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ABSTRACT
Recent observations exhibit an increase in the frequency and intensity of
extreme precipitation events, which have strengthened the magnitude and
frequency of flooding. Thus, the ability to conduct spatially explicit simulations
of flood regimes at high resolution and large spatial extent within a reasonable
time is critical in determining the impacts and risks associated with these events.
The goal of this dissertation is to highlight the challenges in a large-scale flood
inundation modeling and to evaluate flood risk and floodplain regulation
standards in a changing environment by applying an integrated modeling
framework. The flood inundation responses associated with different model
parameterizations, digital elevation model errors, and reservoir storage
capacities were evaluated to understand their relative importance in a largescale flood simulation. A 20% increase in the base Manning’s n map resulted in
about 1% increase in the peak water depth value and around 2% (65 km2)
increase in the inundation area. The flood depth and velocity outputs from 880ensemble simulations were summarized to evaluate the potential changes in
flood risk, electricity infrastructure vulnerability, and floodplain regulation
standards under changing climate. It is observed that nine out of eleven
ensemble members project an increase in the flood inundation area in the future
period. At the 1% annual exceedance probability (AEP) level, the flood inundation
frequency curves indicate ~16 km2 increase in floodplain area under future
climate. The comparison between the flood depth frequency maps from the
baseline and future simulations indicated that, on average, ~80% of grid cells
exhibit from 0.2 m to 1.5 m increase in the flood depth values. The flood risk
analyses demonstrated a potential increase in the projected flood severity for
electric substations and building infrastructures in the future period. The
outcomes of the research are (1) supporting information to guide and prioritize
the development of future large-scale flood inundation modeling, (2) a better
understanding of how climate change may affect flood risk, electricity
infrastructures, and existing floodplain regulations, and (3) an alternative
floodplain delineation technique that incorporates the uncertainties from
climate data and selected flood events.
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