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1.  INTRODUCTION****  
 
 
Building standards are used in the design of 
structures such as bridges, dams and sewers. 
These standards are based on estimates of 
design values, for example buildings are 
designed to withstand a certain wind load, and 
bridges have to be able to withstand certain 
flood levels. Depending on the nature of the 
structure and the intended life span, estimates 
are required for durations ranging from a few 
minutes out to a number of days and for fairly 
frequent events (say events occurring on 
average once a year) to much rarer events (for 
instance events occurring on average once in a 
hundred years). 
 
Current design rainfall estimates have been 
derived by fitting extreme value distributions 
under the assumption of a stationary climate. 
Over the last decade or so, research into the 
effects of climate variability on rainfall has grown 
dramatically and more recently the focus has 
started to shift to rainfall extremes1. Concern is 
starting to grow amongst engineers whether the 
currently valid estimates are affected by climate 
change. Changes in rainfall are amplified in 
streamflow, for Australia typically by a factor of 2 
to 3 (Chiew, 2006) and it has already been 
shown that climate variability can affect flood risk 
on multi-decadal time scales (for instance 
through effects of the Interdecadal Pacific 
Oscillation on rainfall).  
 
The climate system is highly complex and non-
linear. Changes in any one factor (e.g. volcanic 
activity) may be amplified or reduced through 
feedback loops and are likely to affect a range of 
climate variables. Climate data may exhibit both 
short-term climate variability and long-term 
climate change. Natural climate variability can 
be due to a number of external or internal factors 
across different time scales (e.g. solar activity, 
Milankovi�  cycles). Temperature records 

                                                      
* Corresponding author address: Dörte Jakob, Bureau of 
Meteorology, GPO Box 1289, Melbourne VIC 3001, 
Australia; email: d.jakob@bom.gov.au 
1 The words ‘rainfall extremes’ are used with different 
meaning in different communities. Hydrologists might refer to 
extreme events if they occur less frequently than once in a 
thousand years. Here, we use ‘rainfall extremes’ to indicate 
events occur only a few times a year. 

indicate an increase in global temperature of 
about 0.7 °C over the last 100 years. Most of this 
warming has been attributed to greenhouse gas 
emissions from human activity (e.g. burning of 
fossil fuels). According to the Clausius-
Clapeyron relation, for each 1 °C increase in 
global temperature, the precipitable water 
increases by about 7%, although models show 
that the associated increase in average rainfall is 
considerable lower (about 2% per 1 °C). 
Generally, there might be a tendency for wet 
regions to get wetter and for dry regions to 
become even drier. Rainfall extremes are likely 
to increase (except for regions with large 
decrease in mean rainfall). These changes are 
to some degree driven by an increase in 
moisture (thermodynamics) but dynamical 
factors can play an important role too. For 
instance, a significant reduction in streamflows 
has been observed in the southwest of Western 
Australia since the mid-1970s caused by a 
decrease in winter rainfall. It is likely that this is 
at least partially due to the fact that storm tracks 
have shifted further south (Hope et al 2006). 
 
Khaliq et al (2006) state: ‘The classical notions 
of ‘probability of exceedence’ and ‘return period’ 
are no longer valid under non-stationarity.’ The 
objective of this paper is to assess whether the 
assumption of stationarity for rainfall frequency 
analysis is justifiable. To this end, it is 
investigated whether non-stationarity is detected 
for rainfall above certain thresholds and if so, 
how non-stationarity might affect design rainfall 
estimates. In order to develop approaches to 
account for potential effects of non-stationarity in 
estimating design rainfalls, it is necessary to 
identify the underlying drivers. For this purpose, 
changes in frequency of rainfall above a 
threshold are assessed as well as the magnitude 
of such events, and events are stratified by 
season. 
 
Analyses were undertaken for a site with more 
than 90 years of rainfall measurements for 
durations between 6 minutes and 72 hours, with 
the aim to develop a methodology for 
investigating non-stationarity. The rainfall data 
used are discussed in section 2, some 
background on parametric approaches is 
presented in section 3. Non-parametric 
approaches and results are discussed in section 
4 under the heading ‘Results’. 
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2. DATA 
 
Design rainfall estimates are derived on the 
basis of historical data, typically measured at 
rain gauges. Rainfall at subdaily durations is 
recorded by pluviographs or Tipping Bucket 
Raingauges (TBRG). Pluviographs record 
rainfall (pen on paper) on paper charts which are 
then digitised. It is commonly assumed, that 
rainfall for durations of less than 6 minutes can 
not be extracted with sufficient accuracy. This is 
why for the analyses presented here a minimum 
duration of 6 minutes was selected. 
Pluviographs are now increasingly being 
replaced by TBRG. These instruments measure 
every 0.2 mm tip and therefore allow better 
resolution in time. For convenience, instruments 
that allow subdaily measurements will in the 
following collectively be referred to as 
‘pluviographs’. 
 
In deriving design flood estimates, apart from 
estimates of rainfall depth (or intensity) for a 
given duration at a given location, information 
about the spatial and temporal distribution of 
rainfall is required. Radar data can be used to 
complement information from pluviographs. To 
facilitate the planned analysis of spatial and 
temporal distributions, the study area was 
chosen on the basis of data availability, both 
with respect to pluviograph and radar data.  
 
A methodology has been developed based on 
observations at Sydney Observatory Hill (station 
number 066062). The record for this site starts in 
1913 and data are currently available up to mid-
2006. Due to significant amounts of missing and 
accumulated data in some of the early years 
(Figure 1) in the record2, only the period from 
1921 to 2005 will be considered.  

 
Some basic quality control (including inspection 
of metadata) was undertaken. These analyses 
revealed a suspiciously high value for an event 
in April 1927. Investigations showed that the 
paper chart had become soaked during the 
event, which made it difficult to correctly digitise 
the trace. Staff in the Bureau of Meteorology’s 
National Climate Centre have redigitised the 
chart and the rainfall depth at the shortest 
duration was found to be to about 1/3 of the 
originally digitised value. The corrected value 
was used for the subsequent analyses.  
 
The highest short duration rainfall depth 
observed at Sydney Observatory Hill occurred 
on 8 November 1984 (28.6 mm over 6 minutes 

                                                      
2 For purposes of studying changes in rainfall extremes at 
subdaily durations, infilling of missing data does not appear 
appropriate or even possible. 

and a daily total of 234.6 mm up to 9 am on 9th 
November). This month was marked by intense 
rainfalls and thunderstorms, leading to severe 
flash flooding in the Sydney Metropolitan area. 
Damage was estimated as $40 million (Bureau 
of Meteorology, 2008). 
 
The station is located in an urban setting, at an 
elevation of 39 m. The location of this site 
(33.86°S and 151.20°E) is indicated in Figure 2. 
Further investigations are planned to assess 
how representative the findings for this one site 
are for the region as a whole. Preliminary 
investigations based on L-moments (linear 
combination of order statistics) show that while 
the statistics of rainfall events at this site are not 
characteristic for the region, they are also not 
atypical. It is planned to apply the methodology 
presented in this paper to the set of sites with 
concurrent records. Stations with at least 25 
years of data for the period 1976 to 20053 are 
shown in Figure 2. 
 
One of the major characteristics of Australian 
rainfall is a large degree of variability, spatially 
as well as across the seasons. Most stations in 
the study area do not experience a distinct dry or 
wet season (Figure 3). Average annual totals 
decrease with increasing distance from the 
coast.  For New South Wales (NSW), annual 
totals range from above 1000 mm (and up to 
2000 mm near Coolangatta) to just above 200 
mm (near Broken Hill). A large number of 
thunderstorms occurs in this region: 40 to 60 a 
year (Sturman and Tapper 1996). Synoptic 
situations associated with rainfall extremes 
include easterly dips, monsoon troughs and 
tropical depressions. 

                                                      
3 Years are only accepted where less than 20% of values are 
missing or accumulated. 
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Figure 1 Percentage of missing and accumulated valu es for Sydney Observatory Hill (based on 
6-minute data). Shaded area indicates period from 1 921 - 2005. Horizontal line indicates 20% of 
missing/accumulated data. 
 
 
 

 
Figure 2 Location of Sydney Observatory Hill (gauge  number 066062) and sites with at least 25 
years of data for the period 1976 to 2005. 
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Figure 3 Major seasonal rainfall zones of Australia  (source: Bureau of Meteorology, National 
Climate Centre) 
 
 
3. METHODS 
 
 
Previous investigations showed that annual 
maximum 5-day rainfall totals and the frequency 
of ‘heavy rain days’ (days with at least 10 mm of 
rain) had decreased significantly since 1950 for 
two locations in the region (Jakob et al, 2008). 
There is little information in the published 
literature discussing potential changes in 
magnitude and frequency of rainfall extremes at 
subdaily durations for Australia. For Canada, 
Mailhot at al (2007) found that changes at short 
durations exceeded those at longer durations4. 
The classical approach to frequency analysis 
however is based on the assumption of 
stationarity.  
 
Design rainfall estimates are derived on the 
basis of extremal series, usually annual maxima 
(highest event in a given year) or partial duration 

                                                      
4 Based on comparison of control run (1961 to 1990) and 
future climate simulation (2041 to 2070) from the Canadian 
Regional Climate Model (CRCM), return periods were found 
to have halved for the 2-h and 6-h durations, and to have 
decreased by one third for the 12-h and 24-h durations. 

series (peaks above a threshold). For the 
analyses presented in this paper, a partial 
duration series approach was chosen since it 
allows investigating changes in frequency as 
well as magnitude. If events occur randomly in 
time, a Poisson process can be assumed and a 
Generalised Pareto Distribution (GPD) can be 
fitted. 
 
The dispersion (ratio of variance of number of 
events per year to average number of events per 
year) can be used to test whether events do 
occur randomly in time (rather than in clusters or 
uniformly distributed). Tests based on NSW 
pluviograph data showed that the dispersion 
depends on the threshold selected and that for 
suitably high thresholds (less than about 3 
events per year), the assumption of a point 
process is justified. 
 
The Poisson distribution describes the frequency 
of events, �  is referred to as the ‘intensity’ or 
‘rate’  parameter (equation 1) while the 
Generalised Pareto Distribution (GPD) describes 
the magnitude of events above a threshold u 
(equation 2). �  is the scale parameter and �  is 
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the shape parameter5. If it were known how 
frequency and magnitude of events change over 
time, time-varying parameters could be fitted 
(Coles 2001) as indicated in equation (1) and 
(2). 
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Assuming the location parameter u is known, 
scale and shape parameter can be estimated 
using the first and second L-moment, � 1 and � 2 
(Hosking and Wallis, 1997): 
 
�  = (� 1 - u) / � 2  - 2   (3) 
 
�  = (1 + �  ) /( � 1 - u)   (4) 
 
Apart from the assumption of non-stationarity, 
two further assumptions are made when fitting 
frequency distributions: firstly, that events are 
independent and secondly, that they are 
sampled from the same underlying distribution. 
 
The first of these two assumptions is addressed 
by requiring a minimum separation in time when 
abstracting peaks (here 24 hours) to ensure 
independence. For intermediate durations in 
particular, the second assumption (same 
underlying distribution) is not always valid. 
Approaches have been described that seek to 
address this issue (Willems 2000, van den Brink 
and Können 2008).  
 
An alternative to addressing non-stationarity 
using the classical approach is to apply a 
Bayesian approach (Kwon et al 2008). This 
approach assumes prior knowledge (for instance 
about relevant climate indices). More recently, it 
has been suggested to undertake ‘pre-
processing’ of the full data set ‘to model the non-
stationarity in the body of the process’ (Eastoe 
and Tawn, 2009) before proceeding with 
standard extreme value analysis.  
 
Before applying either of these three approaches 
(classical approach with time-varying 
parameters, Bayesian, pre-processing), it 

                                                      
5 For practical application, it is worth noting that the scale 
and shape parameter of the GPD can be related directly to 
the Generalised Extreme Value distribution (GEV) to 
describe the corresponding annual maximum series (Coles, 
2001). 
 

appears sensible to try and gain an 
understanding of processes that are relevant for 
variability in rainfall extremes at different 
durations and for different climates. The 
relationship between Australian rainfall and 
circulation patterns such as El Niño - Southern 
Oscillation (ENSO) and the Southern Annular 
Mode (SAM) has been extensively studied. 
While SAM and Sea Ice Extent (SIE) appear of 
larger relative importance for the western part of 
the continent, ENSO is the dominating effect for 
the eastern parts of the continent (Pezza et al 
2008). Using wavelet analysis, Westra and 
Sharma (2006) showed that after removing the 
effects of ENSO, significant variability in annual 
rainfall total (with a period of 13 years) remained 
for parts of coastal NSW. 
 
For the analyses presented here, non-
parametric techniques were used throughout, 
avoiding the need for assumptions about the 
underlying distribution(s):  
 

- Changes in frequency and magnitude 
are explored by comparing averages for 
10-year sliding windows to long-term 
averages. Significance is tested using 
resampling. 

 
- Empirical quantile estimates are derived 

to investigate changes against the long-
term average. The non-parametric 
Mann-Kendall test is used to test for 
significant trends in quantile estimates. 
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4. RESULTS 
 
The results presented in this section are based 
on pluviograph data available at Sydney 
Observatory Hill for the period 1921 to 2005.  
 

- Changes in frequency and magnitude 
are assessed for a range of thresholds 
and durations, and are tested for 
statistical significance.  

 
- The seasonality of rainfall extremes is 

explored and, for further investigations, 
changes in frequency and magnitude 
are stratified by season.  

 
- Empirical quantile estimates are derived 

for seasons and years, and the 
statistical significance of differences 
from the long-term average is assessed. 

 
4.1 Changes in frequency and magnitude 
 
Changes in frequency and magnitude of rainfall 
were assessed for a set of 12 durations ranging 
from 6 minutes to 72 hours and based on 3 
different thresholds (an average of 20, 10 and 3 
events6 per year). Thresholds can be set in two 
ways, either by specifying a magnitude for the 
rainfall depth directly or by specifying an 
average number of exceedances per year 
(linked to the intensity parameter �  of the 
Poisson process). The second option was 
chosen here, partially because it is deemed 
more suitable for use with a set of stations (in 
anticipation of further analyses). 
 
Changes were assessed by comparing average 
frequency and magnitude for 10-year sliding 
windows (shifted by one year at a time) to the 
long-term average (for the period 1921 to 2005), 
see Figure 4.  
 

- It was found that changes depend 
strongly on the threshold and that they 
are typically more apparent at higher 
thresholds. This finding is in line with 
statements that changes in extremes are 
likely to be more pronounced than 
changes in annual totals (IPCC, 2006). 

 
- Deviations from the long-term average 

tend to be larger for frequencies than for 
magnitudes. 

 

                                                      
6 The term ‘event’ is used rather loosely. In fact, extreme 
series were abstracted for a set of standard durations, 
regardless of the duration of the meteorological event. 

- Based on changes in frequency and 
magnitude, one can define sets of 
durations which exhibit similar changes: 
short durations (sub-hourly durations), 
intermediate durations (up to 6 hours) 
and long durations (12 hours and 
above).  

 
- With regards to changes in frequency, 

short durations exhibit some oscillation 
in frequency, while for the long durations 
the frequency of events appears to have 
decreased at least for the three most 
recent decades.  

 
- With regards to changes in magnitudes, 

short durations show an extended period 
(about three decades starting around 
1940) with below average magnitudes 
while at long durations magnitudes show 
a period with well above average 
magnitudes (late 1980s). 
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Figure 4 Percentage difference of changes in frequency  (left panel) and magnitude  (right 
panel) for 10-year sliding windows against the long -term average for a threshold of 3 events 
per year. Green, yellow and blue lines indicate ‘sh ort’, ‘intermediate’ and ‘long’ durations 
respectively. 
 
Statistical significance of changes 
 
The statistical significance of changes in 
frequency and magnitude was assessed using 
block-bootstrapping7 (Prudhomme et al 2003). 
Differences are judged statistically significant 
where confidence intervals (for the long-term 
average and the 10-year sliding window) do not 
overlap. Here, 90% confidence intervals were 
constructed, which implies statistical significance 
of changes at about the 95% level8. Typically, no 
significant deviations from the long-term average 
frequency are found for thresholds of 20 and 10 
events per year.  
 
For selected durations, confidence intervals for 
average frequencies for a threshold of 3 events 
per year are shown in Figure 5. For most 
durations, the number of events was significantly 
reduced for a period around 1940. Periods with 
significantly higher number of events tend to be 
shorter and are restricted to intermediate and 
long durations. Despite the fact that frequency of 

                                                      
7 To allow for dependence for instance related to seasonality, 
data are resampled in suitable blocks, here years. 
8 Kunkel et al (2007) recommend adjusting for type I and 
type II errors. Non-overlapping 89% confidence intervals 
imply statistically significant difference at the 95% level. 

events for the long durations has generally 
decreased since the mid-1970s, only the 24-h 
duration exhibits significantly below average 
frequency for the late 1990s. 
 
Compared to changes in frequency, significant 
differences in magnitudes are less consistent 
across duration (Figure 6). Significantly above 
average magnitudes are found for the late 1980s 
but only for two durations (12 minutes and 24 
hours). For the 12-min duration, magnitudes for 
the 1940s are judged significantly lower than the 
long-term average. 
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Figure 5 Frequency for 10-year sliding windows. 90%  confidence intervals are shaded in 
yellow (10-year sliding windows) and grey (long-ter m average). Areas coloured in red (blue) 
indicate significantly lower (higher) frequency tha n for the long-term average. 
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Figure 6 Magnitude for 10-year sliding windows. 90%  confidence intervals are shaded in yellow 
(10-year sliding windows) and grey (long-term avera ge). Areas coloured in red (blue) indicate 
significantly lower (higher) frequency than for the  long-term average. 
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4.2 Seasonality of rainfall extremes 
 
When estimating design floods from design 
rainfalls, a number of factors need to be taken 
into consideration that are likely to vary with 
season, such as antecedent conditions (e.g. soil 
moisture, water table). While it is known that 
rainfall at Sydney occurs fairly uniformly over the 
year (Figure 3), it remained to be investigated 
whether rainfall extremes exhibit seasonality and 
if so, whether seasonality varied with duration.  
 
The annual cycle of the relative frequency of 
events is shown in Figure 7. Three durations 
were selected to represent the short, 
intermediate and long durations, respectively (30 
minutes, 6 hours and 72 hours). Relative 
frequencies are shown for a threshold of 3 
events per year. The seasonal cycle is much 
less apparent at lower thresholds and there is 
less dependence on duration. Relative 
frequencies vary most strongly for the short 
durations. 
 
For a threshold of 3 events per year: 
 

- Relative frequency peaks in March for 
short durations, with a minimum over the 
winter months.  

 
- For long durations, relative frequency 

peaks in June (probably related to cold 
fronts), with below average values from 
July to December. 

 
- Intermediate durations show some of the 

features exhibited at both long and short 
durations. 

 
Based on this analysis, seasons were defined. 
Seasons used here are shifted by one month 
against the usual definition, that is summer is 
defined as January, February and March. Given 
that seasonality depends on duration, it is likely 
that if changes in frequency and magnitude were 
found, this might be due to different drivers. 
Changes in seasonality could potentially alter 
flooding behaviour. It remains to be assessed 
how seasonality (both in terms of frequency and 
magnitude of events) might have changed over 
time. 
 
It is suggested that factors such as changes in 
the seasonal cycle of intensity and movement of 
the subtropical ridge as described in 

Drosdowsky (2005), have the potential to affect 
the seasonality of rainfall at Sydney Observatory 
Hill and other sites in NSW. Effects on rainfall 
extremes have not yet been assessed. 
 
 
4.3 Changes in frequency and magnitude by 
season 
 
Events were stratified by season, to assess 
whether changes in frequency and magnitude 
across the year are due to changes in a 
particular season or whether changes in different 
seasons might compensate each other. 
Changes are presented for an abstraction 
threshold of on average 20 events per year. If 
the frequency of events were roughly similar 
across seasons, this would result in on average 
5 events per season. Due to seasonality, 
frequency of events is slightly higher for summer 
than for the winter months. 
 
Changes in frequency (Figure 8) and magnitude 
(Figure 9) show a multitude of patterns, 
depending on season, duration and whether 
frequency or magnitude are studied. Deviations 
of seasonal frequencies from the long-term 
average are typically larger than variations in 
magnitude.  
 

- For the long durations (12 to 72 hours, 
shown in blue), an apparent decrease in 
frequency for summer and winter for 
most of the period from the mid-1970s is 
accompanied by an increase in 
frequency for autumn. Short durations 
show a similar pattern for summer 
(decrease in frequency over the last 
three decades) but quite a different 
behaviour for the winter months. 

 
- While the frequency of peaks for short 

durations (6 to 30 minutes, shown in 
green) shows deviations from the long-
term average during autumn in excess 
of 20%, the magnitude of events for this 
season has been very close to the long-
term average. 

 
The statistical significance of these changes has 
yet to be assessed. However, it is unlikely that 
linear trends are entirely appropriate for 
investigating seasonal changes in frequency and 
magnitude (with the possible exception of 
changes in frequency for summer).
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Figure 7 Frequency of events by calendar month (as % of average frequency) for three 
durations for a threshold of on average 3 events pe r year (for period 1921-2005). 
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Figure 8 Percentage difference in frequency  of peaks over threshold by season across 12 
durations for an average of 20 events per year. 
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Figure 9 Percentage difference in magnitude  of peaks over threshold by season across 
12 durations for an average of 20 events per year. 
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4.4 Changes in average quantile estimates 
 
Both changes in frequency and magnitude of 
events have the potential to affect quantile 
estimates (and therefore estimates of design 
rainfall). The following analyses are based on 
comparing empirically derived quantile estimates 
for 10-year sliding windows and the full record.  
 
A threshold of 20 events per year was used. 
Therefore, on average 200 events would be 
sampled in a 10-year period. Empirical quantile 
estimates were derived for the 10-year sliding 
windows and the full record respectively. 
Averages of ratios of quantile estimates were 
calculated for percentiles between the 50th and 
the 90th percentile (at increments of 10%)9. 
These average ratios characterise changes in 
quantile estimates for frequent events (occurring 
once a year or more often). While a non-
parametric approach does not require 
distributional assumptions, it does on the other 
hand not allow inference about changes to rarer 
events. 
 
Deviations in seasonal quantile estimates from 
the long-term average are shown in Figure 10. 
For clarity, results are presented for only 6 of the 
12 durations. Deviations in seasonal quantile 
estimates can reach up to 40% (for spring at the 
72-h duration). Deviations for quantile estimates 
based on years (rather than seasons) are much 
lower and do not exceed 20%.  
 
There are distinct differences between the 
behaviour at short and long durations: 
 

- Large changes in seasonal quantile 
estimates do not translate to large 
changes in averages for the year as a 
whole. This is due to the fact that 
seasonal changes occur ‘out of phase’ 
with each other and therefore effects 
partially compensate each other. For 
instance, for a period in the late 1970s 
quantile estimates are unusually high for 
summer but unusually low for winter. For 
the long durations (12 hours and above), 
average quantile estimates have 
decreased since about 1960.  

 

                                                      
9 Visual examination of plots showed that typically quantile 
estimates for this range are either consistently lower (or 
higher) than for the long-term average.  
 

- For the short durations (up to 30 
minutes), deviations of quantile 
estimates from the long-term average 
oscillate rather than exhibiting a 
monotonic increase or decrease. 
Changes in seasonal quantile estimates 
are small compared to the longer 
durations but over recent decades these 
changes have been ‘in phase’ (with the 
exception of autumn). This means that in 
particular for deriving estimates at short 
durations, period of record might affect 
estimates. This is a highly relevant 
finding, since most Australian 
pluviograph records are shorter than 15 
years. 

 
Statistical significance of changes 
 
The non-parametric Mann-Kendall test was used 
to assess significance of trends in quantile 
estimates (Haan, 2002). The advantage over the 
parametric t-test (based on linear regression) is 
that one is not restricted to linear trends and that 
the non-parametric test is less affected by 
outliers (since it is based on ranks rather than 
differences). Kendall’s tau (� b) gives an 
indication of strength (and sign) of the trend 
while the two-sided p-value signifies statistical 
significance (or lack thereof). 
 
Tests were applied for two periods: the entire 
period from 1921 - 2005 and then again for a 
shorter period starting in 1976.  
 

- For the entire period, significant 
decreasing trends were found for some 
long durations (24 and 72 hours), while 
significant positive trends were found for 
some of the short durations (18 and 30 
minutes). 

 
- For the period from 1976 the picture is 

rather different: significant negative 
trends are found across all durations (p-
values < 0.05), with largest decrease at 
the long durations. (�  is about -0.7 for 24 
to 72 hours.) 
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Figure 10 Average deviation in quantile estimates f or 10-year sliding windows against long-
term average for 6 durations. Quantile estimates ar e derived empirically. Deviations are based 
on an average between the 50 th and 90 th percentile. 
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5. DISCUSSION 
 
Based on historical data for one station (Sydney 
Observatory Hill) for the period 1921 to 2005, a 
methodology was developed for investigating 
potential changes in design rainfall estimates for 
durations from 6 minutes to 72 hours. 
 
Use of partial duration series is recommended 
over annual maxima for such an assessment 
since it permits assessing changes in frequency 
as well as magnitude. 
 
Non-parametric approaches were used to 
assess changes in frequency, magnitude and 
quantile estimates as well as the statistical 
significance of changes. 
 
Deviations from the long-term average vary with 
season, duration and threshold. It appears 
plausible that different mechanisms force 
changes for short and long durations, 
respectively. 
 
Using a range of durations and three different 
thresholds, few significant deviations in 
frequency and magnitude from the long-term 
average were found. However, quantile 
estimates derived for Sydney Observatory Hill 
for the period 1976 to 2005 show significant 
decrease across durations from 6 minutes to 72 
hours. 
 
It is intended to apply the techniques presented 
in this paper to a set of concurrent records, to 
confirm whether conclusions drawn based on 
one record hold for a larger sample but also to 
investigate how changes might vary across New 
South Wales, albeit for a much shorter period 
(starting 1976). 
 
Using data from pluviographs with long records, 
it could also be assessed how changes in 
frequency and magnitude of rainfall above a 
threshold might be related to different climate 
zones and climate indices. Some preliminary 
investigations have been undertaken. Further 
analyses might include precipitable water 
content, cloud cover and temperature as well as 
sea surface temperature. 
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