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Abstract
Objectives: Precipitation is a major component of the hydrological cycle. Pre-
cipitation varies in intensity throughout time and space. The discharge at the
outlet of the catchment is directly proportional to the precipitation received in
the catchment. The current research looks at the precipitation as well as dis-
charge patterns in the Sagar and Kokkarne catchments in the Western Ghats
of Karnataka, India. Methods: In the present research, the soil water assess-
ment tool (SWAT) has been applied to monitor and quantify the streamflow
of the Sagar and Kokkarne catchments. Precipitation and discharge analysis
for the period of 2021-2050 for both of the catchments is carried out. The
seasonal and yearly discharge patterns of the catchments were studied using
the Coordinated Regional Downscaling Experiment-South Asia data for the
RCP 4.5 scenario for the period 2021-2050. Findings: During the Southwest
monsoon and Northeast Monsoon, about 81.44 % and 14.22 % of the precip-
itation in Sagar catchment and about 87.34 % and 6.93 % of the precipitation
in Kokkarne catchment were obtained respectively. The contribution of the
Southwest Monsoon in both the catchment is greatest, followed by the North-
east monsoon. During the period 2021-2050, less than 80 % probability of
discharge is expected for 23 years and more than 20 % probability of dis-
charge is expected for 4 years. The maximum discharge expected in Sagar
and Kokkarne catchments are 16.96 m3/sec and 213.87 m3/sec respectively.
Novelty: The patterns of the precipitation and discharge of two different
catchments on each side of the Western Ghats of Karnataka are compared in
the current study to understand the impact of climate change on catchment
hydrology in these regions.

1 Introduction
Precipitation and temperatures are regarded as fundamental elements in the climate,
as both of these parameters govern the climatic condition of a certain place, which
influences agricultural output. One of the most important global issues discussed by
scientists are global warming and climate change. The varying precipitation patterns
and an increase in temperature are two of the effects of climate change that have adverse
impacts on monsoon arrival and departure timings, and extreme precipitation
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occurrences in India (1). The precipitation quantity and timing are predicted to change as a result of increased evaporation due
to global warming, particularly in the tropics (2). Precipitation patterns and precipitation quantity are among the most critical
factors that influence crop production. India is predominantly an agricultural country, where agriculture is

critical for the economy of the country and the survival of its people. Agriculture generates a significant contribution to
the GDP of the country (3). For employment, nearly 53 % of the population of India is dependent on agriculture (4). Although
crop productivity has improved dramatically as a result of the green revolution, crop production, primarily governed by natural
precipitation, and agricultural commodities are considered to be the mainstay of the people of India (5), notwithstanding the
so-called advancements in industrialization. The southwest monsoon (June–September) is the main source of precipitation in
the country, except for the southeast region of peninsular India and parts of Jammu and Kashmir. During the monsoon season
alone, most parts of India receive more than 75 % of its annual precipitation (6). Drought and flood years have a significant
impact on the economy of the country as well as the living conditions of residents of the affected regions (7).

The Soil and Water Assessment Tool (SWAT) model has been widely utilised to evaluate basin hydrology under RCP 4.5
global climate change scenarios using CORDEX-SA data in studies like (8–10). Many studies like (11–13) carried out using the
SWAT model to investigate the effects of climate change on rainfall and streamflow indicate that future rainfall patterns are
extremely likely to vary but, the direction of change in rainfall is cannot be perfectly predicted as it is dependent on the
GCMs/RCMs used as well as the downscaling approach used. To simulate basin hydrology, the SWAT model was examined in
theWestern Ghats region (14–16) proving the adaptability, dependability, and appropriateness of the SWATmodel as a hydrology
model to use for planning and management of water resources. Many scholars belonging to different geophysical domains have
studied the consequences of climate change. For example, here are some reviews of relevant research in recent times (17–21).
However, none of these research works represented a study on seasonal water availability. Further sufficient research work in
the Western Ghats region has also not been reported. And also, appropriate streamflow measurement is critical for agricultural
watershedmanagement and its impact on a variety of water balance parameters. Hence the present researchwork has been done,
which gives information on precipitation and discharge patterns and their associated variability in the two different catchments
which lie on the east and west side of Western Ghats.

The major goal of this research is to examine the variability and trend of precipitation and discharge in the Sagar and
Kokkarne catchments. Following are the objectives of the study, 1) To assess the season-wise distribution of average precipitation
(2021-2050) 2) To assess the water availability in the catchments 3) Seasonal Discharge analysis.

2 Data used and Methodology

2.1 Study area

BothVarada and Seetha rivers originate in theWesternGhats of Karnataka, India at an elevation of 610mand 980mabovemean
sea level (MSL). The delineated watershed area of the Sagar catchment (Varada river) is 81 km2 and the Kokkarne catchment
(Seetha river) is 385 km2. The location map of the study area is shown in Figure 1.

2.2 SWAT Model

The SWAT is a physically-based model. River discharges are simulated by using the Soil and Water Assessment Tool (SWAT
model) (22). The rainfall-runoff model usually works on a daily time scale and accommodates spatial heterogeneities by splitting
the delineated watershed into various hydrological response units (HRUs). Each HRU is made up of a unique mix of soil, land
cover, and elevation.Themodel predicts the hydrology of eachHRU, taking into account thewater balance of daily precipitation,
surface runoff, evapotranspiration, percolation into the ground, and return flows. The SWAT model analyses the discharge of
each sub-basin and guides the streamflow to the outlet of the watershed.TheArc-SWAT addon for ArcGIS is used in performing
the pre-processing and model setup

The SWAT hydrological model for both catchments was calibrated by using gridded data obtained from the Indian
meteorological department (IMD), discharge data from the Water Resource Development Organization, and several other data
inputs. A sensitivity analysis is a critical factor in understanding how variables influencemodel behaviour before the calibration
method is carried out. In hydrological modelling, sensitivity analysis is a function that investigates how model outputs vary as
a result of changes in model parameters. The sensitivity analysis helps to reduce the number of parameters used in calibration.
For modelling both the catchments, the SWAT model was calibrated using the Latin hypercube–one factor at a time (LH-OAT)
approach (23), which specifies eight critical parameters that regulate themodel. During calibration (1991) and validation (1997),
a one-year warm-up period was employed. The model’s calibration and parameterization for the years 1992-1996 were done
manually using a heuristic technique on a monthly time step. Lastly, the validation procedure was carried out on a monthly
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Fig 1. Location map of the study area

time step for the years 1998-2002. For the Sagar catchment, R2 andNSE were 0.72 and 0.74 during calibration and 0.71 and 0.70
during validation. For the Kokkarne catchment, R2 and NSE were 0.75 and 0.73 during calibration and 0.72 and 0.71 during
validation.

2.3 Data

The various sources of data are utilized in the creation of the Soil Water Assessment Tool (SWAT) model. The Daily rainfall and
temperature data for 1991-2020 is obtained from IndiaMeteorological Department (IMD).TheDaily discharge data is obtained
from Water Resources Development Organisation (WRDO). Bangalore. Digital Elevation Model (DEM) is downloaded from
Shuttle Radar Topography Mission (SRTM). Soil map and Land-use/land-cover maps (LULC) are obtained from Food and
Agricultural Organization (FAO) and Water Base Worldwide Dataset respectively. The RCP 4.5 data of future climate variables
fromACCESS1-0, GFDL-CM3, CNRM-CM5,MPI-ESM-LR, NorESM1-Mdownscaled to the South Asian region was acquired
from the Indian Institute of Tropical Meteorology, Pune (Table 1 ). The ensemble mean of bias-corrected temperature and
precipitation data is given as an input to run the SWAT model (24). The SWAT model is employed in the present study to
understand the impact of climate change on catchment hydrology (13).

Table 1. List of CMIP5 GCMs CORDEX-SA data for RCP 4.5 Scenario
GCMs ACCESS1.0 CNRM-CM5 GFDL-

CM3
MPI-ESM-LR NorESM1-M

Horizontal grid spacing (lon x lat) 1.8750 x 1.250 1.40 x 1.40 2.50 x 2.00 1.90 x 1.90 2.50 x 1.90
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2.4 Methodology

The steps followed in this research are as given below:
1) SWATmodel is used to simulate both the catchments, with the required data inputs.The discharge output of the developed

SWAT model is employed in the analysis of the current study.
2) The season-wise distribution of average precipitation in both the catchments is analyzed.
3) The water availability in both the catchments during the future period 2021-2050 is assessed
4) The seasonal discharge analysis is carried out to calculate the average discharge during monsoon, post-monsoon, winter,

and summer seasons of the future period 2021-2050.
5) The seasonal discharge analysis is also carried out to find out which years are projected to receive a discharge with more

than 20 % and less than 80 % probability level.

3 Results and Discussions

3.1 Season-wise Distribution of Average Precipitation (2021-2050)

The seasonal distribution of precipitation exhibited significant fluctuations during themonsoon, post-monsoon, pre-monsoon,
and winter seasons for both the catchments is shown in (Table 2) (Figure 2). In the Sagar

catchment, for the rainy season, the southwest monsoon is expected to deliver around 81.44 % of the annual precipitation
or about 1484.28 mm, while the effective precipitation was 648.43 mm. Post-monsoon and winter seasons each provide around
14.23 % and 0.62 %. Further, the pre-monsoon precipitation contributes 3.71 % of annual precipitation, with an average of
67.53 mm and effective precipitation of 63.73 mm. On the other hand, in the Kokkarne Catchment, monsoon, post-monsoon,
winter and summer seasons each provide rainfall with an average of 3554.32 mm, 282.39 mm, 9.92 mm, and 222.76 mm with
contributions of 87.34 %, 6.94%, 0.24 %, and 5.47 % of annual precipitation and effective precipitation of 855.43 mm, 203.89
mm, 9.76 mm, and 182.95 mm respectively. The monsoon season is the main source of rain in both the catchments with the
highest rainfall contribution as reported by other studies (25,26). Post-monsoon rainfall delivers the second-highest contribution
and winter rainfall delivers the least contribution towards the annual rainfall in both the catchments as reported by studies
like (27).

Fig 2.Precipitation distribution in different seasons in a) Sagar b) Kokkarne catchment based on 30-years long-termprecipitation (2021-2050)

Pe f f = P (125−0.2P)
125 f or P < 250 (1)

Pe f f = 125 + 0.1P f or P ≥ 250mm (2)
Where-Pe f f is monthly effective rainfall (mm) and P is the monthly total rainfall
The precipitation distribution in different seasons for both catchments is shown in Table 2. The effective precipitation,

which has a substantial impact on the optimal allocation of irrigation water resources, was taken into consideration to help
in planning objectives. The rice-wheat farming strategy can be used to take advantage of the effective precipitation distribution
in the research area. The effective rainfall can be calculated using the formula 1 and 2. As the monsoon season precipitation
is maximum among all other seasons, it is better to find a potential method for storing excess precipitation in an on-farm
reservoir, which would otherwise get wasted to be runoff or evaporation. Using this excess precipitation during the monsoon
season, a guideline for groundwater recharge might also be developed. A good balance of groundwater can be maintained, with
limited extraction during the monsoon period and the adoption of the groundwater recharging method. Growing high-value
post-monsoon crops without extra irrigation facilities would be problematic since post-monsoon precipitation is found to be
more unpredictable and variable than monsoon precipitation.
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Table 2. Precipitation distribution in different seasons in a) Sagar b) Kokkarne catchment based on 30-years long-term precipitation
(2021-2050)

Sagar catchment Kokkarne catchment
Seasons Average rainfall

(mm)
Effective rain-
fall (mm)

% of annual
rainfall

Average rainfall
(mm)

Effective rainfall
(mm)

% of annual rain-
fall

Monsoon
(June- September)

1484.28 648.43 81.44 3554.32 855.43 87.34

Post-monsoon
(October-
December)

259.32 190.76 14.23 282.39 203.89 6.94

Winter
(January- February)

11.33 11.13 0.62 9.92 9.76 0.24

Pre-monsoon
(March- May)

67.53 63.73 3.71 222.76 182.95 5.47

Annual 1822.47 914.05 100.00 4069.39 1252.03 100.00

3.2 Water Availability

The average annual discharge in Sagar and Kokkarne catchments is projected to be16.96 m3/sec and 213.87 m3/sec. Annual
discharge with 20 % and 80 % probability levels for a) Sagar catchment and b) Kokkarne catchment is shown in Figure 3. The
orange line indicates a 20 % probability level and the grey line indicates an 80 % probability level of seasonal discharge in the
graph. In both the catchments from 2021 to 2050, for nearly 04 years, the discharge wasmore than 20% probability level and for
nearly 06 years, the discharge was less than 80 % probability level. The years which are projected to receive discharge more than
20 % probability level during this time period are 2023 (23.60 m3/sec), 2024 (24.58 m3/sec), 2031 (21.65 m3/sec), 2038 (23.21
m3/sec) and 2041(23.53 m3/sec) in Sagar catchment and 2025 (250.78 m3/sec), 2031 (251.91 m3/sec), 2041 (276.48 m3/sec),
2043 (245.52 m3/sec) and 2046 (248.63 m3/sec) in Kokkarne catchment. The years which are projected to receive discharge
less than 80 % probability level during this time period are 2026 (10.34 m3/sec), 2032 (11.08 m3/sec), 2037 (11.51 m3/sec) ,
2040 (12.50 m3/sec), 2049 (9.33 m3/sec) and 2050 (12.00 m3/sec) in Sagar catchment and 2026 (167.70 m3/sec), 2028 (188.61
m3/sec), 2032 (161.24 m3/sec), 2037 (172.95 m3/sec), 2040 (188.51 m3/sec) and 2049 (160.58 m3/sec) in Kokkarne catchment.
The highest discharge of 24.57 m3/sec in the year 2024 and 276.48 m3/sec is projected for the year 2041, while the lowest
discharge of 9.32 m3/sec in the year 2049 and 160.58 m3/sec is projected for the year 2049 for Sagar and Kokkarne catchments
respectively. In both, the catchments, an increase in the discharge is evident with an increase in the rainfall received in the
catchment as reported by studies (28–30).

Fig 3. Annual discharge with 20 % and 80 % probability levels for a) Sagar catchment b) Kokkarne catchment

3.3 Seasonal Discharge

The years which are projected to receive discharge more than 20 % probability level and less than 80 % probability level during
monsoon, post-monsoon, winter, and summer seasons of the time period under consideration have been plotted as graphs as
shown in Figure 4 and Figure 5 corresponding to Sagar and Kokkarne catchments respectively. The years 2026, 2049, and 2050
are projected to have discharge less than 80 % probability during all the seasons in the case of the Sagar catchment.The seasonal
discharge is highest in monsoon and lowest in the summer season for both the catchments. However, the quantity of discharge
in all four seasons is higher in the Kokkarne catchment as compared to the Sagar catchment. This is because- the delineated
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area and rainfall received in the Kokkarne catchment are higher than in the Sagar catchment.

Fig 4. Season-wise discharge for Sagar catchment a) Monsoon season b) Post monsoon season c) Winter season d) Summer season

Fig 5. Season-wise discharge for Kokkarne catchment a) Monsoon season b) Post monsoon season c) Winter season d) Summer season

The average discharge for SWM, NEM, Winter, and summer seasons are 10.99, 3.83, 1.51, and 0.61 m3/sec for Sagar
catchment and 157.08, 31.30, 17.59, and 7.88 m3/sec for Kokkarne catchment. The number of years in each season which
are projected to receive discharge more than and less than the seasonal average discharge is shown in Table 3. Except for the
summer season, the number of years with more than seasonal mean discharge is lesser than the number of years with less than
seasonal mean discharge is higher in the Sagar catchment. The seasonal rainfall analysis of the present study can be helpful in
assessing food grain yields in the future as the variations in monsoon season rainfall have a direct impact on total food grain
yield (31,32).The increases or decreases in rainfall are usually accompanied by an increase or decrease in food grain yield.There is
no evidence of a similar correlation during the winter season food grain production. Variations in post-monsoon precipitation
do not have a direct impact on the Rabi crop. in many parts of our country, the summer season rainfall affects the Rabi crop
through water and soil moisture availability (33). The Rabi crops usually being produced on residual soil moisture (34), and the
droughts can affect crop productivity in the region. Though a drop-in rainfall amount during the monsoon season reduces crop
yields, the occurrence of continuous rainfall breaks has a negative impact on crop growth, resulting in lower crop yields.

Table 3.The number of years with discharge more than and less than the season-wise average discharge for Sagar and Kokkarne catchments.
Monsoon Post monsoon Winter Summer Annual

Sagar
catchment

More than mean 13 12 14 17 14
Less than mean 17 18 16 13 16

Kokkarne
catchment

More than mean 15 14 15 16 16
Less than mean 15 16 15 14 14
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This analysis can be used to decide the cropping pattern. For long-term sustainability, alternate cropping systems such
as maize-lentil, soybean-chickpea, soybean-lentil, and maize-chickpea, which have lesser water requirements in addition to
precipitation can be recommended. As a result of this, irrigation requirements can be reduced. If rice is to be planted, then short-
duration and moisture stress-tolerant cultivars should be preferred over long-duration cultivars. To help reduce the amount
of water required for puddling, techniques such as the aerobic method or direct dry-seeding should be used. Soil and crop
management practices such as broad-bed and furrow planting, crop residue retention, and conservation tillage could be used
to conserve soil moisture.

4 Conclusions
The present study has been conducted to analyse the rainfall and discharge patterns in different catchments. This study can be
very helpful in the process of planning the agricultural operations like cropping patterns and preparation of land for sowing
ahead of time which can improve crop yield and bring about economic benefits Following are some of the conclusions of the
present study

• Both the catchments received the most precipitation during the southwest monsoon and Northeast monsoon seasons.
• For the Sagar catchment, the average SWMprecipitation was 1484.28mm, which is 5.72 timesmore than the average NEM

precipitation.
• For the Kokkarne catchment, the average SWM precipitation was 3554.32 mm, which is 12.58 times more than the average

NEM precipitation.
• Sagar catchment is projected to receive 81.44%, 14.23%, 0.62%, and 3.71% out of total annual precipitation, during SWM,

NEM, winter, and summer, seasons respectively.
• Kokkarne catchment is projected to receive 87.34 %, 6.94 %, 0.24 %, and 5.47 % out of total annual precipitation, during

SWM, NEM, winter, and summer, seasons respectively.
However, the limitation of the current study is that the impact on the hydrological cycle due to reduced greenhouse gas

emissions caused by the recent pandemic-related lockdown restrictions has not been considered. The analysis in the present
study helps the farmers to take up necessary contingency preparations as andwhen needed.The present research about seasonal
precipitation distribution and discharge of the catchments can be of great help in formulating the guidelines for appropriate
crop planning and soil water conservation in Sagar and Kokkarne catchments.
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