HSG and 
LU/LC categories based on 
AMC II condition

LU/LC classes Hydrological soil 
groups (HSG)

Curve num-
ber (CN)

Area  (km2) Area (%) Area (%) * CN

Barren rocky B 66 1.52 0.06 3.96
D 83 1.75 0.07 5.81

Built-up land A 57 14.58 0.58 33.06
B 72 5.954 0.23 16.56
C 81 0.27 0.01 0.81
D 86 6.53 0.26 22.36

Current fallow A 77 26.37 1.06 81.62
B 86 21.22 0.85 73.1
D 94 89.15 3.58 336.52

Deciduous forest A 28 24.76 0.99 27.72
B 44 158.91 6.39 281.16
D 64 47.33 1.9 121.6

Evergreen forest A 26 100.63 4.05 105.3
B 40 245.06 9.86 394.4
D 61 0.191 0.007 0.427

Double/triple crop A 62 489.54 19.7 1221.4
B 71 257.75 10.37 736.27
C 88 31 1.24 109.12
D 91 390.59 15.72 1430.52

Kharif crop A 72 31.81 1.28 92.16
B 81 47.11 1.89 153.09
D 91 212.78 8.56 778.96

Plantation A 45 18.36 0.73 32.85
B 53 4.93 0.19 10.07
D 72 1.8 0.07 5.04

Rabi crop A 61 11.35 0.45 27.45
B 70 38.09 1.53 107.1
D 80 176.1 7.08 566.4

Scrub land B 60 10.33 0.83 49.8
D 79 7.22 0.29 22.91

Water bodies - 100 10.98 0.43 43
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surface runoff potential, which covers an area of 125.1  km2 
(5.16%) and 408.35  km2 (16.84%), respectively. The moder-
ate surface runoff potential zones mainly occupy the central 
and western parts of the basin with the areal extent of 614.28 
 km2 (25.34%). High surface runoff potential zone is gener-
ally noticed along the foothill regions in the northern part 
of the basin. It is also noticed in the southern part along the 
tributaries. Its areal extent is 551.72  km2 (22.76%). Very 
high surface runoff potential areas are observed in the north-
east, southeast and southwest portions of the basin, which 
covers an area of 724.89  km2 (29.9%). The present study 
indicates that nearly 53% of the basin area is dominated by 
‘high to very high’ surface runoff potential. The high sur-
face runoff potential zones in the study area will affect the 
groundwater recharge.

Validation of model output

The estimated surface runoff of the basin was validated with 
the average groundwater level fluctuation (AGLF) observed 
at 57 wells spread over the study area. The basin AGLF 
ranges from 2.32 to 21.72 m (Fig. 12). The AGLF range 
between 8 and 12 m indicates moderate water table decline, 
and the range between 12 and 21 m indicates deep water 

table decline. From the comparison of runoff and AGLF, 
nearly 62% of the basin area (1495.73  km2) falls in the 
categories of moderate to high declining water level. High 
groundwater level fluctuation is observed in the northeast 
and southeast parts of the basin, which perfectly matches 
with the very high surface runoff potential category. Moder-
ate runoff potential also matches with the moderate AGLF 
exists in the central part of the basin. Therefore, this compar-
ison clearly indicates that most of the basin area lies between 
moderate to high surface runoff as well as AGLF categories. 
In the high surface runoff potential areas, the surface runoff 
leads more flow along the river channels, which reduces the 
infiltration rate and declines the water table (Lannerstad and 
Molden 2009). This problem can be solved by adopting the 
efficient water management practices including construction 
of suitable artificial recharge structures across the river chan-
nels in the high runoff potential areas.

Conclusions

In the present study, SCS-CN model combined with geo-
spatial techniques was used to delineate the surface runoff 
potential zones. Rainfall intensity, soil types, soil texture, 

Fig. 7  Spatial representation of curve numbers (CN) generated for the Lower Bhavani River basin
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slope and land use/land cover were considered as important 
input parameters for the SCS-CN model. GIS was mainly 
used to prepare and integrate maps pertaining to this study 
and also to plot the spatial distribution of various outputs. 
Based on the infiltration capacity of soils in the study area, 
Hydrological Soil Groups (HSG) were identified for com-
putation of CN values. Group ‘D’ soil is dominated in the 
study area (926.07  km2), which has very low infiltration 
capacity and high surface runoff. Group ‘A’ soil represents 
coarser texture, which spreads over an area of 689.13  km2 
in the central part of the basin. This soil mainly consists of 
river alluvium where the infiltration rate is very high, and 
runoff is poor. This soil group possesses good groundwater 
potential in this basin.

The Antecedent Moisture Condition (AMC) of a soil also 
plays an important role because CN value changes according 
to the soil texture. Based on the field observations, AMC II 
condition (average soil moisture) was adopted for the surface 
runoff estimation. The CN values were employed to con-
vert the rainfall distribution into surface runoff distribution. 
The spatial distribution map of CN indicates that lower CN 
values were observed over 37% of the basin area, whereas 

the higher CN values were noticed over 63% of the basin 
area. The higher CN values indicate more surface runoff 
potential in the basin. The study indicates that the annual 
rainfall intensity varied from 267 mm (2002) to 1529 mm 
(2005), and the surface runoff varies from 102 mm (1985) to 
463 mm (2010) over the period of 33 years (1983–2015). For 
the Lower Bhavani River basin the average rainfall-surface 
runoff was estimated as 211.99 mm, and the average surface 
runoff volume was estimated as 81,995,380  m3. The study 
highlights that nearly 53% of the basin area is dominated by 
‘high to very high’ surface runoff potential. The moderate 
surface runoff potential zones fell in the central and west-
ern parts of the basin with the areal extent of 614.28  km2 
(25.34%).

For the accuracy assessment of the SCS-CN model out-
put, the surface runoff potential zones of the basin were cross 
validated with the Average Groundwater Level Fluctuation 
(AGLF) observed in 57 wells spread over the study area. It 
signifies that high surface runoff potential zones matches 
with high groundwater level fluctuation zones. Similarly, 
moderate to low surface runoff potential zones facilitate 
good recharge resulting low groundwater level fluctuation. 

Fig. 8  Spatial variation of average annual rainfall intensity in the Lower Bhavani River basin
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This is clearly noticed in the central part of the basin where 
the groundwater potential is high. The study also concludes 
that the high surface runoff potential zones in the basin pro-
mote more surface water flow into the river channels, which 
affects the infiltration rate, and thus declines the ground-
water table. This leads the aquifer into stress particularly 
during summer season. To overcome this situation, rain-
water augmentation practices will be helpful to restrict the 
surface runoff and to store the water in the aquifer medium. 
Hence, artificial recharge of groundwater is recommended 
to store the surplus runoff of the basin. In practical, it can 
be attempted through artificial recharge structures like check 
dam, percolation pond, recharge shaft and form ponds etc.

Recommendations

• Check dams can be promoted as a small-scale structure 
both in steep and moderate slope areas in the basin, 
where the pattern of stream flow is straight and narrow.

• Percolation ponds can be constructed in the low-lying 
areas where the slope is gentle to flat. It will increase the 
groundwater level in shallow aquifers. This method is 
an added advantage for the agricultural practices of the 
basin to sustain the availability of water throughout the 
year.

• Farm ponds can be created adjacent to the agricultural 
fields for the augmentation of surface runoff. Farm ponds 
will be useful in collecting the excess surface runoff dur-
ing the monsoonal seasons and also conserves the soil 
moisture. Hence, these ponds are considered as the sup-
plementary sources to irrigational crops for prolonged 
periods.

• Recharge shafts are recommended for the poor perme-
able medium of aquifer. However, separate study has to 
be carried out to identify the suitable sites for the con-
struction of suitable artificial recharge structures in the 
basin. Overall, this study provides detail information to 
the government agencies, policy makers and farmers for 
framing sustainable development goals (SDGs).
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