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SINCLAIR KNIGHT MERZ

Review of Report by WMAwater

1.

Introduction

This report was prepared at the request of the Queensland Floods Commission of Inquiry. It
provides a review of the report prepared by WMAwater (2011) that investigates the “Q100”
flood along the lower reaches of the Brisbane River and the probability of the 2011 flood
event.

For simplicity the term “Q100” is adopted throughout this report to denote the flood that has a
1in 100 (or 1%) chance of being exceeded in any one year®.

The scope of the report prepared by WMAwater was to provide estimates of:

o the Q100 flood line on the basis of information and reports that existed prior to the
2010/2011 floods;

o the Q100 flood line as it stands now, taking into account the data from the January 2011
event; and,

o0 the severity of the January 2011 flood along different points on the Brisbane River
expressed in terms of its annual exceedance probability (ie, the chance that it might be
exceeded in any one year).

It needs to be recognised that the above scope represents a most difficult task, particularly as
the investigation was undertaken in a very limited timeframe and without the involvement of
the two key agencies concerned (namely, Seqwater and Brisbane City Council). In essence
the scope requires WMAwater to resolve some vexed issues that have been the focus of a
number of detailed investigations and independent reviews over the past three decades. It is
thus inevitable that any conclusions drawn from such an investigation will be open to
argument and be vulnerable to criticism. In short, this is a complex problem that is subject to
considerable investigative constraints: it must be expected that any conclusions drawn are
subject to the appropriate caveats, and would be superseded by the more detailed
investigations contained in Recommendation 2.12 of the Interim Report prepared by the
Queensland Floods Commission of Inquiry (2011).

This report should be read in conjunction with the report prepared by WMAwater (2011), but
the main points are made in a fashion that should avoid the need for detailed cross-
referencing.

! The Q100 flood is more correctly referred to as the “1 in 100 AEP” or “1% AEP” flood, where AEP
denotes the “annual exceedance probability” of the event. This flood is also referred to colloquially as the
“100 year flood”, which is a misleading term that does not correctly capture the notion that the event has a 1
in 100 chance of being exceeded in any one year.
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6. It should be noted that the author of this report has been involved in a number of previous
investigations relevant to the subject of this review, namely:

o preliminary risk assessment of Wivenhoe, Somerset and North Pine Dams, commissioned
by the (then) South East Queensland Water Board, as reported in Sinclair Knight Merz
and Hydro Consulting Hydro Electric Corporation (March, 2000);

o hydrological investigations into flood behaviour for the lower Brisbane River
commissioned by the Brisbane City Council, as reported in SKM (2003);

o review of hydrological issues relevant to the January 2011 event commissioned by
Seqwater, as reported in SKM (2011%); and,

o provision of advice to Seqwater on an ad-hoc basis since January 2011.

7. A summary of the qualifications and experience of the author of this report is provided in
Section 2. An overall appraisal of the WMAwater report is presented in Section 3, and more
detailed matters relating to the frequency analyses are discussed in Sections 4 and 5.
Conclusions and recommendations arising from this review are presented in Section 6.
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2. Qualifications and Experience of Reviewer

8.  This report was prepared by Dr Rory Nathan, who is currently the General Manager
Technology and Practice, and the Practice Leader for Hydrology, with Sinclair Knight Merz
(SKM).

9.  Dr Nathan holds the following academic qualifications:
o0 Bachelor of Engineering (Agriculture) from the University of Melbourne (1980)
0 Master of Science (in Engineering Hydrology) from the University of London (1985)
o Diploma of Imperial College, University of London (1985)
o0 Doctor of Philosophy, University of Melbourne (1990)

10. He has the following professional affiliations:

o0 Fellow, Institution of Engineers, Australia
Australian Representative, Floods Committee, International Committee on Large Dams
Member Hydrology Sub-committee, NSW Dams Safety Committee
Honorary Fellow, Department. Civil Engineering, Monash University
Past Honorary Fellow, Dept. Civil and Environmental Engineering, University of
Melbourne

O O O O

11. Dr Nathan has over thirty years experience in various organisations in Australia and overseas,
covering academia, the public service, and private industry. Of particular relevance to the
subject of this review, he was the lead author of the current Australian guidelines for the
estimation of large to extreme floods (Nathan and Weinmann, 1999), and was a co-author of
the current guidelines on the selection of acceptable flood capacity for dams (ANCOLD,
2000). He is also on the Engineers Australia’s Technical Steering Committee for the ongoing
revision of the general guidelines for design flood estimation. He has worked on numerous
projects concerned with the assessment of flood risk across Australia, in every State and
Territory. He has been contracted by the majority of major dam owning and other water
resource agencies in Australia to provide consulting and advisory services, independent
technical review, and participation in expert panels in formal flood risk assessment processes.
He has also been contracted by several U.S. agencies to provide input to the development of
flood estimation practice and related guidelines on the characterisation of flood risk.

12. He has published over 150 research papers on engineering hydrology in refereed journals,
books, and conference proceedings, and has won several national and international awards for
his contribution to professional practice, including:

o Named as member of Top 100 Most Influential Engineers in Australia, 2009;
o National Civil Engineer of the Year, awarded by the Institution of Engineers, 2000;
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0 Three-times awarded Engineers Australia’s W.H. Warren Medal for the best paper in
Civil Engineering (1992, 1998, and 2005);

0 American Society Civil Engineering Journal of Irrigation and Drainage Engineering Best
Research Paper Award (1997); and,

o0 G.N. Alexander Medal (1998) for the best paper in Hydrology and Water Resources,
awarded by Engineers Australia.

13. A more detailed curriculum vitae is provided in Appendix B.
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3.

14.

15.

16.

17.

18.

Overall Appraisal

The following briefly reviews the approach taken by WMAwater to address the scope of
investigations as provided by the Queensland Floods Commission of Inquiry. The comments
provided below are grouped according to the report sections adopted by WMAwater, and
more detailed matters relating to the frequency analyses and assessment of event severity are
discussed in Sections 4 and 5 of this report.

Section 3 of the WMAwater report presents background material on the context for the Q100
and the salient issues involved in its estimation. This material is well supported by the
relevant guidelines and provides a useful overview of the issues involved.

Section 4 of the WMAwater provides a concise distillation of material relating to the history
of flooding and river engineering works along the Brisbane River since early European
settlement. The summary is well targeted to the needs of the investigation, though the
information presented on the flood mitigation performance of Wivenhoe dam is based on a
selective mix of historical and simulated analyses. This has important implications as noted in
paragraph 19 below and in the following Section 4.

Section 5 of the WMAwater summarises the outcomes of the flood investigations previously
undertaken for the catchment. The information is presented in a manner that emphasises the
chronology of the estimates, and little analysis is provided on the differences in hydrologic
assumptions, information content, and methodology that is associated with the different
estimates. Such analysis would highlight the nature of the supporting evidence, and would
clarify the extent to which the changes are due to re-examination of historical data, changes in
methodology and operating assumptions, and/or the role of subjective judgement used in the
investigations. In other words, while the discussion provides a comprehensive summary of
how estimates have changed over time, it does not constitute a critical review that sheds light
on the hydrological rationale for the changing estimates of Q100 over time. As discussed in
Section 4 of this report, the nature of the factors that influence the flood estimates under “no-
dam” conditions have changed little in comparison with those under current conditions where
the mitigating impacts of Somerset and Wivenhoe Dams are considered.

Section 6 of the WMAwater report discusses the general issues involved in determining a
rating curve, as well as a number of specific issues that confound the derivation of flows from
flood level information at the Port Office. Determination of reliable rating curves over the
period of available flood level information is a tractable problem, but its solution does require
relevant bathymetric and tidal information, and careful hydraulic analysis. The rating curve
derived by WMAwater makes good use of available information and is consistent with other
analyses; the only point of minor disagreement relates to the averaging of rating curve

SINCLAIR KNIGHT MERZ
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19.

20.

information over the lower range of discharges. The lower end of the curve is well defined by
the constant release of 3500 m*/s from Wivenhoe Dam made by Seqwater in January 2011
(SKM, 2011b); the artificial nature of these flow conditions are well suited to the derivation of
the lower end of the rating curve and should be given high weight compared to other
evidence.

Section 7 of the WMAwater report presents the substantial analyses used to derive the revised
estimate of the Q100. Comment on the key issues arising from this is provided in the next
section of this report, but in terms of overall appraisal it is suffice to note here that:

o the broad approach used to undertake the frequency analysis using historical maxima is
appropriate;

o there is reasonably strong justification for the Q100 estimate under “no-dam” conditions
as it is largely supported by observations over a 170 year period; but,

0 the justification presented for the Q100 estimate under current conditions is based on an
assumption that reduces the operational complexity of Wivenhoe Dam and the associated
joint probability issues to a single fixed reduction factor — the analysis involves a
somewhat circular argument and relies heavily on the information contained in a single
event, and as such, the estimate provided by WMAwater is not considered defensible; and
accordingly,

o0 the estimates of the Q100 flood levels along the Brisbane River are not supported — the
primary reason for this view is because the Q100 flow estimates are not defensible, but it
is also noted that more current information on debris marks has not been used.

Section 8 of the WMAwater report provides the conclusions of their investigations. As
indicated in the preceding paragraph the conclusion drawn regarding the Q100 estimate under
“no-dam” conditions is accepted, and the Q100 estimate relevant to current conditions is not.
The recommendations made concerning the need to model the Port Office gauge with a
hydrodynamic model are supported, but the lack of discussion (and associated
recommendations) around the limitations inherent in the treatment of Wivenhoe Dam
operations and the associated joint probability issues is considered a significant omission.

SINCLAIR KNIGHT MERZ
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4.

4.1.

21.

22.

23.

4.2.
24.

25.

Flood Frequency Analysis

Overview

The approach adopted by WMAwater to derive an estimate of the Q100 event based on
information available prior to 2011 may be summarised as follows:

a) The Port Office gauge was selected on the basis of relevance and length of record.

b) Historical flood levels prior to 1917 were adjusted to account for dredging works, and the
flow peak for the 1974 event was adjusted (upwards) to represent “no-dam” conditions.

c) A statistical distribution was fitted to the historical flood maxima and used to estimate the
“no-dam” Q100.

d) A single factor was applied to the “no-dam” Q100 estimate to derive an estimate of the
Q100 under current conditions.

The above approach was repeated using data obtained from the January 2011 event (where in
step b the flow peak for the 2011 event was adjusted upwards to represent “no-dam”
conditions), and the Q100 estimates were recalculated to determine the impact of the recent
floods.

The above steps involve varying degrees of subjective judgement and are underpinned by
different levels of supporting evidence. These differences impact markedly on the
defensibility of each successive step, as discussed below.

Adjustments to Historical Flow Estimates

Adjustment of historical flood levels prior to 1917. The estimates of flood peaks for the events
prior to 1917 are largely based on estimates provided by City Design (1999%), where the
highest events were revised in line with a rating curve derived from the hydraulic modelling®.
These adjustments attempt to take account of the river engineering works that had taken
place, as summarised by WMAwater. The rationale for this adjustment is clear, though it is
recognised that the bathymetric information on which the estimates are based is uncertain.
The sensitivity testing undertaken by WMAwater would suggest that the adjustments are
“probably appropriate”.

Impact of Revised Rating Curve. It would appear that WMAwater revised the flood estimates
provided by City Design (1999*°) for the highest historic events on the basis of their revised

2 Appendix B of the WMAwater report incorrectly states that the adjusted flood level data was obtained from
“SKM June 1999 report” — this citation should read City Design (1999%). It is also noted that WMAwater also
replaced the 1931 flood level estimated by City Designs (6245 m®/s) with their own estimate (7000 m%s).

SINCLAIR KNIGHT MERZ
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26.

217.

rating curve. The difference between the two sets of flood estimates is illustrated in Figure 1.
With the information provided it is not possible to comment meaningfully on the
appropriateness of the new flood estimates, other than to speculate that the hydraulic
modelling approach used by WMAwater is likely to be more defensible than that available to
City Designs in 1999. The point of the Figure 1 is to illustrate the influence of this step in
their analysis, where at the high flow end the difference in the best estimate of flows is in the
order of ~1000-2000 m/s.

9 —
L3 °
8 ° <><>
7 -
Z 6-
< O e
E. o
A ®
- o °
'8 O e ® O
9 31
('8
®
2 7 @0@@’ ® © City Design (1999a)
- &O # City Design (1999b)
* WMAwater (2011)
0 : . .
0 5000 10000 15000
Flood Peak (m3/s)

Figure 1. Difference in estimates of historical floods derived by WMAwater and City
Designs.

Derivation of ““No-dam”” estimate of 1974 peak flow. No information is provided by
WMAwater regarding the means by which the estimate of flow at the Port Office gauge was
adjusted upwards to represent “pre-Somerset dam” conditions. Various estimates could be
derived from earlier work that are within 1000 m*/s of the adopted value of 11300 m*/s (eg
Hegerty and Weeks, 1985; SKM, 1998; City Designs, 1999; SKM, 2003) and it is unclear
from the text what adjustments were made to account for the revised rating curve and for the
removal of Somerset Dam.

Derivation of ““No-dam” estimate of 2011 peak flow. Similarly, no information is provided by
WMAwater regarding the means by which the estimate of flow at the Port Office gauge
(~9600 m®/s) was adjusted upwards to represent “no-dam” conditions (12400 m®/s). It is
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4.3.

28.

29.

30.

31.

32.

assumed that this was achieved using hydrologic inputs and hydraulic model provided by
SKM (2011°), but adopting different assumptions in some fashion. It should be noted that the
estimate derived by SKM (13400 m®/s) was higher than that adopted by WMAwater, though
without further information it is difficult to comment on the relative merits of the WMAwater
estimate.

Frequency Analysis for “No-dam” Conditions

WMAwater used the FLIKE software developed by Kuczera (2001) to fit two different
statistical distributions to the set of “no-dam” flood peaks. The conceptual nature of the
statistical approach adopted (Bayesian maximum likelihood fitted to a censored historical
series) represents best practice and is fully supported.

It is noted that the difference in estimates of the “no-dam” Q100 arising from choice of the
distribution adopted for the full period of record is around 1600 m*/s, or around 12% of the
adopted estimate. This uncertainty reflects the “unknowable” nature of the distribution that
governs the distribution of floods, and is additional to the uncertainty arising from the sample
of historic maxima considered. It should also be noted that this uncertainty does not reflect
the uncertainty inherent in the estimates of the flood maxima, as discussed above in
paragraphs 24 to 27.

The nature of these uncertainties are common to all such investigations, and the preceding
point is made to illustrate that, even if we assumed that we had 171 accurate observations of
annual maximum floods, and that they represented a homogeneous sample, estimation of the
Q100 is inherently an uncertain business. A reasonable estimate of the uncertainty of the “no-
dam” Q100, even with these 171 years of observations, is around 30% to 40% of the adopted
value.

On the basis of the information presented by WMAwater, it is considered that 13000 m*/s
represents a reasonable estimate of the “no-dam” Q100.

WMAwater make the point that their estimate of 13 000 m*/s is consistent with the “more
recent” flood frequency estimates provided by SKM (1998) and City Design (1999%). This is a
slightly curious observation to make, for it is noteworthy that this estimate is similar to all
previous estimates of the Q100 in studies cited by WMAwater. The term “similar” is used
here to denote a range of values that lie well within the notional (but optimistic) band of
uncertainty of £30%. The relevant estimates of interest are summarised in Table 1, and
illustrated in Figure 2.

SINCLAIR KNIGHT MERZ
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= Table 1: Summary of estimates of the “no-dam” Q100.

Estimate of Q100 Year Derived | Source
(m°fs)
11500 1984 Weeks (1984) (also cited by Greer, 1992)
14910 1993 Dept. Natural Resources (1993)
13700 1998 SKM (1998)
12300 Jun 1999 City Design (1999%)
11000 Dec 1999 City Design (1999%
SKM (2003); Mein et al. (2003)
12000 2003* o )
Indicative uncertainty: 10000 — 14000 m®/s
13000 2011 WMAwater
See paragraph 33 for details.
18000 -
16000 - .
A~ 14000 - *
: -----------;--i-----.-
— 12000 | o
2 2
@ 10000 -
E ______________________________________________________________
= 8000 -
w
o 6000 -
S 4000 -
o
2000 -
O T T T T T
1983 1988 1993 1998 2003 2008

Year of Estimate

»  Figure 2. Chronology of estimates of the “no-dam” Q100 (where the bold dashed line
denotes the estimate made by WMAwater, and the notional associated band of
uncertainty is shown by the narrow dashed lines).

33. Itis not clear why WMAwater did not critically review the extensive flood frequency analysis

undertaken by SKM (2003). It represents the most recent investigations into the
characterisation of flood risk along the lower Brisbane River, and the findings of the study

were independently reviewed and endorsed by an independent panel (Mein et al, 2003). The

study used a similar statistical approach as adopted by WMAwater, but reinforced the
statistical inference by use of information from a number of other gauges. The SKM (2003)
investigations focused on flood observations derived for Savages Crossing, which has a

catchment area around 25% less than the Port Office gauge. While historical evidence (eg

SINCLAIR KNIGHT MERZ
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City Design, 1999°) suggests that the peak flows along the lower Brisbane River tend to
remain approximately constant (as noted by WMAwater, paragraph 97), evidence based on
general Australian flood extremes (eg Nathan et al, 1994; Malone, 2011) suggests that peak
discharges (for the larger catchment areas of interest) vary in a non-linear manner that is
proportional to the ratio of the catchment areas raised to the power of 0.62. Thus, a Q100
estimate derived for Savages Crossing might be transposed to the Port Office under “no-dam”
conditions by application of a factor that might vary between 1.0 and 1.20 (where greater
weight should be applied to the lower figure on the basis of site-specific information). The
SKM (2003) study concluded that the “no-dam” Q100 was likely to be between 10000 m*/s
and 14000 m®/s, with a best estimate being 12000 m°/s. If some account were made for the
difference in catchment area between the two sites, the corresponding estimate at the Port
Office gauge might be between 12000 m*/s and 14300 m%/s. This range neatly brackets the
estimate derived by WMAwater, but given the additional weight that should be given to
catchment-specific behaviour, it is concluded that the WMAwater estimate is around 5%
higher than the estimate derived by SKM (2003).

34. This level of agreement between the SKM (2003) and WMAwater results is particularly
important as they were derived using largely independent data sets. That is, using two
separate sets of data representing long-term flood behaviour, both studies yielded similar
estimates of the “no-dam” Q100. Such independent corroboration increases the level of
confidence in the best estimate adopted. (The two studies do, however, diverge when it comes
to the estimate of the Q100 for current conditions, and this is discussed in the following
section.)

35. The information presented in Table 1 and Figure 2 actually illustrates an important point: the
estimates of “no-dam” Q100 have changed little over the past 30 years because the underlying
information from which they are derived is from a long period of observations that spans 170
years. The estimates of the “no-dam” Q100 are thus statistically robust as there is reasonably
good evidence for the natural variability of flood behaviour in this catchment. Further efforts
to refine the flood observations using better bathymetry data and hydraulic modelling will
serve to reduce the band of uncertainty, but the “best estimate” is unlikely to change in a
material fashion.

4.4, Estimation of the Q100 for Current Conditions

36. The reasonable consistency that is evident for estimates of the Q100 under “no-dam”
conditions is not present when the corresponding timeline of estimates for “current”
conditions are compared. This point is made quite strongly in the WMAwater report, and the
reasons for this are worth exploring.

SINCLAIR KNIGHT MERZ
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37.

38.

39.

40.

The difference between estimates of the Q100 under “no-dam” and “current” conditions is the
mitigating effects afforded by the presence of Somerset and Wivenhoe Dams. These dams
have considerable potential to reduce flood peaks for rainfall events that occur in the upper
half of the Brisbane River catchment, but obviously have no ability to control floods from
rainfalls that fall downstream of their location. Their potential for flood mitigation decreases
as the magnitude of the flood increases, and this is in part dependent on the manner in which
Wivenhoe Dam is operated. The ability of the dams to reduce peak levels at the Port Office is
dependent on a number of key factors, namely:

0 The average depth of the rainfall and the nature of the antecedent conditions;

0 The location of the most intense areas of rainfall (ie, the spatial patterns of rainfall);
The manner in which rainfall intensity varies during the event (ie rainfall temporal
patterns);

How the storm moves across the catchment during the event;

The influence of tidal conditions on flood levels;

The flood storage available in the dams just prior to the onset of the event; and,
Operating procedures used to release stored floodwaters from the dams.

o

O O O O

It should be recognised that all but the last two factors influence flood magnitude under either
“no-dam” or “current” conditions. These factors are stochastic in that they depend on the
capricious variability of Mother Nature, whereas the last two factors are (to different degrees)
determined by human intervention.

There is an infinite manner in which the different stochastic factors may combine to result in
a flood, and for this reason the longer the period of record the more confidence we have in our
ability to characterise expected flood behaviour. As discussed in the preceding section, we
have reasonable confidence in our estimate of Q100 under “no-dam” conditions as we have
170 years of observations to help us.

However, the introduction of the dams completely alters the manner in which these stochastic
factors combine to yield a flood. The presence of the dams markedly heightens the sensitivity
of the flood magnitude to these natural stochastic influences. For example, under natural
conditions it makes little difference whether or not the most intense part of the storm is
located over the exact centre of the catchment, or a small way upstream or downstream of it.
However, with a dam in place, such a difference might mean that the bulk of the flood is
impounded by the dam, or the flood might rise downstream of it. Examples of this variability
may be seen in the spatial patterns associated with past major events, as reproduced in
Appendix B from information presented in SKM (2003; 2011%). These plots show for
example that the rainfall in the January 1893 event was largely restricted to the area above
Somerset Dam, but in January 1974 it would have fallen below both dams. Thus, even if the
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41.

42.

43.

44,

average catchment rainfall depth had been the same, the resulting peak flow at the Port Office
would have been markedly different.

In short, the introduction of dams into the system vastly increases the complexity and
uncertainty of flood behaviour as experienced by residents of Brisbane. While the availability
of 170 years of record allows us to characterise flood risk with some degree of certainty, we
need considerably more sophisticated tools to estimate this with the dams in place. Indeed, the
historical information available to us that is relevant to “current” conditions (ie since the
upgrade to Wivenhoe Dam in 2003) is in fact contained in a single event, in January 2011.
With care, the historical information contained in a small number of events might be altered
to represent current conditions, but by comparison with the information content that supports
the estimate of the “no-dam” Q100, this is a miserably small data set to examine.

Given the foregoing, it is seen that the uncertainty surrounding the estimate of the Q100 for
“current” conditions is inherently greater than that for “no-dam” conditions. Any estimate of
the Q100 for current conditions is necessarily subject to simplifying assumptions, each of
which will reflect the changing nature of what is “current”. That is, the estimates will change
according to the size of dam, the governing operating rules, and the nature of the design
information that was thought to be most relevant at the time. It is thus to be expected that
estimates of the Q100 for “current” conditions will be more volatile than those for “no-dam”
conditions, and that these will vary over time as conditions change. It is for this reason that
the only defensible way of estimating flood risk for current conditions is to analyse the joint
probabilities in an explicit manner using such techniques as Monte-Carlo simulation, as
recommended by SKM (2003) and Mein et al. (2003), and more recently by the Joint Flood
Task Force (2011) and in the Interim Report prepared by the Queensland Floods Commission
of Inquiry (2011).

The foregoing provides a broader context for commenting on the method used by WMAwater
to estimate the Q100 under current conditions. WMAwater (as described in paragraph 32 of
their report) converted the “no-dam” estimate of the Q100 to “current” conditions by the
simple application of a single factor (0.73). In essence, this factor is intended to account for
all the stochastic complexity as described in the preceding paragraphs. WMAwater make the
under-stated comment that the “2011 data provides the only real data point on the
performance of the dam”. It is for this reason that the Q100 estimate is sensitive to
consideration of the 2011 event, whereas that for “no-dam” conditions is not. No further
comment is made concerning the limitations of their approach, and no recommendations are
made concerning the need for improving this aspect of their inference.

By this means, WMAwater estimate the Q100 for current conditions to be 9500 m*/s. This
estimate is almost 50% higher than the estimate derived by SKM (2003), despite the fact that
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45,

46.

47.

the corresponding estimates derived by WMAwater and SKM for “no-dam” conditions are
similar. It should be noted that the SKM (2003) estimate is derived using a model to simulate
the operating procedures of the two dams, and a hydraulic model to route the outflows down
to the Port Office. The inputs reflecting the stochastic behaviour of the system were
conditioned to be consistent with the “no-dam” flood conditions, where the impacts
associated with dam operations were handled by deterministic modelling.

The estimate derived by SKM (2003) was endorsed by an independent review panel
established for the purpose. Both SKM and the independent review panel acknowledge the
limitations of the adopted approach, and as a consequence both parties separately
recommended the need for a more rigorous approach based on explicit joint probability
procedures.

WMAwater’s estimate of “current” flood risk is heavily dependent on the results of a single
flood event. Apart from the statistical sampling limitations involved, the simplicity of this
approach introduces a degree of circularity in their argument. As noted above, the flood
mitigation potential of the dams decreases as the magnitude of the flood increases. If the
January 2011 flood is more representative of an event with an annual exceedance probability
of 1in 200, then it would be expected that a factor lower than 0.73 should be used, and thus
the resulting estimate of the Q100 would be lower. The assumption that the characteristics of
the January 2011 event are directly relevant to the Q100 biases the outcome in a very
selective fashion. Giving more weight to the other evidence presented in Figure 3 of their
report would alleviate this problem, but again the size of the sample compared to the nature of
the stochastic influences does not provide compelling justification for the adopted approach.

In summary, it is considered that the approach taken by WMAwater does not give adequate
consideration to the stochastic factors that influence the conversion of the “no-dam” estimate
of the Q100 to “current” conditions. While it might be expected that the January 2011 event
might result in an upwards revision of the Q100 estimates as derived in 2003, no compelling
evidence to this effect has been presented.
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5.

48.

49.

50.

51.

52.

Assessment of Event Severity

On the basis of their derived Q100 estimate for current conditions, WMAwater estimate that
the 2011 event has an annual exceedance probability of 1 in 120. The exceedance probability
is precisely stated given the large uncertainty inherent in its estimation. Following from the
discussion presented in the preceding section, this author does not agree with either the
inferred accuracy or the magnitude of this assessment.

WMAwater present supporting evidence in the form of rainfalls. It is not stated how the
rainfall estimates provided in Table 12 of the WMAwater report were derived. Any estimate
of total catchment rainfall is heavily dependent on the number and quality of the rainfall
gauges used, and the manner in which the surface fitting procedures account for the influence
in topography. It is thus not possible to comment on the validity of the catchment rainfall
totals presented. It is noted that only gauges operated by the Bureau of Meteorology were
used, and that there are other gauges (eg ALERT) that could be used to refine the estimate. It
is not clear why a range of areal reduction factors were considered as this can be calculated —
from Table 4-1 of SKM (2003) it may be inferred that the 3-day areal reduction factor
relevant to the catchment is 0.86.

SKM (2011%) undertook an analysis of event rainfall data and concluded that the annual
exceedance probability of the rainfalls for the whole dam catchment was around 1 in 100 to 1
in 200, though the annual exceedance probability of the most extreme point rainfalls that
occurred in the centre of the Brisbane River catchment was likely to be between 1 in 500 and
1in 2000. This interpretation suggests that the event rainfalls were rarer than that concluded
by WMAwater, but it is fair to say that neither analysis was rigorously undertaken and there is
no strong evidence to support one view over the other. To this author’s knowledge no careful
analysis of catchment rainfalls has yet been published that utilises all available data in a
manner that takes account of the topographical gradients involved.

As discussed in the preceding section and noted by WMAwater, the exceedance probability of
the rainfall event can only give a general indication of the severity of a flood event. This is
particularly the case for Brisbane River, where the spatial and temporal characteristics of the
rainfall can influence flood severity downstream of the dams in a manner that may be quite
differentiated from the causative rainfall.

Analysis of estimates of the January 2011 flood under “no-dam” conditions would suggest
that this was an event with an annual exceedance probability of around 1 in 100, but again
this does not reflect the true flood risk as it stands under current conditions.
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53. WMAwater present a flood profile on the basis of their estimate of Q100 under current
conditions at the Port Office. This flood profile is then used to make inferences regarding the
severity of the event at different locations down Brisbane River. Given that this author does
not agree with the estimate of the Q100 then it follows that the assessment of severity as
presented is also not endorsed. There are, however, a couple of additional minor points
regarding this assessment that are worth noting, as discussed below:

o WMAwater did not use the MIKE-11 model (version 2) developed by SKM as it is stated
that the model underestimates peak levels by up to 1.8 m between Jindalee and the Port
Office. It is noted that WMAwater did not have access to the SKM report that
accompanies version 2 of the model (SKM, 2011c), as this (and other) limitations of the
modelling were noted and discussed. This particular limitation did not impact on the
results reported, and thus this aspect was not refined within the timeframe available.

o0 It should also be noted that the maximum underestimation of water levels along this reach
is actually about half that indicated by WMAwater. The reason for this discrepancy is that
WMAwater relied upon interim flood levels referenced by the Joint Flood Taskforce
(2011), which are flagged as requiring verification. The discrepancy between these
interim values and recorded data may be discerned from the information presented in
Figure 6-6 of SKM (2011") and in Figure 6-7 of SKM (2011°). A plot illustrating model
performance against flood debris data obtained by Brisbane City Council is shown in
Figure 3. It should be noted that these debris marks provide only an approximate
indication of flood level, but that at the confluence with Oxley Creek these indicators are
consistent with recorded data.

o Finally, it the WMAwater report states that the MIKE11 model was adjusted to match the
surveyed flood levels, but no details of how this adjustment was undertaken nor the
physical basis for this adjustment is provided. It is thus not clear on what basis the
comparisons with the derived Q100 level are provided.
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Figure 3. January 2011 peak level profile versus observed debris flood marks provided

by Brisbane City Council.
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6.

54,

55.

56.

57.

Conclusions and Recommendations

The scope of the investigations addressed by WMAwater relates to some vexed issues that
have been the focus of a number of detailed investigations and independent reviews over the
past three decades. It is understood that WMAwater had limited time to undertake their
investigation, and it is appropriate that any conclusions drawn are subject to the appropriate
caveats.

On the basis of the material presented by WMAwater it is this author’s opinion that:

o the broad approach used to undertake the frequency analysis using historical flood
maxima is appropriate;

o there is reasonably strong justification for the Q100 estimate of 13000 m%s under “no-
dam” conditions as this analysis makes use of flood behaviour observed over a 170 year
period,;

o0 the method used to convert the estimate of “no-dam” Q100 to current conditions is overly
simplistic and involves a somewhat circular argument that relies heavily on information
contained in a single event;

0 the estimate of Q100 for current conditions is accordingly not supported; and,

0 as a consequence the Q100 flood level estimates along the Brisbane River are also not
supported.

The estimate of the Q100 under current conditions is inherently more uncertain than the
estimate of Q100 under “no-dam” conditions. It is considered that the only defensible way of
estimating flood risk for current conditions is to analyse the joint probabilities in an explicit
manner using such techniques as Monte-Carlo simulation.

This author agrees with the recommendations for improving the rating relationship at the Port
Office gauge made by WMAwater, but it is recommended that higher priority be given to the
application of more rigorous (joint probability) hydrological methods that reflect current
operating procedures to allow the flood risk downstream of the dams to be characterised with
confidence.
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Dr Rory Nathan
Practice Leader Hydrology

Qualifications

= B.E.(Agr), University of Melbourne, 1980
M.Sc., D.I.C., University of London, 1984
= Ph.D., University of Melbourne, 1990

Affiliations

= Fellow, Institution of Engineers, Australia

= Australian Representative, Floods Committee, International Committee on Large Dams
= Member Hydrology Sub-committee, NSW Dams Safety Council

= Honorary Fellow, Department. Civil Engineering., Monash University

= Past Honorary Fellow, Dept. Civil and Environmental Engin., University of Melbourne
Awards

= Named as member of “Top 100 Most Influential Engineers” in Australia, 2009

= National Civil Engineer of the Year, awarded by the Institution of Engineers, 2000

= W.H. Warren Medal (1992, 1998, and 2005) for the best paper in Civil Engineering
(national award by the Engineers Australia).

= ASCE Journal of Irrigation and Drainage Engineering Best Research Paper Award (1997)

= G.N. Alexander Medal (1998) for the best paper in Hydrology and Water Resources,
(national award by the Engineers Australia)

= Best presentation of a technical paper at the Hydrology & Water Resources Conf. (1993)

= ACEA Award of Excellence (1998).

= Victorian Engineering Excellence Award (2003).

Fields of Special Competence

Dr Rory Nathan has around 30 years experience in engineering hydrology in both the
academic and consulting fields. He is actively involved in a number of research projects under
the auspices of Engineers Australia and with the University of Melbourne. While he has
generally worked in areas of flood estimation, hydrological processes, regionalisation, and
catchment hydrology, he has developed specialist skills in the following areas:

Estimation of extreme hydrologic events (floods and low flows)
Characterisation of risk for dam safety

Hydrologic estimation in ungauged catchments

Regionalisation of hydrologic information

Characterisation of flow regimes for environmental flows
Modelling and simulation of hydrologic processes

Hydrologic model development and application

Relevant experience

= Convenor and senior author of the national guidelines for the estimation of large to
extreme floods published by the Institution of Engineers Australia.
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= Contracted by the U.S. Bureau of Reclamation to provide input to the development of
guidelines on the characterisation of hydrologic inputs for risk analysis

= Contracted by the U.S. Army Corps of Engineers to help formulate research directions to
be undertaken in the area of hydrologic risk using federal agency funding

= Contracted by the Murray Darling Basin Commission to oversee and review the flood risk
assessment of Hume Dam being undertaken by NSW State Water (and SMEC).

= Member of panel undertaking risk review of the Dam Safety Program for Western
Australia's South-West Irrigation Dams

=  Member, Expert Review Panel for the Preliminary Risk Assessment of the portfolio of
dams owned by the Hydro-Electric Authority, Tasmania

= Member, Expert Review Panel for the Preliminary Risk Assessment of Somerset,
Wivenhoe, and North Pine Dams owned by the South East Queensland Water Board

= Member, Expert Review Panel for the upgrading of Rosslynne Dam owned by the
Southern Rural Water

= Project Manager consequence assessment and risk characterisation of Dartmouth Dam
(Goulburn-Murray Water)

= Project Director for the consequence assessment and risk characterisation of Hume Dam
(DLWC, NSW)

= Variously Project Manager and Project Director for the estimation of hydrologic loads,
risk characterisation, and consequence assessment of several dams owned by Goulburn-
Murray Water (and its predecessor the Rural Water Corporation); Dartmouth, Eildon,
Cairn-Curran, Nillhacootie, Laanacoorie, Mokoan, Waranga, Buffalo, Fyans, Bellfield,
Rocklands,

= The estimation of hydrologic loads and review of spillway adequacy for many major
water storages owned by the (then) Rural Water Corporation (Eildon, Dartmouth,
Laanacoorie, Wartook, Bellfield, Fyans, Waranga, Lonsdale, Rocklands, Pine, Taylors,
Cairn-Curran, Tullaroop, Upper Coliban, Lauriston, Malmsbury, Buffalo, and Pykes
Creek).

= Responsible for event tree development and risk characterisation of hydrologic inputs to
the Preliminary Risk Assessment of all dams owned by the Snowy Mountain Hydro-
Electric Authority.

= Responsible for the derivation and characterisation of hydrologic and hydraulic inputs to
the Preliminary Risk Assessment of all dams owned by South Australia Water.

= Use of quantitative risk analysis for evaluation of floodplain development options for
AMP

= Provision of advice to ACTEW/AGL on how to best account for climatic variability in the
development of options for their future water supply options (ongoing)

= Assessment of the vulnerability to climate change and variability for the water resources
of the Fitzroy River

= Project Director for the consequence assessment of four major dams owned by the Dept.
of Land and Water Conservation, NSW (Blowering, Burrinjuck, Split Rock and Keepit)

= Project Director for the consequence assessment and risk characterisation of the Kiewa
Hydroelectric Scheme (Southern Hydro)

= Expert reviewer of extreme event hydrologic studies undertaken by Melbourne Water
(Upper Yarra and Devils Bend reservoirs)

= The estimation of hydrologic loads and review of spillway adequacy for O’Shannassy
Reservoir (Melbourne Water).
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Refereed Journal and Book Publications

Nathan, R.J., T.A. McMahon, & B.L. Finlayson (1988): The impact of the greenhouse effect
on catchment hydrology and storage-yield relationships in both winter and summer
rainfall zones. In Greenhouse, Planning for Climate Change, G.lI. Pearman (ed), CSIRO
Publications and E.J. Brill Publishing Co., pp 273 - 295.

Nathan, R.J. and T.A. McMahon (1990). Evaluation of automated techniques for baseflow and
recession analyses. Water Resources Research, 26(7): 1565-1473.

Nathan, R.J. and T.A. McMahon (1990). Practical aspects of low flow frequency analysis.
Water Resources Research, 26(9): 2135-2141.

Nathan, R.J. and T.A. McMahon (1990). Identification of homogeneous regions for the
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parameters. Civil Engin. Trans., Instit. of Engin. Aust., CE32(3): 157-161.

Nathan, R.J. and T.A. McMahon (1990): The SFB Model Part Il - Operational Considerations
Civil Engin. Trans., Instit. of Engin. Aust., CE32(3): 162-166.

Nathan, R.J. and T.A. McMahon (1991): Reply to Comment on "Evaluation of Automated
Techniques for Base Flow and Recession Analyses”, Water Resources Research, 27(7):
1783-1784.

Nathan, R.J. and T.A. McMahon (1991): Reply to Discussion on "The SFB Model Part I -
Validation of Fixed Model Parameters”, Civil Engin. Trans., Instit. of Engin. Aust.,
CE33(3): 209-212.

Nathan, R.J. and T.A. McMahon (1991): Reply to Discussion on "The SFB Model Part Il -
Operational Considerations”, Civil Engin. Trans., Instit. of Engin. Aust., CE33(3): 217.
Gordon, N.D., T.A. McMahon, and B.L. Finlayson (software author R.J. Nathan), (1992):

Stream Hydrology - An Introduction for Ecologists. John Wiley & Sons, England, 526 pp.

Nathan, R.J. (1992): The derivation of design temporal patterns for use with generalised
estimates of probable maximum precipitation. Civil engineering Transactions, I.E. Aust.
CE34(2): 139-150.

Nathan, R.J. and T.A. McMahon (1992): Estimating low flow characteristics in ungauged
catchments. Water Resources Managament, Vol 6(3): 85-100.

Nathan, R.J. and P.E. Weinmann (1992):. Practical aspects of at-site and regional flood
frequency analyses. Civil engineering Transactions, I.E. Aust. CE34(3): 81-88.

Nathan, R.J. and Weinmann, P.E. (1993): Low flow atlas for Victorian streams, Division of
Water Resources, Department of Conservation and Natural Resources, 170pp (ISBN 0
7306 3226 1).

Dyer B., Nathan R.J., McMahon T.A., and O'Neill I.C. (1993): A cautionary note on modelling
baseflow in RORB. I.E. Aust. Civil Engin. Trans. CE35(4): 337-340.

Jayatilaka, C., Gillham, R., and Nathan, R.J. (1996) A deterministic-empirical model of the
effect of the capillary fringe on near-stream are runoff: 2 testing and application. J
Hydrol 184: 317-336.

Dyer, B.G., Nathan, R.J., McMahon, T.A., O’Neill. 1.C. (1996) Prediction equations for the
RORB parameter Kc based on catchment similarity. Aus J Water Resources, 1(1): 29-38.

Nathan, R.J. and Weinmann, P.E. (1995): The estimation of extreme floods - the need and
scope for revision of our national guidelines. Aus J Water Resources, 1(1): 40-50.

Nathan, R.J. and Weinmann, P.E. (1996): Reply to Discussion by Green et al.: “The estimation
of extreme floods - the need and scope for revision of our national guidelines”. Aus J
Water Resources, 1(2): 106-107.
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Nathan, R.J., K. Austin, D. Crawford, and N. Jayasuriya (1996). The Estimation of Monthly
Yield in Ungauged Catchments Using a Lumped Conceptual Model. Aus J Water
Resources, 1(2): 65-75.

Bailey, M.A., Connell, L.D. and Nathan, R.J. (1996): Accuracy of uncertainty estimation using
inverse first-order reliability analysis. In Calibration and Reliability in Groundwater
Modelling, IAHS Publication No. 237, ed K. Kovar and P. van der Heijde, pp 523-531.

Grayson, R.B., Argent, R.M., Nathan, R.J., McMahon, T.A., and Mein, R.G. (1996):
Hydrological Recipes: Estimation Techniques in Australian Hydrology. Cooperative
Research Centre for Catchment Hydrology. (ISBN 1 876006 13 7), 125 pp.

Mudgway, L.B., Nathan, R.J., McMahon, T.A., Malano, H.M. (1997): Estimation of salt
export from high water table areas: I: identification of processes using a physically-based
model. J Irrig & Drainage Enging, 123(2), 79-90.

Nathan, R.J. and Mudgway, L.B. (1997): Estimation of salt export from high water table areas:
I1: identification of regional salt loads using a lumped conceptual model. J Irrig &
Drainage Enging, 123(2), 91-99.

Beverly, C.R., Nathan, R.J., Malafant, K.W., Fordham, D. (1998): Development of a
simplified unsaturated module for providing recharge estimates to saturated groundwater
models, Hydrological Processes, 13, 653-675.

Nathan, R.J., Weinmann, P.E., and Minty, L. (1999): Estimation of the Annual Exceedance
Probability of
Probable Maximum Precipitation in South East Australia, Aus J Water Resources 3(1),
143-154.

Nathan, R.J., Weinmann, P.E., (2000) Book VI - Estimation of Large to Extreme Floods in National
Committee on Water Engineering (Eds) Australian Rainfall and Runoff A Guide to Flood
Estimation. I.E. Aust. Canberra.

Hill, P.I. Nathan, R.J., Weinmann, P.E., and Green, J.A.H. (2000): Improved estimates of
hydrologic risks for dams - impacts of the new flood guidelines. ANCOLD Bulletin 114:
49-58.

Connell, L.D., Jayatilaka, C.J., Nathan, R. (2001): Modelling flow and transport in irrigation
catchments 2. Spatial application of subcatchment model. Water Resources Research
37(4), 965-977.

Jolly, 1.D., Williamson, D.R., Gilfedder, M., Walker, G., Morton, R., Robinson, G., Jones, H.,
Zhang, L., Dowling, T., Dyce, P., Nathan, R.J., Nandakumar, N., Clarke, R., and McNeill,
V. (2001): Historical stream salinity trends and catchment salt balances in the Murray-
Darling Basin, Australia. Marine and Freshwater Research, 52: 53-63.

Hill, P.1., Cook, D., Nathan, R.J., Crowe, P., Green, J., Mayo, N., (2001): Development of a
Comprehensive Approach to Consequence Assessment. ANCOLD Bulletin 117: 33 - 46.

Letcher, R.A., Schreider, S. Yu., Jakeman, A.J., Neal, B.P. and Nathan, R.J. (2001): Methods
for the analysis of trends in streamflow response due to changes in catchment condition.
Environmetrics, 12: 613-630.

Green, J.H., Weimnann, P.E., Kuczera, G.A., Nathan R.J. and Laurenson E.M. (2002):
Probabilities Of Extreme rainfall - Past, Present and Future ANCOLD Bulletin - Issue No.
122, 65-76

Hill, P.1., Bowles, D.S., Nathan, R.J. and Herweymen, R. (2002): On The Art Of Event Tree
Modeling For Portfolio Rish Analyses. ANCOLD Bulletin — Issue No. 121, 99-108.

Nathan, R.J., Hill, P.I. and Griffith, H. (2002): Risk Implications Of The PMF and The PMP
Design Flood ANCOLD Bulletin — Issue No. 121, 47-53.

Nathan, R.J., Weinmann, P.E. and Hill, P.1. (2002): Use Of A Monte Carlo Framework To
Characterise Hydrological Risk, ANCOLD Bulletin - Issue No. 122, 55-64 .
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Nathan, R.J. Doeg, T., and Voorwinde, L. (2002): Towards defining sustainable limits to
winter diversions in Victorian catchments. Aust. Journal of Water Resources 5(1): 49-60.

Schredier, S. Yu., Jakeman, A.J., Letcher, R.A., Nathan, R.J., Neal, B.P., Beavis, S.G. (2002):
Detecting changes in streamflow response to changes in non-climatic catchment
conditions: farm dam development in the Murray Darling Basin, Australia. J. Hydrol.
262: 84-98.

Neal, B., Nathan, R.J., Schreider, S., and Jakeman, T. (2002): Identifying the Separate Impact
of Farm Dams and Land Use Changes on Catchment Yield. Aust. Journal of Water
Resources, Vol 5(2): 165-175.

Nathan, R.J., Rahman, A., Bagg, S., and Green, J.H. (2002): An Objective procedure for
identifying regions of low flow homogeneity for the specification of environmental flows.
Aust. Journal of Water Resources 6(1) 53-61.

Weinmann, P.E., Rahman, A., Hoang, T.M.T., Laurenson, E.M. and Nathan, R.J., (2002):
Monte Carlo Simulation of Flood Frequency Curves from Rainfall — The Way Ahead.
Aust. Journal of Water Resources 6(1) 71-79.

Jordan, P. Nathan, R., Mittiga, L., Pearse, M., Taylor, B. (2004): Rainfall depths and temporal
patterns for short duration extreme events, ANCOLD Bulletin, No. 126: 87-95.

Hill, P., Bowles, D., Jordan, P. and Nathan, R. (2004): Estimating Overall Risk of Dam
Failure: Practical Considerations in Combining Failure Probabilities. ANCOLD Bulletin -
Issue No. 127, 63-72.

Gordon, N.D., T.A. McMahon, B.L. Finlayson, Gippel, C.J. and Nathan, R.J. (2004): Stream
Hydrology - An Introduction for Ecologists. 2" Edition. John Wiley & Sons, England,
429 pp.

Nathan, R.J. Crowe P.A., Neal B (2004): The estimation of farm dam yield in small
agricultural catchments in south-eastern Australia. Aus. J. Water Resour. 8(1): 21-35.

Treadwell, S.A., Shirley, M., Nathan, R.J. and Swingler, K. (2005): Modelling The Response
Of Native Fish To Altered Habitat, Flow and Temperature Downstream Of Large Dams.
ANCOLD Bulletin — Issue No. 129, 109 — 114.

Nathan R, Jorden P, Morden R. (2005): “Assessing the Impact of Farm Dams on Streamflows,
Part I: Development of Simulation Tools”. Aust J Water Resour 9(1), 1-12.

Lowe L, Nathan R, Morden R (2005): “Assessing the Impact of Farm Dams on Streamflows,
Part Il: Regional Characterisation”. Aus J Water Resour 9(1), 13-26

Jordan P, Nathan R., Mittiga L and Taylor B (2005): “Growth Curves and Temporal Patterns
for Application to Short Duration Extreme Events”. Aust J Water Resour 9(1), 69-80.

Lowe, L. and Nathan , R. (2005): use of similarity criteria for transposing gauged streamflows
to ungauged locations. Aus J Water Resour. 10(2): 161-170.

Hewa, G. A., Q. J. Wang, T. A. McMahon, R. J. Nathan, and M. C. Peel (2007), Generalized
extreme value distribution fitted by LH moments for low-flow frequency analysis, Water
Resour. Res., 43, W06301

Nathan, R.J. (2007): The future: A hydrological SWOT analysis. Aus J Water Resour 11(2):
133-144.

Mittiga, L., Nathan R.J., Hill, P., Weinmann, E., (2007): Treatment of correlated storage
drawdown and uncertainty in the flood hydrology for dams. Aus J Water Resour 11(2):
169-176.

Wang, QJ and Nathan, RJ (2007): A method for coupling daily and monthly time scales in
stochastic generation of rainfall series. J Hydrol 346: 122-130.

Daniel, T., Nathan, R., Chiew, F., Osti, A. (2008): Chapter 11: Low flow forecasting, in
Manual on Low Flow Estimation and Prediction. Operational Hydrology Report No. 50.
WMO-No. 1029.
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Lowe, L, Webb, JA, Nathan, RJ, Etchells, T., Malano, HM (2009): Evaporation from water
supply reservoirs: an assessment of uncertainty. J Hydrol. 376, 261-274.

Westra, S., Varley, 1., Jordan, P., Nathan, R., Ladson, A., Sharma, A, and Hill, P. (2010):
Addressing climatic non-stationarity in the assessment of flood risk. Aus J Water
Resources 14(1): 1-16.

Nathan, R. (2010): Technical leadership: a formula for success. Engineers Australia, October
2010, 64-65.

Nathan, R, and Evans, R (2011): Groundwater and Surface Water Connectivity; In Water
Resources Planning and Management, Ed R Q Grafton and K. Hussey, Cambridge
University Press 46-67.

Refereed Conference Publications

Nathan, R.J. and T.A. McMahon (1988): Application of a rainfall-runoff model using synthetic
rainfall data. The Institution of Engineers, Australia, National Conference Publication
No. 88/12, pp 302-306.

Jayasuriya, L.N.N., I1.C. O'Niell, T.A. McMahon, and R.J. Nathan (1988). Parameter
uncertainty in rainfall-runoff modelling. The Institution of Engineers, Australia, National
Conference Publication No. 88/12, pp 292-296.

McMahon, T.A., R.J. Nathan, B.L. Finlayson, and A.T. Haines (1988): Reservoir system
performance and climatic change. In: G.C. Dandy and A.R. Simpson (Eds.) Proc. of the
National Workshop on Planning and Management of Water Resource Systems: Risk and
Reliability, Aust. Water Resources Council Conf. Series No. 17 (AGPS, Canberra), pp
106-123.

Nathan, R.J., K.C. Gan, N. Jayasuriya, T.A. McMahon, and 1.C. O'Neill (1988): Preliminary
analyses of low flow characteristics of ungauged catchments. Proc. International Seminar
on Hydrology of Extremes (Floods and Low Flows), Rorkee, India, pp 315 - 330.

Nathan, R.J. and T.A. McMahon (1989): Evaluation of baseflow and recession analyses. The
Institution of Engineers, Australia, National Conference Publication No. 89/19, pp 38 -
42.

Nathan, R.J., G.A. Adams, and T.A. McMahon (1989): A case study of multi-site data
generation applied to long term lake simulation. The Institution of Engineers, Australia,
National Conference Publication No. 89/19, pp 48 - 52.

Nathan, R.J. and T.A. McMahon (1990). Validation of the fixed parameters of the SFB model.
Instit. of Engin. Aust. Conf. on Agric. Eng.: 279 - 283.

Loh, M., I.C. O'Neill, T.A. McMahon, R.J. Nathan, and H.R.Graze (1990): Determining the
long term operating policies of a reservoir system using the computer program HEC-5.
Instit. of Engin. Aust. Conf. on Agric. Eng.: 261 - 265.

Nathan, R.J. and T.A. McMahon (1991): Overview of a systems approach to the prediction of
low flow characteristics in ungauged catchments. International Hydrology and Water
resources Symposium 1991, Perth, 2-4 October 1991 Volume 1. Institution of Engineers
National Conference Publication No. 91/19: 187-192.

Nathan, R.J. and P.E Weinmann (1991): Application of at-site regional flood frequency
analyses. International Hydrology and Water Resources Symposium 1991, Perth, 2-4
October 1991 Volume 3. Institution of Engineers National Conference Publication No.
91/19: 769-774.

Dyer, B., R.J. Nathan, T.A. McMahon, and I.C. O'Neill (1992): Regional relationships for the
RORB model: a need for understanding. Conference on Engineering in Agriculture,
Albury: 79-83.
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Mudgway, L., R.J. Nathan, T.A. McMahon, and H.M. Malano (1992): Data requirements and
modelling strategy for application of the SHE model to an irrigation area. Conference on
Engineering in Agriculture, Albury: 27-32.

Grayson, R.B. and Nathan, R.J. (1993): On the role of physically based models in engineering
hydrology. Watercomp, 1.E.Aust. National Conf. Publ. No. 93/2, 45-50.

Nathan, R.J. (1993): A lumped conceptual model for the prediction of regional salt loads from
irrigated catchments.  Engineering for Hydrology and Water Resources Conference,
Newecastle., I.E. Aust. National Conf. Publ. No. 93/14, 451-456.

Nathan, R.J. (1993): On the assessment of hydrologic similarity for the transposition of
hydrologic indices. Engineering for Hydrology and Water Resources Conference,
Newcastle., I.E. Aust. National Conf. Publ. No. 93/14, 93-98.

Dyer B., Nathan R.J., McMahon T.A., and O'Neill I.C. (1993): Towards regionalisation of the
RORB parameters. Engineering for Hydrology and Water Resources Conference,
Newecastle., I.E. Aust. National Conf. Publ. No. 93/14, 133-139.

Nathan, R.J., Weinmann, P.E., and Gato, S (1994): A quick method for estimation of the
probable maximum flood in southe-east Australia. International Hydrology and Water
Resources Symposium: Water Down Under, November, Adelaide, 1.E. Aust. Natl. Conf.
Publ. No. /94, 229-234.

Jayasuriya, L.N.N., McMahon, T.A., O’Neill, I1.C., Nathan, R.J. (1994): A methodology for
estimating streamflow yield from small rural ungauged catchments. International
Hydrology and Water Resources Symposium: Water Down Under, November, Adelaide,
I.E. Aust. Natl. Conf. Publ. No. /94, 33-38.

Dyer, B., Nathan, R. McMahon, T.A., and O’Neill, I.C. (1994): An overview of some research
into the RORB model. International Hydrology and Water Resources Symposium: Water
Down Under, November, Adelaide, 1.E. Aust. Natl. Conf. Publ. No. /94, 457-460.

Mudgway, L.B., Nathan, R.J., McMahon, T.A., Malano, H.M. (1994): Application of the SHE
model to an area subject to saline groundwater discharge. International Hydrology and
Water Resources Symposium: Water Down Under, November, Adelaide, I.E. Aust. Natl.
Conf. Publ. No. /94, 591-594.

Weinmann, P.E. and Nathan, R.J. (1994): Assessing spillway adequacy - a continuing
challenge for hydrologists. International Hydrology and Water Resources Symposium:
Water Down Under, November, Adelaide, I.E. Aust. Natl. Conf. Publ. No. /94, 271-277.

McConachy, F.L.N., Weinmann, P.E.W., Nathan, R., and Mein, R. (1996): Estimation of
extreme rainfalls for Victoria using Schaefer’s method, 23" Hydrology and Water
Resources Symposium: Hobart Tasmania, May 1996, 701-702.

Nathan, R.J. and Erlanger, P.D. (1996): Development of a drought forecasting procedure to aid
water supply management, 23" Hydrology and Water Resources Symposium: Hobart
Tasmania, May 1996, 615-621.

Walker, G., 1. Jolly, Morton, R., Robinson, G., Jones, H., Nathan, R., Nandakumar, N., Clarke,
R., McNeil, V. (1997): Estimation of Historical Trends in Stream salinity for various
catchments of the Murray-Darling Basin. Murray-Darling Basin Workshop ‘97,
Toowoomba, 125-129b.

Nathan, R.J. and Bowles, D.S. (1997): A probability-neutral approach to the estimation of
design snowmelt floods. Hydrology and Water Resources Symposium: Wai-Whenua,
November 1997, Auckland, 125-130.

McConachy, F.L.N., Weinmann, P.E.W., Nathan, R., and Mein, R. (1997): Confidence limits
for rainfall frequency curves in the extreme rainfall range, Hydrology and Water
Resources Symposium: Wai-Whenua, November, 1997, Auckland, 333-338.
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Beverly, C.R., Nathan, R.J., Malafant, K.W.J., Fordham, D.P. (1997): Development of a
simplified unsaturated module for inclusion in the US Geological Survey three-
dimensional finite difference groundwater model MODFLOW, Proceedings, MODSIM,
International Congress on Modelling and Simulation, Hobart Tasmania, December 1997.
288-293.

Bailey, M.A., Connell, L.D., Nathan, R.J. (1997): Using Reliability Methods to Estimate the
Prediction Uncertainty of a catchment hydrological model, Proceedings, MODSIM,
International Congress on Modelling and Simulation, Hobart Tasmania, December 1997.
1641-1645.

Donald, A., Nathan, R.J. and Reed, J. (1999): Use of spell analysis as a practical tool to link
ecological needs with hydrological characteristics. In Rutherford, 1. and Bartley, R. (eds)
Proc. Second Australian Stream Management Conference, Vol. 1, Adelaide, 205-210.

Hoang, T., Rahman, A., Weinmann, P.E., Laurenson, E. and Nathan, R. (1999): Joint
probability description of design rainfalls. Water 99 Joint Congress, Brisbane, Australia,
Institution of Engineers (ISBN 185 825 7165), 379-384.

Hill, P., Nathan, R.J., Weinmann, P.E., Green, J, and Karunaratne, T. (1999): Impact of the
revised flood guidelines on the assessment of hydrologic risk for selected catchments.
Water 99 Joint Congress, Brisbane, Australia, Institution of Engineers (ISBN 185 825
7165), 277-283.

Nathan, R.J., Crowe, P., Hill, P. and Green, J. (1999): A quick method for estimating Probable
Maximum Precipitation in the tropical and south-east regions of Australia. Water 99 Joint
Congress, Brisbane, Australia, Institution of Engineers (ISBN 185 825 7165), 703-708.

Nathan, R.J., Nandakumar, N., and Smith, W. (1999): On the application of Generalised
Additive Models to the detection of trends in hydrologic time series data. Water 99 Joint
Congress, Brisbane, Australia, Institution of Engineers (ISBN 185 825 7165), 165-172.

Schreider, S. Yu., Letcher, R.A., Neal, B.P., Beavis, S. Jakeman, A.J. and Nathan, R.J. (1999):
Estimation of farm dam impacts on streamflow for the Yass catchment, Murrumbidgee
Basins. Proceedings 2™ International Conference on Multiple Objective Decision Support
Systems for Land, Water, and Environmental Management (MODSS99), 1-6 August
1999, Brishane Australia.

Wang, Q.J., Nathan, R.J. Moran, R.J., and James, B. (1999): Impact of climate change on the
security of water supply of the Campaspe System. Water 99 Joint Congress, Brisbane,
Australia, Institution of Engineers (ISBN 185 825 7165), 135-146.

Weinmann, P.E., Nandakumar, N., Siriwardena L., Mein, R.G. and Nathan, R. (1999):
Estimation of Rare design rainfalls for Victoria using the CRC-FORGE methodology.
Water 99 Joint Congress, Brisbane, Australia, Institution of Engineers (ISBN 185 825
7165), 284-2809.

Nathan R, B. Neal, W. Smith, and N. Fleming (2000): The impact of farm dams on
streamflows in the Marne River Catchment. Xth World Water Congress, Melbourne 2000,
Paper# 288.

Crowe P, Nathan, R.J., Hill, P.I. (2000): Development of prediction equations for estimating
catchment yield from farm dams. Xth World Water Congress, Melbourne 2000, Paper#
285.

Nathan R, Hill, P.1., Nandakumar, N., Croke, J., Hairsine, P., Vertessy, R., Cornish, P. (2000):
Assessment of the impact of forest logging on water quantity and quality. Xth World
Water Congress, Melbourne 2000, Paper# 289.

Nandakumar, N. Weinmann, P.E., Mein, R.G., and Nathan, R.J. (2000): Estimation of Spatial
dependence for the CRC-FORGE method. Proc., Hydro 2000, 3" International Hydrology
and Water Resources Symposium, IE Aust, pp 553-563.
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Weinmann, P.E., Rahman, A., Hoang, T.M., Laurenson, E.M. and Nathan, R.J. (2000): Monte
Carlo Simulation of flood frequency curves. Proc., Hydro 2000, 3" International
Hydrology and Water Resources Symposium, IE Aust, pp 564-5609.

Neal, B.P., Shephard, P., Austin, K.A., and Nathan, R.J. (2000): The Effect of Catchment
Farm Dams on Streamflows — Victorian Case Studies. Proc., Hydro 2000, 3" International
Hydrology and Water Resources Symposium, IE Aust, pp 836-841.

Nathan, R.J., Rahman, A., Bagg, S., and Green, J.H. (2000): An Objective procedure for
identifying regions of low flow homogeneity for the specification of environmental flows.
Proc., Hydro 2000, 3" International Hydrology and Water Resources Symposium, IE
Aust, pp 935-940.

Daamen, C., Hill, P.I., Munday, S., Nathan, R., and Cornish, P. (2001): Assessment of the
impact of forest logging on water quantity in the Otway Ranges. In Ghassemi et al (eds.)
Proc Intern Congress on Modelling and Simulation (MODSIM 2001), Australian National
University, December 2001, 443-448.

Munday, S., Nathan, R., Daamen, C., and Cornish, P. (2001): Development and application of
an operational model to assess the impact of plantation forestry on water yields. In
Ghassemi et al (eds.) Proceedings of the International Congress on Modelling and
Simulation (MODSIM 2001), Australian National University, December 2001, 449-454

Nathan, R.J., P.I. Hill, P.1., and Griffith, H. (2001): Risk implications of the PMF and the PMP
Design Flood. Proceedings ANCOLD conference, Auckland, New Zealand.

Hill, P.I. D.S. Bowles, R.J. Nathan, R. Herweynen (2001): On the art of event tree modelling
for portfolio risk analyses. Proceedings ANCOLD conference, Auckland, New Zealand.

Zou, S., Srikanthan, R., McMahon T.A., Wang, Q.J. and Nathan, R.J. (2002): Stochastic
modelling of daily rainfall. Proc., 27" Hydrology and Water Resources Symposium,
I.E.Aust, ISBN 0858257785.

Green, J., Weinmann, E., Laurenson, E., Nathan, R., Kuczera (2002): Estimation of storm
arrival probabilities in the GSAM Inland Zone — storm data evaluation. Proc., 27"
Hydrology and Water Resources Symposium, I.E.Aust, ISBN 0858257785.

Wang, Q.J. and Nathan, R.J. (2002): A daily and monthly mixed algorithm for stochastic
generation of rainfall time series. Proc., 27" Hydrology and Water Resources Symposium,
I.E.Aust, ISBN 0858257785.

Fleming, N. Nathan, R. Chiew, F., McMahon, T.A., Hughes, R. (2002): Forecasting
streamflow and water demand to improve the efficiency of water supply in South
Australia. Proc., 27" Hydrology and Water Resources Symposium, I.E.Aust, Melbourne,
ISBN 0858257785.

Neal, B., Nathan, R., and Green, J. (2002): The effects of farm dams on streamflows in
ungauged catchments in the Hawkesbury Nepean basin. Proc., 27" Hydrology and Water
Resources Symposium, 1.E.Aust, Melbourne, ISBN 0858257785.

Nathan, R.J., Weinmann, P.E., and Hill, P.I. (2002): Use of a Monte-Carlo framework to
characterise hydrologic risk. Proc., ANCOLD conference on dams, Adelaide, 2002.

Green, J.H., Weinmann, P.E., Laurenson, E.M., Kuczera, G.A., and Nathan, R.J. (2002):
Probabilities of extreme rainfalls — past, present and future. Proc., ANCOLD conference
on dams, Adelaide, 2002.

Green, J., Walland, D., Nandakumar, N., Nathan, R. (2003) Temporal Patterns for the
Derivation of PMPDF and PMF Estimates in the GTSM Region of Australia, Proc. 28th
Int. Hydrology and Water Res. Symp, Wollongong, pp 1.97-1.104.

Nathan, R., Weinmann, E., Hill, P. (2003) Use of Monte Carlo Simulation to Estimate the
Expected Probability of Large to Extreme Floods, proc. 28th Int. Hydrology and Water
Res. Symp., Wollongong, pp 1.105-1.112.
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Hewa, G.A., McMahon, T.A., Peel, M.C., Nathan, R.J. (2003) Identification of the Most
Appropriate Regression Procedure to Regionalise Extreme Low Flows, proc. 28th Int.
Hydrology and Water Res. Symp, Wollongong, pp 1.181-1.188.

Voorwinde, L., Nathan, R., Hansen, B. (2003) Estimation of the Sustainable Winter Diversions
in Ungauged Victorian Catchments, Proc. 28th Int. Hydrology and Water Res. Symp,
Wollongong, pp 2.81-2.88.

Daamen, C., Clifton, C., Hill, P., Nathan, R., Ryan, H. (2003) Modelling the Impact of Land
Use Change on Regional Hydrology, proc. 28th Int. Hydrology and Water Res. Symp,
Wollongong, pp 2.169-2.183.

Mannix, A.E., Nathan, R.J., Hill, P.I., Cook, D.M. (2003) Application of Quantitative Risk
Analysis to Floodplain Management, proc. 28th Int. Hydrology and Water Res. Symp,
Wollongong, pp 3.195-3.202.

Jordan, P., Nathan, R., Mittiga, L., Pearse, M. and Taylor, B. (2003): Rainfall depths and
temporal patterns for short duration extreme events. Proc. 43" ANCOLD Conference on
Dams, Hobart, Tasmania, 192-200.

Hill, P., Bowles, D., Jordan, P. and Nathan, R. (2003): Estimating the overall risk of dam
failure, practical considerations in combining failure probabilities. Proc. ANCOLD Risk
Workshop, Launceston, 2003.

Neal B.P, R.J. Nathan, R.Evans (2004) Survey of Baseflows in Unregulated Streams of the
Murray-Darling Basin. 9th Murray-Darling Basin Groundwater Workshop, 17-19 Feb
2004, Bendigo, Victoria.

Weinmann, P.E. and Nathan, R.J. (2004). The continuing challenge of estimating extreme
floods from extreme design storms. Advances in Hydro-Science and Engineering, Volume
VI, Proc. of the 6th Intern. Conf. on Hydro-Science and Engineering, Brisbane May 31 —
June 3, 2004 (on CD-ROM).

Nathan, R.J. and Weinmann, P.E. (2004): An improved framework for the characterisation of
extreme floods and for the assessment of dam safety. Hydrology: Science & Practice for
the 21% Century, Vol 1. Proc. British Hydrol. Soc., London, 186-193.

Treadwell, S.A., Shirley, M., Nathan, R.J., and Swingler, K. (2004): Modelling the response of
native fish to altered habitat, fl;ow and temperature downstream of large dams. Proc.
ANCOLD/NZSOLD Conf, 14-17 Nov 2004.

Nathan, R.J. and Weinmann, P.E. (2004): Towards increasing objectivity in the Probable
Maximum Flood. Proc. ANCOLD/NZSOLD Conf, 14-17 Nov 2004.

Hewa, G.A., McMahon, T.A,, Peel, M.C., Wang, Q.J., Nathan, R.J. (2005): Dealing with zero-
low quantiles in developing regional regression models. Proc. 29th Hydrol. & Water
Resour. Symp., 20-23 Feb 2005, Canberra (ISBN 085 825 8439).

Lowe, L., Nathan , R. (2005): A robust procedure for transposing gauged streamflows to
ungauged catchments. Proc. 29th Hydrol. & Water Resour. Symp., 20-23 Feb 2005,
Canberra (ISBN 085 825 8439).

Nathan, R., Lowe, L., Morden, R., Lett, R., Griffith, H. (2005): Developments in techniques
for the assessment of farm dam impacts on streamflows. Proc. 29th Hydrol. & Water
Resour. Symp., 20-23 Feb, 2005, Canberra (ISBN 085 825 8439).

Hill, P., Sih, K., Nathan, R., Jordan, P (2005): The Extremes of Tropical Hydrology Proc.
Ancold 2005 Conference, Perth.

Marsden, J.S., Jacob, P.H., Nathan, R.J., Davidson, R.A., McDonald, L.A. (2005): Dam
Safety, Risk and Cost-Sharing: Review of the Dam Safety Program for Western
Australia's South-West Irrigation Dams Proc. Ancold 2005 Conference, Perth.

Marsden, J.S., Jacob, P.H., Nathan, R.J., McDonald, L.A. (2005): Risk Management - Public
Policy vs Corporate Liability Proc. Ancold 2005 Conference, Perth.
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Green, J.H., Nathan R.J., Nandakumar N. (2006): - Characterising non-linearity for the
estimation of large to extreme floods. 30™ Hydrology & Water Resources Symposium,
Launceston.

Jordan, P., Argent, R.M., Nathan, R.J. (2006): - Past, present and future of catchment
modelling in E2 and the eWater CRC Modelling Toolkit. 30" Hydrology & Water
Resources Symposium, Launceston.

Mittiga, L., Nathan R.J., Hill, P., Weinmann, E., (2006) — Treatment of correlated storage
drawdown and uncertainty in the flood hydrology for dams. 30™ Hydrology & Water
Resources Symposium, Launceston.

Murphy, R., Neal, B., Nathan R.J., Evans, R., Helm L. (2006): — Non-climatic temporal trend
in baseflow in areas of high groundwater use. 30™ Hydrology & Water Resources
Symposium, Launceston.

Nathan, R.J., Mein, R., Weinmann, E. (2006) — RORB Version 5: A tool to move beyond
ARRS87. 30™ Hydrology & Water Resources Symposium, Launceston.

Lowe, L., Etchells, T., Nathan R.J., Potter, B., Malano, H. (2006) - Robust water accounting:
What is it? 30" Hydrology & Water Resources Symposium, Launceston.

Nathan, R.J., (2006) The Future. Keynote address, 30" Hydrology & Water Resources
Symposium, Launceston.

Hill, P.1., Nathan, R.J., Jordan, P.W. (2006) Development and Application of a Risk Analysis
and Prioritisation Tool (RAPT) for Dam Safety Management. 2006 ANCOLD
Conference on Dams. Sydney November 2006

Hewa GA, Wang QJ, Peel MC, McMahon TA & Nathan RJ (2007): How significant is the bias
in low flow quantiles estimated by L- and LH-moments? In Oxley, L. and Kulasiri, D.
(eds) MODSIM 2007 International Congress on Modelling and Simulation. Modelling
and Simulation Society of Australia and New Zealand, December 2007, pp. 2500-2505.
ISBN : 978-0-9758400-4-7.

Marsden, J.S., Macdonald, L, Bowles, D, Davidson, R., Nathan, R.J. (2007): Dam safety,
economic regulation and society’s need to prioritise health and safety expenditures Proc.
ANCOLD 2007 Conference, Manly.

Hill, P.1., Mordue, A. Nathan, R.J., Daamen, C.C., William, K., Murphy, R.E. (2008):
Modelling the Hydrologic Response of Bushfires at the Catchment Scale. Water Down
Under 2008 (incorporating 31st Engineers Australia Hydrology and Water Resources
Symposium). pp1472-1480.

Jordan, P.W., Wiesenfeld, C.R., Hill, P.l., Morden, R.A., Chiew F.H.S. (2008): An assessment
of the future impact of farm dams on runoff in the Murray Darling Basin, Australia. Water
Down Under 2008 (incorporating 31st Engineers Australia Hydrology and Water
Resources Symposium). pp 1618-1629.

Sih, K., Hill, P.1., Nathan, R.J., (2008): Evaluation of simple approaches to incorporating
variability in design temporal patterns. Water Down Under 2008 (incorporating 31st
Engineers Australia Hydrology and Water Resources Symposium), pp1049 -1059.

Murphy R., B. Neal, R. Morden, R. Nathan, R Evans Basejumper (2008): A Tool for
Analysing Time Trends in Baseflow. Water Down Under 2008 (incorporating 31st
Engineers Australia Hydrology and Water Resources Symposium), pp 2741-2746.

Lowe L. and R. J.Nathan (2008): Consideration of Uncertainty in the Estimation of Farm Dam
Impacts. Water Down Under 2008 (incorporating 31st Engineers Australia Hydrology and
Water Resources Symposium), pp 2711 - 2722.

Lang, S, P.W. Jordan, J. Durrant, R.J. Nathan. Defining Sustainable Diversion Limits in
Unregulated South-West Western Australian Catchments. Water Down Under 2008
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(incorporating 31st Engineers Australia Hydrology and Water Resources Symposium),
145 - 156.

Stephens, D., Neal, B., Tarquinio, F., Nathan, R., Rajaratnam, L. (2008): Prediction of
Hydrologic Characteristics of Ungauged Tropical Catchments. Water Down Under 2008
(incorporating 31st Engineers Australia Hydrology and Water Resources Symposium),
894-905.

Ramchurn A., B. Neal, A.S. Kiem, R.J. Nathan, W.R.Hansen (2008): Yield Modelling for
Climate Step-Change in South East Australia; Approaches and Risks. Water Down Under
2008 (incorporating 31st Engineers Australia Hydrology and Water Resources
Symposium), 1451 -1462.

Lowe, L., M. Vardon, T. Etchells, H. Malano and R. Nathan (2009). Estimating unmetered
stock and domestic water use. In Anderssen, R.S., R.D. Braddock and L.T.H. Newham
(eds) 18th World IMACS Congress and MODSIMO09 International Congress on
Modelling and Simulation. Modelling and Simulation Society of Australia and New
Zealand and International Association for Mathematics and Computers in Simulation,
July 2009, pp. 2377-2383. ISBN: 978-0-9758400-7-8.

Lowe, L., T.Etchells, H.Malano, R.Nathan and B. Potter (2009). Addressing uncertainties in
water accounting. In Anderssen, R.S., R.D. Braddock and L.T.H. Newham (eds) 18th
World IMACS Congress and MODSIMOQ9 International Congress on Modelling and
Simulation. Modelling and Simulation Society of Australia and New Zealand and
International Association for Mathematics and Computers in Simulation, July 2009, pp.
2377-2383. ISBN: 978-0-9758400-7-8.

Lowe, L., Etchells, T., Nathan, R., Potter, B., Malano, H. (2009). Making the most of data: The
use of data reconciliation to improve a reservoir water balance. Proc. 32nd Hydrology and
Water Resources Symposium, Nov-Dec 2009, Newcastle, Australia. ISBN 978-
08258259461.

Fowler, K., Hill, P.1., Jordan, P.W., Nathan, R.J., Sih, K. (2010) Application of Available
Climate Science to Assess the Impact of Climate Change on Spillway Adequacy.
ANCOLD 2010 Conference on Dams. Hobart.

Fowler, K., Jordan, P.W., Hill, P.l., Nathan, R.J., Sih, K. (2010) A framework for
incorporating available climate Science in Extreme Flood Estimates. Practical Response
to Climate Change Conference. Melbourne.

Sih, K., Fowler, K., Jordan, P.W., Hill, P.I., Nandakumar, N, Weinmann, E, Nathan, R.J.
(2011) Has there been a change in rainfall maxima? — implications for design rainfalls,
34th IAHR World Congress. 26 June to 1 July 2011 Brisbane, Australia.

Murphy, R.E., Graszkiewicz, Z, Hill, P.l., Neal, B.P., Nathan, R.J. (2011) Predicting baseflow
contributions to design flood events in Australia. 34th IAHR World Congress. 26 June to
1 July 2011 Brisbane, Australia.

Graszkiewicz, Z, Murphy, R.E, Hill, P.I., Nathan, R.J (2011) Review of techniques for
estimating the contribution of baseflow to flood hydrographs. 34th IAHR World Congress.
26 June to 1 July 2011 Brisbane, Australia.

Jordan, P.W., Sih, K., Hill, P.l., Nandakumar, N, Weinmann, P.E., Nathan, R.J. (2011) Areal
Reduction Factors for Estimation of Design Rainfall Intensities for New South Wales and
the Australian Capital Territory. 34th IAHR World Congress. 26 June to 1 July 2011
Brisbane, Australia.

Fowler, K. Morden, R., Stewardson, M., Williams, K., Lowe, L., Nathan, R. and Walpole, L.
(2011): Characterising flow stress due to farm dams in the Murray Darling Basin. 34th
IAHR World Congress. 26 June to 1 July 2011 Brisbane, Australia.
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