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ABSTRACT

BoM (Bureau of Meteorology) 2016 design rainfall IFDs (Intensity Frequency Duration
curves) provide valuable estimates of rainfall probabilities, which are then often used as
inputs to runoff-routing models to produce design hydrology estimates. These hydrology
estimates (e.g. 1% Annual Exceedance Probability, AEP peak flows) inform flood risk, land
use planning, infrastructure design and emergency management.

However, what if there is evidence to show that these design rainfall estimates aren't
appropriate for a specific catchment? Previous work by WMAwater and NSW OEH (New
South Wales Office of Environment and Heritage, 2018) has shown that BoM 2016 design
rainfall estimates may not be appropriate for catchments with significant orographic
enhancement; such as near Coffs Harbour and Wollongong, New South Wales.
In this paper, we present another scenario where the BoM 2016 IFDs may not be
appropriate; namely where the largest events on record occurred after 2012. This is
demonstrated in a case study of the Cania Dam catchment; where there were multiple lines of
evidence to suggest that the IFD values significantly underestimate rainfall depths.
Three of the five largest flood events on record occurred after 2012, including the largest
flood event on record in 2015. However, the BoM 2016 rainfall estimates were derived based
only on data up to 2012, therefore not including three of the five largest flood events for the
catchment. This was corroborated by a poor match between flood frequency analysis and
design event peak flows. We conclude with discussion of if and how engineers should account
for recent major floods in producing design flood estimates.
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INTRODUCTION

BoM (Bureau of Meteorology) 2016 design rainfall IFDs (Intensity Frequency Duration curves)
provide valuable estimates of rainfall probabilities, which are then often used as inputs to runoff-
routing models to produce design hydrology estimates. These hydrology estimates (e.g. 1% Annual
Exceedance Probability, AEP peak flows) inform flood risk, land use planning, infrastructure design
and emergency management.

However, for practicality, 2012 was chosen was as the cut-off year for data to be included in the
analysis. In this paper we explore the potential implications, if any, of post-2012 data on estimates of
design rainfall.

MAJOR RAINFALL AND FLOOD EVENTS AFTER 2012

For Queensland, there were multiple large scale weather events that occurred after 2012. There was
TC (Tropical Cyclone) Oswald in 2013, TC Marcia in 2015, TC Debbie in 2017 and the North
Queensland Monsoon Trough in 2019.

The Queensland Department of Natural Resources, Mines and Energy (DNRME) own and operate a
large network of streamflow gauges across Queensland. For all currently open streamflow gauges, an
analysis was undertaken to determine the year of the largest floods on record. The results are shown in
Figure 1 below.

This analysis shows that the rainfall events that produced the largest floods on record for many
catchments occurred after 2012. However, it is acknowledged that (open) streamflow gauge records
are typically short (many less than 50 years) relative to rainfall records.



Figure 1 Year of largest recorded flood (QLD DNRME Open Stations)

CASE STUDY CATCHMENT: CANIA DAM

Cania Dam is located on Three Moon Creek approximately 40 km north-west of Monto within the
Burnett River basin. The catchment area upstream of the dam wall is approximately 280 km2. The
catchment boundaries are well defined with the headwaters at the top of the Dawes Range.
Topography ranges from approximately 900 m AHD at the headwaters to 331 m AHD at the dam lake
(full supply level).

There is a relatively long streamflow record (for Queensland) from 1948 to present. Over this 72 year
period, 3 out of the 5 largest events on record, including the largest two events, occurred after 2012.
The annual maxima for Three Moon Creek at Cania Dam are shown in Figure 2.



Figure 2 Three Moon Creek at Cania Dam- Annual Maxima Series

Based on this, a flood frequency analysis (FFA) was undertaken. The FFA estimated a 1% AEP peak
flow of approximately 2,400 m3/s. TUFLOW FLIKE software was used for Bayesian calibration of
probability parameters and a Log-Pearson III distribution was selected. Given the interest in larger
events, events up to the 1 in 2 AEP were censored.

(It is also noted that the Cunnane plotting positions was used for all streamflow and rainfall frequency
analyses as per Australian Rainfall and Runoff, ARR guidance).

Calibration of an URBS hydrological model was undertaken to the 1996, 2013, 2015, and 2017
events, which include the largest 2 events on record. A good calibration was achieved with volumes,
peaks and hydrograph shapes well replicated for all modelled events. Therefore, there was confidence
in the catchment routing parameters derived from the calibration process. These catchment routing
parameters were then used to model design events based on the BoM 2016 IFDs and the ARR
Datahub temporal patterns.

A comparison of the FFA and the URBS peak flows are shown in Figure 3.

It was found that the design event flows were significantly lower than the FFA quantiles and
probability limits for events rarer than the 5% AEP. For these events, the design event flows could not
be reconciled with the FFA even with 0 mm initial loss. Given the confidence in the catchment
routing, this prompted an investigation into the design rainfall.



Figure 3 URBS Design Event Hydrology Vs FFA (Linear-Log Scale)

EFFECT OF POST-2012 DATA ON AT-SITE FLOOD AND RAINFALL FREQUENCY
ANALYSES

A sensitivity scenario was undertaken where post-2012 data was removed from the FFA. The results
are shown in Figure 4. The 1% AEP estimate changes from 2,400 m3/s to 1,700 m3/s. This suggests
that the inclusion or exclusion of post-2012 has a significant impact on estimated flood quantiles.

Figure 4. FFA with and without post-2012 data (Linear-Log Scale)



An at-site rainfall frequency analysis was also undertaken with and without the post-2012 data. The
12 hour storm was selected as it was the critical duration for most design events. A DNRME owned
and operated pluviometer (Blue Hills) was located within close vicinity to the catchment and selected
for the frequency analysis. The period of record extended from 1964 to present, providing 56 years of
data.

TUFLOW FLIKE software was also used for Bayesian calibration of probability parameters and a
Generalised Extreme Value distribution was selected. Only the Grubbs-Beck test was applied for
censoring which resulted in one censored low flow.

The results of the analyses are shown in Figure 5. This analyses also suggests that the inclusion or
exclusion of post-2012 has a significant impact on estimate quantiles.

Figure 5. Plotting of Historical Storms with and without post-2012 data (Linear-Log Scale)

DISCUSSION

The case study of the Cania Dam catchment highlights a few potential issues when significant rainfall
events have occurred subsequent to the BoM IFDs being revised, and the affect of these events on an
FFA.

The FFA is based on over 70 years of data and is based on actual recorded flows. Following
recommended procedures in ARR, no reasonable set of parameters could achieve alignment of design
flows within the FFA confidence limits for large events. In order to reconcile the FFA and the design
hydrology, rainfall was the only input left to adjust.

At-site frequency analyses for both streamflow and rainfall suggested that the inclusion or exclusion
of post-2012 data made a significant difference to the fitted distribution. However, it was unclear if
this alone was sufficient evidence to adjust the BoM IFDs.



At-site frequency analyses effectively capture point samples of a distribution of rainfall. The BoM
IFDs have undergone a regionalisation process and further processing to reduce this sampling
uncertainty. However, the 2013, 2015, 2017 and 2019 events were large scale, regional weather
systems that occurred after the collection of rainfall data used in the 2016 BoM IFD revision.
Therefore, if the regionalisation process was replicated with post-2012 data, there would still likely be
a difference in IFD estimates.

Despite this, in order to determine how much the post-2012 data may change the BoM IFDs, an IFD
derivation process, more rigorous than just an at-site frequency analaysis, would be required.
However, such a process would be impractical for most design hydrology applications.

Therefore, in cases such as this, the design hydrology estimates to ultimately adopt have to be
determined by the wider context of each specific project (and by the different opinions of different
hydrologists). Is it easier just to be conservative and apply an uplift to the IFD? Maybe it is worth
commissioning a full rainfall study? What is the ultimate difference in outcomes such as the AEP of
Dam Crest Flood or the Defined Flood Level for a planning scheme? These questions must be
answered on a project-by-project basis where this discrepancy between observed frequencies and
design rainfall and runoff analysis occurs.

One possible alternative has recently been applied to Paradise Dam (upstream of Bundaberg,
Queensland) as part of the Paradise Dam Improvement Project. An extreme rainfall analysis was
recently completed assessing historically extreme regional storms (within the Generalised Tropical
Storm Method Revised, GTSMR region) and local extreme storms in order to ultimately estimate the
AEP of the Probable Maximum Precipitation (PMP - HARC, 2021). As part of this study, a
significant effort was placed on analysing the 2013 local event in the Paradise Dam Catchment, which
was the flood of record. Within the GTSMR region, the 2013 local event in the Paradise Dam
Catchment was within the top 10 regional events, which places it as an extreme regional event,
however the event plots approximately at the 1 in 200 AEP within the local rainfall frequency analysis
(and more frequent in the flood frequency due to the shorter record length).

As with the Cania analysis, maintaining the unaltered (Cunnane) plotting position has the effect of
significantly skewing the fitted distribution, particuarly on the right hand tail. The analysis completed
by HARC (2021) adjusted the plotting position using a correction factor, which would place the 2013
event an order of magnitude rarer, approximately a 1 in 2,000 AEP event. As shown in Figure 6, this
has the effect of reducing the skew of the fitted distribution, and places the 2013 event at a plotting
position commensurate with the rest of the observed rainfall record.

Figure 6. Plotting of Historical Storms in the Paradise Dam Catchment, with an Alternative
Plotting Position for the 2013 Event



In the case of the Cania Dam catchment, it was decided that the BoM IFDs would be adopted without
adjustment. This decision was due to the rigour in the regionalisation and processing of the BoM IFDs
compared to a single at-site frequency assessment, as well as uncertainty in the 2015 event plotting
position as per the Paradise Dam example above. This also ensures consiststency with the remainder
of the Sunwater portfolio. However, there is acknowledged significant uncertainty in the magnitude
and frequency of floods in the catchment. This uncertainty has an impact on key design flood events
such as the Dam Crest Flood. The next steps for assessing risk at Cania Dam include modelling
Potential Life of Loss (PLL) using the BoM IFDs, understanding the implications of an uplift in
rainfall on dam risk and undertaking a rainfall frequency assessment.

CONCLUSION

As time passes since the 2012 cutoff year for the BoM IFDs, there will likely be more cases where
post-2012 data makes a difference to at-site frequency analyses for both rainfall and streamflow.
Therefore, future work to assist practitioners could include guidance on how to use BoM 2016 IFDs in
light of new data. This also highlights the value of updates to the IFDs more generally. It is also noted
that post-2012 events may occur or have occurred in a climate different to to earlier historic events.
This has not been considered as part of this analysis but may be a topic of future studies.
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