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ABSTRACT

Floods are causing increasing harm worldwide, with regional differences, and India is
expected to experience higher-than-average losses in life, infrastructure, and the economy. A
comprehensive understanding of flooding behavior based on observational data is vital for various
aspects of flood management. Yet, catchment characterization studies are generally limited to case
studies or smaller regions. The heterogeneity of catchment characteristics, analysis periods, chosen
hydrological indices, and methods lead to fragmented and sometimes contrasting scientific
findings that can’t be applied at large scales. On the other hand, with ever-increasing geospatial
datasets, increased accessibility to streamflow observations, and advancements in computational
resources, there is an opportunity for large-sample hydrological studies for a comprehensive
characterization of floods globally and nationally. This dissertation addresses three key science
questions embracing large-sample hydrology: (1) How do catchment characteristics influence high
streamflow extremes across the globe?; (2) Is there any change in the nature of flooding in India
over the last few decades?; (3) How do catchment characteristics influence the floods in India, and
to what extent can these relationships help extrapolate the hydrological signatures over ungauged

catchments?

The first empirical investigation in this research focuses on characterizing streamflow
extremes across 9,700 catchments worldwide, using multiple physiographic explanatory variables
derived from various global archives. Along with the spatial and temporal variations of high
streamflow extremes, their correlation with catchment characteristics, such as geomorphology,
meteorology, climatology, landcover, lithology, etc., were examined to identify the first-order
relationships and relatively most dominant factors in varying climate classes. The relationships
derived help us to understand the hydrological processes in various climates across the globe,
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which play a crucial role in flood modeling and assessing the nature of extremes, consequently
implicating risk management methods. At the same time, using a globally representative
observational streamflow dataset and Gini coefficients, this study investigates how streamflow
inequality varies spatially and temporally and its relationship with different underlying catchment
characteristics. It is found that higher dam storage capacity in the catchment corresponds to more
evenly distributed streamflow availability throughout the year by reducing high stream flows.
Thus, by identifying the underlying socioeconomic factors leading to disparities in streamflow
inequalities across the globe, international organizations and local governments can identify

locations that need immediate attention.

Besides, one of the primary reasons hindering large-sample hydrological studies in
developing countries such as India is the limited hydrometric records and the unavailability of a
holistic database describing the physical characteristics of past flood events, such as flood level,
discharge, duration, etc. Hence, this dissertation addresses this critical issue by developing a
comprehensive event-based flood database called INDOFLOODS. This is the first-of-its-kind
flood events database for India, with a total of 8342 flood events observed between 1959 and 2020.
The database is augmented with many geomorphological, climatological, event-scale
precipitation, land cover, soil, lithology, and anthropogenic characteristics derived at the
catchment scale to cater to various applications advancing flood research and management in the
country. Subsequently, this database has been used to characterize normalized flood magnitudes
over India comprehensively. Envelope curves reveal that the maximum magnitude of floods in
India is much higher than those reported for the US and Europe. The investigation into
multidimensional relationships using random forests in conjunction with the SHAP model gave

insights into the combined and individual importance of catchment characteristics. The grouped



feature importance suggests that climatology contributes more (66.7%) to the model than
geomorphology (33.3%). Thus, the insights of this study play an important role in improved
understanding of flood mechanisms, large-scale modeling, and prediction at ungauged locations

in the country.

On the other hand, using the most representative streamflow records in India to date, we
identified a decreasing trend in flood magnitude across 76% of the catchments and regional
variation in the change of the timing of floods. Besides, we investigated if any continental-scale
climate signals lead to these trends in the country. In addition, our investigation delves into the
potential correlations between alterations in flooding and catchment characteristics. Our findings
reveal that there is a dampening of flood discharges within basins situated in arid climates and a
substantial influence of catchment size on changes in floods. Understanding these dynamics in
magnitude and timing and associated reasons leading to these changes is essential as they have an
impact on disaster management and water resources planning. Furthermore, with the aim of
finding the flooding characteristics at ungauged locations, two important hydrological signatures,
the mean annual peak discharge and flood severity, are extrapolated to ungauged locations from
the known values at gauged locations as a function of multiple catchment characteristics. Flood
events from INDOFLOODS are used to derive the flood severity at gauged locations based on a
newly proposed formula. Subsequently, a quantile random forest machine learning model has been

used to model and predict flooding variables and their uncertainties across the country.

By embracing data-driven science, this research provides extensive insights into flooding
behavior and the influence of catchment characteristics both globally and nationally. The public
release of all developed datasets enhances the potential for further knowledge accumulation and
advances flood research and management in the country.
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Gfed ok Hit-waft faosta afaes fsed e © fore 98 THm W ang=1el fasar o b
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ST GHTe H T & H1Y, e 3R IS wR W §1¢ & AU W&[Ul gl & forg
ST a1l ST [aT ST BT AR ¢ | (3) STl &7 $I [aRIyATd HRd H a1 &I fb
UbR YHII Bl &, TUT A WY fohd §a dep IR-ATUA fbT 71T Serigur &3l TR Sfed e
it faRvarat &1 A § Hag o Gavd o7

U MY T Ygdl Sgyasd Siid giHal 4R & 9,700 TaUgUl &3 T ¢RI UdTg ! aRH
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HT HaT A H Agayul YfewT Hurd § e uRomRasy sifes weieH fafdat &t
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