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Abstract
The new regional flood frequency estimation (RFFE) model for Australia, known as ‘RFFE Model
2015’ is based on an extensive database of gauged catchments. This paper presents important
characteristics of the database so that the users of the RFFE Model are aware of the strengths and
limitations of the database and how these could impact the outcomes of the RFFE Model. The RFFE
Model data set consists of 798 gauged catchments from the humid coastal areas and 55 catchments
from the arid/semi-arid areas. Humid coastal areas include most of the coastal belts of Australia where
there are a good number of recorded streamflow stations. The arid/semi-arid areas include Pilbara and
interior Australia. An upper limit of catchment size of 1,000 km2 is adopted; however, in Tasmania and
in the Northern Territory, a few larger catchments are included as the numbers of catchments with
areas less than 1,000 km2 are too small. The cut-off streamflow record length is selected as 19 years
to maximise the number of eligible stations on the consideration that a higher cut-off would reduce that
number. The annual maximum flood data sets for the selected catchments are collated based on a
stringent data screening procedure e.g. gaps in the annual maximum flood series are in-filled as far as
could be justified, outliers are detected using the multiple Grubbs-Beck test and error associated with
rating curve extrapolation is investigated. The at-site flood frequency analyses are conducted using
the FLIKE software. The potentially influential low flows are identified using multiple Grubbs-Beck test
and are censored in the flood frequency analysis. A Bayesian parameter estimation procedure with
LP3 distribution is used to estimate flood quantiles for each of the gauged site for annual exceedance
probabilities of 50% to 1%. A total of five catchment predictor variables are included in the RFFE
Model. The database prepared for ARR Project 5 is a valuable resource in Australian hydrology, which
is expected to be progressively updated.
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1. INTRODUCTION
Design flood estimates are widely used in hydrologic design of bridge, culverts and levees and for
planning and management of many other water resources, environmental and ecological management
tasks. When recorded streamflow data of adequate length is available, at-site flood frequency analysis
(FFA) is preferred to estimate design floods at the site of interest. For ungauged or poorly gauged
catchments (e.g. streamflow record length is smaller than 10 years), flood quantiles are estimated
using a regional flood frequency estimation (RFFE) method, which attempts to transfer information
from a group of ‘homogeneous’ gauged catchments to the ungauged catchment of interest. A RFFE
technique is expected to be simple, requiring readily obtainable input data to obtain design flood
estimates relatively quickly. A RFFE model is a data driven approach and hence the quantity and
quality of data is the core element of any RFFE model.
Two types of data are needed to develop a RFFE technique. The flood observations at gauged sites
constitute the foundation of a RFFE model, and the quality and representativeness of the flood data
determine to a large degree the accuracy and reliability of regional flood estimates. The challenge in
collating a database for RFFE lies in maximising the amount of useful flood information, while
practically minimising the random error component (or ‘noise’) that may be present in some flood data
e.g. due to missing data, rating curve extrapolation and presence of outliers. In addition to gauged
flood data, climatic and catchment characteristics data are needed to develop RFFE techniques,
which serves as a ‘bridge’ between the gauged and ungauged sets of catchments.
In Australian Rainfall and Runoff (ARR) 1987, RFFE methods were based on streamflow data
available till 1986 (I. E. Aust., 1987) and a good number of catchments had as little as ten years of
streamflow data. Since 1987, there has been an additional streamflow data of over 25 years at many
gauged locations in Australia. Haddad et al (2010) presented some of the relevant issues on
streamflow data preparation in the development of a new RFFE model for Australia. To develop a
national database, ‘ARR Project 5 Regional flood methods’ has been implemented in three stages
(Stages 1, 2 and 3). The Stages 1 and 2 as reported in Rahman et al (2009 and 2012) covered the
streamflow data length till 2005. In Stage 3, the streamflow data till 2011/2012 has been prepared at
majority of the selected stations (Rahman et al., 2015a). Also, in the preparation of streamflow data
and conducting at-site flood frequency analysis, a number of recent developments have been adopted
in Stage 3. Based on these data, a regional flood estimation model, known as RFFE Model 2015 has
been developed.
In this paper, we present an overview of the ARR Project 5 final data preparation so that the users of
ARR RFFE Model 2015 have a better understanding of the strengths and limitations of the primary
database on which the RFFE Model 2015 is founded. The final database used in developing the RFFE
Model 2015 is archived with Engineers Australia (ARR Revision Team).

2. BACKGROUND OF THE RFFE TECHNIQUE IN THE 4TH EDITION OF ARR
The research on the development the RFFE technique started in 2006 by a team of Australian
hydrologists and has been continued till 2015. This has produced a significant body of knowledge on
RFFE in the form of technical reports (Rahman et al, 2009, 2012, 2015a) and refereed articles (e.g.
Haddad et al, 2010; Rahman et al, 2011; Haddad et al, 2011; Haddad and Rahman, 2012; Haddad
and Rahman, 2011a, 2011b, Haddad et al, 2012; Palmen and Weeks, 2011; Zaman et al, 2012;
Haddad et al, 2015; Micevski et al, 2015; Rahman et al, 2015b; Ishak et al., 2011, 2013; Ishak and
Rahman, 2015).

3. DATABASE USED IN DEVELOPING THE RFFE TECHNIQUE
In the new RFFE technique, Australia has been divided into humid coastal and arid/semi-arid areas.
Humid coastal areas are situated in the high rainfall areas (with mean annual rainfall exceeding 500
mm) and include most of the coastal belts of Australia (Figure 1). The arid/semi-arid areas have mean
annual rainfall values smaller than 500 mm.
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An upper limit of catchment size of 1,000 km2 was adopted as a general guide to select eligible
catchments. However, in Tasmania and the NT, a few larger catchments were included as the total
numbers of catchments with areas less than 1,000 km2 were too small. The cut-off record length was
selected as 19 years to maximise number of eligible stations on the consideration that a higher cut-off
would reduce that number. The selected streams are essentially unregulated since major regulation
affects the rainfall-runoff relationship significantly (e.g. storage effects). Streams with minor regulation,
such as small farm dams and diversion weirs, are not excluded because this type of regulation is
unlikely to have a significant effect on large annual floods.
The streamflow data for the initially selected potential catchments were further examined, as detailed
in Haddad et al (2010), Ishak et al (2013) and Rahman et al (2015a): gaps in the annual maximum
flood series were filled as far as could be justified, outliers were detected using the multiple GrubbsBeck (MGB) test (Lamontagne et al, 2013), error associated with rating curve extrapolation was
investigated and presence of trend was checked. From an initial number of about 1,200 catchments, a
total of 798 catchments were finally adopted from all over Australia (excluding catchments in the arid
regions, where some of the above criteria were relaxed). The record lengths of the annual maximum
flood series of these 798 stations range from 19 to 102 years (median: 37 years). The catchment
areas of the selected 798 catchments range from 0.5 km2 to 4,325 km2 (median: 178 km2). The
geographical distribution of the selected 798 catchments is shown in Figure 1 and Table 1 presents a
summary of the selected catchments.
In ARR1987, only a few catchments were used from arid/semi-arid areas to develop RFFE methods.
Since the publication of ARR1987, there has been little improvement in terms of streamflow data
availability in most of the arid/semi-arid areas of Australia. In the preparation of the regional flood
estimation database, only a handful of catchments from the arid/semi-arid areas satisfy the selection
criteria. To increase the number of stations from the arid/semi-arid areas to develop a ‘reasonably
meaningful’ RFFE method, the selection criteria are relaxed i.e. the threshold streamflow record length
is reduced to 10 years and the limit of catchment size is increased from 1,000 km2 to 6,000 km2.
These criteria result in the selection of 55 catchments from the arid/semi-arid areas of Australia
(Figure 1 and Table 1). The selected catchments have average annual rainfall smaller than 500 mm.
The catchment areas range from 0.1 to 5,975 km2 (median: 259 km2) and streamflow record lengths
range from 10 to 46 years (median: 27 years).

Figure 1 Location of selected 853 catchments: humid coastal (blue circles) and arid/semi-arid
areas (black)
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Table 1. Summary of the selected 853 catchments
State
New South Wales &
Australian Capital
Territory
Victoria
South Australia
Tasmania
Queensland
Western Australia
Northern Territory
Sub Total
Arid/semi-arid areas
TOTAL

No. of
stations

Streamflow record length
(years) (range and median)

Catchment size (km2)
(range and median)

176

20 – 82 (34)

1 – 1036 (204)

186
28
51
196
111
50
798
55
853

20 – 60 (38)
20 – 63 (37)
19 – 74 (28)
20 – 102 (42)
20 – 60 (30)
19 – 57 (42)
19 – 102 (37)
10 – 46 (27)
10 – 102 (36)

3 – 997 (209)
0.6 – 708 (62.6)
1.3 – 1900 (158.1)
7 - 963 (227)
0.5 – 1049.8 (49.2)
1.4 - 4325 (352)
0.5 – 4325 (178.5)
0.1 - 5975 (259)
0.1 – 5975 (181)

The at-site flood frequency analyses (for both the humid coastal and arid/semi-arid areas were
conducted using the FLIKE software (Kuczera, 1999). The potentially influential low flows (PILFs)
were identified using multiple Grubbs-Beck (MGB) test (Lamontagne et al, 2013) and were censored
in the flood frequency analysis. A Bayesian parameter estimation procedure with LP3 distribution was
used to estimate flood quantiles for at the gauged site for AEPs of 50%, 20%, 10%, 5%, 2% and 1%.
Over ten predictor variables were selected initially; however, it was found that the accuracy of a RFFE
technique was not increased with the number of adopted predictor variables. A total of five predictor
variables were finally adopted in the RFFE technique, which are (i) catchment area in km 2 (area); (ii)
design rainfall intensity at catchment centroid (in mm/h) for 6-hour duration and AEP of 50% (I6,50);
(iii) design rainfall intensity at catchment centroid (in mm/h) for 6-hour duration and AEP of 2% (I6,2);
(iv) ratio of design rainfall intensities of AEPs of 2% and 50% for duration of 6-hour (I6,2/I6,50); and (v)
shape factor, which is defined as the shortest distance between catchment outlet and centroid divided
by the square root of catchment area. Design rainfall values were extracted using the 2013 intensityfrequency-duration (IFD) data from Australian Bureau of Meteorology website.

4. IMPORTANT FEATURES OF THE RFFE DATABASE
The Potentially Influential Low Flows (PILFs) are identified using the MGB test. In case of NSW, out of
188 sites, 66 do not require any censoring and for 20 catchments, 40% to 50% AM data points need
censoring. Although, in few cases the results might be though to be ‘unusual’ e.g. about 50% of the
annual maximum flood (AMF) data points need to be censored, in our investigation, it is found to be
consistent with the judgement of experienced hydrologists who often adopt an interactive censoring.
Interestingly, the flood quantile results based on MGB censoring agree very well with the GEV-L
moments method, which provide an added assurance for the applicability of the MGB test.
We use FLIKE (Kuczera, 1999) to assess the impact of rating curve error on flood quantile estimates.
We adopt two values of coefficient of variation (CV) (0%, which implies ‘no rating curve error case’;
and CV = 20%). It is found that a higher CV value increases the band of the confidence limits of flood
quantiles, in particular at smaller AEPs. The expected quantiles show notable differences between CV
= 0% and CV = 20%. In most cases, the expected quantile estimates increase as CV increases.
Moreover, the difference in quantile estimates between CV = 0% and CV = 20% increase with a
decrease in AEP. In the development of RFFE Model 2015, it is decided to take flood quantile
estimates with CV = 0%, since it is felt that more research needs to be undertaken to understand the
implication of rating curve error on flood quantile estimates.
The distribution of standard deviation (SD) of loge(Q) values (where Q is AMF data) for humid coastal
areas is shown in Figure 2. About 54% of the stations in the humid coastal areas have SD values in
the range of 0.50 to 1.00 m3/s, 22% stations in the range of 0.014 to 0.49 m3/s, 21% stations in the
range of 1.00 to 1.49 m3/s, and only 5% stations in the range of 1.50 to 2.201 m3/s. The SD values do
not show any relationship with catchment size (Figure 3). The distribution of skew of loge(Q) values in
the humid coastal areas is shown in Figure 4. About 82% of the stations have skew in the range of -
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0.50 to 0.50. About 25% of the stations have skew in the range of -0.10 to 0.10. The skew values do
not show any relationship with catchment size (Figure 5). It is found that most of the Australian
stations do not show zero skew in the logarithm domain.
60
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0
0.014 to 0.49 0.50 to 0.99

1.00 to 1.49

1.5 to 1.99

2.00 to 2.201
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Figure 2 Distributions of SD of loge(Q) in humid coastal areas (798 stations)
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Figure 3 Catchment area vs. standard deviation of loge(Q) (Q = AMF series) (east coast)
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Figure 4 Distributions of skew of loge(Q) (humid coastal areas: 798 stations)

Figure 5 Catchment area vs. skew of loge(Q) (Q = AMF flood series) (Region 1)
Flood quantiles are found to have a strong correlation with catchment size (Figure 6 for east coast).
The average exponent for catchment area of the log-log relationship between flood quantile and
catchment area is found to be 0.75, the coefficient of determination (R2) values of the regression
equations range from 0.35 to 0.89 (average = 0.70). The smallest R2 value is found for east coast
region (0.35 to 0.38) and the highest R2 for south west Western Australia (0.78 to 0.85).
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Figure 6 Flood discharge (Q10% AEP) vs. catchment area (east coast)

5. CONCLUSION
A database consisting of 853 gauged catchments has been prepared to develop and test the ARR
RFFE Model 2015 for Australia. A total of 798 catchments are selected from the humid coastal areas
and 55 catchments from the arid/semi-arid areas. It has been found that standard deviation and skew
of the natural logarithms of annual maximum flood series do not show any significant link with
catchment area. Flood quantiles are found to have a strong correlation with catchment size with
coefficient of determination in the range of 0.35 to 0.89 with an average of 0.70. A total of five
catchment characteristics are selected and data abstracted. The final database used in developing the
ARR RFFE Model 2015 is archived with Engineers Australia (ARR Revision Team). This database is a
valuable resource in Australian hydrology, which can be progressively updated as new records
become available.
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