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ABSTRACT

Water resources play a crucial role in fostering sustainable socioeconomic development
within the region. However, the challenge of water scarcity is aggravated by factors such as
rapid population growth, expanding economic activities, and human interventions. The
escalating concerns regarding water security and hydrological extremes are not confined to
local regions but have evolved into global issues. Hence, there is an urgent need to examine
the susceptibility of catchment areas to the dual impacts of climate change and evolving land
use patterns. Climate change and alterations in land use are significant global challenges,
profoundly affecting the environment. The escalation in greenhouse gas emissions is driving
climate change, causing shifts in the distribution of water resources and significantly altering
hydrological cycles on both local and global scales. Consequently, climate change disrupts the
timing, magnitude, and patterns of runoff, potentially resulting in heightened flood risks to
agricultural lands, properties, and human lives. Furthermore, the combined effects of climate
change and land-use modifications possess the potential to dramatically alter natural resource
dynamics. The hydrological implications resulting from climate change and human
interventions can be best evaluated with the help of hydrological models. The hydrological
models have played a crucial role in evaluating water availability and formulating effective

water management policies over an extended period.

The present study aims to develop an integrated modelling framework for an improved
understanding of the hydrological response of the catchment in changing climate and landscape
and to assess the impacts of spatially and temporally dynamic patterns of land use and land
cover and climate change on the hydrology of the river basin. The objectives of this study
encompass the development of an integrated modeling framework, which merges a
hydrological model, climate model, and remote sensing techniques. Additionally, it aims to
quantify Land Use and Land Cover (LULC) changes using Geographic Information Systems
(GIS) and remote sensing methods. The research delves into analyzing the spatio-temporal and
seasonal variations in climate parameters, focusing on rainfall and temperature. Furthermore,
it seeks to assess the suitability of the Soil and Water Assessment Tool (SWAT) hydrological
model in simulating rainfall-runoff dynamics. The study also evaluates the performance of
various regional climate models for precise climate prediction. Lastly, it investigates the

impacts of both climate and LULC changes on the hydrological regime within the river basin.



The methodology employed in the present study integrates various techniques to
comprehensively assess the cumulative impacts of climate change and land use land cover
(LULC) changes on the hydrological regime of a river basin. The approach involves
combination of the hydrological model ArcSWAT, remote sensing, and a regional climate
model within an integrated hydrological modeling framework to evaluate the effects of land

use land cover (LULC) changes and climate variability on river basins hydrology.

The runoff simulation was carried using observed runoff data of 38 years, from 1979 to
2016. The model has performed very well in simulating runoff with statistical metrics
consisting of NSE values of 0.75 during calibration and 0.84 during validation, R? values of
0.72 and 0.84 for calibration and validation, respectively. The percent bias (PBIAS) values of
-24.80 for calibration and -19.10 for validation, the p-factor values 0.88 and 0.78 for calibration
and validation, respectively, and the r-factor values of 1.12 for calibration and 0.96 for
validation. The sensitivity analysis reveals that the ALPHA BF, CN2 and SOL_AWC

parameters were the most sensitive to streamflow and groundwater recharge.

The land use and land cover (LULC) derived from satellite imageries show significant
changes for the study area from 1996 to 2016. There was a modest increase in crop land
(1.74%) indicating changes in agricultural activities. The substantial growth of 2.53% is
observed in built-up land indicating urbanization and infrastructure development. Forest cover
decreased by 1.45%, and shrubland experienced a significant decline (4.39%), suggesting
deforestation for agriculture and development activities. Water bodies increased by 1.69%,
potentially due to changes in hydrological conditions and improved land management

practices.

The spatio temporatl variability analysis of climate parameters reveals that highly
concentrated precipitation occurring within a few months each year, rather than a uniform
monthly distribution. There is highly non-uniform distribution of precipitation over time. The
rainfall deviation analysis from the average rainfall indicates that 68 % of the yearly rainfall is
within the normal. The annual rainfall analysis for duration from 1961 to 2016 exhibits
variations around the average rainfall of 3372.45 mm. There is noticeable variability in annual
rainfall, with values ranging from as low as 2310.31 mm to as high as 5009.16 mm. The entire
period demonstrates a significant range of rainfall variability, with a standard deviation
indicating fluctuating around a central mean value.The monsoon and non-monsoon rainfall

show diverse trends across different decades. The analysis of monthly rainfall distribution



indicates that approximately 95% of the annual rainfall occurs during the monsoon season. The
temperature analysis reveals significant daily and seasonal fluctuations across nearly five
decades, with clear distinctions between warmer summers and cooler winters. The range for
both Tmax and Tmin indicated substantial variability, emphasizing extremes from 13.60°C to
37.60°C and 6.00°C to 25.30°C, respectively. The analysis reveals a slight upward trend in
both the daily maximum (Tmax) and minimum (Tmin) temperatures over the decades, aligning
with global patterns of climate change that suggest a warming climate.

The different climate models namely, CCCma-CanESM2, NOAA-GFDL-ESM2M,
CNRM-CM5, MPI-M-MPI-ESM-MR, IPSL-CM5A-LR, and CSIRO-Mk3.6 were evaluated
based on statistical performance parameters to find the best climate model representing the
Koyna river basin. A bias correction procedure are used to minimize the discrepancy between
observed and simulated variables on the daily time step. Among these evaluated climate
models, the CNRM-CM5 model exhibited a better performance in representing the study area’s
climate showing relative error, mean error, mean absolute error, mean squared error and root
mean squared error of 0.066, 42.57, 159.3, 57611.7 and 240.02, respectively. Future
projections indicate a notable rise in average monthly rainfall, especially by the end of century.
Across the catchment area, monthly average rainfall is expected to surpass the base period for
both RCP4.5 and RCP8.5 scenarios. Climate change is evidently causing significant alterations
in precipitation patterns, although the changes in rainfall remain within a 10% margin during
the monsoon period. The overall projected increase in annual mean maximum temperature is
1.64°C and 2.76°C under the RCP4.5 and RCP8.5 emission scenarios, respectively.
Furthermore, the projections indicate that the warming trend is more noticeable towards the

end century. This indicates a progressive warming trend throughout the study period.

The climate impact analysis revealed increases in runoff across various time horizons
of early, mid and end centuries, particularly during the monsoon season, under both RCP
scenarios. The projected increases in rainfall and temperature for future scenarios have
significant implications on hydrological processes. The rise in rainfall contributes to an
increasing trend in runoff. Additionally, the higher temperatures lead to increased
evapotranspiration rates. The combination of increased rainfall, and evapotranspiration
influences the recharge rate of groundwater systems and runoff generation in the catchment.
Runoff, evapotranspiration and recharge are equally affected by climate as well as land use
changes. The effect of land use and climate change on evapotranspiration and recharge are

observed to be more prominent in the study area. The findings underscore the pronounced
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impacts of these changes on runoff, evapotranspiration, and recharge within the Koyna basin,

reflecting the intricate interplay between land use patterns and climatic factors.

By employing an integrated hydrological modeling approach, this study provides
valuable insights into the future impacts of climate change and LULC changes on the
hydrology of the Koyna river basin. The study reveals that the Koyna river basin would face
more runoff in the future, and average flows are supposed to increase in monsoon. The
maximum temperature, minimum temperature, and precipitation peak will also tend to increase

in the future.

The findings contribute to the broader knowledge of sustainable water resource
management, providing a basis for informed decision-making in the face of climate variability
and landscape changes. These findings are particularly beneficial for water resource managers
and decision-makers, equipping them with essential information to devise strategies aimed at
minimizing the adverse effects of climate and land-use transformations within the catchment

area.

Keywords: Climate change, Hydrological modelling, Koyna river basin, Land use land cover

change, Remote Sensing
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