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Abstract

In river basins, high flow periods cause rivers to reach peak water levels, creating challenges with
excess water, while low flow periods lead to water shortages, stressing the system. These
hydrological extremes result in floods during high flows and droughts during low flows. In basins
with highly variable precipitation, such as those in developing economies like Ethiopia, floods and
droughts severely affect communities and their assets due to limited funding for water
infrastructure and poor coordinated water management. The Awash River basin, for example,
frequently faces significant flood and drought challenges. Nowadays flood is a series problem in
most areas of the world including the Awash River basin. A flood occurs when river flow surpasses
a threshold, which is an arbitrary value varying by context. Robust estimation and prediction of
flood risk and flood hazard is so important. Hydrological extremes comprise of several interrelated
variables. For instance, flood comprises of variables such as flood peak, flood volume and flood
duration. For more accuracy of probability and return period estimations, taking into consideration
of multiple thresholds and annual maximum series as compared to single threshold or the annual
maximum series alone is essential. Bivariate models, which account for multiple variables, provide
more precise flood risk assessments and better infrastructure design compared to univariate models
that focus on a single variable. Design of water structures such as spillway based on univariate
flood risk analysis may be faulty and it may not have the capacity to convey safely the excess flood
coming into a reservoir. The flood volume is an important variable as equally as the flood peak in
describing the flood situation. Bivariate flood risk modelling by comparing various copulas and
bivariate distributions for flood risk analysis, flood hazard assessment and for design of structures
such as spillways is so vital. Estimation of natural flows using a hydrological model such as SWAT
is required in order to study the univariate and bivariate nature of floods. Besides, addressing the
problems associated within the SWAT model is essential. Thus, analyzing both univariate and
bivariate aspects of floods is vital for evaluating their severity, risks, and hazards, and for
enhancing integrated water resource management in the Awash River basin. Additionally,
estimating flood variables like extent, depth, and velocity with reasonable accuracy requires
hydrodynamic models such as HEC-RAS and iRIC, where selecting an appropriate grid size is
critical for reliable results. Hydrologic models are expected to be streamlined representations of

the actual system. They serve for research purposes of boosting knowledge and comprehension of



the hydrological processes governing the actual system and are used as instruments for streamflow
prediction and modelling. In order to characterize the real-world system as well as to understand
the hydrological processes governing the actual system the parameters of the system are required
to be assigned with the correct values. The parameters’ values vary as detail watershed
characteristics vary. For a process-based model, the default parameter values have to vary as the
detail catchment physiognomies vary. Employing the SWAT, modeling hydrology of the Awash
River Basin has been done by considering different resolutions of DEM for various user defined
threshold levels. The model default values for numerous parameters, especially groundwater
parameters, were not varying as the catchment characteristics varied. Keeping other parameters at
their default values, a change in curve number value alone has not been found improving the model
Nash-Sutcliffe efficiency. Equifinality has been observed while calibrating and validating the
model even with small number of parameters. Number of HRUs, number of parameters and range
of values of the parameters have been found affecting the quotient of equifinality and the Nash-
Sutcliffe efficiency value. Assigning appropriate optimal values to the physical parameters for the
Awash River Basin have been found impossible with the SWAT hydrological modelling platform.
Based on the calibration and validation results of the Nash-Sutcliffe efficiency values, the natural
flows have been simulated using the SWAT model in the presence of equifinality, system non-
identifiability and with the assumption that the basin characteristic details do not change. The
simulated natural flows have been used for univariate and bivariate flood risk modelling as well
as hydrodynamic modelling of the Awash River. Bivariate flood risk modelling has been done
using copulas and bivariate distributions at different gauge stations of the Awash River by
employing new methodological approach to estimate the unconditional probabilities and return
periods by considering different threshold levels and the annual maximum series as prior
information. Hydrodynamic modelling in Awash River Basin with special focus on variation of
grid size and centerline using iRIC and HEC-RAS models have been studied for a given bivariate
return period of flood. Parameters’ values for the different copulas were approximated by
maximum likelithood method using the Markov Chain Monte Carlo and local optimization
algorithms. For some of the copulas when there has been found dissimilarity between the estimated
copula parameters using the two optimization algorithms, the Root Mean Square Error for the
Markov Chain Monte Carlo optimization algorithm has been found smaller than that of the local

optimization algorithm. There were not found significant changes in Nash-Sutcliffe efficiency



values among most of the copulas. The Nash-Sutcliffe efficiency may not be a good criterion for
selection of copulas. The Bayesian Information Criteria has been used as goodness of fit criteria
to select marginal distributions and copulas to the flood peaks and flood volumes at different gauge
stations of the Awash River. A substantial difference in magnitude flood as well as in extent of
inundation have been observed among the different grid sizes in both the hydrodynamic models.
The output results of the Nays2D Flood of iRIC model have been found varying as the centerline
was changed. As the grid size is smaller the variation of the magnitude of flood and the extent of
inundation variation due to the centerline has been found to reduce. Similar results of flood
magnitude and inundation extent for both the models i.e., iRIC and HEC-RAS have been found
when the grid size is smaller. The maximum depth of flow was found directly linked to the flood
peak magnitude provided that the flow at the outlet is free outflow. While the flow depth at the
finale of the flood has found related not only to the flood peak magnitude but also to the flood

volume.
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