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Abstract

Over the last decade, observational and modelling studies have both indicated that the intensity
and frequency of rainfall extremes have increased. This increase has been linked to the human
emissions of greenhouse gases that cause the climate to warm. There is increasing evidence that
the largest changes in rainfall extremes are likely to occur for short duration events (less than a
day), enhancing the potential for flash flooding over urban catchments and fast responding rural
catchments. The economic, social and environmental effects of flash flooding are often
catastrophic, resulting in substantial damage to properties and fatalities due to its sudden onset
with little or no warning.

The understanding of changes in sub-daily rainfall extremes is of paramount importance to help
society in planning decisions about future flood risk resulting from climate change. Short
duration rainfall is important for urban catchments where there is substantial investment in
infrastructure. For instance, the design of urban water infrastructure for protection from
stormwater requires information on rainfall extremes at short temporal (minutes to hours) and
spatial (hundreds to thousands of meters) scales.

Although observational studies are valuable for exploring historical changes to extreme rainfall
patterns, future projections are usually obtained through the use of climate models to explore how
rainfall patterns will respond to future greenhouse gases concentrations. General circulation
models (GCMs) are sometimes used for estimating the effect of climate change on the intensity
and frequency of rainfall extremes under different greenhouse gases emission scenarios.
However, their coarse resolution fails to capture regional features of rainfall extremes such as the
size of convective storms (1-10 km?) that are usually smaller than the spatial resolution of GCMs.
By contrast, nested regional climate models (RCMs) are able to simulate the interactions between
large-scale circulation systems and local scale weather patterns and topography. RCMs have
proven to adequately simulate the statistical properties of rainfall extremes at daily and longer
durations; while for sub-daily durations, model simulations are often improved by applying bias
correction methods to match the observations. However, the evaluation of RCMs based on
extreme rainfall statistics do not provide insight into whether the model gets the right answers
(statistics of rainfall extremes) for the right reasons (correct representation of the underlying
physical mechanism leading to rainfall extremes) and whether it is recommended to use the
model simulations after applying any bias correction approach.

The purpose of the research reported in this thesis was to explore the use of physically
meaningful metrics to evaluate the capacity of regional climate models to simulate sub-daily
rainfall extremes. The research metrics will complement the standard suite of statistical metrics
that are commonly used for model evaluation studies. The physically meaningful metrics focus
on the skill of RCMs in reproducing (i) the diurnal cycle of rainfall extremes, (ii) the seasonal
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cycle of extreme rainfall events and (iii) the observed relationship between sub-daily rainfall
extremes with respect to the atmospheric temperature.

The research began with the evaluation of the capacity of three versions of the Weather Research
and Forecasting (WRF) regional climate model to reproduce observed sub-daily rainfall
extremes. First, the statistics of sub-daily rainfall extremes were estimated and compared with
observations at 69 locations across the Greater Sydney region. The main results indicate
underestimations in the intensity of rainfall extremes for 1-hour duration and overestimations in
the intensity for longer durations (e.g. 3-hour, 6-hour and 12-hour), overestimations in the trend
of the annual maxima of rainfall for sub-daily durations and overestimations in the annual
maxima over high elevation areas and underestimations over coastal parts.

Despite these apparent biases, the ability of the three RCMs to reproduce the underlying physical
processes of sub-daily rainfall extremes was reasonable. The diurnal cycle of hourly rainfall
extremes was realistically captured by the RCMs with a late evening peak in agreement with the
observations. The seasonality was also captured and better simulated for short durations (1-hour
and 3-hour) and during summer months. The intensification of sub-daily rainfall extremes with
temperature was well captured by the RCMs, particularly at hourly durations when rainfall
extremes approximately followed the Clausius-Clapeyron scaling rate.

The overall capacity of the three RCMs provided the confidence to investigate likely changes in
sub-daily rainfall extremes over Greater Sydney, considering two future periods in simulation
(2020-2039 and 2060-2079) under the A2 emissions scenario of climate change. Future changes
in sub-daily rainfall extremes were explored in (i) the intensity of sub-daily rainfall extremes, (ii)
the diurnal cycle of rainfall extremes, (iii) the seasonality of sub-daily rainfall extremes, and (iv)
the intensification of sub-daily rainfall extremes with temperature. The results from the two future
periods were compared with the historical simulation period (1990-2009). The main findings
indicated an overall increase in the intensity of rainfall extremes over inland areas for long
durations (e.g. 6-hour and 12-hour), especially found in the long-term future period in the
simulations.

No significant changes were found for future projections of the diurnal cycle of rainfall extremes,
which was fairly consistent with the historical period. Surprisingly, the greatest changes were
found in the seasonality of sub-daily rainfall extremes with an increase in the occurrence of sub-
daily rainfall extremes during summer accompanied by a decrease during winter over the region.
Future projections also indicated an intensification of rainfall extremes with temperature that
followed a scaling rate close to the C-C rate for all sub-daily durations. In contrast, an analysis
into the temperature scaling relationship revealed that the historical scaling relationship in
simulations was not valid for future projections, with significant changes in the scaling rate. This
has significant implications for the use of the Clausius-Clapeyron (C-C) scaling relationships for
developing future climate projections, which are explored in the final part of this thesis.
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