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 Executive summary 
Over the past 10 to 15 years, temperate Australia has experienced significantly lower-than-
average rainfall, with severe financial impacts on agriculture, forestry, rural and urban water 
supplies, hydroelectricity and mines. All these sectors are expected to continue to be adversely 
affected by extended periods of low water availability. Australian Rain Technologies (ART) has 
been trialing a ground-based technology known as Atlant, which uses ionization as a catalyst to 
enhance rainfall. Four trials have been conducted, two in both Queensland and South Australia. 

A statistical analysis of the most recent and extensive trial in the Mount Lofty Ranges in 2009 
yielded an estimated level of enhancement of 9.4 per cent, based on a simple average of gauge-
level observations over a downwind target area. A semi-parametric bootstrap analysis found the 
results to be significant at the 90 per cent confidence level using a one-sided test. The spatial 
distribution of the rainfall gauges was very uneven and a simple unweighted average of gauge 
readings may not give the most accurate measure of the volume of rainfall that fell in the trial 
area. As a consequence an area-weighted gauge-level average was also calculated. The weights 
were based on a Voronoi area—the area for which a gauge provided the closest possible estimate. 
The average enhancement level was 5.6 per cent, significant at the 80 per cent confidence level. 
The reduced precision of the estimate is expected, given that a relatively small number of gauges 
in remote areas were given large weights. Previous trials estimated higher levels of enhancement 
at the individual gauge level over a smaller target area. 

In volumetric terms the trial was estimated to have generated an additional 27.8 GL of rainfall 
over an area of 24,000 km2. Given the prevailing weather conditions the majority of the estimated 
additional rain fell north to southeast of the Atlant sites. 

While the estimated enhancement effect implies a substantial volume of water, the enhancement 
signal is small relative to the natural variation in rainfall over time and even between proximate 
locations. Further, the variable meteorological conditions was a major source of uncontrolled 
variation in experimental conditions. As a consequence, there remains a substantial probability 
that the measured Atlant effect was simply due to random chance. Proving Atlant system’s 
effectiveness and reliability as a source of additional water supply under different meteorological 
conditions and geographic locations represents a major scientific challenge. Therefore this 
analysis attempts to establish whether the results obtained to date justify undertaking this 
challenge. 

The analysis presented here examines the results from an economic perspective. The 2009 Mount 
Lofty trial results are used to assess the expected economic benefits of the trial as well as the 
longer term benefits of commercial application of the technology in the trial area. Net economic 
benefits were assessed using ranges of average enhancement levels from two to 15 per cent1. The 
relative standard errors obtained from the 2009 trial were then used to account for the uncertainty 
in the average level of enhancement. 

The results were then extended to hypothetical trials and commercial operations in: 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
1This range includes enhancement effects of less than what was obtained from previous Australian (2007-
2009) Atlant trials, as well as the upper limit of the estimated enhancement effect. 
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• the Western Australian northern wheat belt and 

• selected catchments within the Murray Darling Basin. 

These hypothetical trials were cast in the context of localized climate change mitigation options—
that is, the use of rainfall enhancement to offset adverse changes in climate. The climate change 
scenarios and the scope of economic costs are drawn from recent studies. 

A further, full-year, trial in the Mount Lofty Ranges, as well as the hypothetical Western 
Australian and Murray Darling Basin trials, are calculated to generate substantial net benefits at a 
five per cent enhancement level. Even with a two per cent enhancement level the trials have an 
equal or better probability of breaking even. On the basis of longer-term commercial operation, 
the benefit-costs ratios are several times higher. 

Clearly, funds allocated for the ongoing trialing of the Atlant system would have to compete 
against the risk and return of alternative investments in, for example, diversion of water from 
other uses, water saving technologies and improved plant varieties. The risk and return profile for 
the described trials, are, none the less, attractive from a commercial perspective, let alone the 
attraction of a minimal environmental impact technology which adds water to the system rather 
than diverting it from other uses.  

Lastly, in the context of a scientific hypothesis test, the results of the 2009 Mount Lofty trial show 
that the risk or opportunity cost of foregoing the expected net benefits of a successful trial by 
falsely rejecting the null hypothesis far outweighs  the risk  of falsely rejecting the alternative 
hypothesis (the cost of such a trial). 

The hypothesised links between ionization and precipitation have not been established on a 
physical scientific basis. Field trials to date have variously indicated positive results. The 
estimated levels of enhancement would be regarded as moderately significant and less than 
conclusive evidence of an Atlant effect on a purely scientific basis. However, an economic 
benefit-cost evaluation, based on the order of magnitude of the estimated levels of enhancement 
and allowing for the uncertainty associated with those benefits, would strongly support the 
ongoing trialing of the technology in areas with climatic suitability and similar net economic 
returns from successful rainfall enhancement. Further, the non-exclusive and public nature of 
these benefits justifies public expenditure on further trials. 
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1 Introduction 
Over the past 10 to 15 years, temperate Australia has experienced significantly lower than average 
rainfall, causing severe financial impacts on rainfall dependent industries and placing 
environmental assets of national and international importance in jeopardy. Agriculture, forestry, 
rural and urban water supplies, hydroelectricity and mines have all been and are expected to 
continue to be adversely affected by extended periods of low water availability. Rainfall 
dependent ecosystems will continue to be at risk. There is considerable uncertainty as to how 
much of this low rainfall experience constitutes a drought from which rainfall patterns will 
recover, and how much reflects a fundamental shift in climate. Climate change modeling by 
CSIRO for catchments in the Murray-Darling Basin and in southwest Western Australia suggests 
that they may not return to the historical climate experience (CSIRO 2008a). The cycles of wet 
and dry periods may become more severe and the overall climate drier. 

New technologies may assist agricultural and water industries in mitigating future declining 
rainfall. Weather modification is one of a number of options. While establishing that weather 
modification is a reliable source of additional water that can be targeted to meet the environment, 
rural industries and urban users is a difficult challenge, the benefits may warrant the investment. 

ART has been trialing the Atlant technology, which employs ionization with a view to enhancing 
rainfall. To date, these trials have been in Queensland and South Australia. All have been positive 
although not conclusive. 

Professor Ray Chambers’ (University of Wollongong) analysis of the three trials 2008-9, 
indicated that the operation of the Atlant had substantial and statistically significant effects on 
rainfall. Estimates of enhancement in the 2008 Mount Lofty trial was around the 15 per cent level. 
However the spatiotemporal correlation between gauge level observations had not been fully 
explored and the precision of the estimates may have been overstated. In the 2008 trial a single 
unit was operated on the basis of forecast meteorological conditions. The 2009 trial introduced an 
improved field trial design, with two systems operating using a randomised crossover design and 
new statistical techniques to reduce unexplained variance and more accurately estimate standard 
errors. The analysis of gauge level data showed an estimated enhancement of 9.4 per cent, based 
on a simple average of gauge-level observations over a downwind target area. A semi-parametric 
bootstrap analysis found the results to be significant at the 90 per cent confidence level using a 
one-sided test. The spatial distribution of the rainfall gauges was very uneven and a simple gauge 
average may not give a very accurate measure of the volume of rainfall that fell in the trial area. 
As a consequence an area-weighted gauge-level average was also calculated. The weights were 
based on a Voronoi area—that is, the area for which a gauge provided the closest possible 
estimate. The average enhancement level was 5.6 per cent, significant at the 80 per cent 
confidence level.  

The reduced precision of the estimate is not unexpected given that a relatively small number of 
gauges in remote areas were given large weights. (The 2009 trial was over an area roughly twice 
the size of the previous trials with alternate operation at two locations). 

The following analysis translates enhancement effects into economic benefits. This is first done 
across a range of given levels of enhancement that are in the general range of results obtained 
from 2009 Mount Lofty Ranges field trial. Returns for a single-year trial and longer-term 
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commercial operations are both considered. Second, the uncertainty regarding the estimated level 
of enhancement is taken into account. Two approaches to considering uncertainty are considered: 

• First, the expected level and variability in net benefits of are calculated for a one-year trial 
and extended commercial operations; 

• Second, the results from the 2009 trial are examined in terms of the opportunity costs of 
falsely rejecting the null as opposed to the alternative hypothesis of a positive 
enhancement effect. 

The second approach is inherently more conservative. However, the analysis shows that the 
financial cost of funding further trials of the technology is far outweighed by the opportunity cost 
of forgoing the estimated net benefits of its widespread application. Further, the non-exclusive and 
public nature of these benefits justifies possible joint public and private ventures. 

The analysis is first done using the estimated volumetric attribution and associated standard errors 
obtained form the 2009 Mount Lofty Ranges Trial. The results are extended to potential field trials 
to provide an indication of the benefits of the more widespread adoption of the Atlant technology 
on both a trial and commercial basis. 
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2 Implications of trial results for funding of further 
trials 
The Australian Rain Technology trials of the Atlant system to date have largely concentrated on 
the question "does Atlant work?" That is, can the technology increase rainfall in a predetermined 
target area? One of the challenges of testing the efficacy of rain enhancement is the inability to 
create controlled experimental conditions, such as wind speed and direction. Another is to detect a 
relatively small enhancement signal against a high level of natural variability in rainfall over time 
and space. As a consequence, the level of confidence commonly attainable in controlled scientific 
trials has generally not been achieved in rain enhancement trials, though many of these trials have 
estimated positive results. 

The 2009 Mount Lofty Ranges trial was based on a randomised crossover design. A model-based 
evaluation was used in an attempt to control for meteorological and orographic effects. The 
model-based attribution of rainfall associated with the operation of Atlant was positive at a 
significance level ranging upwards from 80 per cent level using gauge level data and correcting 
for the correlation between gauge observations. The question is whether the results justify the 
investment in further trialing the technology across a broader range of climatic conditions and 
geographic locations as well as investigating an expanded set of physical measurements. 

The technology is low-cost, yet the prospective size of the benefits to the economy and the 
environment from rainfall enhancement is enormous. Therefore, in contrast to the scientific issue 
of establishing efficacy at a very high level of certainty, it seems appropriate in this case to adopt 
a framework of decision-making under uncertainty in the context of public policy that asks the 
question “is it worth conducting further trials?” In particular, one might consider whether public 
investment in further trials is warranted, given that benefits of increased rainfall are non-exclusive 
and widely distributed. 

We can take a standard benefit-cost approach and take into account the probability of achieving an 
acceptable rate of return given the results from the trials to date. The net benefits and risks can be 
weighed against other options for managing the effects of climatic variability such as the purchase 
of water from other users and agricultural investments in varietal breeding, genetically modified 
crops, crop management and increased water use efficiency. 

We can also retain hypothesis-testing frameworks and account for the costs of falsely rejecting 
either the null hypothesis or the alternative hypothesis (there are no opportunity costs associated 
with a correct decision). In a business or public policy context the cost of falsely rejecting the null 
hypothesis that there is no Atlant effect (that is, the cost of running trials when there is no positive 
outcome) must be evaluated in light of the foregone benefits of falsely rejecting the alternative 
hypothesis that there is an Atlant effect. This is a conservative approach as it can lead to the 
rejection of a profitable investment with a very attractive return if the level of uncertainty is high 
enough. A benefit-cost approach may lead us to reject an investment which passed this test only if 
there was an alternative investment offering the same return with a greater level of certainty. The 
hypothesis-based approach has an additional advantage in that it places a value on information 
that would increase the precision of the estimated level of enhancement. 

The following section presents estimates of the net economic return from the 2009 Mount Lofty 
Ranges trial over the Lower Lakes, Coorong and Adelaide Hills. It extrapolates the 2009 trial to 
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estimate economic returns for a full-year trial and a more economical 20-year long-term 
commercial scenario against various levels of enhancement. Expected returns are also presented 
for single-year trials and longer term operations of Atlant in the Western Australian northern 
wheat belt, and selected catchments within the Murray Darling Basin should similar results be 
realised. 
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3 The economic returns to Atlant: The Mount Lofty trial 
A benefit-cost analysis of the 2009 Mount Lofty Ranges trial is summarized in Section 4.1. 
Results are also estimated for a full-year trial an extended application of the technology on a 
commercial basis. The results are scaled to reflect a broad range of enhancement effects from two 
to 15 per cent. For greater detail see Appendix C. 

This is followed by an assessment of the risk and return to investing in the Atlant systems as an 
experimental and a commercial technology. 

3.1 2009 Mount Lofty Ranges 

The target of the 2009 Mount Loft trial included the urban water supply catchments of Adelaide, 
the Coorong and the Lower Lakes (see Figure 1). Given the relatively high cost of alternative 
sources of supply, the value of additional rainfall and subsequent inflows into urban water 
storages is likely to have a value well in excess of what could be obtained in agricultural 
environmental use. However, the Commonwealth water buy back scheme has indicated a clear 
willingness to pay significant prices for water to better manage environmental outcomes of the 
Murray River. 

The Coorong and Lower Lakes are located at the mouth of the Murray-Darling river system, in the 
rain shadow of the Mount Lofty Ranges. Recently, prolonged drought in the Murray-Darling 
Basin has necessitated engineering works to prevent irrecoverable damage due to declining lake 
levels and acidification. 

Years of diverting water for irrigation in the Murray-Darling Basin and the recent severe drought 
have had significant impacts on the Coorong and Lower Lakes. This has led to serious land and 
water management issues: the drying of the wetlands, exposure of previously submerged sulfidic 
soils, and the disconnection of different elements of the system. Until recently, there have been 
insufficient freshwater flows through the barrages and as a result the water quality of the system 
had declined markedly and water levels have fallen to extremely low levels, below any previously 
recorded. There is no precedent for dealing with the associated environmental impact that 
occurred. The CSIRO has forecast climatic conditions with changes freshwater availability and 
rising sea levels. The precise timing and level of these impacts is uncertain. 
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Figure 1 Location of Lower Murray and Coorong catchments. 

 

Many of the local enterprises and communities in the region rely heavily on healthy water systems 
to prosper. Gross regional product (GRP) of the regional economy for 2006-7 was estimated at 
around $700 million. Irrigated agriculture employed 1,000 people, contributing over $70 million 
to this figure. Drought conditions over the last few years have substantially reduced these 
numbers. ART chose to trial the Atlant technology in the Mount Lofty Ranges in order that any 
additional rainfall might benefit the Lower Lakes, Coorong and local communities. 

3.1.1 Value estimates of attribution for period of 2009 trial 

The volume of water (attribution) estimated to have been generated by the 2009 Mount Lofty 
Ranges trial is calculated in Appendix A. During the trial period, August 2009 to December 2009, 
26.16 GL of water is estimated to have been added to the Lower Lakes and Coorong (Appendix 
A.2), and 1.63 GL to the Adelaide metropolitan reservoirs (Appendix A.3). 

The basis for the valuation of this additional rainfall is outlined in Appendix C.1.1. These values 
were calculated on the basis of gauge-level projection at an average enhancement level of 5.6 per 
cent. 

Table 1 Value of estimated additional water from 2009 trial in Mount Lofty Ranges. 

District Volume (GL) Value per GL 
($m) 

Value ($m) 

Lower Lakes & Coorong 26.16 0.101 2.64 
Adelaide metropolitan 1.63 1 1.63 
Total 27.79 

 

4.27 
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3.1.2 Mount Lofty Ranges: estimated economic benefit of future 
operations 

The estimated additional water from enhancement over the period of the 2009 trial was scaled up 
to estimate potential yield from a full-year trial. The cost of a one-year trial was assumed to be 
$4.0 million, with continued operation of Atlant over the Mount Lofty Ranges being $0.8 million 
p.a. thereafter (see Table 38 Appendix B). The present value of these costs over 20 years of 
operation (the first at trial costs), evaluated using a five per cent discount rate, is $13.02 million. 
(see Table 44 Appendix C.1.4). The proportionate net present values of enhancement at two, five, 
10 and 15 per cent are shown below in Table 2 (see Appendix C for further details). 

Table 2 Projected economic returns in Mount Lofty Ranges for a one-year trial and 20 
years of operation, calculated at varying enhancement levels. 

Enhancement 2% 5.0% 10.0% 15.0% 
Trial benefits     
PV ($m) 4.25  10.63  21.26  31.90  
NPV ($m) 0.25 6.63   17.26   27.9  
BCR 1.06 2.66 5.32 7.97 

Long term benefits     
PV ($m) 53.00  132.50  265.00  397.50  

NPV ($m) 39.98  119.48  251.99  384.49  

BCR 4.07 10.18 20.36 30.54 
PV of benefit sourced from Table 43 Appendix C.1.4 
PV of cost sourced from Table 44 Appendix C.1.4 

The returns from trials are positive for all levels of enhancement. In the rough range of the 2009 
trial estimates the return on investment ranged from approximately 250 to 400 per cent over trial 
costs. Returns over long-term costs are several times higher. 

3.2 Risk and return 

The results presented in the previous section clearly indicate that rainfall enhancement, in the 
range considered would generate substantial net economic benefits. However there is a 
considerable degree of uncertainty associated with these benefits. This uncertainty arises not only 
from the level of precision in the estimated level of enhancement but also from the uncertainty of 
future metrological conditions and the potential effects of geography at various locations for the 
generation of effective additional rainfall. 

Incurring the costs of scientific field trials is an investment. Benefits and risk need to be compared 
against risk and return from alternative investment opportunities such as the agricultural 
investments in varietal breeding, genetically modified crops, and crop management. In particular 
we should be concerned as to whether there are other options to manage adverse climatic 
conditions or increasing demands for water resources that generate the same order of magnitude of 
benefits at lower risk. 

This section presents the risk and return profiles for both one-year trials and 20-year commercial 
operations. The expected return from longer term commercial operations at lower annual costs 
were estimated to be considerably higher. The evaluation of returns from one-year trials provides 
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a set of more conservative profiles. Further, given the broader sources of uncertainty noted above, 
the profiles are constructed for expected enhancement levels well below that estimated from 
previous Atlant trials. 

Initially it was assumed that mean-level benefit-cost estimates of mean enhancement in the 
previous section were drawn from a normal distribution with a relative standard error of 114.2 per 
cent, which is the value obtained from the bootstrap analysis of the area-weighted estimates 
presented in the 2009 Mount Lofty Trial report. The probability of achieving a specific benefit-
cost ratio or rate of return is readily calculated from cumulative normal distribution. 

The probability of achieving breakeven and a 100 per cent return on investment (a benefit-cost 
ratio of two to one) are shown for the locations considered previously in Table 11 and Table 12. 
The returns on investment from a full one-year trial, and for 20 years of operation are presented 
for each scenario (see Appendix C). 

The analysis for a one-year trial shows a breakeven probability of more than 50 per cent for a two 
per cent level. At an enhancement level of five per cent there is a 67 per cent probability of at least 
100 per cent return on investment in all the examples. When considering the longer-term 
commercial returns with a level of enhancement of two per cent, there is more than a 90 per cent 
probability of obtaining at least a 100 per cent return on investment in each location. At a five per 
cent level of enhancement the probability of obtaining at least 100 per cent return increases to 
more than 90 per for the trial area. 
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Table 3 Summary of operations and benefits at trial costs for one year. 

Lower Lakes, Coorong and Adelaide metropolitan   
Trial costs $4.0m  

 
 

 

Mean  2.0% 5.0% 10.0% 15.0% 
Standard Error  2.4% 6.0% 12.0% 18.0% 
E(BCR)  1.06	   2.66	   5.32	   7.97	  
B/even enhancement 

 0.02	   0.02	   0.02	   0.02	  
Prob (b/even) 

 0.51	   0.85	   0.92	   0.93	  
Prob (BCR=2)  

 0.23	   0.67	   0.85	   0.89	  

      

Table 4 Summary of operations and benefits over 20 years. 

Lower Lakes, Coorong and Adelaide metropolitan   

Long-term costs $0.8m     

Mean  2.0% 5.0% 10.0% 15.0% 
Standard Error  2.4% 6.0% 12.0% 18.0% 
E(BCR)  4.07	   10.18	   20.36	   30.54	  
B/even enhancement  0.01	   0.01	   0.01	   0.01	  
Prob (b/even)  0.91	   0.94	   0.95	   0.95	  
Prob (BCR=2)  0.85	   0.92	   0.93	   0.94	  
      

A second series of risk profiles were constructed to examine how different levels of uncertainty 
impact on of the probability of achieving a given benefit-cost ration or rate of return. This analysis 
was restricted to the examination of a one-year trial. The risk and return profiles were constructed 
numerically using three steps. First, a large number of simulated enhancement levels were drawn 
randomly from a normal distribution with a given mean and a range of relative standard errors. 
The range of relative standard errors corresponded to confidence levels of 51 to 99 per cent. 

Second, a payoff function was constructed to calculate the net benefits on a per percentage point 
enhancement basis. In the case of the Lower Lakes/Coorong and the Hume/Dartmouth example, a 
linear payoff function was used. 

Where BaseGL is the attributed volume of water generated at the mean level of enhancement, 
BaseE. 

The payoff function simply rescales the benefits presented in the previous section. A linear 
function was chosen for simplicity and because the value of additional was valued at market 
prices appropriate to volumes being considered. 

Third, benefit-costs ratios were calculated using the simulated payoffs and trial costs. The benefits 
and costs were then sorted in ascending order to construct an empirical cumulative distribution 

Payoff =
Value

GL
!
BaseGL

BaseE

Ehancement% " Trial !Costs
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function. The cumulative distribution function was then used to calculate the probability of 
achieving a specified benefit-cost ratio or rate of return. 

A graphical representation of probable returns for trial at an assumed enhancement level of five 
per cent is shown in Figure 4. The probability of breaking even (a one to one benefit-cost ratio) 
across the range of confidence levels and a 100 per cent rate of return (a two to one benefit costs 
ratio) are shown. The break-even probability remains above 70 per cent as the level of uncertainty 
regarding the accuracy of the assumed enhancement level increases. At a confidence level of 80 
per cent or above the probability of breaking even is more than 70 per cent. The probability of 
making at least a 100 per cent return on investment (a benefit-cost ratio of two) is more than 50 
per cent. At a confidence level of 80 per cent or above the probability of a 100 per cent return is 
around 65 per cent. 

Figure 2 Probability of achieving benefit-cost ratios at 5% enhancement levels for a 
one-year trial over the Lower Lakes-Coorong catchments. 

 

3.3 An alternative view of risk and return 

The benefit-cost analysis presented in the previous section is predicated on the assumption that the 
average level of enhancement is an unbiased, and therefore an acceptable, estimate of the true 
level of rainfall enhancement. We then calculate an expected return assuming that this estimate is 
drawn from a normal distribution with a known standard deviation. So long as we have fully 
accounted for all the benefits and costs the decision calculus is simple: 
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• Any investment option with a positive average net return is viable; and 

• If one or more investment options have the same return the option with the lowest 
variability is preferred. 

However, the scientific process of hypothesis testing gives rise to an alternative perspective on the 
idea of risk and return. Consider the following standard one-tailed hypothesis test: 

Ho: Atlant Effect = 0 

Ha: Atlant Effect > 0. 

Here, risk and return are couched in terms of the direct and opportunity costs of false rejection. 
That is, the cost of falsely rejecting the null hypothesis Ho versus the cost of false rejection of the 
alternative hypothesis Ha. This, in turn, is linked to the confidence levels associated with these 
decisions. 

Clearly, if the cost of falsely rejecting Ho is far greater than the cost of falsely rejecting Ha it 
would be rational to try to limit the likelihood of a type-I error and set a confidence level for Ha 
which is quite high. Conversely, if the cost of falsely rejecting Ho is less than falsely rejecting Ha, 
it would be rational to try to limit the likelihood of a type-II error and set a confidence level for Ha 
which is relatively low. Alternatively, we could try to limit the potential for a type-II error by 
increasing the power of the test through, for example, more extensive trials. 

Increasing the power of the test through, for example, an expanded set of trials is not a costless 
exercise. Further, given the inability to control weather conditions during weather modification 
trials and the high level of background variability in natural rainfall, the capacity to increase the 
power of the test and reduce type-II error may be quite limited. As a consequence, setting an 
appropriate level of confidence for Ha seems to be a critical issue for which commonly used 
“standards” such as 90, 95 and 99 per cent provide little, if any, guidance. 

Form the gauge level analysis we have a confidence level of approximately 80 per cent for the 
area-weighted attribution and 90 per cent for the simple gauge average attribution that the actual 
enhancement is positive, based on a sided test. The issue that we address here is then whether, 
given this information, we are prepared to reject either Ho or Ha on the basis of the relative costs of 
making an incorrect judgment. 

What we propose to do is to compare the estimated level of confidence that we have in Ha being 
true with a confidence level that would leave us indifferent between the costs of falsely rejecting 
either Ho or Ha. The benefits and cost of the 2009 Mount Lofty trial are used as an example. For 
simplicity, spillover benefits outside the lower lakes are not considered. To do this we need to 
compute two values: 

• Cost of falsely rejecting Ho, which is equal to the cost of running the trial: NCX=0 =$4.5 
million (given we assume that there is no negative Atlant effect). 

• Cost of falsely rejecting Ha, which we take to be the benefits foregone from a subsequent 
trial given that there is a positive Atlant effect. 

To calculate the cost of falsely rejecting Ha we begin by imposing the prior condition that the 
actual enhancement is drawn from the positive values side of a normal distribution with the same 
mean and with standard deviation equal to the same standard error as the estimated enhancement 
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calculated for the 2009 trial. Given that the benefits are a linear function of the level of 
enhancement we can calculate the expected net benefit, given this distribution is truncated from 
below at zero this distribution is truncated from below at zero, as: 

 

 

where NB is the net benefit, V is the expected useful volume of water under natural rainfall, P is 
the unit value of the water, E denotes an expectation and x is the level of enhancement. 

The expected enhancement value is given by: 

 

where µ and σ are the mean and standard deviation of the un-truncated distribution and φ and Φ 
are the standard normal probability and cumulative density functions respectively. 

This conditional expected value is clearly greater than the unconditional expectation greater than 
the unconditional expectation derived from the 2009 Mount Lofty Ranges trial. Under Ha, this 
would generate a greater net return. We therefore use scaled values of µ and σ in the preceding 
identity in order to maintain the more conservative estimated mean levels of enhancement from 
the 2009 trial (5.6 and 9.4 per cent). These scaled values are given by: 

 

Finally, using the results set out in the 2009 Mount Lofty Ranges trial report, we can specify the 
distribution of the actual enhancement in two ways: 

• Area-weighted attribution: A mean enhancement of 5.6 per cent and a bootstrap relative 
standard error of 114.3 per cent; and 

• Simple average attribution: A mean enhancement of 9.4 per cent and a bootstrap relative 
standard error of 72.3 per cent. 

Given the annualized benefit of the trial was $11.9 million based on an area-weighed basis (Table 
42) and the trial costs of $4.0 million as set out in Table 38. The per percentage point value of 
enhancement using a base of 5.6 per cent is $2.1 million. We can for this example simply scale the 
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per percentage point benefits back to $1.3 million for the simple average attribution to keep the 
expected net benefit of the trial constant. We can now calculate: 

• The breakeven confidence limits for the hypothesis test; and 

• The net benefit of accepting Ha given a specified level of confidence that it is true. 

We can also explore the sensitivity of these calculations to the mean and standard deviation of the 
underlying estimate of enhancement. 

For a specified confidence level, λ, the probability of falsely rejecting Ho is simply 1-λ. The 
probability of falsely rejecting Ha at this confidence level is given by the integral: 

 

where T-1 is the inverse cumulative students t distribution with degrees of freedom df (chosen here 
to be 100). 

We wish to find a value of λ that solves: 

 

The solution can be found numerically as shown in Figure 3. There are two points worth noting. 
First, the domain of the net benefit function above begins at the 50 per cent begins at the 50 per 
cent confidence limit as the estimate is conditional on the alternative hypothesis being true.  That 
is, there is a positive enhancement effect. Second, the greater precision of the gauge-level analysis 
shifts the breakeven confidence limit to the right as it reduces the probability of falsely rejecting 
the alternative hypothesis at any given confidence limit.  

The curves in Figure 3 give the illusion that a more precise estimate has a higher breakeven 
confidence limit and therefore a lower expected return. However, the opportunity cost of rejecting 
the alternative hypothesis based on the gauge-level analysis at the 90 per cent confidence level is 
nearly $3.0 million. The opportunity cost of rejecting the alterative hypothesis based on the daily 
level analysis at the 80 per cent confidence level is about the same. The latter is a consequence of 
keeping the net expected value of the trial constant. 
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Figure 3 Breakeven confidence limits for the area weighted and simple gauge 
average attributions. 

 

Alternatively, if we keep the mean level enhancement effect at 5.6 per cent but use the relative 
standard errors for the area weighted and simple average attributions (114 and 72 per cent), we get 
the break even confidence limits shown in Figure 3. 

The differences in the break even confidence limits are relatively small, around a 64 per cent 
confidence limit with a relative standard error of 144 per cent and a 68 per confidence limit with a 
relative standard error of 72 per cent. Of more interest is the net cost of falsely rejecting the 
alternative hypothesis, specifically: 

• $3.0 million with a 114 per cent relative standard error that is significant at the 80 per cent 
confidence level; and 

• $4.1 million with a 72 per cent relative standard error that is significant at the 90 per cent 
confidence level. 

The additional precision would be valued at approximately $1.1 million in the context of the 
decision to continue to trial the technology. Alternatively this might be seen as the cost of using 
area based weights to gain more accurate assessment of volumetric rainfall. Giving large weights 
to isolated gauges simply makes it more difficult to establish the Atlant has a positive 
enhancement effect. Using the simple gauge average gives us greater confidence there is a 
positive enhancement effect but we are less sure about how large that effect is. 

3.4 Comparison of approaches to risk and return 

The decision calculus based on the approach outlined above allowing for the uncertainty in results 
is more conservative than that based on the evaluation of unconditioned expected net return.  

In the approach linking benefit-cost analysis to the outcome of a hypothesis test: 
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• There is a level of uncertainty at which we would reject an investment with a positive 
expected net rate of return. For the example considered, a return below $1 million per 
percentage point would to lead to a positive expected net return at an average 
enhancement rate of 5.6 per cent. However, the opportunity cost of rejecting the 
alternative hypothesis would be less than that of rejecting the null hypothesis. As a 
consequence the investment option would be rejected. 

• For the case of the Mount Lofty Ranges, the breakeven approach suggests there is a more 
moderate though positive investment profile 

The hypothesis-based approach seems a more appropriate choice for an experimental technology 
such as Atlant. 
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4 The expanded benefits of Atlant: extensions to 
potential trial areas 
In this section the potential benefits of more widespread adoption of Atlant technology are 
explored using potential trial sites in: 

• The northern wheat belt in West Australia; and 

• Selected sites within the Murray Darling Basin. 

As with the Coorong and Lower Lakes example we consider a range of potential enhancing 
effects. In recognition that there will be a greater but unknown level of uncertainty when running 
a trial in a new area, the relative attribution standard errors from the 2009 Mount Lofty Ranges 
trial were inflated by 50 per cent. 

The economic benefits of additional rainfall were estimated in different ways for each of the 
prospective trial areas. For the northern wheat belt a value of increased agricultural production 
was imputed. For the Hume/Dartmouth catchment an increase in water allocation was valued at 
market prices. For the remainder of the sites within the Murray Darling Basin, value was 
determined through the potential increase in land values, due to increased rainfall, combined with 
the value of increased water making its way into reservoirs. 

4.1 Western Australian northern wheat belt 

Broadacre agriculture, which produced $23 billion in Australia in 2008-9, is more dependent on 
climate than any other industry in Australia. Changes in the level and timing of precipitation have 
a significant effect on agricultural productivity. These direct effects on farm income then flow on 
to the rural and state national economies. Agricultural producers have stewardship over 80 per 
cent of Australia’s land area. Their capacity to sustainably manage the land depends on their 
financial viability. 

The three million ha of wheat belt around Geraldton in Western Australia has suffered rainfall 
declines of around 15 per cent (IOCI, 2005) and these trends are predicted to continue, with 
associated decreases in crop yields of 10-20 per cent (Climate Change in Australia, 2010). We 
have assumed that an 11.2 per cent rainfall enhancement would restore a lost yield of 10 per cent 
(see Table 48 in Appendix C.2). 

Estimates from the agricultural census indicate that the area of land cropped in the northern wheat 
belt (to wheat, lupins, barley and canola) represents around 23 per cent of the total area cropped in 
Western Australia. If the financial impacts of climate change were similar in other regions of 
Western Australia, a 10 per cent reduction in crop yields would result in an annual value of farm 
income loss of around $250 million at the state level. The total annual loss to the economy after 
accounting for flow-on effects would be around $500 million per annum. 

The following analysis is based on the assumption that it would take an 11.2 per cent 
enhancement of rainfall to restore a 10 per cent yield loss. In additional to the uncertainty 
associated with the operation of Atlant there is also the question of whether climatic conditions 
would be suitable to deliver additional rainfall as required within the growing season. This issue is 
not addressed here, but such uncertainty can be considered in looking at the returns from the 
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different levels of enhancement presented. The projected financial impact of an 11.2 per cent 
enhancement is later scaled to explore the benefits of a range of enhancement levels from five to 
15 per cent. 

Figure 4 Location of WA northern wheat belt 

 

The forecast economic cost of a drop in production, resulting from the reduced yield, is $72,160 
p.a. for the 705 cereal farms in the region, leaving them with an average annual net income of 
$24,943 p.a. 

Table 5 Estimated annual value of 11.2% rain enhancement, based on restoring 10% 
loss in yield. 

Measure Annual value ($m) 
Restored income per farm 0.72 
Restored income across region (705 farms) 51.0 

The cost of a one-year trial was assumed to be $5.0 million, with continued operation of Atlant 
over the WA Northern Wheat Belt $1.2 million p.a. thereafter (see Table 38 Appendix B). The 
present value of the cost of Atlant operation over a 20-year period in the northern wheat belt of 
Western Australia, evaluated using a five per cent discount rate, is $18.57 million (Table 50 
Appendix C.2.2). The proportionate net present values of enhancement at two, five, 10 and 15 per 
cent are shown below in Table 6. 
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Table 6 Projected economic returns over the northern wheat belt for a one-year trial 
and 20 years of operation, calculated at varying enhancement levels.  

Enhancement 2% 5.0% 10.0% 15.0% 
Trial benefits     
PV ($m)  9.11   22.77   45.54   68.30  
NPV ($m)  4.11   17.77   40.54   63.30  
BCR 1.82  4.55  9.11  13.66  
Long term benefits     
PV ($m) 113.50  283.74  567.48  851.21  
NPV ($m) 94.92  265.16  548.90  832.64  
BCR 6.11 15.28 30.55 45.83 
PV of benefits sourced from Table 49 Appendix C.2.2 
PV of cost sourced from Table 50 Appendix C.2.2 

Even at an enhancement level of two per cent the rate of return over trial costs is above 80 per 
cent. 

4.1.1 Risk and return profile 

Table 7 Summary of operations and benefits at trial costs for one year. 

Northern wheat belt   
Trial costs $5.0m     
Mean  2.0% 5.0% 10.0% 15.0% 
Standard Error  3.6% 9.0% 18.0% 27.0% 
E(BCR)  1.82	   4.55	   9.11	   13.66	  
Prob (b/even)  0.75	   0.77	   0.77	   0.77	  
Prob (BCR=2)  0.43	   0.64	   0.70	   0.73	  

Table 8 Summary of operations and benefits over 20 years. 

Northern wheat belt   
Long-term costs $1.2m     
Mean  2.0% 5.0% 10.0% 15.0% 
Standard Error  3.6% 9.0% 18.0% 27.0% 
E(BCR)  6.11	   15.28	   30.55	   45.83	  
Prob (b/even)  0.73	   0.77	   0.77	   0.78	  
Prob (BCR=2)  0.43	   0.63	   0.70	   0.76	  

 

The payoff function for the Western Australian northern wheat belt was non-linear, as the yield 
response to available soil moisture is non-linear. A logistic function was chosen to generate: 

• A maximum obtainable crop yield given the level of natural rainfall and enhancement; 
and 

• A very limited response to an increase in crop yields at low levels of natural rainfall. 

See Appendix C for a detailed description of the wheat yield payoff function. 
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Figure 5 Probability of achieving benefit-cost ratios at 5% enhancement levels for a 
one-year trial over the Western Australian northern wheat belt. 

 

4.2 Hume and Dartmouth catchments 

The Murray River catchment, straddling southern New South Wales, northern Victoria and 
southeastern South Australia, represents 19.5 per cent of the total area of the Murray-Darling 
Basin. In 2000, there were 539,900 ha of irrigated cropping in the region, including rice in 
southern New South Wales, pastures, hay production and horticulture in northern Victoria and 
horticulture in the Sunraysia and Riverland regions of the lower Murray. Dry land cropping and 
livestock grazing are the other two major agricultural industries in the Murray. The region also 
supports large and important wetlands, a number of which are listed as sites of international 
importance under the Ramsar Convention. 
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Figure 6 Location of Hume/Dartmouth catchments. 

 

The recently released Murray Darling Basin Authority Guide has brought into sharp focus 
community concerns regarding the significant economic cost of reallocating water from current 
irrigation use to environmental flow. The trade-off will become increasing difficult if CSIRO 
climate change predictions are realized and the options to mitigate resultant environmental and 
economic loss are limited. The capacity to provide additional water with a low cost rainfall 
enhancement technology is likely to have very substantial benefits. 

According to CSIRO sustainable yields project for the Murray-Darling Basin (CSIRO, 2008b), the 
availability of surface water is expected to decline over the Murray region in coming decades. The 
median of future rainfall modeling predicts a long-term reduction of three per cent over the entire 
Murray River catchment resulting in a 10 per cent decline in runoff and allocations by 2030. 

A reduction in rainfall of three per cent over the entire Murray River catchment is expected to 
equate to a total loss in water allocations of 216 GL (151 GL from irrigation, 65 GL from the 
environment – (CSIRO 2008b). The level of rain enhancement required across the 
Hume/Dartmouth catchment alone to replace these lost allocations is estimated to be 6.3 per cent 
(Table 53 Appendix C.3). 

The value of 216 GL of water allocations has a present value of $21.9 million dollars. This is 
made up of $15.3 million of irrigation benefit and $6.6 million of environmental benefit (Table 54 
Appendix C.3.1). 
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Table 9 Estimated annual value of a 6.3 per cent rain enhancement in the 
Hume/Dartmouth catchment replenishing 216 GL of water allocations in the Murray 
region. 

Water use Volume (GL) Value per GL 
($m) 

Annual value 
($m) 

Irrigation 151 0.101 15.3 
Environment 65 0.101 6.6 
Total 216  21.9 

The cost of a one-year trial was assumed to be $6.5 million, with continued operation of Atlant 
over the Hume/Dartmouth catchments being $1.8 million p.a. thereafter (see Table 38 Appendix 
B). The present value of these costs, evaluated using a five per cent discount rate, is $26.91 
million. (Table 56 Appendix C.3.2). The proportionate net present values of enhancement at two, 
five, 10 and 15 per cent are shown below in Table 10, assuming a linear relationship between 
enhancement level and additional water produced. 

Table 10 Projected economic returns over the Hume and Dartmouth catchments for a 
one-year trial and 20 years of operation, calculated at varying enhancement levels. 

Enhancement 2% 5.0% 10.0% 15.0% 
Trial benefits     
PV ($m)  6.85   17.12   34.25   51.37  
NPV ($m)  0.35   10.62   27.75   44.87  
BCR 1.05 2.63 5.27 7.90 
Long term benefits     
PV ($m) 85.35  213.39  426.77  640.16  
NPV ($m) 58.45  186.48  399.86  613.25  
BCR 3.17 7.93 15.86 23.79 
PV of benefits sourced from Table 55 Appendix C.3 
PV of costs sourced from Table 56 Appendix C.3 

At a two per cent enhancement level the trial breaks even. In the range of the 2009 trial results, the 
return over trial cost is approximately 150 to 400 per cent. The returns over longer-term 
commercial costs are around three times higher. 
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4.2.1 Risk and return profile 

Table 11 Summary of operations and benefits at trial costs for one year. 

Murray River    
Trial costs $6.5m     
Mean  2.0% 5.0% 10.0% 15.0% 
Standard Error  3.6% 9.0% 18.0% 27.0% 
E(BCR)  1.05	   2.63	   5.27	   7.90	  
Prob (b/even)  0.51	   0.67	   0.71	   0.73	  
Prob (BCR=2)  0.21	   0.57	   0.67	   0.70	  

Table 12 Summary of operations and benefits over 20 years. 

Murray River      
Long-term costs $1.8m     
Mean  2.0% 5.0% 10.0% 15.0% 
Standard Error  3.6% 9.0% 18.0% 27.0% 
E(BCR)  3.17	   7.93	   15.86	   23.79	  
Prob (b/even)  0.70	   0.73	   0.74	   0.75	  
Prob (BCR=2)  0.63	   0.69	   0.72	   0.74	  

 

Figure 7 Probability of achieving benefit-cost ratios at 5% enhancement levels for a 
one-year trial over the Hume/Dartmouth catchments. 

 

4.3 Gwydir Valley catchment 

The Gwydir Valley is an important dryland grazing region, with many small farmers running beef 
and sheep. The major storage is the Copeton Dam. Releases supply downstream irrigation, 
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domestic, stock and urban demands. 85,000ha of irrigated cotton were grown within the valley in 
2000. Reductions in rainfall have seen the dam drawn-down significantly over recent years. The 
use of the Atlant over the Copeton Dam catchment could assist regulators in adapting to these 
reduced rainfalls, and return rainfall averages close to long-term trends. 

Figure 8 Location of Gwydir Valley - northern NSW 

 

Additional water assists in securing sustainable economic, social and population growth in the 
regions and counters carbon dioxide emissions through increasing forest growth and assisting in 
restoring biodiversity to the region. 

According to CSIRO sustainable yields project for the Murray-Darling Basin (CSIRO, 2008b), the 
availability of surface water is expected to decline over the Gwydir Valley region in coming 
decades. The best estimate of climate change by 2030 would reduce average surface water 
availability by 10 per cent, and reduce surface water diversions by eight per cent (25 GL). 

This section assumes a 10 per cent enhancement of rainfall generates additional reservoir inflow 
of 23 GL (see Appendix C.4). 

The present value of 23 GL of water allocations is $2.3 million dollars (See Appendix C.4.1). 

Increased reservoir inflows would allow further draw-downs with increasing benefits to 
downstream parties (including irrigators), including the Ramsar wetlands of the floodplain of the 
lower Gwydir River, and an opportunity to maintain higher capacities throughout the cycle - with 
numerous social and economic benefits. The tables below show the returns for varying levels of 
enhancement. 

Combined with the increased reservoir inflows, an analysis of the agricultural land values of NSW 
and rainfall show land values increase with average rainfall. A 10 per cent enhancement of rainfall 
would add an additional $17.3 million to the value of the land (See Appendix C.4.1). This increase 
in value is taken as a proxy for the increased productivity of the land. 
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Table 13 Estimated annual value of 10% rain enhancement. 

Measure Annual value ($m) 
Increased reservoir inflows 2.3 
Increased land value 19.6 

The cost of a one-year trial was assumed to be $4.5 million, with continued operation of Atlant 
over the Copeton Dam catchment being $1.0 million p.a. thereafter (see Table 38). The present 
value of the cost of Atlant operation over a 20-year period in the Gwydir Valley, evaluated using a 
five per cent discount rate, is $15.80 million (see Table 67). The proportionate net present values 
of enhancement at two, five, 10 and 15 per cent are shown below in Table 14. 

Table 14 Projected economic returns over the Gwydir Valley for a one-year trial and 
20 years of operation, calculated at varying enhancement levels.  

Enhancement 2% 5.0% 10.0% 15.0% 
Trial benefits     
PV ($m) 3.91  9.78 19.56  29.35  
NPV ($m) -0.59 5.3  15.1  24.9  
BCR 0.87 2.17 4.35 6.52 
Long term benefits     
PV ($m) 48.8 121.9  243.8  365.7  
NPV ($m) 32.97  106.11  228.02  349.93  
BCR 3.09 7.72 15.44 23.15 
PV of benefits sourced from Table 66 Appendix C.4.1 
PV of cost sourced from Table 67 Appendix C.4.2 

Even at an enhancement level of two per cent the benefits almost cover the investment. 

4.3.1 Risk and Return Profile 

Table 15 Summary of operations and benefits at trial costs for one year. 

Gywdir Valley   
Trial costs $4.5m     
Mean  2.0% 5.0% 10.0% 15.0% 
Standard Error  3.6% 9.0% 18.0% 27.0% 
E(BCR)  0.87	   2.17	   4.35	   6.52	  
Prob (b/even)  0.49	   0.66	   0.71	   0.72	  
Prob (BCR=2)  0.10	   0.54	   0.65	   0.69	  

Table 16 Summary of operations and benefits over 20 years. 

Gwydir Valley   
Long-term costs $1.0m     
Mean  2.0% 5.0% 10.0% 15.0% 
Standard Error  3.6% 9.0% 18.0% 27.0% 
E(BCR)  3.09	   7.72	   15.44	   23.15	  
Prob (b/even)  0.71	   0.75	   0.76	   0.77	  
Prob (BCR=2)  0.64	   0.71	   0.75	   0.76	  
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Figure 9 Probability of achieving benefit-cost ratios at 5% enhancement levels for a 
one-year trial over the Gwydir Valley. 

 

 

4.4 Other areas of the Murray Darling Basin 

4.4.1 Namoi Region 

The value of increased reservoir inflows of 17.6 GL, combined with the increased land values, as 
a result of a 10 per cent increase in rainfall would total $18.90 million (See Appendix C.4.2). 

Table 17 Estimated annual value of 10% rain enhancement. 

Measure Annual value ($m) 
Increased reservoir inflows 1.78 
Increased land value 17.12 

The cost of a one-year trial was assumed to be $4.5 million, with continued operation of Atlant 
over the Keepit and Split Rock catchments being $1.0 million p.a. thereafter (see Table 38). The 
present value of the cost of Atlant operation over a 20-year period in the Namoi Region, evaluated 
using a five per cent discount rate, is $15.80 million (see Table 75). The proportionate net present 
values of enhancement at two, five, 10 and 15 per cent are shown below in Table 18. 
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Table 18 Projected economic returns over the Namoi region for a one-year trial and 
20 years of operation, calculated at varying enhancement levels.  

Enhancement 2% 5.0% 10.0% 15.0% 
Trial benefits     
PV ($m) 3.78  9.45  18.90  28.35  
NPV ($m) -0.72 4.95  14.40  23.85  
BCR 0.84  2.10  4.20  6.30  
Long term benefits     
PV ($m) 47.1  117.8  235.5  353.3  
NPV ($m) 31.31  101.97  219.74  337.51  
BCR 2.98 7.46 14.91 22.37 
PV of benefits sourced from Table 74 Appendix C.4.2 
PV of cost sourced from Table 75 Appendix C.4.2.1 

Even at an enhancement level of two per cent the benefits almost cover the investment. 

4.4.2 Risk and Return Profile 

Table 19 Summary of operations and benefits at trial costs for one year. 

Namoi region   
Trial costs $4.5m     
Mean  2.0% 5.0% 10.0% 15.0% 
Standard Error  3.6% 9.0% 18.0% 27.0% 
E(BCR)  0.84 2.10 4.20 6.30 
Prob (b/even)  0.49	   0.70	   0.75	   0.77	  
Prob (BCR=2)  0.25	   0.56	   0.68	   0.73	  

Table 20 Summary of operations and benefits over 20 years. 

Namoi region   
Long-term costs $1.0m     
Mean  2.0% 5.0% 10.0% 15.0% 
Standard Error  3.6% 9.0% 18.0% 27.0% 
E(BCR)  2.98 7.46 14.91 22.37 
Prob (b/even)  0.72	   0.78	   0.79	   0.79	  
Prob (BCR=2)  0.63	   0.74	   0.77	   0.78	  
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Figure 10 Probability of achieving benefit-cost ratios at 5% enhancement levels for a 
one-year trial over the Namoi region. 

 

 

4.4.3 Macquarie-Castlereagh Region 

The value of increased reservoir inflows of 48.7 GL, combined with the increased land values, as 
a result of a 10 per cent increase in rainfall would total $26.5 million (See Appendix C.4.3). 

Table 21 Estimated annual value of 10% rain enhancement. 

Measure Annual value ($m) 
Increased reservoir inflows 4.9 
Increased land value 21.6 

The cost of a one-year trial was assumed to be $5.5 million, with continued operation of Atlant 
over the Burrendong catchment being $1.4 million p.a. thereafter (see Table 38). The present 
value of the cost of Atlant operation over a 20-year period in the Macquarie-Castlereagh Region, 
evaluated using a five per cent discount rate, is $21.35 million (see Table 83). The proportionate 
net present values of enhancement at two, five, 10 and 15 per cent are shown below in Table 22. 
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Table 22 Projected economic returns over the Macquarie-Castlreagh region for a one-
year trial and 20 years of operation, calculated at varying enhancement levels.  

Enhancement 2% 5.0% 10.0% 15.0% 
Trial benefits     
PV ($m) 5.30 13.26 26.52 39.77 
NPV ($m) -0.20 7.76 21.02 34.27 
BCR 0.96 2.41 4.82 7.23 
Long term benefits     
PV ($m) 66.1  165.2  330.4  495.7  
NPV ($m) 44.74  143.87  309.09  474.31  
BCR 3.10 7.74 15.48 23.21 
PV of benefits sourced from Table 82 Appendix C.4.3 
PV of cost sourced from Table 83 Appendix C.4.3.1 

Even at an enhancement level of two per cent the benefits almost cover the investment. 

4.4.4 Risk and Return Profile 

Table 23 Summary of operations and benefits at trial costs for one year. 

Macquarie-Castlereagh region   
Trial costs $5.5m     
Mean  2.0% 5.0% 10.0% 15.0% 
Standard Error  3.6% 9.0% 18.0% 27.0% 
E(BCR)  0.96 2.41 4.82 7.23 
Prob (b/even)  0.49	   0.70	   0.75	   0.77	  
Prob (BCR=2)  0.25	   0.56	   0.68	   0.73	  

Table 24 Summary of operations and benefits over 20 years. 

Macquarie-Castlereagh region   
Long-term costs $1.4m     
Mean  2.0% 5.0% 10.0% 15.0% 
Standard Error  3.6% 9.0% 18.0% 27.0% 
E(BCR)  3.10 7.74 15.48 23.21 
Prob (b/even)  0.73	   0.78	   0.79	   0.79	  
Prob (BCR=2)  0.65	   0.76	   0.79	   0.77	  
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Figure 11 Probability of achieving benefit-cost ratios at 5% enhancement levels for a 
one-year trial over the Macquarie-Castlereagh region. 

 

 

4.4.5 Lachlan Region 

The value of increased reservoir inflows of 19.1 GL, combined with the increased land values, as 
a result of a 10 per cent increase in rainfall would total $14.8 million (See Appendix C.4.4). 

Table 25 Estimated annual value of 10% rain enhancement. 

Measure Annual value ($m) 
Increased reservoir inflows 1.9 
Increased land value 12.9 

The cost of a one-year trial was assumed to be $5.5 million, with continued operation of Atlant 
over the Wyangala catchment being $1.4 million p.a. thereafter (see Table 38). The present value 
of the cost of Atlant operation over a 20-year period in the Lachlan Region, evaluated using a five 
per cent discount rate, is $21.35 million (see Table 91). The proportionate net present values of 
enhancement at two, five, 10 and 15 per cent are shown below in Table 26. 
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Table 26 Projected economic returns over the Lachlan region for a one-year trial and 
20 years of operation, calculated at varying enhancement levels.  

Enhancement 2% 5.0% 10.0% 15.0% 
Trial benefits     
PV ($m) 2.97 7.41 14.83 22.24 
NPV ($m) -2.53 1.91  9.33  16.74  
BCR 0.54  1.35  2.70  4.04  
Long term benefits     
PV ($m) 37.0  92.4  184.8  277.2  
NPV ($m) 15.60  71.04  163.42  255.81  
BCR 1.73 4.33 8.65 12.98 
PV of benefits sourced from Table 90 Appendix C.4.4 
PV of cost sourced from Table 91 Appendix C.4.4.1 

Even at an enhancement level of five per cent the benefits cover the investment. 

4.4.6 Risk and Return Profile 

Table 27 Summary of operations and benefits at trial costs for one year. 

Lachlan region   
Trial costs $5.5m     
Mean  2.0% 5.0% 10.0% 15.0% 
Standard Error  3.6% 9.0% 18.0% 27.0% 
E(BCR)  0.54 1.35 2.70 4.04 
Prob (b/even)  0.29	   0.58	   0.70	   0.74	  
Prob (BCR=2)  0.03	   0.34	   0.59	   0.67	  

Table 28 Summary of operations and benefits over 20 years. 

Lachlan region   
Long-term costs $1.4m     
Mean  2.0% 5.0% 10.0% 15.0% 
Standard Error  3.6% 9.0% 18.0% 27.0% 
E(BCR)  1.73 4.33 8.65 12.98 
Prob (b/even)  0.68	   0.75	   0.78	   0.79	  
Prob (BCR=2)  0.52	   0.70	   0.75	   0.77	  
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Figure 12 Probability of achieving benefit-cost ratios at 5% enhancement levels for a 
one-year trial over the Lachlan region. 

 

 

4.4.7 Murrumbidgee Region 

The value of increased reservoir inflows of 78.6 GL, combined with the increased land values, as 
a result of a 10 per cent increase in rainfall would total $27.5 million (See Appendix C.4.5). 

Table 29 Estimated annual value of 10% rain enhancement. 

Measure Annual value ($m) 
Increased reservoir inflows 7.9 
Increased land value 19.6 

The cost of a one-year trial was assumed to be $5.5 million, with continued operation of Atlant 
over the Wyangala catchment being $1.4 million p.a. thereafter (see Table 38). The present value 
of the cost of Atlant operation over a 20-year period in the Murrumbidgee Region, evaluated using 
a five per cent discount rate, is $21.35 million (see Table 99). The proportionate net present values 
of enhancement at two, five, 10 and 15 per cent are shown below in Table 30. 
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Table 30 Projected economic returns over the Murrumbidgee region for a one-year 
trial and 20 years of operation, calculated at varying enhancement levels.  

Enhancement 2% 5.0% 10.0% 15.0% 
Trial benefits     
PV ($m) 5.51 13.77 27.54 41.31 
NPV ($m) 0.01 8.27 22.04 35.81 
BCR 1.00 2.50 5.01 7.51 
Long term benefits     
PV ($m) 68.6  171.6  343.2  514.8  
NPV ($m) 47.29  150.26  321.88  493.49  
BCR 3.21 8.04 16.07 24.11 
PV of benefits sourced from Table 90 Appendix C.4.5 
PV of cost sourced from Table 91 Appendix C.4.5.1 

Even at an enhancement level of two per cent the benefits cover the investment. 

4.4.8 Risk and Return Profile 

Table 31 Summary of operations and benefits at trial costs for one year. 

Murrumbidgee region   
Trial costs $5.5m     
Mean  2.0% 5.0% 10.0% 15.0% 
Standard Error  3.6% 9.0% 18.0% 27.0% 
E(BCR)  1.00 2.50 5.01 7.51 
Prob (b/even)  0.503	   0.69	   0.76	   0.77	  
Prob (BCR=2)  0.17	   0.57	   0.70	   0.74	  

Table 32 Summary of operations and benefits over 20 years. 

Murrumbidgee region   
Long-term costs $1.4m     
Mean  2.0% 5.0% 10.0% 15.0% 
Standard Error  3.6% 9.0% 18.0% 27.0% 
E(BCR)  3.21 8.04 16.07 24.11 
Prob (b/even)  0.74	   0.77	   0.79	   0.79	  
Prob (BCR=2)  0.67	   0.75	   0.79	   0.79	  
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Figure 13 Probability of achieving benefit-cost ratios at 5% enhancement levels for a 
one-year trial over the Murrumbidgee region. 

 

 

4.4.9 Goulburn-Broken Region 

The value of increased reservoir inflows of 152.4 GL, combined with the increased land values, as 
a result of a 10 per cent increase in rainfall would total $44.4 million (See Appendix C.4.6). 

Table 33 Estimated annual value of 10% rain enhancement. 

Measure Annual value ($m) 
Increased reservoir inflows 15.4 
Increased land value 29.0 

The cost of a one-year trial was assumed to be $5.0 million, with continued operation of Atlant 
over the Wyangala catchment being $1.2 million p.a. thereafter (see Table 38). The present value 
of the cost of Atlant operation over a 20-year period in the Goulburn-Broken Region, evaluated 
using a five per cent discount rate, is $18.6 million (see Table 107). The proportionate net present 
values of enhancement at two, five, 10 and 15 per cent are shown below in Table 34. 
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Table 34 Projected economic returns over the Goulburn-Broken region for a one-year 
trial and 20 years of operation, calculated at varying enhancement levels.  

Enhancement 2% 5.0% 10.0% 15.0% 
Trial benefits     
PV ($m) 8.88 22.20 44.40 66.61 
NPV ($m) 3.88 17.20 39.40 61.61 
BCR 1.78 4.44 8.88 13.32 
Long term benefits     
PV ($m) 110.7  276.7  553.4  830.1  
NPV ($m) 92.10  258.12  534.81  811.50  
BCR 5.96 14.90 29.79 44.69 
PV of benefits sourced from Table 90 Appendix C.4.6 
PV of cost sourced from Table 91 Appendix C.4.6.1 

Even at an enhancement level of two per cent the benefits cover the investment. 

4.4.10 Risk and Return Profile 

Table 35 Summary of operations and benefits at trial costs for one year. 

Goulburn-Broken region   
Trial costs $5.0m     
Mean  2.0% 5.0% 10.0% 15.0% 
Standard Error  3.6% 9.0% 18.0% 27.0% 
E(BCR)  1.78 4.44 8.88 13.32 
Prob (b/even)  0.63	   0.74	   0.78	   0.79	  
Prob (BCR=2)  0.41	   0.67	   0.73	   0.76	  

Table 36 Summary of operations and benefits over 20 years. 

Goulburn-Broken region   
Long-term costs $1.2m     
Mean  2.0% 5.0% 10.0% 15.0% 
Standard Error  3.6% 9.0% 18.0% 27.0% 
E(BCR)  5.96 14.90 29.79 44.69 
Prob (b/even)  0.77	   0.80	   0.80	   0.79	  
Prob (BCR=2)  0.73	   0.78	   0.79	   0.78	  
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Figure 14 Probability of achieving benefit-cost ratios at 5% enhancement levels for a 
one-year trial over the Gouburn-Broken region. 
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5 Conclusions 
The experimental design and statistical analysis of the 2009 Mount Lofty Trial data focused on 
more accurately measuring standard error of estimated enhancement effects, rather than measuring 
the effects themselves. The objective was to gain a greater of the level of confidence that there 
was an observed enhancement effect. The results gave attribution levels lower than found in 
previous trials but with a greater degree of confidence in the estimated accuracy and robustness of 
the results. 

However, given the value of water in Australia’s dry variable climate, the expected net return on 
investing with enhancement levels even lower than estimated for the 2009 Mount Lofty trial are 
substantial. Further, given the level of uncertainty surrounding these estimates, the risk to return 
profiles are quite favorable. 

Within a risk and return framework based on formal hypothesis testing, the opportunity cost of 
accepting the null hypothesis of “no Atlant effect” and foregoing the opportunity to earn the 
expected economic returns far outweigh the financial risk of undertaking the trials. On this basis, 
the funding of further trials is well justified. That is the risk of false rejecting the null hypothesis 
and incurring the costs of the trial is substantially less than the opportunity cost of falsely rejecting 
the alternative hypothesis of a positive effect. 

Australia does not have many options for managing increasing demand for water resources in 
what is expected to an increasingly harsh climate. The Atlant rainfall enhancement system is a 
speculative technology but with low long-run costs and a small environmental footprint. 
Establishing whether the technology was reliable and widely applicable source of additional water 
supplies warrants serious consideration. 

Increased rainfall has private and public benefits. In some case the private benefits can be 
captured by water utilities and behind dam walls. In other cases the benefits are non-exclusive and 
widespread. As a consequence there is clear opportunity, not only for publically funded research, 
but also for private industry and government cooperation. 
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Appendix A Volumetric rainfall calculations:  
2009 Mount Lofty Ranges trial 

During the 2009 Mount Lofty Ranges trial, rainfall was significantly higher downwind of the 
Atlant sites when the sites were in operation (Beare and Chambers 2010). The trial area covers 
part of the catchment of the Lower Lakes and part of the Adelaide metropolitan water supply, and 
hence any rain falling within these catchments would be considered of direct commercial and 
environmental value. Using the gauge-level analysis from the 2009 Mount Lofty ranges Atlant 
trial (Beare and Chambers; 2010), it is possible to determine the volumetric implications of the 
estimated level of rainfall enhancement over the trial period, and then extrapolate over an average 
rainfall year. 

A.1 Atlant attribution volumes: 2009 trial 

In order to determine the amount of additional rain attributable to operation of the Atlant systems, 
a spatio-temporal rainfall model was used to estimate the amount of rain expected at each gauge in 
the trial area during the 2009 Mount Lofty Ranges trial (Beare and Chambers, 2010). The overall 
estimated enhancement effects were 9.4 per cent based on an unweighted average across all 
gauges and 5.6 per cent based on an area-weighted average across all gauges. The area-weighted 
estimates are used here as they more logically correspond to the volume of rain that fell in any 
particular area. 

The estimated enhancement effects in millimeters were imputed at each gauge. These estimates 
were subtracted from observed rainfall to generate values for the Atlant attribution across the 264 
gauges in the trial area. These estimates varied considerably over the trial area. 

To arrive at the area-weighted averages, each gauge was assigned an area to which its reading 
pertains. This was achieved by partitioning the area into Voronoi cells, where the boundary of two 
adjacent cells lies at a point equidistant to each gauge. In this way, the reading from a gauge is 
attributed less weight in areas of high gauge density, and more weight where gauges are far apart. 

These Voronoi gauge areas were then trimmed to the following boundaries: 

• The area of the Lower Lakes at full volume (2,000 ha2); 

• The remaining area of the Lower Lakes catchment (7,650 ha2); and 

• The Adelaide water catchment area (1,480 ha2). 

Volumetric attributions for each of these areas were then calculated by multiplying the trimmed 
Voronoi area for each gauge by the Atlant attribution for that gauge, in mm, over the trial period 
(i.e. one milimetre falling over one square kilometre is equal to one megalitre). The gauge level 
attributions can be either positive or negative depending on which was greater: the actual rainfall 
measured at a gauge or the model estimate of rainfall at a gauge. 
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A.2 Enhanced inflow volumes into the Lower Lakes and 
Coorong 

The additional rain attributable to the Atlant that fell directly in the lakes was considered 100 per 
cent effective, although this may be an overstatement of the benefits given the condition of the 
lakebeds at the time of the trial. Over the remaining land area a percentage of the rain enters the 
Lower Lakes as runoff. Rainfall-runoff coefficients are a simple and straightforward means of 
determining how much runoff can be expected from a catchment given a specific level of rainfall. 
An annual runoff coefficient is the annual runoff divided by the annual rainfall, indicating the 
proportion of runoff that occurs for a given annual rainfall in a given year. The National Water 
Commission (2005) reports an average runoff coefficient across the Lower Lakes catchment as six 
per cent. Spatial and temporal variation in runoff is large, with values reported in literature of up 
to 20 per cent (Savadamuthu, 2003). 

Features of this trial would indicate it would be appropriate to use a higher runoff coefficient than 
that derived from the entire catchment across an entire year. First, the trial was run through winter 
and spring when rainfall is higher and, as a consequence, runoff is also higher due to the higher 
level of ground saturation. Further, the runoff into the lakes from the lower end of catchment 
would be expected to be enhanced relative to the entire catchment given the steep topography 
adjacent to the lakes. A 15 per cent coefficient was applied to the lower end of the catchment. 

A five per cent runoff coefficient was applied to the estimated enhanced rainfall that fell over land 
in the upper part of the catchment above Murray Bridge. It should be noted that the benefits of 
additional rainfall would still be underestimated as a substantial component of rainfall that does 
not enter the river and lake system has environmental and productive value in agriculture. 

Based on the gauge-level modelling results the inflow into the Lower Lakes attributable to the 
operation of the Atlant during the trial period was 26.16 GL. 

Table 37 Rainfall volume and runoff increases in catchment land and water areas for 
2009 trial period. 

 Land area 
runoff 

Water area 
rainfall 

Total 
inflow 

Total estimated Atlant 
attribution (GL) 

6.62 19.54 26.16 

A.3 Enhanced inflow volumes into Adelaide metropolitan 
water supply 

The average annual runoff coefficient for the western Mount Lofty Ranges catchment ranges is 
between 10.5 mm and 19.8 mm (Heneker, 2003). This catchment is a typical sub-catchment of the 
Adelaide metropolitan water supply catchment. Estimates of rainfall volume were summed within 
the western Mount Lofty Ranges sub-catchment, to yield Atlant rainfall attribution across the trial 
period. Taking the lower bound of the runoff coefficient and applying it to the attribution rainfall 
volume yields almost 1.63GL of water added to the Adelaide drinking supply. 
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Appendix B Basis of charging for one-year trials 
and 20-year operations 

The assumptions regarding funds required for one-year trials in the three locations analysed in this 
report are set out in Table 38. The figures reflect orders of magnitude as opposed to actual 
financial costs and include consideration of a return to research and development costs that have 
been incurred prior to the trial. 

For a single trial it is assumed that there would be a fixed charge of two million dollars plus 
$500,000 for each Atlant system deployed. Should multiple trials be run concurrently, the 
necessary marginal fixed-cost contribution per location would drop. 

Table 38 The assumed costs of one-year trials and extended commercial operations. 
Multiple-trial savings are shown. 

Single one-year trial  Unit Cost ($m) 
Fixed Cost  2.0 
Per Atlant  0.5 
Location Atlants Total Cost ($m) 
Lower Lakes/Coorong 4 4.0 
WA wheat belt 6 5.0 
Hume/Dartmouth 9 6.5 

Gwydir	  Valley 5 4.5 

Multiple one-year trials  Unit Cost ($m) 
Fixed cost   First 2.0 

Thereafter 1.0 
 Atlants Total Cost ($m) 
LL/Coorong + WA 10 8.0 
LL/Coorong + Hume/Dartmouth 13 9.5 
WA + Hume/Dartmouth 15 10.5 
LL/Coorong + WA + Hume/Dartmouth 19 13.5 
LL/Coorong + WA + Hume/Dartmouth 
+ Gwydir 

24 17.0 

For the 20-year projections we have included an initial year of trial costs to allow the set up of 
system and monitoring infrastructure as well as conducting analysis of the efficacy of the Atlant 
system. This is followed by an annual charge based on $200,000 per Atlant (taking into account 
economies of scale and the operation of Atlant units on a larger and longer-term scale). It is 
assumed that by this stage (year two of any operation) multiple locations will be operating 
enabling coverage without additional overhead charges. 

The costs over the 20-year projection were converted into present value terms using a discount 
rate of five per cent. 
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Appendix C Benefit and cost estimates 
This appendix estimates the benefits from the 2009 trial, and the benefits and return on investment 
for 20-year operations in the Coorong/Lower Lakes/Adelaide Hills, the Western Australian 
northern wheat belt and selected catchments within the Murray Darling Basin, should similar 
results be achieved as in the 2009 trial. Costs are based on estimated costs for a one-year 
introductory trial in each location followed by 19 years at anticipated long-term commercial costs. 

The costing of the single-year trials at the three locations has been done on the basis that any one 
of these trials at the given cost would make Australian Rain Technologies viable for the period. 
Thus, if more than one trial were to be run concurrently, the cost of the additional (or each) trial(s) 
would approach the anticipated long-term commercial costs, which assume the spreading of 
overhead costs across many operations. If the funder(s) of a location committed to a, say, five year 
contract, conditional on the first year reaching a certain minimum estimated 
enhancement/confidence level, there would also be room to reduce the first-year costs. 

The methodology used to value additional rainfall in the Coorong, the northern wheat belt in 
Western Australian, the Hume/Dartmouth and selected catchments within the Murray Darling 
Basin differed substantially. This is largely a reflection of the different data and studies drawn 
upon for the valuations. For the Coorong, projected changes in effective rainfall volumes and their 
values were utilised, while for the wheat belt and the Hume/Dartmouth costs were based on 
studies that examined the economic impacts of reduced rainfall due to climate change. The 
selected catchments within the Murray Darling Basin determined value through the proposed 
increase in land values, due to increased rainfall, and the value of addition water making its way 
into the reservoir. 

To facilitate comparison, the benefits of additional rainfall were re-scaled, proportionately, to 
reflect a range of rainfall enhancements: 

•  two per cent; 

•  five per cent; 

•  10 per cent; 

•  15 per cent. 

The calculations are outlined below. 

C.1 Coorong/Lower Lakes/Adelaide Hills 

C.1.1 Value of Atlant attribution volumes 2009 trial 

The estimate of the amount of additional rainfall generated in the 2009 Mount Lofty Ranges trial 
is presented earlier in Appendix A. In order to value this additional water for the Lower Lakes and 
Coorong, an economic value of water for the environment was derived, based on an assessment of 
the Commonwealth’s buyback program. The prices paid to date by the Commonwealth for 
irrigation entitlements vary between regions and according to reliability. The weighted average 
expenditure in the southern connected Murray for water delivered to the environment is $2,019 
per ML, derived from Brennan’s 2010 seasonal market model (Brennan 2010). This model 
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simulates the operation of seasonal water trades in the Murrumbidgee, Murray and Goulburn 
trading regions, which have the effect of allocating seasonal water availability to the highest value 
uses, subject to physical constraints on trade. The equivalent annual value at a discount rate of five 
per cent is $101 per ML. Applying this value of environmental water, the value of the additional 
26.16 GL of water estimated for the Lower Lakes and Coorong catchment during the 2009 trial is 
$2.64 million (Table 39). 

The value of the additional water for the Adelaide metropolitan area is based on the avoided 
operating cost of desalination of $1 per KL (Brennan 2008). The additional 1.63 GL generated in 
this area by the trial has an estimated value of $1.63 million (Table 39). While the estimated direct 
benefits of enhanced rainfall and runoff across the four months of the year are $4.27 million. 

Table 39 Value of estimated additional water from 2009 trial in Mount Lofty Ranges. 

District Volume (GL) Value per GL 
($m) 

Value ($m) 

Lower Lakes & Coorong 26.16 0.101 2.64 
Adelaide metropolitan 1.63 1 1.63 
Total 27.79  4.27 

C.1.2 Annualised Atlant attribution volumes: 2009 trial 

The estimates of the additional water (attribution) from the 2009 Mount Lofty Ranges trial were 
scaled to derive expected annual figures, on the assumption that a linear relationship exists 
between the degree of enhancement and the volume of additional water generated. In order to 
scale these figures, the percentage of annual rainfall expected to fall during the 2009 trial period 
was estimated. For each year in the 10 year period from 1998 to 2007, the percentage of annual 
rainfall that occurs within the period of the trial (August through November) was calculated for 
each of the two districts, Lower Lakes/Coorong and the eastern Mount Lofty Ranges catchment 
(Adelaide metropolitan). The averages of these 10 year percentages is 35.8 and 36 per cent 
respectively. (Table 40). 

Table 40 Percentage of annual rain which falls during Aug-Nov in area covered by 
2009 Mount Lofty Ranges trial. Although the 2009 trial ended on 6 December, for 
simplicity, only whole months were included in this calculation. Separate averages were 
calculated for Lower Lakes/Coorong and the Adelaide metro catchment. 

District 245: Lower Lakes and Coorong 
Year Annual rainfall 

(mm) 
Trial period 
rainfall (Aug – 
Nov) (mm) 

Trial period 
rainfall / 
annual rainfall 

1998 343.38 130.30 37.9% 
1999 337.07 141.54 42.0% 
2000 399.08 126.47 31.7% 
2001 371.01 182.72 49.2% 
2002 230.62 78.87 34.2% 
2003 393.77 155.00 39.4% 
2004 332.63 122.67 36.9% 
2005 440.43 198.81 45.1% 
2006 241.74 37.20 15.4% 
2007 343.57 88.16 25.7% 
10 yr Average 343.33 126.17 35.8% 
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The estimates of the additional water (attribution) from the 2009 Mount Lofty Ranges trial were 
scaled to derive expected annual figures, on the assumption that a linear relationship exists 
between the degree of enhancement and the volume of additional water generated. In order to 
scale these figures, the percentage of annual rainfall expected to fall during the 2009 trial period 
was estimated. For each year in the 10 year period from 1998 to 2007, the percentage of annual 
rainfall that occurs within the period of the trial (August through November) was calculated for 
each of the two districts, Lower Lakes/Coorong and the eastern Mount Lofty Ranges catchment 
(Adelaide metropolitan). The averages of these 10 year percentages is 35.8 and 36 per cent 
respectively. (Table 40). 

Table 40 continued. 

District 236: eastern Mount Lofty Ranges catchment 
Year Annual rainfall 

(mm) 
Trial period 
rainfall (Aug – 
Nov) (mm) 

Trial period 
rainfall / 
annual rainfall 

1998 646.12 223.75 34.6% 
1999 679.99 245.33 36.1% 
2000 831.62 297.64 35.8% 
2001 816.93 398.91 48.8% 
2002 533.45 196.44 36.8% 
2003 775.86 292.65 37.7% 
2004 697.77 257.34 36.9% 
2005 767.27 373.82 48.7% 
2006 480.90 93.40 19.4% 
2007 689.13 175.49 25.5% 
10 yr Average 691.90 255.48 36.0% 

Using the percentages derived from Table 40for rainfall expected to occur during Aug-Nov and 
the estimated additional water generated during the trial (Appendix A), an annualised estimate of 
the volume of additional water was calculated for each district and is listed in Table 41. 

Table 41 Annualised volume increases in rainfall in catchment land and water areas 
based on results obtained for period of 2009 trial. 

 Estimated Atlant attribution volumes 
District Period of 2009 trial 

(GL) 
% of annual rainfall 
occurring Aug-Nov 

Annualised (GL) 

Lower Lakes 26.16 35.8 73.1 
Adelaide metropolitan 1.63 36.0 4.5 

C.1.3 Value of annualised attributions from 2009 trial 

Using the values for water of $101 per ML for environmental water and $1 per KL for 
metropolitan water as derived in Section C.1.2, the values of these projected annualised volume 
increases were calculated (Table 42). 
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Table 42 Projected annualised values of additional water based on 2009 trial 
estimates. These estimates are based on the measured enhancement of 7.5% for this 
trial.  

District Annualised 
volume (GL) 

Value per GL 
($m) 

Annualised value 
($m) 

Lower Lakes & Coorong 73.1 0.101 7.4 
Adelaide metropolitan 4.5 1 4.5 
Total 77.6  11.9 

Assuming a linear relationship between the degree of rain enhancement and the volume of 
additional water produced, benefits were estimated at two, five, 10 and 15 per cent enhancement 
levels (Table 43). This was done by simply scaling the 5.6 per cent, area-weighted, average 
enhancement effect that was used to estimate the additional water volumes in appendix A. The 
present value of these benefits, based on a five per cent discount rate over a 20-year period, is also 
listed in Table 43. 

Table 43 Benefits of operation for one year at various levels of rain enhancement and 
present values of these benefits over 20 years at 5% discount rate at various 
enhancement levels. 

Enhancement 
Level 

 2% 5% 10% 15% 

LL/Coorong 2.6 6.6 13.2 19.0 Annualised Value 
Adelaide metro 1.6 4.0 8.0 12.1 

Combined Annualised 
Value ($m)  4.2 10.6 21.2	   31.8	  
PV benefits over 20 
years ($m)  53.00  132.50  265.00  397.50  

C.1.4 Mount Lofty Ranges: future operations 

The estimated cost, net present value and benefit-cost ratio of a 20-year operation in the Mount 
Lofty Ranges, including an initial trial year, is presented in Table 44. (The basis for estimating 
cost of supply for trials and long-term operations is detailed in Appendix B.) 

Table 44 Benefit-cost analysis of operation of Atlant technology for 20 years based 
on the 2009 Mount Lofty Ranges trial (5.6% enhancement). 

Values (20yrs @ 5% rate) $m 
PV Benefit 148.41	  
PV Cost 13.02 
NPV (Benefits less cost) 135.38	  
Benefit-cost ratio (BCR) 11.40	  

Applying enhancement levels of two, five, 10 and 15 per cent to a 20-year application gives the 
economic returns listed in Table 45. 
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Table 45 Projected economic returns from operation for 20 years over the Mount 
Lofty Ranges, calculated at varying enhancement levels.  

Enhancement 2.0% 5.0% 10.0% 15.0% 
NPV ($m) 39.98  119.48  251.99  384.49  
BCR 4.07 10.18 20.36 30.54 
PV of benefits sourced from Table 43. 
PV of costs sourced from Table 44. 

The projected economic returns from a stand-alone one-year trial are listed in Table 46. 

Table 46 Projected economic returns from a one-year trial over the Mount Lofty 
Ranges, calculated at varying enhancement levels.  

Enhancement 2.0% 5.0% 10.0% 15.0% 
NPV ($m) 0.25 6.63   17.26   27.9  
BCR 1.06 2.66 5.32 7.97 
PV of benefits sourced from Table 43. 
PV of costs sourced from Table 44. 

C.2 WA northern wheat belt 

Rather than estimating a volume of water to which a dollar value can be calculated, as done in the 
previous section for South Australia and the following section for the Hume/Dartmouth 
catchments, in this section the potential economic benefits of Atlant operation in the northern 
wheat belt of Western Australia is assessed in terms of preventing a loss in crop yield for which a 
dollar value has been established. Data available from ABARE ascribes a dollar value to yield 
reductions of 10, 20 and 30 per cent in this district (Table 47), based on average farm performance 
for the region over the three-year period from 2007-8 to 2009-10. The following estimates of the 
benefits of rain enhancement by Atlant in the Western Australian northern wheat belt are based on 
prevention of these costs of yield reduction. 
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Table 47 Farm financial performance of northern wheat belt and potential impact of 
climate change on cash income. 

  Impact of a reduction in yield of: 

 Current 
Yield 

10% 20% 30% 

Wheat Yield t/ha 1.62 1.46 1.30 1.14 

Wheat receipts $/farm 459,897 413,907 367,917 321,928 

Other crop receipts $/farm 261,703 235,533 209,363 183,192 

Total receipts $/farm 766,623 694,463 622,303 550,143 

Total costs $/farm 584,257 584,257 584,257 584,257 

Farm cash income $/farm 182,367 110,207 38,047 -34,113 

Depreciation $/farm 85,263 85,263 85,263 85,263 

Manager labour $/farm 56,670 56,670 56,670 56,670 

Farm business profit $/farm 40,433 -31,727 -103,887 -176,047 

Reduction in income $/farm  -72,160 -144,320 -216,480 
 

Aggregate value in region 

Number of farms 705 10% 20% 30% 

Annual value of loss $m  -51 -102 -153 

Capitalized value of loss $m -1,018 -2,035 -3,052 

Source: Farm financial data from ABARE farm surveys for 11 shires in northern wheat belt, average  
2007-2008 to 2009-2010. 

Farm cash income was $182,367 with 94 per cent of farm receipts coming from cropping 
activities. The estimated reduction in income from a 10 per cent reduction in crop yield associated 
with climate change is $72,160 per farm. The implications for farm business profit are also shown. 
Average farm business profit (cash income less depreciation and managers allowance) was 
$40,433 over the past three seasons. A reduction in yield of 10 per cent would leave $24,943 after 
depreciation to pay the farm manager. (A reduction in yield of 20 or 30 per cent would mean that 
cash income would not cover cash costs and depreciation.) 

These losses can be scaled up from farm to region level. The 2006 census indicates there were 705 
cereal farms operating in the 11 shires of the northern wheat belt. At the region level, the annual 
loss in farm income from a 10 per cent reduction in yield is likely to be around $51 million (Table 
47, Appendix C.3). The capitalised value of this loss (using a five per cent discount rate) is around 
$1 billion (Table 47 Appendix C.3). These are the direct farm effects. 

Estimates from the agricultural census indicate the area of land cropped in the northern wheat belt 
(to wheat, lupins, barley and canola) represents around 23 per cent of the total area cropped in 
Western Australia. If the financial impacts of climate change were similar in other regions of 
Western Australia, a 10 per cent reduction in crop yields would result in an annual value of farm 
income loss of around $250 million at the state level. The total annual loss to the economy after 
accounting for flow-on effects would be around $500 million per annum. 

The potential benefits of rainfall enhancement are analysed here (at the local farm level only) in 
the context of restoring a 10 per cent loss in crop yield. CSIRO predicts rainfall in the northern 
wheat belt will remain depressed to 2030, with rainfall expected to fall by 5-10 per cent from the 
historical average (CSIRO 2008a). The Western Australian Department of Food and Agriculture 



  

 52	  

has predicted that adverse climate in the region could reduce crop yields in the order of 10-20 per 
cent by 2035-2065 (Farre and Foster, Dept of Food and Agriculture). We are taking the 
conservative end of these figures, where yield is less, rather than more, sensitive to rainfall, and 
base our analysis on a 10 per cent loss in yield being associated with a 10 per cent decrease in 
rainfall. 

If Atlant operation were implemented to increase rainfall sufficient to restore a 10 per cent yield 
loss, the ABARE data would form the basis of the financial benefits that would result (Table 47 
Appendix C.3). Based on simple proportions, to restore a 10 per cent decrease in rainfall would 
require an increase of impoverished rainfall of approximately 11.2 per cent (Table 48). It follows 
that it would take an 11.2 per cent enhancement of rainfall to restore a 10 per cent yield loss. (The 
projected financial impact of an 11.2 per cent enhancement is then scaled to calculate the benefits 
of a range of enhancement levels from two to 15 per cent.) 

Table 48 Estimates of level of rainfall enhancement required to restore yields in 
Western Australian northern agricultural region. A conservative ratio of rainfall to 
yield was selected where the lesser yield loss (10%) is associated with a greater loss 
of rain (10%). 

 Percentages 
Predicted future rainfall decrease1 5-10 
Predicted future wheat yield decrease2 10-20 
Conservative ratio of decreases in rainfall/yield 10/10 
Decrease in rainfall resulting in 10% yield loss 10 
Increase needed to restore 10% decrease in rainfall 11.2 
1Climate Change in Australia, 2010 
2Farre and Foster, Dept of Food and Agriculture 

The effectiveness of rainfall enhancement in restoring historical yields will depend not only on the 
volume of additional water that reaches the ground, but also on how and when that rain falls. That 
is, increasing exceptionally heavy rains by some percentage will not have as much of an impact on 
crops as the same percentage increase in moderate rain. Similarly, if rainfall levels are very low 
and spread over a long period, an enhancement may not provide any additional benefit if the 
quantities remain so low that evaporation claims the most or all of the additional water. We are in 
touch with the Department of Agriculture and Food and the Department of Water in Western 
Australia to further investigate this relationship between patterns of rainfall and yield. However, 
for these reasons it seems prudent to assume the conservative relationship between additional rain 
and yield as described above. 

C.2.1 Annualised operation in northern wheat belt 

Table 47 shows the annual value of a yield loss of 10 per cent is $51 million for the region. This 
annual loss equates to the value of the benefit of Atlant operation should the result be prevention 
of this loss. Based on the assumption that an 11.2 per cent rain enhancement would be sufficient 
to prevent a 10 per cent yield loss, as described above, and assuming a linear relationship between 
rain enhancement levels and yield restoration, the present value of the benefits of rain 
enhancement can be estimated for two, five, 10 and 15 per cent levels of enhancement (Table 49). 
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Table 49 Benefits of operation for one year at various levels of rain enhancement and 
present values of these benefits over 20 years at 5% discount rate. Figures scaled 
down assuming annual value of 10% yield loss of $51 million is restored by 11.2% 
rain enhancement. 

Enhancement 2.0% 5.0% 10.0% 15.0% 
Annual benefits 
($m) 9.1 22.8  45.5  68.3 
PV Benefits ($m) 113.50 283.74  567.48  851.21  

C.2.2 Northern wheat belt: future operations 

The annual figures above can be extended to long-term operations. The estimated cost, net present 
value and benefit-cost ratio of a 20-year operation over the Northern wheat belt, including an 
initial trial year, is presented in Table 50. 

Table 50 Benefit-cost analysis of operating Atlant technology for 20 years at a 5% 
discount rate based on restoring 10% yield.  

 $m 
PV Benefit 635.57 
PV Cost 18.57 
Net Present Value 617.00 
Benefit-cost ratio (BCR) 34.22 

Assuming that an 11.2 per cent rainfall enhancement restores a 10 per cent decrease in crop yields 
and assuming a linear relationship between rainfall enhancement and yield increases, the present 
value of the benefits of operation over 20 years for various rain enhancement levels listed earlier 
in Table 49 along with the cost of the trial listed above in Table 50 were used to generate net 
present values of a long-term trial in the event of rain enhancement at two, five, 10 and 15 per 
cent levels. Benefit-cost ratios were also calculated for these rain enhancement levels (Table 51). 

Table 51 Projected economic returns from operation for 20 years over the northern 
wheat belt, calculated at varying enhancement levels. 

Enhancement 2.0% 5.0% 10.0% 15.0% 
NPV ($m) 94.92  265.16  548.90  832.64  
BCR 6.11 15.28 30.55 45.83 
PV of benefits sourced from Table 49. 
PV of costs sourced from Table 50. 

The projected economic returns from a one-year trial only are listed in Table 52. 
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Table 52 Projected economic returns from a one-year trial over the northern wheat 
belt, calculated at varying enhancement levels. 

Enhancement 2.0% 5.0% 10.0% 15.0% 
NPV ($m) 4.11 17.77 40.54 63.30 
BCR 1.82 4.55 9.11 13.66 
PV of benefits sourced from Table 49. 
PV of costs sourced from Table 50. 

C.3 Hume/Dartmouth catchments 

CSIRO (2008b) climate modelling predicts this three per cent decline in rainfall over the Murray 
region would result in a reduction in water allocations of 216 GL (151 GL from irrigation and 
65 GL from the environment2 (Brennan, 2010). 

C.3.1 Annualised operation in Hume/Dartmouth catchments 

The potential benefits of rain enhancement are assessed here based on the dollar value of the 
expected water loss resulting from a long-term reduction in rainfall of three per cent over the 
entire Murray River catchment. The level of rain enhancement in the Hume/Dartmouth 
catchments required to achieve a reversal of this loss is estimated and a benefit-cost analysis is 
performed at a range of potential rain enhancement levels over a 20-year operating period. 

As outlined above, a reduction in rainfall of three per cent over the Murray River catchment is 
expected to equate to a total loss in water allocations of 216 GL (151 GL from irrigation and 
65 GL from the environment. The Atlant system could provide a viable mitigation strategy if 
rainfall is enhanced to a sufficient degree to replace this volume of water. An historical analysis 
shows releases from the Hume dam account for about a third of total inflows into the Murray 
River. The Dartmouth dam, in turn, feeds into the Hume dam. The level of enhancement required 
across the Hume/Dartmouth catchment to replace 216 GL of lost allocations, thereby restoring 
Murray allocations to historical levels, is estimated to be 6.3 per cent (Table 53). 

Table 53 Calculation of level of rain enhancement required over the 
Hume/Dartmouth catchment to replenish expected loss of 216 GL of allocations. 

Region statistics Operation Measurement 
Hume–Dartmouth catchment area  15,300 km2 
Average annual rainfall1  967 mm 
Volume of annual rainfall2 0.967m x 15,300 km2  14,795 GL 
Runoff 23% (% of rain which flows to dam)3 0.23 x 14,795 GL 3,403 GL 
216 GL as a percentage of total rainfall (216/3,403) x 100 6.3% 
1BoM rainfall district 82 (1990-2009) 
2 1 km2 x 1 metre of rainfall = 1 GL 
323% runoff based on MDBSYP (CSIRO 2008b) historical average rainfall (1004mm) and modelled average annual 
runoff (231mm) for adjacent Ovens catchment (data not available for Hume/Dartmouth catchment). 

The economic value of water for irrigation was estimated at $101 per ML as outlined in Appendix 
C.1.1. The same value is used for environmental water since the Government purchases it at the 
going rate. 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
2 Calculated as the difference in water use under future climate scenario (CMID) compared to water use under the 
historical climate scenario, which has 3% (?) higher rainfall. Calculations were based on output of the CSIRO sustainable 
yield models. (Brennan 2010) 
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These figures for the value of water were used to estimate the present value of 216 GL of lost 
allocations which could be replenished by a 6.3 per cent rainfall enhancement over the Hume–
Dartmouth catchment. The annual value of this water is $21.9 million (Table 54). 

Table 54 Estimated annual value of a 6.3 % rain enhancement in the 
Hume/Dartmouth catchment. 

Water use Volume (GL) Value per GL 
($m) 

PV ($m) 

Irrigation 151 0.101 15.3 
Environment 65 0.101 6.6 
Total 216  21.9 

These annual benefits of a 6.3 per cent enhancement can be scaled to a range of enhancement 
levels (Table 55), assuming a liner relationship between rain enhancement levels and the 
capitalized value of the water generated. 

Table 55 Annualised benefits of varying levels of enhancement in the 
Hume/Dartmouth catchment (scaled from 6.3 per cent enhancement) and the 
present value of these benefits over 20 years at a 5% discount rate. 

Enhancement 2.0% 5.0% 10.0% 15.0% 
Annual benefits 
($m) 6.85 17.12 34.25 51.37 
PV Benefits ($m) 85.35 213.39  426.77  640.16  

C.3.2  Hume/Dartmouth catchments: future operations 

The annual figures above can be extended to long-term operations. The estimated cost, net present 
value and benefit-cost ratio of a 20-year operation over the Hume/Dartmouth catchments, 
including an initial trial year, is presented in Table 56. 

Table 56 Benefit-cost analysis of Atlant technology over 20 years at a 5% discount 
rate based on a 6.3% rain enhancement in the Hume/Dartmouth catchments. 

 $m 
PV Benefit 273.13 
PV Cost 26.91 
Net Present Value 246.23 
Benefit-cost ratio (BCR) 10.15 

Rescaling the benefits from a 6.3 per cent enhancement effect, the estimated net returns and 
benefit-cost ratios for enhancement levels of two, five, 10 and 15 per cent are shown in Table 57. 

Table 57 Projected economic returns from operations for 20 years over the Hume and 
Dartmouth catchments, calculated at varying enhancement levels. 

Enhancement 2.0% 5.0% 10.0% 15.0% 
NPV ($m) 58.45  186.48  399.86  613.25  
BCR 3.17 7.93 15.86 23.79 
PV of benefits sourced from Table 55. 
PV of costs sourced from Table 56. 

The projected economic returns from a one-year standalone trial only are listed in Table 58. 
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Table 58 Projected economic returns from a one-year trial over the Hume and 
Dartmouth catchments, calculated at varying enhancement levels. 

Enhancement 2.0% 5.0% 10.0% 15.0% 
NPV ($m) 0.35  10.62   27.74   44.86  
BCR 1.05 2.63 5.27 7.90 
PV of benefits sourced from Table 55. 
PV of costs sourced from Table 56. 

C.4 Land Values 

As well as estimating a volume of water to which a dollar value can be calculated (as is done for 
the previous sections for South Australia and the Hume/Dartmouth catchments), this section 
assesses the potential economic benefits of Atlant operation in the New South Wales ad Victorian 
regions of the: Gwydir, Namoi, Macquarie-Castlereagh, Lachlan, Murrumbidgee and Goulburn 
Broken, in terms of increased land values due to increased rainfall, which is taken as a proxy for 
increased profitability of small farms. Data available from ABARE ascribes a dollar value to the 
estimated market value of all land operated and fixed improvements as well as the area of all land 
operated by the farm business over the 10 year period 2000-09.  

The regression results for the regions above from 2000 to 2009 are shown below:  

Figure 15: A graph showing the bivariate fit of log land value by log rain 

 

Linear Fit:  

Log Land Value = -6.862916 + 2.1746878*Log Rain  
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Table 59 Summary of Fit. 
RSquare 0.751614 

RSquare Adj 0.747331 

Root Mean 
Square Error 

0.633542 

Mean of 
Response 

6.865605 

Observations 
(or Sum 
Wgts) 

60 

  

Table 60 Analysis of Variance. 

Source DF Sum of 
Squares 

Mean 
Square 

F Ratio 

Model 1 70.444406 70.4444 175.5073 
Error 58 23.279805 0.4014 Prob > F 
C. Total 59 93.724211  <.0001* 

Table 61 Parameter Estimates. 

Term Estimate Std Error t Ratio Prob>|t| 
Intercept -6.862916 1.0395 -6.60 <.0001* 
Log Rain 2.1746878 0.164153 13.25 <.0001* 

 

Based on the regression result, a 10 per cent increase in average rainfall would result in a 21.7 per 
cent increase in land values. A number of caveats surround this result, but perhaps the most 
important is that rainfall is associated with other amenity values such as living near the coast or in 
a more density populated peri-urban area. Another important caveat is that these are not marginal 
increases in rainfall in situ. For example, higher rainfall in an area that regularly receives high 
levels of rainfall may not increase land values to the same extent as in an area with low to 
moderate rainfall. 

The annual equivalent of a 21.7 per cent increase in land value is calculated by multiplying the 
impact by the interest rate, 21.7 x 0.05  = 1.09; so a 10 per cent increase in average rainfall would 
increase land values by 1.1 per cent.  On land valued at $500/ha this would be an increase of $5.50 
per hectare per years. 

An extrapolation to a regional change in rainfall, using this figure (1.1 per cent), should be treated 
with caution, but it does provide an order of magnitude estimate of the impact of a long-term 
change in precipitation. 

 

C.4.1 Annualised operation in Gwydir Valley 

Extrapolating land values from the NSW North West Slopes and Plains and the NSW Coastal 
areas allows us to determine, given a 10 per cent increase in rainfall, a $23.29 increase in value 
per hectare per year, or $12.48 million in land values across the trial area on an annualized basis 
(see Table 62). 
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Table 62 Figures used to calculate total increase in land values in the Gwydir Valley. 

Value per hectare: 
North West Plains $1,098.60 
Value per hectare: 
Coastal $3,136.07	  
Average value $2,117.33 
Annual percentage 
increase 1.1	  
Annual increase in 
value per hectare 23.29	  
Total number of 
hectares 536,000	  
Total increase in 
value $12,483,440 
Values sourced from ABARE 

It is also assumed that a 10 per cent increase in rainfall would result in an additional 23 GL of 
water flowing into the Copeton Dam (see Table 63). 

Table 63 Calculation of additional inflows into the Copeton Dam given a ten per cent 
increase in rainfall. 

Region statistics Operation Measurement 
Copeton Dam catchment area  5,360 km2 
Average annual rainfall1  671 mm	  
Volume of 10 per cent additional rainfall2	   0.1 x 0.671m x 5,360 km2 	   360 GL	  
Runoff 6.4% (% of rain which flows to dam)3	   0.064 x 360 GL	   23 GL 
1BoM rainfall district 54 (2000-2009) 
21 km2 x 1 metre of rainfall = 1 GL 
36.4% runoff based on MDBSYP (CSIRO 2008b) historical average rainfall (644mm) and modelled average annual 
runoff (41mm) for Gwydir Valley. 

The economic value of water was estimated at $101 per ML as outlined in Appendix C.1.1. 

These figures for the value of water were used to estimate the present value of 23 GL of additional 
water enhanced over the Copeton Dam catchment with a 10 per cent level of enhancement. The 
annual value of this water is $2.3 million (Table 64). 

Table 64 Estimated annual value of a 10 % rain enhancement in the Copeton Dam 
catchment. 

Volume (GL) Value per GL 
($m) 

PV ($m) 

23 0.101 2.32 

 

When the additional water is combined with the increase in land value, associated with a 10 per 
cent increase in rainfall, the total value generated from the rainfall enhancement operation is 
$14.78 million (see Table 65). 
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Table 65 Estimated annual value of water and increase in land value given a 10 % 
rain enhancement in the Copeton Dam catchment. 

 PV ($m) 
Additional water 2.32 

Increased land value  12.48 
Total 14.8 

These annual benefits of a 10 per cent enhancement can be scaled to a range of enhancement 
levels (Table 66), assuming a liner relationship between rain enhancement levels and the 
capitalized value of the water generated. 

Table 66 Annualised benefits of varying levels of enhancement in the Copeton Dam 
catchment (scaled from 10 per cent enhancement) and the present value of these 
benefits over 20 years at a 5% discount rate. 

Enhancement 2.0% 5.0% 10.0% 15.0% 
Annual benefits 
($m) 2.9 7.4 14.8 22.2 
PV Benefits ($m) 36.8  92.2  184.4  276.6 

C.4.1.1  Gwydir Valley: future operations 

The annual figures above can be extended to long-term operations. The estimated cost, net present 
value and benefit-cost ratio of a 20-year operation over the Gwydir Valley, including an initial 
trial year, is presented in Table 67. 

Table 67 Benefit-cost analysis of Atlant technology over 20 years at a 5% discount 
rate based on a 10% rain enhancement in the Copeton Dam catchment. 

 $m 
PV Benefit 184.4	  
PV Cost 15.8 
Net Present Value 168.6 
Benefit-cost ratio (BCR) 11.7 

Rescaling the benefits from a 10 per cent enhancement effect, the estimated net returns and 
benefit-cost ratios for enhancement levels of two, five, 10 and 15 per cent are shown in Table 68. 

Table 68 Projected economic returns from operations for 20 years over the Copeton 
Dam catchment, calculated at varying enhancement levels. 

Enhancement 2.0% 5.0% 10.0% 15.0% 
NPV ($m) 21.09  76.41  168.61  260.82  
BCR 2.33 5.84 11.67 17.51 
PV of benefits sourced from Table 66. 
PV of costs sourced from Table 67. 

The projected economic returns from a one-year standalone trial only are listed in Table 69. 
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Table 69 Projected economic returns from a one-year trial over the Copeton Dam 
catchment, calculated at varying enhancement levels. 

Enhancement 2.0% 5.0% 10.0% 15.0% 
NPV ($m)  -1.54  2.90   10.30   17.70  
BCR  0.66   1.64   3.29   4.93  
PV of benefits sourced from Table 66. 
PV of costs sourced from Table 67. 
 
 

C.4.2 Annualised operation in the Namoi Region 

Extrapolating land values from the NSW North West Slopes and Plains and the NSW Coastal 
areas allows us to determine, given a 10 per cent increase in rainfall, a $23.29 increase in value 
per hectare per year, or $17.12 million in land values across the trial area on an annualized basis 
(see Table 70). 

Table 70 Figures used to calculate total increase in land values in the Namoi Region. 

Value per hectare: 
North West Plains $1,098.60 
Value per hectare: 
Coastal $3,136.07	  
Average value $2,117.33 
Annual percentage 
increase 1.1	  
Annual increase in 
value per hectare 23.29	  
Total number of 
hectares 735,000	  
Total increase in 
value $17,118,613 
Values sourced from ABARE 

It is also assumed that a 10 per cent increase in rainfall would result in an additional 17.6 GL of 
water flowing into the Keepit and Split Rock Dams (see Table 71). 

Table 71 Calculation of additional inflows into the Keepit and Split Rock dams given a 
ten per cent increase in rainfall. 

Region statistics Operation Measurement 
Keepit and Split Rock catchment area  7,350 km2 
Average annual rainfall1  633 mm	  
Volume of 10 per cent additional rainfall2	   0.1 x 0.633m x 7,350 km2 	   465 GL	  
Runoff 3.8% (% of rain which flows to dam)1	   0.038 x 465 GL	   17.6 GL 
13.8% runoff based on MDBSYP (CSIRO 2008b) historical average rainfall (633mm) and modelled average annual 
runoff (24mm) for Namoi Region. 
21 km2 x 1 metre of rainfall = 1 GL 

The economic value of water was estimated at $101 per ML as outlined in Appendix C.1.1. 

These figures for the value of water were used to estimate the present value of 17.6 GL of 
additional water enhanced over the Keepit and Split Rock catchments with a 10 per cent level of 
enhancement. The annual value of this water is $1.78 million (Table 72). 



  

 61	  

Table 72 Estimated annual value of a 10 % rain enhancement in the Keepit and Split 
Rock catchments. 

Volume (GL) Value per GL 
($m) 

PV ($m) 

17.7 0.101 1.78 

 

When the additional water is combined with the increase in land value, associated with a 10 per 
cent increase in rainfall, the total value generated from the rainfall enhancement operation is 
$18.90 million (see Table 73). 

Table 73 Estimated annual value of water and increase in land value given a 10 % 
rain enhancement over the Keepit and Split Rock catchments. 

 PV ($m) 
Additional water 1.78 

Increased land value  17.12 
Total 18.90 

These annual benefits of a 10 per cent enhancement can be scaled to a range of enhancement 
levels (Table 74), assuming a liner relationship between rain enhancement levels and the 
capitalized value of the water generated. 

Table 74 Annualised benefits of varying levels of enhancement over the Keepit and 
Split Rock catchments (scaled from 10 per cent enhancement) and the present value 
of these benefits over 20 years at a 5% discount rate. 

Enhancement 2.0% 5.0% 10.0% 15.0% 
Annual benefits 
($m) 3.8 9.5 18.9 28.4 
PV Benefits ($m) 47.1  117.8  235.5  353.3  

C.4.2.1  Namoi Region: future operations 

The annual figures above can be extended to long-term operations. The estimated cost, net present 
value and benefit-cost ratio of a 20-year operation over the Namoi Region, including an initial 
trial year, is presented in Table 75. 

Table 75 Benefit-cost analysis of Atlant technology over 20 years at a 5% discount 
rate based on a 10% rain enhancement over the Keepit and Split Rock catchments. 

 $m 
PV Benefit 235.5	  
PV Cost 15.8 
Net Present Value 219.7 
Benefit-cost ratio (BCR) 14.91 

Rescaling the benefits from a 10 per cent enhancement effect, the estimated net returns and 
benefit-cost ratios for enhancement levels of two, five, 10 and 15 per cent are shown in Table 76. 
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Table 76 Projected economic returns from operations for 20 years over the Keepit 
and Split Rock catchments, calculated at varying enhancement levels. 

Enhancement 2.0% 5.0% 10.0% 15.0% 
NPV ($m) 31.31  101.97  219.74  337.51  
BCR 2.98 7.46 14.91 22.37 
PV of benefits sourced from Table 74. 
PV of costs sourced from Table 75. 

The projected economic returns from a one-year standalone trial only are listed in Table 77. 

Table 77 Projected economic returns from a one-year trial over the Keepit and Split 
Rock catchments, calculated at varying enhancement levels. 

Enhancement 2.0% 5.0% 10.0% 15.0% 
NPV ($m) -0.72 4.95  14.40  23.85  
BCR 0.84  2.10  4.20  6.30  
PV of benefits sourced from Table 74. 
PV of costs sourced from Table 75. 
 
 

C.4.3 Annualised operation in the Macquarie-Castlereagh Region 

Extrapolating land values from the NSW Central West area allows us to determine, given a 10 per 
cent increase in rainfall, a $15.54 increase in value per hectare per year, or $21.60 million in land 
values across the trial area on an annualized basis (see Table 78). 

Table 78 Figures used to calculate total increase in land values in the Macquarie-
Castlereagh Region. 

Value per hectare: 
Central West $1,412.80 
Annual percentage 
increase 1.1	  
Annual increase in 
value per hectare 15.54	  
Total number of 
hectares 1,390,000	  
Total increase in 
value $21,601,712 
Values sourced from ABARE 

It is also assumed that a 10 per cent increase in rainfall would result in an additional 48.4 GL of 
water flowing into the Burrendong Dam (see Table 79). 

Table 79 Calculation of additional inflows into the Burrendong Dam given a ten per 
cent increase in rainfall. 

Region statistics Operation Measurement 
Burrendong catchment area  13,900 km2 
Average annual rainfall1  544 mm	  
Volume of 10 per cent additional rainfall2	   0.1 x 0.544m x13,900 km2 	   756 GL	  
Runoff 6.4% (% of rain which flows to dam)1	   0.064 x 756 GL	   48.39 GL 
16.4% runoff based on MDBSYP (CSIRO 2008b) historical average rainfall (544mm) and modelled average annual 
runoff (35mm) for Macquarie-Castlereagh Region. 
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21 km2 x 1 metre of rainfall = 1 GL 

The economic value of water was estimated at $101 per ML as outlined in Appendix C.1.1. 

These figures for the value of water were used to estimate the present value of 48.39 GL of 
additional water enhanced over the Burrendong catchment with a 10 per cent level of 
enhancement. The annual value of this water is $4.91 million (Table 80). 

Table 80 Estimated annual value of a 10 % rain enhancement in the Burrendong 
catchment. 

Volume (GL) Value per GL 
($m) 

PV ($m) 

48.4 0.101 4.91 

 

When the additional water is combined with the increase in land value, associated with a 10 per 
cent increase in rainfall, the total value generated from the rainfall enhancement operation is 
$26.52 million (see Table 81). 

Table 81 Estimated annual value of water and increase in land value given a 10 % 
rain enhancement over the Burrendong catchment. 

 PV ($m) 
Additional water 4.91 

Increased land value  21.60 
Total 26.52 

These annual benefits of a 10 per cent enhancement can be scaled to a range of enhancement 
levels (Table 82), assuming a liner relationship between rain enhancement levels and the 
capitalized value of the water generated. 

Table 82 Annualised benefits of varying levels of enhancement over the Burrendong 
catchment (scaled from 10 per cent enhancement) and the present value of these 
benefits over 20 years at a 5% discount rate. 

Enhancement 2.0% 5.0% 10.0% 15.0% 
Annual benefits 
($m) 5.3 13.3 26.5 39.8 
PV Benefits ($m) 66.1  165.2  330.4  495.7  

 

C.4.3.1  Macquarie-Castlereagh Region: future operations 

The annual figures above can be extended to long-term operations. The estimated cost, net present 
value and benefit-cost ratio of a 20-year operation over the Macquarie-Castlereagh Region, 
including an initial trial year, is presented in Table 83. 
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Table 83 Benefit-cost analysis of Atlant technology over 20 years at a 5% discount 
rate based on a 10% rain enhancement over the Burrendong catchment. 

 $m 
PV Benefit 330.4  
PV Cost 21.35 
Net Present Value 309.1 
Benefit-cost ratio (BCR) 15.48 

Rescaling the benefits from a 10 per cent enhancement effect, the estimated net returns and 
benefit-cost ratios for enhancement levels of two, five, 10 and 15 per cent are shown in Table 84. 

Table 84 Projected economic returns from operations for 20 years over the 
Burrendong catchment, calculated at varying enhancement levels. 

Enhancement 2.0% 5.0% 10.0% 15.0% 
NPV ($m) 44.74  143.87  309.09  474.31  
BCR 3.10 7.74 15.48 23.21 
PV of benefits sourced from Table 82. 
PV of costs sourced from Table 83. 

The projected economic returns from a one-year standalone trial only are listed in Table 85. 

Table 85 Projected economic returns from a one-year trial over the Burrendong 
catchment, calculated at varying enhancement levels. 

Enhancement 2.0% 5.0% 10.0% 15.0% 
NPV ($m) -0.20 7.76 21.02 34.27 
BCR 0.96 2.41 4.82 7.23 
PV of benefits sourced from Table 82. 
PV of costs sourced from Table 83. 
 
 

C.4.4 Annualised operation in the Lachlan Region 

Extrapolating land values from the NSW Central West area allows us to determine, given a 10 per 
cent increase in rainfall, a $15.54 increase in value per hectare per year, or $12.90 million in land 
values across the trial area on an annualized basis (see Table 86). 

Table 86 Figures used to calculate total increase in land values in the Lachlan Region. 

Value per hectare: 
Central West $1,412.80 
Annual percentage 
increase 1.1	  
Annual increase in 
value per hectare 15.54	  
Total number of 
hectares 830,000	  
Total increase in 
value $12,898,864 
Values sourced from ABARE 

It is also assumed that a 10 per cent increase in rainfall would result in an additional 19 GL of 
water flowing into the Wyangala Dam (see Table 87). 
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Table 87 Calculation of additional inflows into the Wyangala Dam given a ten per cent 
increase in rainfall. 

Region statistics Operation Measurement 
Wyangala catchment area  8,300 km2 
Average annual rainfall1  461 mm	  
Volume of 10 per cent additional rainfall2	   0.1 x 0.461m x 8,300 km2 	   383 GL	  
Runoff 5.0% (% of rain which flows to dam)1	   0.050 x 383 GL	   19.1 GL 
15.0% runoff based on MDBSYP (CSIRO 2008b) historical average rainfall (461mm) and modelled average annual 
runoff (23mm) for Lachlan Region. 
21 km2 x 1 metre of rainfall = 1 GL 

The economic value of water was estimated at $101 per ML as outlined in Appendix C.1.1. 

These figures for the value of water were used to estimate the present value of 19.13 GL of 
additional water enhanced over the Wyangala catchment with a 10 per cent level of enhancement. 
The annual value of this water is $1.93 million (Table 88). 

Table 88 Estimated annual value of a 10 % rain enhancement in the Wyangala 
catchment. 

Volume (GL) Value per GL 
($m) 

PV ($m) 

19.1 0.101 1.93 

 

When the additional water is combined with the increase in land value, associated with a 10 per 
cent increase in rainfall, the total value generated from the rainfall enhancement operation is 
$26.52 million (see Table 89). 

Table 89 Estimated annual value of water and increase in land value given a 10 % 
rain enhancement over the Wyangala catchment. 

 PV ($m) 
Additional water 1.93 

Increased land value  12.90 
Total 14.83 

These annual benefits of a 10 per cent enhancement can be scaled to a range of enhancement 
levels (Table 90), assuming a liner relationship between rain enhancement levels and the 
capitalized value of the water generated. 
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Table 90 Annualised benefits of varying levels of enhancement over the Wyangala 
catchment (scaled from 10 per cent enhancement) and the present value of these 
benefits over 20 years at a 5% discount rate. 

Enhancement 2.0% 5.0% 10.0% 15.0% 
Annual benefits 
($m) 3.0 7.4 14.8 22.2 
PV Benefits ($m) 37.0  92.4  184.8  277.2  

C.4.4.1  Lachlan Region: future operations 

The annual figures above can be extended to long-term operations. The estimated cost, net present 
value and benefit-cost ratio of a 20-year operation over the Lachlan Region, including an initial 
trial year, is presented in Table 91. 

Table 91 Benefit-cost analysis of Atlant technology over 20 years at a 5% discount 
rate based on a 10% rain enhancement over the Wyangala catchment. 

 $m 
PV Benefit 184.8  
PV Cost 21.35 
Net Present Value 163.4 
Benefit-cost ratio (BCR) 8.65 

Rescaling the benefits from a 10 per cent enhancement effect, the estimated net returns and 
benefit-cost ratios for enhancement levels of two, five, 10 and 15 per cent are shown in Table 92. 

Table 92 Projected economic returns from operations for 20 years over the Wyangala 
catchment, calculated at varying enhancement levels. 

Enhancement 2.0% 5.0% 10.0% 15.0% 
NPV ($m) 15.60  71.04  163.42  255.81  
BCR 1.73 4.33 8.65 12.98 
PV of benefits sourced from Table 90. 
PV of costs sourced from Table 91. 

The projected economic returns from a one-year standalone trial only are listed in Table 93. 

Table 93 Projected economic returns from a one-year trial over the Wyangala 
catchment, calculated at varying enhancement levels. 

Enhancement 2.0% 5.0% 10.0% 15.0% 
NPV ($m) -2.53 1.91  9.33  16.74  
BCR 0.54  1.35  2.70  4.04  
PV of benefits sourced from Table 90. 
PV of costs sourced from Table 91. 
 
 

C.4.5 Annualised operation in the Murrumbidgee Region 

Extrapolating land values from the NSW Riverina area allows us to determine, given a 10 per cent 
increase in rainfall, a $13.46 increase in value per hectare per year, or $19.6 million in land values 
across the trial area on an annualized basis (see Table 94). 
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Table 94 Figures used to calculate total increase in land values in the Murrumbidgee 
Region. 

Value per hectare: 
Central West $1,223.92 
Annual percentage 
increase 1.1	  
Annual increase in 
value per hectare 13.46	  
Total number of 
hectares 1,455,900	  
Total increase in 
value $19,600,956 
Values sourced from ABARE 

It is also assumed that a 10 per cent increase in rainfall would result in an additional 79 GL of 
water flowing into the Burrinjuck and Blowering dams (see Table 95). 

Table 95 Calculation of additional inflows into the Burrinjuck and Blowering dams 
given a ten per cent increase in rainfall. 

Region statistics Operation Measurement 
Burrinjuck and Blowering catchment area  14,559 km2 
Average annual rainfall1  530 mm	  
Volume of 10 per cent additional rainfall2	   0.1 x 0.530m x14,559 km2 	   772 GL	  
Runoff 10.2% (% of rain which flows to dam)1	   0.102 x 383 GL	   78.6 GL 
110.2% runoff based on MDBSYP (CSIRO 2008b) historical average rainfall (530mm) and modelled average annual 
runoff (54mm) for Murrumbidgee Region. 
21 km2 x 1 metre of rainfall = 1 GL 

The economic value of water was estimated at $101 per ML as outlined in Appendix C.1.1. 

These figures for the value of water were used to estimate the present value of 78.6 GL of 
additional water enhanced over the Burrinjuck and Blowering catchments with a 10 per cent level 
of enhancement. The annual value of this water is $7.94 million (Table 96). 

Table 96 Estimated annual value of a 10 % rain enhancement in the Burrinjuck and 
Blowering catchments. 

Volume (GL) Value per GL 
($m) 

PV ($m) 

78.6 0.101 7.94  

 

When the additional water is combined with the increase in land value, associated with a 10 per 
cent increase in rainfall, the total value generated from the rainfall enhancement operation is 
$27.54 million (see Table 97). 
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Table 97 Estimated annual value of water and increase in land value given a 10 % 
rain enhancement over the Burrinjuck and Blowering catchments. 

 PV ($m) 
Additional water 7.94 

Increased land value  19.6 
Total 27.54 

These annual benefits of a 10 per cent enhancement can be scaled to a range of enhancement 
levels (Table 98), assuming a liner relationship between rain enhancement levels and the 
capitalized value of the water generated. 

Table 98 Annualised benefits of varying levels of enhancement over the Burrinjuck 
and Blowering catchments (scaled from 10 per cent enhancement) and the present 
value of these benefits over 20 years at a 5% discount rate. 

Enhancement 2.0% 5.0% 10.0% 15.0% 
Annual benefits 
($m) 5.5 13.8 27.5 41.3 
PV Benefits ($m) 68.6  171.6  343.2  514.8  

C.4.5.1  Murrumbidgee Region: future operations 

The annual figures above can be extended to long-term operations. The estimated cost, net present 
value and benefit-cost ratio of a 20-year operation over the Murrumbidgee Region, including an 
initial trial year, is presented in Table 99. 

Table 99 Benefit-cost analysis of Atlant technology over 20 years at a 5% discount 
rate based on a 10% rain enhancement over the Burrinjuck and Blowering 
catchments. 

 $m 
PV Benefit 343.2 
PV Cost 21.35 
Net Present Value 321.9 
Benefit-cost ratio (BCR) 16.1 

Rescaling the benefits from a 10 per cent enhancement effect, the estimated net returns and 
benefit-cost ratios for enhancement levels of two, five, 10 and 15 per cent are shown in Table 100. 

Table 100 Projected economic returns from operations for 20 years over the 
Burrinjuck and Blowering catchments, calculated at varying enhancement levels. 

Enhancement 2.0% 5.0% 10.0% 15.0% 
NPV ($m) 47.29  150.26  321.88  493.49  
BCR 3.21 8.04 16.07 24.11 
PV of benefits sourced from Table 98. 
PV of costs sourced from Table 99. 

The projected economic returns from a one-year standalone trial only are listed in Table 101. 
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Table 101 Projected economic returns from a one-year trial over the Burrinjuck and 
Blowering catchments, calculated at varying enhancement levels. 

Enhancement 2.0% 5.0% 10.0% 15.0% 
NPV ($m) 0.01 8.27 22.04 35.81 
BCR 1.00 2.50 5.01 7.51 
PV of benefits sourced from Table 98. 
PV of costs sourced from Table 99. 
 
 

C.4.6 Annualised operation in the Goulburn-Broken Region 

Extrapolating land values from the VIC Central North area allows us to determine, given a 10 per 
cent increase in rainfall, a $28.36 increase in value per hectare per year, or $29.0 million in land 
values across the trial area on an annualized basis (see Table 102). 

Table 102 Figures used to calculate total increase in land values in the Goulburn-
Broken Region. 

Value per hectare: 
Central North $2,577.95 
Annual percentage 
increase 1.1	  
Annual increase in 
value per hectare 28.36	  
Total number of 
hectares 1,023,000	  
Total increase in 
value $29,009,671 
Values sourced from ABARE 

It is also assumed that a 10 per cent increase in rainfall would result in an additional 152 GL of 
water flowing through the Goulburn-Broken Valleys (see Table 103). 

Table 103 Calculation of additional inflows into the Goulburn-Broken given a ten per 
cent increase in rainfall. 

Region statistics Operation Measurement 
Goulburn-Broken catchment area  10,230 km2 
Average annual rainfall1  764 mm	  
Volume of 10 per cent additional rainfall2	   0.1 x 0.764m x10,230 km2 	   781 GL	  
Runoff 19.5% (% of rain which flows to dam)1	   0.195 x 781 GL	   152.4 GL 
119.5% runoff based on MDBSYP (CSIRO 2008b) historical average rainfall (764mm) and modelled average annual 
runoff (149mm) for Goulburn-Broken Region. 
21 km2 x 1 metre of rainfall = 1 GL 

The economic value of water was estimated at $101 per ML as outlined in Appendix C.1.1. 

These figures for the value of water were used to estimate the present value of 152.4 GL of 
additional water enhanced over the Goulburn-Broken catchments with a 10 per cent level of 
enhancement. The annual value of this water is $15.40 million (Table 104). 
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Table 104 Estimated annual value of a 10 % rain enhancement in the Goulburn-
Broken catchments. 

Volume (GL) Value per GL 
($m) 

PV ($m) 

152.4 0.101 15.40  

 

When the additional water is combined with the increase in land value, associated with a 10 per 
cent increase in rainfall, the total value generated from the rainfall enhancement operation is 
$44.40 million (see Table 105). 

Table 105 Estimated annual value of water and increase in land value given a 10 % 
rain enhancement over the Goulburn-Broken catchments. 

 PV ($m) 
Additional water 15.4 

Increased land value  29.0 
Total 44.4 

These annual benefits of a 10 per cent enhancement can be scaled to a range of enhancement 
levels (Table 106), assuming a liner relationship between rain enhancement levels and the 
capitalized value of the water generated. 

Table 106 Annualised benefits of varying levels of enhancement over the Goulburn-
Broken catchments (scaled from 10 per cent enhancement) and the present value of 
these benefits over 20 years at a 5% discount rate. 

Enhancement 2.0% 5.0% 10.0% 15.0% 
Annual benefits 
($m) 8.9 22.2 44.4 66.6 
PV Benefits ($m) 110.7  276.7  553.4  830.1  

C.4.6.1  Goulburn-Broken Region: future operations 

The annual figures above can be extended to long-term operations. The estimated cost, net present 
value and benefit-cost ratio of a 20-year operation over the Goulburn-Broken Region, including an 
initial trial year, is presented in Table 107. 

Table 107 Benefit-cost analysis of Atlant technology over 20 years at a 5% discount 
rate based on a 10% rain enhancement over the Goulburn-Broken catchments. 

 $m 
PV Benefit 553.4 
PV Cost 18.6 
Net Present Value 534.8 
Benefit-cost ratio (BCR) 29.8 

Rescaling the benefits from a 10 per cent enhancement effect, the estimated net returns and 
benefit-cost ratios for enhancement levels of two, five, 10 and 15 per cent are shown in Table 108. 



  

 71	  

Table 108 Projected economic returns from operations for 20 years over the 
Goulburn-Broken catchments, calculated at varying enhancement levels. 

Enhancement 2.0% 5.0% 10.0% 15.0% 
NPV ($m) 92.10  258.12  534.81  811.50  
BCR 5.96 14.90 29.79 44.69 
PV of benefits sourced from Table 106. 
PV of costs sourced from Table 107. 

The projected economic returns from a one-year standalone trial only are listed in Table 109. 

Table 109 Projected economic returns from a one-year trial over the Goulburn-
Broken, calculated at varying enhancement levels. 

Enhancement 2.0% 5.0% 10.0% 15.0% 
NPV ($m) 3.88 17.20 39.40 61.61 
BCR 1.78 4.44 8.88 13.32 
PV of benefits sourced from Table 106. 
PV of costs sourced from Table 107. 
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