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ABSTRACT 

Accurate assessment of water balance components holds paramount importance for the sustainable 
management of water resources in river basins. This study specifically concentrates on the application of 
the Soil and Water Assessment Tool (SWAT) model to evaluate water balance elements within the 
Noyyal River basin, a tributary of the Kaveri River originating from the Vellingiri hills in Western Tamil 
Nadu grapples with escalating water stress brought about by both anthropogenic activities and climatic 
fluctuations. 

The methodology adopted encompasses the harmonious integration of diverse spatial and temporal 
datasets. These datasets are seamlessly incorporated within the confines of a Geographic Information 
System (GIS) framework. Through the process of watershed delineation 21 sub-basin was partitioned and 
which is further subdivided into 217 unique Hydrological Response Units (HRUs) are derived, each 
corresponding to a distinct hydrological reaction. The simulation employs 33 years of daily precipitation, 
coupled with minimum and maximum temperature records, enabling the continuous execution of the 
SWAT model for runoff prediction. The findings elucidate fluctuating runoff volumes over time, spanning 
from a minimum of 11.17 mm to a maximum of 610.32 mm. Notably, the annual average runoff stands at 
206.7 mm, representing approximately 25.6% of the cumulative rainfall experienced within the Noyyal 
river basin. 
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1.INTRODUCTION 
Growing population coupled with sustainable developmental efforts has an increasing stress on water 
resources. The uneven distribution over time and space of water resources and their modification through 
human use and abuse are sources of water crises in many parts of the world. All these result in intensifying 
the pressure on water resources leading to tensions, conflict among users and excessive pressure on the 
environment. This demands the planners and policy makers for a proper management of water resources.  
This, in turn, calls for reliable and comprehensive statistics on water and related aspects (Manoj Kumar and 
Aswathi, 2022). Comprehending water availability at a micro level proves indispensable in discerning the 
primary factors underpinning constraints in water distribution (Suman Bera et al., 2021). Amid a global 
context, India constitutes 18% of the world's populace but only possesses approximately 4% of its water 
resources. A case in point is Tamil Nadu, an Indian state, which harbors merely 2.5% of the nation's water 
resources despite accommodating 6% of its population. The Coimbatore district within this region also 
grapples with groundwater depletion due to insufficient rainfall. In locales grappling with water scarcity, 
hydrological modeling of river basins serves as a pivotal instrument, facilitating the formulation of strategic 
watershed management and planning approaches (Almeida et al., 2018). The water balance equation stands 
as a vital means to quantify major hydrological processes, enabling the identification of periods marked by 
rainfall deficits or surpluses and enabling the precise determination of available water at any given juncture. 

2. LOCATION OF THE STUDY AREA 



 

 
 

The Noyyal River is a tributary of Kaveri River originates from the Vellingiri hills of Western Tamil Nadu and 
flows through 340 villages of Coimbatore, Erode Karur and Tirupur districts. The total area of Noyyal river 
basin is about 3537.5 sq.km which extends from 10° 53' 49" to 11° 19' 18" of North latitudes and 76° 39' 
21"to 77° 57' 10" of East longitudes. The length of the basin is about 180 km and 25 km wide on average. 
The Noyyal river typically follows a seasonal pattern, with its flow occurring primarily during the months of the 
north-east monsoon.  

 

Fig.1. Location map of Noyyal River Basin 

                                         3. MATERIALS AND METHODS  

Soil and Water Assessment Tool (SWAT) model uses DEM to divide a watershed into sub-basin and 
develop Hydrological Response Units (HRUs) based on topography, landuse, soil and other factors has 
been used to estimate runoff, making it favorable for comprehending water availability (Wu and Xu, 2005).  
The model output all water balance components (surface runoff, evaporation, lateral flow, recharge, 
percolation, sedminent yield etc.) at level of each watershed and are available at daily, monthly or annual 
time steps. The hydrological cycle as simulated by SWAT is based on the water balance equation: 
 

                                     𝑺𝑾𝒕 = 𝑺𝑾𝟎 +   (𝑹𝒅𝒂𝒚
𝒕
𝒊=𝟏 −𝑸𝒔𝒖𝒓𝒇 − 𝑬𝒂 − 𝑾𝒔𝒆𝒆𝒑 − 𝑸𝒈𝒘) 

 
where 𝑺𝑾𝒕 is soil water content on day t (mm),  𝑺𝑾𝟎  is the initial soil water content in mm, t is the time 
(days), 𝑹𝒅𝒂𝒚 is precipitation on day i (mm), 𝑸𝒔𝒖𝒓𝒇 is surface runoff on day i (mm), 𝑬𝒂 is evapotranspiration i 

(mm), 𝑾𝒔𝒆𝒆𝒑 is water entering the vadose zone from the soil profile i (mm) and 𝑸𝒈𝒘 is return flow i (mm). 

https://en.wikipedia.org/wiki/Kaveri_River
https://en.wikipedia.org/wiki/Tamil_Nadu


 

 
 

 

Fig.2. Flowchart for Runoff assessment using SWAT 

 

3.1 Preparation of Input data for SWAT Model 

3.1.1. Digital Elevation Model (DEM): A high-resolution DEM provides information about the topography, 
elevation, and flow direction within the watershed. The DEM is used to delineate the watershed boundary, 
derive the flow network, and calculate slope and flow accumulation. In this study DEM was prepared with the 
SRTM (Shuttle Radar Topography Mission) 1 Arc-second global data which is downloaded from the USGS 
earth explorer. The DEM for our study area was obtained using the "Extract by Mask" tool, isolating the 
relevant geographic region. Subsequently, the DEM was projected onto the WGS 1984 UTM Zone 43N 
coordinate system. 

3.1.2. Land Use/Land Cover (LULC): Land Use/Land Cover (LULC) data is crucial for HRU analysis. It 
classifies different land uses within the watershed, dividing it into sub-basins based on land use patterns. 
HRUs are then delineated by combining LULC data with soil and slope information. Each HRU represents a 
homogenous area with similar hydrological responses. SWAT uses LULC-specific runoff coefficients to 
calculate surface runoff from each HRU, and LULC-specific ET rates to estimate water loss through 
evapotranspiration. This LULC is prepared with Esri Sentinel-2 10m Resolution Landuse/Landcover data. 
The data set describes the different land cover types present in the River basin shown in table 1. 



 

 
 

Table 1. Area of Land Use/ Land Cover 

S.no Name 
Area 

(Sqkm) 
Percentage 

1 Water 177.12 5.01 

2 Forest 296.43 8.37 

3 Pasture 0.24 0.01 

4 Agricultural Land Generic 1986.18 56.10 

5 Agricultural Land Close grown 1079.66 30.50 

6 Residential 0.69 0.02 

7 Barren land 0.01 0.00 

 Total 3540.33 100 

 
3.1.3. Soil Map: Soil map includes information about soil properties and characteristics within the watershed, 
such as soil texture, depth, permeability, and water-holding capacity. These properties influence infiltration, 
groundwater recharge, and water retention in the soil. The soil map is prepared from the Food and 
Agriculture Organization (FAO) soil database. FAO provides comprehensive soil data, including soil 
properties and classifications, which are incorporated into the SWAT model to accurately simulate 
hydrological processes, erosion, and nutrient transport in watersheds. The study area which is classified into 
5 types of soil majorly covered with clay loam soil. 

3.1.4 Slope: Slope is a critical factor in runoff estimation as it directly influences the speed and volume of 
water movement across a landscape. The degree of slope impacts surface runoff by affecting the rate of 
infiltration, soil erosion, and ultimately the generation of streamflow. Steeper slopes generally result in faster 
runoff, reduced water retention, and increased potential for erosion, leading to more rapid response to rainfall 
events. In contrast, gentler slopes allow for greater water infiltration and slower runoff, contributing to better 
groundwater recharge and decreased erosion potential. 

3.1.5 Meterological Data: SWAT necessitates daily records of rainfall, minimum and maximum 
temperatures, daily solar radiation, daily relative humidity, and wind speed for various activities. The data for 
rainfall and temperature in the Noyyal river basin are sourced from the State Ground and Surface Water 
Resource Data Centre located in Taramani, Chennai. Here 33 years from 1989 to 2021 of daily weather 
information is used. 

 



 

 
 

Fig.3. DEM, LULC, Soil and slope map of Noyyal River Basin 

 

3.2. MODEL SETUP 

Conducting various simulations in SWAT involves a comprehensive four-stage process, which consists of the 
following steps: (1) Watershed Delineation, (2) HRU (Hydrologic Response Unit) Analysis, (3) Weather 
Generation, and (4) SWAT Run or Simulation (Satheesh and Ashwini, 2020). The results and findings 
obtained for each of these stages are elaborated upon in the subsequent sections. 
To begin with, a Digital Elevation Model (DEM) was utilized for watershed delineation, which produced a 
stream network depicted in Fig.3. Following the establishment of the stream network, SWAT was employed 
to automatically identify outlets within the network, thus creating sub-basins. Additionally, a primary outlet for 
the entire watershed was manually designated to define the watershed boundaries. In total, 21 sub-basin 
outlets were assigned automatically, while the main outlet for the entire watershed was assigned manually. 
The delineation of sub-basins using these outlets resulted in 21 distinct sub-basins, with the main outlet for 
the entire watershed located within sub-basin number 21 Fig.4. After completing the watershed delineation 
process, the land use map, soil map, and slope map were superimposed onto the watershed to conduct HRU 



 

 
 

analysis. Through this analysis, the entire watershed was divided into 217 HRUs, aligning with the 21 sub-
basins obtained during the watershed delineation. The model necessitates daily precipitation and 
temperature data, which can be incorporated into the current project in SWAT. This involves the inclusion of 
weather station locations and the allocation of weather data to specific sub-watersheds. In this case, data 
spanning 33 years (from 1989 to 2021) for daily rainfall, daily maximum temperature, and daily minimum 
temperature from 5 rain gauge stations have been utilized. The "Write Input Tables" tool on the ArcSWAT 
toolbar allows users to integrate weather station locations into the project and associate weather data with 
individual sub-watersheds. Each sub-watershed is linked to a specific gauge for each type of weather data 
loaded. Following this preparatory step, the model is executed to simulate surface runoff. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                 Fig.4. Delineation of Sub-basin of Noyyal River Basin 

 

4.RESULT AND DISCUSSION  

The SWAT simulation conducted over the watershed for the period 1989-2021, with a 5-year warm-up phase, 
revealed an average runoff depth of 206.70 mm over 33 years. The substantial variation in maximum runoff 
during 2015 (610.32 mm) and minimum runoff in 2013 (11.17 mm) underscores the dynamic nature of the 
watershed's hydrological behavior. The basin-wise analysis highlights sub-basins 19 and 21 as the highest 
contributors to runoff, indicating their susceptibility to factors promoting runoff generation. Conversely, sub-
basins 4 and 18 exhibit the least runoff, potentially due to their topographical or land use characteristics. The 
presented graphical representations (fig.4 & 5) emphasize the annual and basin-specific runoff trends, 
providing insights into the temporal and spatial dynamics of runoff patterns. 
The alteration of land use is recognized as a significant contributor to surface runoff. Abundant vegetation 
cover encourages minimal surface runoff, whereas areas with sparse vegetation or exposed surfaces tend to 
experience higher runoff rates. Subsequently, sub-basin 21 exhibited the highest runoff levels, primarily 
because a substantial portion of the basin was covered by scrubland with limited vegetation and cultivated 
land. Conversely, sub-basins 4 and 18 displayed the lowest runoff levels, likely due to their forested terrain 
which facilitated effective infiltration and could account for the reduced runoff observed in these areas. 
Further, this runoff estimation is useful for allocation of water for irrigation, domestic and Industrial needs.  

 

 



 

 
 

 

Fig.4.Yearly rainfall and runoff for Noyyal River Basin 

 

 

                        

Fig.5. Basin wise runoff depth for Noyyal River Basin 

 

6. CONCLUSION 

ArcSWAT proves to be a user-friendly tool for efficiently delineating watersheds and calculating runoff using 
minimal input data. In this investigation, the watershed was subdivided into 21 sub-basins, resulting in an 
average runoff of 206.7 mm for the Noyyal river basin. Over a span of 33 years, from 1989 to 2021, the 
average rainfall measured 744.26 mm. This study unveils that approximately 25.6% of the water resources 
have manifested as runoff over the last three decades. The primary objective of this research lies in gauging 
the overall water availability for precise water budgeting, while also serving as a foundation for the 
implementation of soil and water conservation strategies within the Noyyal River basin. 
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