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                                         Abstract

         This paper presents a critique of the WorleyParsons’ proposal in Brown Hill Keswick Creek Stormwater Project: Draft Stormwater Management Plan (August 31, 2011)  to construct a 12 metre flood control dam at the Brown Hill Creek Recreation Reserve, as part of a series of other recommended stormwater management strategies. The paper outlines the limitations of past reports (section 1) and in section 2, through an examination of some technical hydrology papers in peer-reviewed journals, raises foundational doubts about some of the core hydrological and metascientific assumptions employed in this debate, such as the coherence of the 100 year flood concept and the problematic nature of assumptions such as stationarity and ergodicity, employed in stochastic models. Rejection of these assumptions calls into question the conventional understanding of extreme hydrological events such as the 100 year flood.  Climate change, it is argued in section 2.1, also undermines the stationarity assumption. Further, the position taken in the various hydrological reports is that climate change for Adelaide and the Mount Lofty Ranges will produce more frequent flooding. However, the available scientific literature indicates that this claim is false and that there is a tendency for decreased rainfall in the future in this region. A recent IPCC report expresses low confidence in the evidence relating to extreme regional fluvial flooding. 
         Section 3 of the paper subjects the WorleyParsons report to an internal critique, showing inconsistencies and the wrong conclusion inferred from its own benefit/cost analysis. All of WP’s considered scenarios for flood mitigation projects are structural projects, and of these the majority involve flood detention dams, thus beginning with a bias against purely non-structural alternatives (which may involve some lower-costed structural works). As shown in section 4 of the paper, the BCR of the entire nine considered scenarios is less than 1, and by conventional BCR analysis, all of these alternatives should have been rejected from a strictly economic rationalist point of view. It is shown that when social, environmental and heritage issues are costed, the BCR of the proposed dam plunges even lower. Consequently the proposed flood retention dam in the Brown Hill Creek Reserve should be rejected. There are better options.
                            … [O]ne sometimes does wonder whether we are throwing the dice in hydrological analyses. When two experts estimate the 100-year flood in a small ungauged catchment, chances are that their estimates are very different. When two groups predict the effects of future hydrological changes on stream flow and recharge for the same catchment, the results will hardly be consistent.

1. Background
         This critique of the current proposal by WorleyParsons in Brown Hill Creek Stormwater Project
, to construct a 12 metre flood control dam at the Brown Hill Creek Recreation Reserve (being part of a series of other recommended stormwater management strategies), begins with a brief critical background to past hydrological studies. This section is then followed by a theoretical critique of the core hydrological assumptions employed by all studies. After this material the WorleyParsons’ report will be subjected to a point-by-point critique.
         VDM consulting in their May 2010 Audit/Review of the Hydrology Study for Brown Hill Creek
, usefully list some limitations, in their opinion, of past hydrological studies of the area. Thus, Dr David Kemp’s Brown Hill Creek Hydrology Review Report (1998)
 constitutes “the underlying hydrology and hydraulic modelling,” on which “all future assessments and studies have been based.”
 Use is made of the RRR (Rainfall Runoff Routing) hydrological model, calibrated to the gauged flows at Scotch College Mitcham, based on seven events between 1991 and 1997. By “manipulating certain catchment, routing and runoff parameters within the model,” the “modified parameters” and “design rainfall intensities” were used in the RRR modelling to produce the catchment’s design flood flows.
 VDM note that the “source of the rainfall intensities is unclear” in the analysis.
 Nevertheless, comparison of design flood flow was made by regional flood analysis.
 This enabled Dr Kemp to make predictions of flows at Scotch College. However, Dr Kemp’s report stated that the RRR hydrological model used was “still in development” and therefore “the procedure for use has not been documented.”
 VDM Consulting then concluded: “this is not a particularly useful planning tool to assess the efficacy of proposed flood mitigation devices and hydrologic structures as it is not industry standard software and cannot readily be reviewed and modified by a professional in the field.”
 Recall that this is the “underlying hydrology and hydraulic modelling,” on which “all future assessments and studies have been based,” so if Kemp’s model is therefore limited, so logically must all other assessments based upon it.

         The Hydro Tasmania Consulting Flood Mitigation Study for Brown Hill and Keswick Creeks – Stage 1 Technical Report
 and Hydro Tasmania Consulting, Brown Hill and Keswick Creeks Flood Mitigation Study Flood Management Master Plan
, again, according to VDM consulting, both rely upon the 1998 Hydrology Review by Kemp,
 and thus must as well be limited to the extent of that reliance if the VDM consulting criticisms quoted above are correct. Specifically, VDM consulting observed that the Stage 1 Technical Report, identified, but did not quantify risk factors
, and that the Flood Management Master Plan had “limited or no probity involved in the technical and engineering evaluation of the proposed flood mitigation measures.”

         Apart from VDM consulting criticisms, Rahman (et. al.) have summarised the main difficulties with all rainfall-based flood estimation techniques based on the “design event approach,” using a design rainfall intensity and ARI (average recurrence interval) and other inputs and parameters to generate flood estimates.
 The epistemological problem is that the representative design values of the inputs and parameters used in the modelling can come from a vast array of possible values and due to the transformation process involving non-linearity “it is generally not possible to know a priori how a representative value should be selected to preserve the ARI, and the commonly used mean or median value from a sample of inputs or fitted parameter values may be a poor choice.”
 Further, the “arbitrary treatment of various inputs/parameters in the Design Event Approach can lead to inconsistencies and significant bias in flood estimations for a given ARI. This is likely to result in systematic under- or over-design of engineering structures, both with important economic consequences.”

         Collins and Wilson (July, 2009) argued that with respect to the Hydro Tasmania Consulting Stage 1 Technical Report, that an upgraded Brown Hill Creek channel downstream of Anzac Highway could carry the 1 % AEP flood (discussed below),  whether or not the two Brown Hill Creek dams were built. 
The upgrade of this channel resulted, in their opinion, in a benefit/cost ratio of much less than one i.e. the BCR of the dams reduced from 3 to 0.25 with the channel upgrade.
 It was concluded that the two proposed dams were physically and hydrologically effective in mitigating floods, but that the present value of the costs greatly exceeded the present value of their benefit in flood damage reduction. This conclusion was debated in a letter-critique by Mr Andrew Milazzo
 and replied to by Collins and Wilson.
 Collins and Wilson concluded in their reply: “Once the channel is upgraded as proposed in MP [Master Plan], the dams are only of significant benefit to the reaches of Brown Hill Creek upstream of Anzac Highway” and “the indicative benefit to cost ratio of the dams is so poor that it is inconceivable that even the most rigorous re-evaluation could economically justify them.”

         The Hydro Tasmania Consulting Flood Management Master Plan made some important points, relevant for this critique. It was noted that there “would be strong objections to a dam(s) in the Brown Hill creek Recreation Park”
 and if “the flood control dams in Brown Hill Creek were to proceed there would be a range of ecological issues that would need to be addressed.”
 It was also noted: “The flood maps for Brown Hill and Keswick Creeks show that much of the flood-prone area is affected by shallow (less than 150 mm) water. In most cases this will not be deep enough nor the flow fast enough to break through glass doors, or low-level windows. In many cases attention to door seals and wall rents by sand bagging may be sufficient to alleviate the problem.” 
 Below we will see that similar remarks are made by WorleyParsons. 
        VDM Consulting estimated that the 1 in 100 year flood (1% AEP flood) had as its absolute lower bound, using the RRR model, 26.8 m3  /sec at Scotch College and 34 m3   /sec at Cross Roads, with 136 houses affected. 
The VDM design event estimate using the WBNM (Watershed Bounded Network) model was 43 m3 /sec at Scotch College and 59 m3 / sec at Cross Roads with 369 houses affected by flooding and the upper bound of the 1 % AEP flood event being 52 m3 / sec at Scotch College.
 It was alleged that the Brown Hill Creek dams would reduce the number of houses flooded by a 2005-type flood by 67 percent.
 Finally, the VDM review for the 1 % AEP flood event design flood was “50 % higher than both the historic flood flow and the RRR report.”
 

         In criticism, the WBNM model generally gives larger flows than the RRR model (depending upon initial conditions and continuing loss values), so naturally there would be a larger number of properties flooded than in the Hydro Tasmania study. Thus, as VDM says at one point on WBNM scenarios; “the peak flow rate is very sensitive to the initial and continuing loss values,” and “care should be taken in choosing an appropriate value.”
 No independent sensitivity studies were done, with rainfall loss values by Tonkin (et. al.) being considered “appropriate.”

         The core assumption in the Report is that wet catchment conditions should be the basis of analysis: “it is considered that wet catchment conditions are the most appropriate scenarios that should be modelled as they generally result in larger magnitude flood events”
 – a good example of circular reasoning. A wet catchment does not necessarily align with an average flood event. Design floods should be based on average, not extreme catchment conditions; otherwise the frequency design flood could be wrongly estimated. VDM do say that wet catchment conditions give “worst case scenarios,”
 and “the design of actual mitigation measures could be to comply with WBNM summer conditions.” 
This, however, would involve consideration of a “dry,” rather than wet catchment, in contradiction to the report.

         In summary of this critique; catchments are not “wet’ on average and floods on average reflect the frequency of rainfall (where there are no snowmelts, glaciers etc.) so a 1 in 100 year rain should produce, on average a 1 in  100 year flood. If the catchment is wet before the assumed rain then the 1 in 100 year flood may be worse e.g. a 1 in 200 year flood. Aiming to warn of a “worst case scenario,” it will be shown, is not the appropriate methodology for hydrology because in principle no real limit can be placed to “how bad things could get” when assumptions are arbitrarily made. This conclusion can be further supported by a theoretical consideration of some of the core hydrological concepts employed in these studies.
2. Hydrology and Scepticism: A Critique of Core Metascientific Assumptions

         In this section a critical examination of some core hydrological assumptions in the Brown Hill Creek dam debate will be conducted, beginning with that of the 100 year flood or 1% AEP. The T-year hydrological event, recurrence interval or return frequency is the average time T within which a flood of a given magnitude will be equalled or exceeded at least once. For p, the probability in percentage, the return period T = 1/p then 

(1)  Probability of occurrence (risk) = [1-(1-1/T)n ].

The 100 year flood has a one percent chance of being equalled or exceeded during any given year, and according to the US Federal Emergency Management Agency (FEMA), is a “rare event.”
 The 100 year flood does not refer to a flood that occurs “once every 100 years.” 
The flood is simply a low probability event.

         There are, as Pielke
 observes, a number of practical and logical difficulties with the 100 year flood concept. Beginning with the practical difficulties, according to one of the founding fathers of channel hydraulics, Professor Ven Te Chow of the University of Illinois, to accurately predict a 100 year recurrence event, 1,000 years of records would be needed.
 As these records do not exist, estimates must be made.
 Models of flood flows typically involve fitting a probability distribution function to a set of observed values of the “random variable,” but in general the exact mathematical form of the distribution is unknown and usually has too many parameters to be useable. A theoretical distribution needs to be used which is consistent with the existing empirical data, allows estimations of parameters as well as risk estimates – the likelihood of extreme events that do not occur in the sample.
 However, as Raudkivi notes “the results from frequency analysis may have to be extrapolated well beyond the observed range.”
 The US Interagency Advisory Committee on Water Data has said: “There is no procedure or set of procedures that can be adopted which, when rigidly applied to the available data, will accurately define the flood potential of any given watershed. Statistical analysis alone will not resolve all flood frequency problems.” 
Thus, as Dinicola puts it “the estimates are only as good as the available data”
 and uncertainties will also arise from uncertainties associated with the estimation of the flood distribution.
 Hydrologists Wolff and Burges have concluded that an “accurate estimation of the probability of the occurrence and the magnitudes of uncommonly large floods is elusive”
 and “Depending on what analytic probability density function is fitted to ‘at-site’ data, the extrapolations used to estimate properties of infrequent floods can give significantly different results.”

         Logical/methodological problems first arise with the notion of probability itself. Although probability statements are often unreflectively used in science, battles of epochal scale still rage in the foundations of statistics between the frequentist Neyman-Pearson hypothesis testing approach and Bayesianism,
 which is part of a larger battle between competing probability schools such as the logical, classical, frequency, propensity and subjectivist Bayesian paradigms.
 Not only is there the methodological problem of choice between these often competing approaches, but each of these schools faces the conceptually relativity of the reference class problem – that an event or proposition can be classified in various ways, so that the probability of the event or proposition can change depending upon the classification.
  According to Martin Reuss,
 early 20th century hydrologists such as William P. Creager, Thaddeus Merriman and Eugene Grant, were critical of the use of probability curves to estimate the size of flood events such as the 100 year flood. Professor Eugene Grant from Stanford University Engineering Department said that using probability theory “demonstrated that even a hundred years of flood data could lead to misleading conclusions.”
 Grant accepted that simple probability statements (which were essentially just relative frequencies) involving card hands had well defined “probabilities,” but the probability concept as a relative frequency became more difficult when hydrological events were considered because there were far too many ways events could or could not occur.

         The sceptical tradition in hydrology has been advanced by more recent papers published by Professor V. Klemes, formerly of the National Hydrology Research Institute, Department of the Environment, Saskatoon, Canada.
 Klemes’ philosophical starting point is with a rejection of “mathematistry,” as G.E. P. Box called it,
 the use of over-sophisticated mathematics to redefine hydrological problems rather than solve them and to give an illusory power of prediction.
 Klemes quotes with approval 
the Australian statistician and probability theorist P. A. P. Moran, who said about the practice of fitting a probability distribution model to peak flows or storm precipitation and extrapolating to low exceedance probabilities: “…the form of the distribution is not known and any distribution used must be guessed…since part of the distribution we are interested in is well away from the part where observations provide some information …[this difficulty] cannot be overcome by mathematical sleight of hand.”

         Klemes points out that the standard approach to hydrological prediction involves acceptance of some problematic assumptions. First, stationarity, a foundational concept of water resource engineering, “implies that a hydrological phenomenon e.g. stream flow at a given gauging station, fluctuates in time around a constant value in a statistically constant pattern.” 
Milly (et. al.) put it that stationarity is “the idea that natural systems fluctuate within an unchanging envelope of variability.” 
Stationarity implies that a variable such as the annual flood peak or annual stream-flow has a time-invariant probability density function whose properties can be estimated and where in turn estimation errors can then be reduced by additional observations and data, and more efficient estimators.
 Klemes says that the historical evidence of changes in land use, river morphology, tectonic structure and climate change shows that this assumption is false. This claim is supportable by more recent papers.

        Further, the stationarity assumption also involves the postulation of an infinite ensemble of similar stationary series, as Klemes explains: “This is necessary in order that the historical record could be regarded as a sample from a stochastic process without which the quantum jump from a frequency within a historical time series to an instantaneous probability is virtually impossible. This assumption implies that, in addition to the actual history, an infinite number of different potential histories must be hypothesized which, however, despite their differences must be statistically identical to the actual one and each must be equally likely. In other words, it implies that the physical development of the Earth has been a repeatable experiment in which, however, no physical development is allowed in order to preserve the stationarity.” 
This in turn raises havoc for the 100 year flood concept as Klemes explains:

                         Turning now to its theoretical basis, extrapolation of the average return period can often hardly be justified even beyond a 10-year flood or so because of nonstationarity of physical conditions over periods longer than 50-100 years. There are many known causes of nonstationarity ranging from the dynamics of the Earth’s motion to manmade changes in land use, and as yet unknown causes can be discovered. In this context, the notion of a 100-year flood, which has acquired such a pivotal position in flood frequency analysis, has no          meaning in terms of average return period. Even some relatively short hydrological records …indicate that the concept of an average return period, of whatever length, may be flawed. And a probabilistic interpretation suggesting that a flood with an average return period T can be exceeded with probability 1/T in any given year (or any given time) is, if anything, even more dubious. Apart from disregarding nonstationarity for mathematical convenience, it implies an ergodic stochastic process where only one time series exists and redefines the uncertainty about the actual dynamics of flood occurrences as a certainty that they are random events. From the physical point of view, an equal probability of an extreme event in all time intervals is extremely improbable even if the time series of the related process does look stationary and random. In the physical world, in contrast to the theory of random sampling, specific events have specific causes even if we are ignorant of them. And as far as the really extreme events are concerned, conditions for them may be developing for a long time and once the event has occurred its immediate repetition may be virtually impossible. An earthquake may release forces that have been building up for decades or centuries; a glacier whose sudden melting results in a flood may have grown for decades and, once melted, the probability that it will cause a similar flood drops to zero; it may take days or weeks for a frontal system or a hurricane to develop and once the water it carries has been precipitated, there is no immediate danger of another similar event occurring, etc. Suppose for instance that the deluge was a historic flood resulting from a climatic perturbation caused by catastrophic volcanic eruption in the Aegean Sea which in turn may have been a consequence of pressure build-up along the boundary between the Eurasian and African tectonic plates. From the geological point of view, it is quite probable that just after the Flood the probability of another similar event in the area sharply decreased and has been increasing ever since.

         Klemes in the above argument calls into question, along with the assumption of stationarity, other statistical assumptions upon which the 100 year flood concept is based - such that the extreme events are independent from year-to-year and that the extreme predicted extreme events arise from the same probability distribution function. Along with these assumptions, the assumption of ergodicity is also questionable. Ergodicity is the idea that a stochastic process has the property that sample or time averages sampled from an observed record of the stochastic process give valid approximations to the corresponding population average. As Klemes puts it: “the time averages taken along one realization of a stochastic process (i.e. along one time series) are the same as those taken across their ensembles at any point in time,”
 or “the historic record of a hydrological phenomenon can be regarded as one of an infinite number of equally likely realizations of a stochastic process in which ensemble averages are equal to time averages.”
 The very concept of hydrological probability presupposes ergodicity, but from a geophysical perspective, this assumption and the others discussed above, according to Klemes:
                         …are not only arbitrary and unrealistic; they deliberately make a mockery of reality, of the evolutionary character of the history of a geophysical process and of the uniqueness of this history. They practically reduce all the history to a noise which could have proceeded in the reverse direction as well as in the actual one or in any other rearrangement – and the same is implied for the future. They completely negate the fact that there were specific signals associated with specific events and that many of these signal, especially those associated with the very extreme events, physically cannot be repeated either at all or at least not with the same probability in every consecutive year or instant. They provide an excellent example where a mathematical concept developed to describe one physical situation (some phenomena in thermodynamics in this case) has been applied to a situation it does not fit for no other reason than mathematical convenience.
                          The leap of logic by which the instantaneous probabilities are equated with the historic frequencies of occurrences is nothing else but a dismissal of any meaning of the historic process; if anything that happened in the past can happen at any instant with the same likelihood, then the history provides no meaningful information. 

                          We are facing perhaps the greatest paradox of probabilistic statements about hydrological phenomena. They claim to give information about the future – and they arrive at this information by first suppressing most of the information from the past, by denying any significance to the order of past events.

Rejecting these hydrological assumptions, which supply a theoretical grounding to the 100 year flood analysis, injects an unknown level of uncertainty into the meaning of the 100 year flood concept with respect to variables such as stream flood depth and rainfall intensity.

2.1  Stationarity, Climate Change and the Brown Hill Creek Dam

         Global climate change, as the result of anthropogenically caused global warming, undermines the stationarity assumption in hydrology. As Milly (et. al.) put it: “In view of the magnitude and ubiquity of the hydroclimatic change apparently now under way, however, we assert that stationarity is dead and should no longer serve as a central, default assumption in water-resource risk assessment and planning.”
 Although one calls into question the very notion of the conventional understanding of extreme hydrological events through the rejection of foundational assumptions such as stationarity, there are other complexities posed by climate change to the Brown Hill Creek dam issue. 

         In general, the reports all assume that climate change in Adelaide will produce more frequent urban flooding. Thus, VDM Consulting in their report say explicitly: “there is evidence to suggest that a scenario for climate change in Adelaide would produce more frequent urban flooding.”
  The research cited in section 3.4.1 of the report is to Suppiah (et. al.), Climate Change Under Enhanced Greenhouse Conditions in South Australia.
  South Australia does not have snowmelts and apart from the issue of rising sea levels (discussed below), flooding via stream flows is a function of rainfall. Suppiah (et. al.) say that; “during the second half of the century, there is a stronger tendency for decreased rainfall in south-western Australia and eastern Australia and an increase over the northwest. Trends in South Australian annual rainfall since 1900 are generally weaker than other parts of the continent. Much of the northern half of South Australia has become wetter while southern coastal regions became drier. These tendencies were strengthened during the last…55 years.”
 More technically, 13 General Circulation Models of the climate, simulating increases and decreases of rainfall under climate change conditions for South Australia generally show decreases or strong decreases in rainfall for South Australia this century, with differences in the direction of change on a seasonal basis.
 For the Adelaide and Mt. Lofty Ranges region, by 2030, the annual rainfall decreases by 1 to 10 percent and by 3 to 30 percent by 2070.

         Further studies noted a “significant drying” may occur in the south of Australia due to the enhanced greenhouse effect, and “Potential increases in dryness are greatest for the Mediterranean-type climates of Perth and Adelaide.” 
 More recent studies agree. The Adelaide and Mount Lofty Ranges Natural Resources Management Board, Climate Change in the Adelaide and Mount Lofty Ranges Region, says that for the Adelaide and Mount Lofty Ranges region (AMLR) “average annual temperatures are projected to increase by 0.4 - 1.20  C by 2030. Climate change in the AMLR Region could also mean substantial reductions in the amount and reliability of rainfall, with annual reductions from 1 - 10% for the region.”
 The CSIRO State of Climate (2010) also notes a trend of decreasing rainfall across much of southern and eastern Australia.

         If the Adelaide and Mount Lofty Ranges Region is likely to experience less rainfall under enhanced greenhouse conditions, and as there are no snowmelts, it is likely that the risk of extreme flooding, relative to today’s risk, will decrease rather than increase over the 21st century. This is not to say that low probability, high intensity floods will not occur, for there is a probability (albeit low) of such floods occurring now and intense floods are recorded in arid regions. Nevertheless, the projected risk of increase in the magnitude and intensity of inland flood events in other regions of the world is due to an increase rather than a decrease in rainfall (as well as an intensification of other relevant risk factors. 
The IPCC Fourth Report
 observed that changes in floods could arise from the-then projected precipitation and temperature changes, but there was low confidence in projections of changes in fluvial (river or stream) floods. The IPCC Special Report on Managing the Risks of Extreme Events and Disasters to Advance Climate Change Adaptation (2011),
 acknowledges great uncertainty about the possible effects of climate change on extreme weather events, and expresses low confidence in the evidence relating to extreme regional flooding.
 The effects of climate change on extreme weather events may not become clear until 2070 and given the complexity of the climate system, some experts believe that even then, establishing a climate change signature for extreme flooding events will still be uncertain.

         A more serious threat than fluvial flooding for Adelaide under enhanced greenhouse conditions is posed by rising sea levels. The Federal government released flood maps on May 19, 2011, which indicated that regular flooding by rising sea levels in western Adelaide by the end of this century will threaten up to 43,000 properties with sea level rises of between 0.5 and 1.1 metres. West Torrens, Port Adelaide, Enfield and Charles Sturt councils have state and Federal funding of only a token $ 540,000 to plan for climate change.
 The funding of works to combat sea level rises from climate change are far beyond the resources of these councils. In this context, projects such as the Brown Hill Creek dam do not constitute an appropriate use of funds.
3. The WorleyParsons’ Proposal to Build a Flood Retention
Dam in the Brown Hill Creek Recreation Reserve
         WorleyParsons (henceforth “WP”) has produced two reports; 
Brown Hill Keswick Creek Stormwater Project: Draft Stormwater Management   Plan
and Brown Hill Keswick Creek Draft Stormwater Management Plan: Preliminary Assessment: Enhancement of Flood Mitigation Options
. The objective of the (first) WP report was to provide a standard of flood protection equivalent to the 100 year ARI event of better. 
 The 100 year flood was estimated to cost about $ 178 million and affect nearly 7,000 properties if no flood mitigation action was          taken.
 The WP report concluded that one flood control dam could have almost as much detention benefit as the previously proposed two dams (Sites 2 and 4). WP’s preferred option is the construction of a 12 metre dam at Site 1, Brown Hill Creek Recreation Reserve, with supplementary works including a high-flow bypass culvert from Malcolm Street in Millswood to the Glenelg tramway in Forestville and upgrading the Brown Hill Creek channel between Leah Street and Anzac Highway, Forestville. 

         Nine alternative mitigation scenarios were considered, both by themselves and in combination, with six of the nine scenarios involving flood control dams. The only scenarios not involving flood control dams were scenarios (6), overland flow interceptor at the Glenelg tramway (including downstream channel upgrade); (7), overland flow interceptor at the Keswick Creek diversion (at leader Street, proposed as part of the 2006 Master Plan) and (9), complete channel upgrade between Anzac Highway and Muggs Hill  Road at Mitcham. Page iii of the WP report though says that 300 “potential opportunities for mitigating works to reduce flooding were identified” including structural and non-structural options such as “planning measures, flood awareness and preparedness, flood warning systems and other means of increasing the capacity of the community to prepare for and respond to a flood emergency.”
 Throughout the WP report other non-structural flood management issues are mentioned, such as building controls
 and revegetation of cleared rural areas in the upper Brown Hill Creek catchment.
 These measures constitute a  non-dam option that should have been contrasted and evaluated separately, but was not, although the WP report does say: “The preferred flood mitigation scheme for the catchment also includes other catchment-wide works originating from the 2006 Master Plan, together with non-structural measures.”
 It is a methodological flaw in the WP report to conduct a benefit/cost analysis on only nine scenarios, with six of these scenarios involving flood control dams of some type, without categorising the vast array of non-structural measures as a separate scenario. This is especially so insofar as many non-structural measures e.g. community flood preparation, would reduce “intangible damages,” identified such as “trauma felt by individuals.”
 Further, as the alternative scenarios “have similar indicative benefit/cost ratios,”
 from 0.7 to 0.8 (all less than 1 and typically rejectable for that reason alone), it would have been appropriate to break the deadlock and consider alternative non-engineering options.  As it stands, the WP report begins with a dam-solution and structural solution bias (as hence the title of this paper).
         The WP report alleges that the Site 1 dam option with supplementary works was recommended in the context of two “critical duration storms”; (1) a 90 minute storm in the urban areas producing peak runoff and (2) a 36 hour storm producing peak runoff from the rural part of the catchment and this allegedly gave “the most favourable flood mitigation potential of all the viable scenarios.” 
The critical storm is the storm giving maximum flow with respect to rainfall intensity, loss values, storaging and routing parameters. Apart from the 90 minute urban storm and 36 hour rural storm, some areas downstream of the South Park Lands have a six hour critical storm duration storm.
 There is also a transition point where the 36 hour storm peak flow gives over to the 90 minute storm peak flow and for Brown Hill Creek this is “downstream of the confluence between Brown Hill Creek and Keswick Creek on the east side of the airport.”
 The detention dam, so to speak, shifts the transition point upstream.

         One of the consequences of this is that, as the WP report clearly states: “the dam will not have any impact on the peak flows during the 90 minute storm.”
 Further, as the report does not state, the dam will not offer any protection for floods arising from primarily urban rain. The 36 hour storm event for Brown Hill Creek is taken by WP as the worst case scenario for the maximum extent of flooding in the 100 year ARI event. But it is fallacious to argue (ignoring the argument in section 2 above), as WP do, that the probability of the 100 year ARI storm of 36 hour duration is 0.01 in a year. In general, the 100 year ARI event may, relative to long-term rainfall intensity curves, be of a shorter duration with less flooding. It is invalid to calculate the expected damage from the 100 year ARI event by multiplying the 100 year ARI probability (0.01) by the 100 ARI 36 hour storm damage figure. This will inflate the risk weighted damage as well as overstating the benefit/cost ratio.

         The WP report devotes considerable attention to the hypothesized flood damage. Concern in the debate has been with the 100 year ARI flood, but it is interesting to consider WP’s statistics on more probable floods such as the 10 year ARI. Properties affected under present conditions in the 10 year ARI, for over-floor flooding, 151; for under-floor flooding, 1001, for a total of 1,152 properties. With the proposed mitigation work for the 10 year ARI, over-floor flooding still affects 42 properties and under-floor flooding, 238 properties, for a total of 280 properties, even with the Brown Hill Creek dam!
 Surely, with an estimated cost of $ 10.3 million (in 2011 $ terms), one would have expected better protection of the dollar?
         WP divides flood damages into tangible and intangible damages. Tangible damages include damage to buildings, infrastructure, vehicles and plant.
 Intangible damages, somewhat difficult to objectively quantify, include “trauma felt by individuals” and “associated health related impacts.”
 WP admits that only “limited data is available” but “it is thought that intangible damages could be as much or more than the tangible damage cost.”
 But this is merely an assertion: there is no data available to assess this. For example, as the report notes with respect to the 2005 flood: “There is no available evidence of any physical injuries caused by flood events in Brown Hill Creek.” 
The WP report cites Tonkin Consulting’s 2011 risk management report and says that there is potential for “severe and catastrophic” outcomes from flooding along Brown Hill Creek and Keswick Creek. Thus a council Worker in 2005 stumbled into floodwaters, but was, fortunately saved. WP says: “the difference between life and death near fast-moving flood waters could be as simple as a slip or a poor decision to enter floodwaters. Serious injury or deaths during a major flood event in the Brown Hill and Keswick Creek catchment must be considered as possible, or even likely.”
 It is true that fast-moving floodwaters are dangerous, especially for children and others entering them. Solution: people need to develop common sense and not enter them, just as a thousand other dangerous things are not done. For example, the slow-moving waters of the River Torrens could represent a life-or-death threat to people who cannot swim who could fall into its murky waters from its unfenced, grassed banks. This is a good argument for public education about flood risks, not for building a dam.
         The WP report lists another threat: “A major flood will cause significant erosion and scour of the existing creek banks. This has the potential to threaten the stability of structures built close to the creek and can also change the “lie of the land” that people are familiar with, causing them to become disorientated.”
 This, perhaps, may be a problem in say Thailand, but no evidence of this “disorientation” effect for Adelaide is produced. Another alleged intangible cost is also more applicable to south East Asia than Adelaide: “increased medical costs and reduced life expectancy associated with increased levels of sickness in a community following a disaster.”

         The only evidence cited for this (outside of minor injuries etc.) are claims that some people may have suffered mental health impacts from the 2005 floods
 and some “residents expressed fear of rainfall and others are vigilant and prepare for a flood during periods of heavy rainfall.”
 No doubt in any society some people will be sensitive to physical events and suffer mental health impacts while others will not. It is a reasonable hypothesis that such sensitive individuals who develop “rainfall” phobias could have developed their phobias with even smaller floods than the 2005 floods, and perhaps with no floods at all, merely by experiencing heavy rainfall. As this mental health predisposition may have pre-existed the 2005 flood, it is a stretch of the imagination to even consider this as part of the intangible costs. Issues such as proof of causation may prove to be methodologically intractable. Further, being vigilant and preparing for the possibility of flooding during high rainfall, is a survival virtue, not a sign of mental health failure.
         WP claims that tangible damages from the 100 year flood are approximately $178 million and reach $350 million if intangible damages are included. The figure for intangible damages, it has been argued, cannot be justified. This is not to say that there are no intangible damages; rather those damages which exist are virtually impossible to quantify and those that can (e.g. loss of life) are zero, or could be zero if effective flood preparation and education.

         Tangible damage costs were determined using waterRide software “in terms of the damage multiplier curves being applied to the improved value of each property according to the depth of flooding.” 
 Of this $ 178 million (actually $ 177, 584, 000), the figure for the Adelaide airport alone is $ 50,719,000 (begging the question as to whether something specifically needs to be done for flood mitigation for the Airport), residential properties $ 54,581,000 and commercial retail properties, $ 35,797,000. Damages in Mitcham, one of the least affected council areas, with 105 affected properties, is $ 2,894,00 and West Torrens with 4,017 properties is $ 80,001,000. 
However, the WP report also says: “The 100 year ARI flood map for Brown Hill and Keswick Creeks shows that much of the flooded area is affected by shallow water (less than 150 mm)… As such, in most cases the flow will not be deep or fast enough to break through glass doors of windows, meaning that blocking door seals and wall vents by sand bagging may be sufficient to alleviate some of the problem. Raising furniture and belongings to well above floor level or to upper storeys would also help alleviate flood damages.”
 This statement calls into question the extremely high tangible damage cost figure arrived at using the waterRide software. It also supports a point made earlier that a non-structural option should have been given a separate scenario and given a distinct benefit/cost analysis. As the WP report goes on to say: “It is considered, in general, that through effective community awareness and flood warning flood damages can be reduced by up to 50 % in particular cases and if individuals or businesses are able to invest in substantial work and have the capacity to respond at critical times.”
 The WP report then says that such a reduction is unlikely to be achieved on a catchment-wide basis because of the short warning time for Brown Hill and Keswick Creeks.
 However, even in the case of the 90 minute storm, an adequate community preparation strategy should offer some response or at least begin mobilisation, and certainly so in the case of the 36 hour storm.
         WP’s structural mitigation works come at a capital cost of $ 133 million (in 2011 $ terms), with the Brown Hill Creek Site 1 flood control dam being $ 10.3 million. The benefit/cost ratio of the works is estimated to be approximately 0.7 over a 30 year period, with a real discount rate of 7 percent. For the 100 year ARI damages allegedly reduce from $ 178 million to $ 16.9 million. 
The scenarios were assessed via examining hydraulic modelling results for each scenario re: reduction in 100 year ARI flood damages relative to “base case” conditions, the savings in damages being converted to an annual average benefit using the average annual damages method. The benefit is then converted to a present value using a 7 percent discount rate over a 30 year period.
  The indicative benefit/cost ratio is determined by comparing the present value of benefits with the estimated costs of works.
 It is important to note for this critique that WP state: “Each mitigation scenario was also considered in terms of potential environmental, heritage and social impacts, and any land acquisition requirements.”
 Below it is argued, that with respect to the Site 1 dam proposal, no adequate assessment in this respect has been given.
         The next section discusses the environmental, heritage and social impact of the proposed dam in the Brown Hill Creek Reserve. But at this point consider WP’s claim that “the acquisition of any private property will be avoided”
 and that the existing Brown Hill Creek Road “would have to be relocated a small distance up the side of the hill.”
 At present (December 2011), Brown Hill Creek residents have marked out the proposed dam height by using string which runs across the valley at Seven Pines. The proposed dam, by this measurement would extent right across the existing Brown Hill Creek Road and across the land between the road and the Bellchamber’s fence. There is no room for any road here. Thus, at least part of the Bellchamber’s property will need to be acquired, directly contradicting the WP claim that no private property will need to be acquired and that “None of the houses in the vicinity are affected and any impact on private property (for road relocation) is relatively minor.”
 In addition, the land in this area is part of a hillside that will need excavation, further increasing costs. Acquisition of private land will also increase the costs. Along with this, there has apparently been no investigation of the impact of the dam construction on existing sewer, electricity and telecommunication infrastructure. If this proves to be a problem, then no doubt there will be an engineering solution – but at a further cost.
         An alternative proposal is for the new Brown Hill Creek Road to be built over the south dam wall to avoid acquiring private property. This would involve putting in a type of bridge or some ramp-like structure over the dam wall. Again this is easily done from an engineering perspective, at an extra cost.  Nevertheless, it would create a problem of residential vehicle access while the new south dam wall and bridging structure are built – there is, we recall, no room for a temporary road. This would impose a considerable burden upon brown Hill Creek residents who rely upon only one access road. These costs indicate that WP has not realistically considered the complexities of the relocation of Brown Hill Creek Road. 

4. A Critique of WorleyParsons’ Benefit/Cost Analysis
         The benefit/cost ratios of the nine scenarios in the WP report are within the range of 0.7 to 0.8, with the exception of the interceptor culvert at the Keswick Creek diversion culverts, which has the highest BCR of 0.82. However, WP note that the BCR is likely to reduce as the cost of works does not allow for the enlargement of the diversion culvert or services relocation.
 As well, most of the structural scenarios have important disadvantages; for example, the 2006 Master Plan proposal of dams at Sites 2 and 4 at Brown Hill Creek would still result in “Residual flooding upstream and downstream from Anzac Hwy”
 and the dam at Site 1 (15 metre spillway height), will result in “Residual flooding upstream and downstream from Anzac Hwy”
 again. The residual flooding disadvantage is not mentioned by WP for the 12 metre dam, but recent statistics provided to the Mitcham Council indicates that 7,000 properties in Mitcham, Unley, Burnside, Adelaide and West Torrens are likely to be “affected” by the 100 year ARI event, and over 1,300 properties, 872 in Unley and 56 in Mitcham would still flood under the proposed stormwater plans for Brown Hill and Keswicks Creeks.
 The flooding predicted is:  Burnside, 7 over-floor flooded, 7, under-floor flooded; Unley, 146 over-floor flooded, 726, under-floor flooded; Mitcham, 19 over-floor flooded, 37 under-floor flooded; West Torrens, 53 over-floor flooded and 326 under-floor flooded, and Adelaide, 0 flooded. 

         Consequently, all of the scenarios have disadvantages and all have a benefit/cost ratio less than 1, which is generally taken to be a good reason for rejecting a project. Thus, it should have been concluded that from an economic perspective, all of the scenarios are flawed!  However, the 12 metre dam plus alternative supplementary works are favoured because; (1) the dam at site 2 is a bigger dam, with a larger environmental footprint and an increased impact on private property; (2) the other scenarios have more impact on private property (e.g. upgrading the entire channel) and thus has “the most favourable flood mitigation potential of all the viable scenarios” based on “social, environmental, heritage and engineering feasibility factors.”

         There is no evidence that the Site 1 dam has been analysed with respect to social, environmental and heritage factors in the WP report. There is no consideration and evaluation of these factors.  Let us therefore consider in more detail these factors, first reviewing some basic concepts of benefit/cost analysis in relation to the costing of environmental assets.
          The present value (PV) of total benefits over time is:

(2)  PV (B) = B0 + B1 /(1+r)  + B2//(1+r)2 +… + Bn/(1+r)n.

Total present value of costs is:

(3)  PV(C) = C0 +C1/(1+r) + C2/(1+r)2 +…+Cn/(1+r)n
for the period 0, the current year, n years into the future and r the discount rate.
 

The net present value of a project is:

(4)  NPV = PV (B) – PV(C)

And the benefit cost ratio is:

(5)  BC = PV (B) / PV(C).

The positive net present value criterion is:

(6)  NPV = PV (B) –PV (C) >0.

         Thus, according to benefit/cost analysis, proceed with the development if BD -CD -BP > 0 and do not develop if BD - CD - BP < 0, for BD being the benefits of the development, CD the costs of the development, and BP the benefits of preserving the environment by not developing.
 However, benefit/cost ratios sometimes do not provide a consistent ranking of projects and a project with a lower BCR may still be a better choice because of a return of higher total net benefits and/or lower environmental costs. 
The best principle would be the maximisation of net present value by equating the marginal benefit and marginal cost curves i.e. the intersection of the MB and MC curves, but in most real world situations the MB and MC curves are not known.
 
         Total economic value (TEV) consists of use and non-use values:

(7) TEV = direct value + indirect value + optional value +existence value.

Option values are “akin to an insurance payment to reflect the value of a future use if the option to use the resource is exercised.”
 Existence values “comprise willingness to pay for an environmental asset’s conservation even though no use value is present.”
 Existence values are especially important in the case of environmental assets such as the Brown Hill Recreation Reserve which many people regard as unique, if not “irreplaceable.” 
Further to this, total economic values may not be the only primary values; some ecological economists believe that certain “fundamental ecosystem characteristics,” which serve as a “glue” holding the whole system together, also have economic value.

         Environmental assets need to be valued or else developers are likely to ignore such values. There are a number of methods which attempt to give an estimate – contingent valuation surveys, hedonistic price methods, experimental methods (obtaining preferences by questionnaire), the opportunity cost technique, and so on. It is generally granted in the literature on this topic that all of these methods have their limitations, but such approaches can still make a useful contribution to the analysis of the socio-environmental preference of projects.
 Some projects can be shown to have BD – CD – BP < 0 even on the basis of an inadequate assessment of BP, as can be shown, it will be argued, for the proposed flood retention dam in the Brown Hill Creek Reserve. 
 Let us now examine some environmental and heritage values in need of costing.
         The City of Mitcham website article “Brown Hill Creek”
 states: “The climb to the top of Brown Hill is exhilarating as the view is spectacular. Spread below you is suburbia, a ribbon of vegetation marking Brown Hill Creek as it meanders across the plains. Turn around, and be struck by the contrast, native vegetation seemingly unchanged since Dreamtime as tiers of hills and valleys stretch away to the top of Mt. Lofty, effectively hiding all the lives and environmental changes within the folds of time.” 
This statement clearly implies that the region, although experiencing environmental change since European settlement is still a place of natural beauty and having environmental value. This view is not consistent with the sentiment expressed in the past by some engineers that the region is just “degraded farmland.”
         The City of Mitcham document goes on to give a overview of the European history of Brown Hill Creek, thus constituting evidence of its heritage value. Briefly the area was settled before the survey of the Adelaide Plains was completed and one resident, a Mr Walker and his son James, had built a thatched cottage which looked at least 10 years old at the time of the first settlers. The region is thus of historical significance. Further, the Brown Hill Creek Recreation Reserve itself was set aside by Governor Gray in 1841 for public purposes and as such is one of the world’s oldest parks, predating the Belair National Park (1891) and even Yellowstone Park in the United States (1872). The dam region also has European cultural significance in having a colonial heritage rock-crushing site.
         The dam site is also of indigenous significance. The Kaurna people called this area “Wirraparinga,” meaning “place of scrub and creek.” The dam construction will desecrate a place that has been said to have been an indigenous camping and ceremonial spot, possibly for thousands of years. The dam construction will destroy a much-loved walking trail constructed in honour of the Kaurna people. A dollar value will need to be placed upon this.

         The Brown Hill Creek Recreation reserve will also need to be assigned a dollar value with respect to its recreation and open space qualities. At present the Reserve is used for walking, running, cycling, mountain-bike riding, horse-riding, artistic pursuits (e.g. painting, photography), as well as being used by senior citizens, school children, historical societies and tourists groups. Valuers should not forget that all of these benefits are given in a unique site close to the city, listed as a national monument with the International Union for the Conservation of Nature, which is another value in-itself that needs cashing out.

         A dollar value will also need to be given to the region’s vegetation, trees, shrubs, grasses, microflora and aquatic plants that would be ravaged by the dam construction. Thus, the dam site itself will involve the removal of the “Seven Pines,’ as well as the picnic area by those trees, one of the most popular spots in the Reserve. The Seven Pines are stone pines, Pinus pinea, planted in 1901 for Federation.  One of these threatened pines is currently the largest specimen in Australia and is entered on the “National Register of Big Trees.”
 The dam construction area contains numerous native trees, scrubs and grasses, supporting a complex ecology of birds, insects and native animals.
  Revegetation activities by the Friends of Brown Hill Creek, who have given over 15 years of devoted service, and The Body Shop volunteers (spending over five years doing revegetation work), will need to be priced. 

         Pricing the fauna in the area will prove interesting. 
Aquatic fauna include the climbing galaxis fish (Galaxias brevipinnis) and mountain galaxis (Galaxias olidus). The climbing galaxis has a conservation status as “rare,” a population potentially at risk due to their low population numbers and the mountain galaxis has a conservation status as ‘vulnerable,” meaning at risk of becoming endangered if present threats continue. Both species of fish are found living in deep pools in Brown Hill Creek and some of the deepest pools are located at the proposed dam site. The fish also tend to travel from pool to pool as part of their natural ecology. Consequently, as Professor Wayne Meyer has stated, the construction of the dam directly threatens the galaxis populations. The construction of a cofferdam upstream from the main dam, constructed first to protect the main dam during construction, will constitute a further disruption of galaxis habitats.

         To this dam proponents have replied that the “design and construction of the proposed dam would be aimed at protecting these and other native fauna.” But since the dam will eliminate some of the most significant water holes for galaxis, it is hard to see how this is possible. The construction of the upstream cofferdam, along with the magnitude of the main construction, involving bringing into the valley up to 100,000 tonnes of material, would only “not impede normal creek flows during or following construction,” if the laws of physics were to go on holiday over the same period. 
         These social, heritage and environmental arguments also count against the smaller dam options for the Brown Hill Creek Reserve, namely a 10 meter high dam (option 4) and a 8 metre high dam (option 5), proposed in the more recent WP Enhancement of Flood Mitigation Options.
 These dam options have benefit/ cost ratios of 0.64 and 0.63 respectively and thus are rejectable on BCR grounds alone.     No attempt will be made here to produce a costing of the socio-cultural and environmental value of the Brown Hill Creek Reserve. But it is proposed that the value will be much greater than the alternative non-dam structural works proposed in the second WP report. Hence, once again the dam option fails.
5. Conclusion
         The scenarios presented by WP all have benefit/cost ratios of less than 1, and has been noted above, in economic terms such projects should be rejected for that reason. The “do nothing” option is also unacceptable because of the already substantial costs of flooding, especially in the West Torrens area. This situation, where all of the scenarios fail in BCR terms, indicates that there is something fundamentally wrong with the way flood mitigation has been approached. From the beginning the principal direction taken has been to consider flood mitigation as primarily a hydrological engineering problem. It is in part, of course, but it is more. 
         As doing nothing is not an option, the entire issue of flood mitigation in Adelaide needs to be creatively rethought outside of a narrow, reductionist engineering paradigm. There should be a change in focus from attempting to deal with low probability events such as the 100 year ARI, to a more commonsense, practical piecemeal approach, dealing first with existing flood damage from much more probable floods. A concern with dealing with low probability events such as the 100 year ARI logically leads one onto a “slippery slope” (Sorites)
 to having to deal with 101, 102, 103 … 1,000,000 … year ARI and maximum flood events.  There is no mathematical reason for stopping once one is on this logical “slope.” Hence, let us get off it.

         As an alternative, simple flood mitigation measures could be put in place now, including almost all of the non-structural measures mentioned in the various reports. These measures could begin with a simple determination to clear the channels to remove debris and other household items impeding the channel flow, which contributed to the 2005 floods.
 Of the some 300 options that have been considered, low cost options with minimal impact upon the environment and private property should be grouped together as a competing option in their own right to be examined by a BCR analysis. Included in such an option would be measures such as revegetation of cleared rural areas of Brown Hill Creek, which have added ecological benefits beyond mere flood mitigation. Flood mitigation needs to be seen as a complex socio-ecological issue, not merely as an engineering and water disposal problem and the debate should be taken away from the exclusive province of engineers.
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