
Responses to the Referee 2

The Authors are grateful to the Referee for the detailed comments and useful recommendations. Generally the Authors have accepted Referee’s comments changing the manuscript accordingly. Detailed responses to the Referee have been reported in the following paragraph.



Referee 2

General comments The article highlights some interesting phenomena regarding the relation between distribution pressure, meter age and measurement bias of water meters, with special attention for situations where consumers use buffer tanks. I would like to compliment the authors for the clearness of their text and for their enthusiasm that shines through. I am aware that it is much easier to comment an article, than to set up a study and write an article. I hope that my comments are useful for the authors and can help them in doing some revisions.

In the closing sentence of the abstract the authors state: “The presented results are useful for understanding the effects of operating conditions on water meter under-registration, which can aid water managers in implementing effective replacement campaigns.” But to my opinion the conclusions of this study are soft. Furthermore they will only apply to a very limited range of conditions. And in addition, I do not support the idea that replacement campaigns should be based upon cost-effectiveness for the water supply company. That is a one-sided approach. The criteria for water meter replacement should take into account the interests of both the water supply company and the consumers. The risks for both parties involved should be balanced. In the following I will elaborate on these points.

Specific comments
Even though many data are gathered for this study, only descriptive statistical methods are used. The article lacks formal statistical testing, which makes the conclusions soft. At some points the term ‘significant’ is used, but no mention is made of any formal statistical test to underpin the use of that term. It is better not to use the term ‘significant’ if that is not supported by the results of a statistical test. It is unclear how the sample of 143 water meters were drawn and how the stratification by age class was taken into account. If the samples were not drawn at random (after stratification), it will be hard to draw general conclusions. Therefore, please explain how the samples were drawn (using the theory and terminology of statistical sampling). At least a formal statistical test should be used to test the hypothesis of a relation between pressure, age and starting flow, because that hypothesis is central to the discussion. However, in doing so take into account the non-normality and heteroscedasticity of the results (these phenomena can be seen in figure 6).

The results of this study will mostly apply only to the following combination of factors: 1) multi-jet velocity meters, with Q3 of 1.5 m3· h-1, 2) three very specific consumption profiles (of which two with a buffer tank) and 3) error curves that cause under-registration. About point 2), the three selected consumption profiles At page 127, line 14 the authors state that the three consumption profiles are not presented as typical of users in Palermo, because of the small number of monitored users (15). Of course, this makes it even harder to draw any general conclusions from this study. Especially consumption profile C (no tank) will be just one of many possible profiles, because depending on the kind and severity of in-house leakages (such as leakage caused by a disfunctioning valve of the toilet), there can be relevant differences in the percentage of water volume that is consumed at low flow rates. About point 3) error curves that cause under-registration In the article the amount of under-registration (‘apparent losses’) is estimated as the percentage of the consumption profile below the starting point. However, for each combination of water meter and consumption profile the amount of under- or over-registration should be estimated as the sumproduct of error curve and consumption profile. In other words, the whole range of possible flow rates should be used for that estimate and not just the range below the starting flow. The reason for this is that positive errors can occur at higher flow rates, that cancel out the negative errors below the starting flow, especially for older water meters. In the Netherlands there are many examples of this. In particular somewhat older multi-jet velocity meters can suffer from this, sometimes leading to severe over-registration. The most probable cause is biofilm formation in the water meter. Can the authors please provide measured data to underpin their very important assumption that the errors at flow rates above the starting point are irrelevant for the total mis-registration? It will be especially interesting to see if there are any differences regarding this phenomenon between the age classes of the water meters. If I understand correctly, the authors only measured the low flow rate parts of each error curve (see page 126, line 12), so there might be a problem here.

It seems reasonable to assume that the consumption profiles will change somewhat with pressure, because pressure will affect the flow rates. So, we may assume that the horizontal axis of the consumption profile will shift when the pressure changes. However, nowhere do the authors account for that. They should at least discuss this point and try to justify why the effect is neglected. In my opinion, this phenomenon might affect the conclusions, especially for consumption pattern C (no tank).

At various points the article advises to treat water meter replacement as an optimization problem, aimed at maximizing the revenues of the water supply company. However, that is a very one-sided approach, as if the only risk involved is that of the water supply company. A balanced approach should consider the risks of both the water supply company and the consumers. Situations with over-registration should be just as undesirable as situations with under-registration. A way to achieve this is for example regular sampling inspection, where a decision to replace the population of water meters of a certain age is based upon the quality of a random sample of water meters of that age. The quality of each individual water meter of the sample should be determined with a test bench, where positive and negative registration errors are given the same weight.

Some minor points systemic error -> systematic error

The following text from page 126, line 3 is not clear: “The error curve of the 143 water meters for low flow rates were defined for four different pressure values, representing the network pressure measured upstream of the instruments: 0.5, 1.0, 1.5 and 2.0 bar. For each test pressure, the meters were tested at four different experimentally determined flow rates: the first being the highest flow rate at which the meter sensor remains at rest, with the other three at increasing intervals of one litre per hour (i.e. the second flow rate is one litre per hour greater than the first, and so on).” However, how does this reconcile with the shown example of an error curve (figure 5), containing 25 data points, while from this text I understand that only 4 data points were obtained? Or does figure 5 contain a mix of measured and modelled points? If so, that would be misleading.




Authors:
First, the authors thank the Referee for the compliment and the kind words.

The authors are aware that several models have been developed for determining network components’ optimal replacement time by means of a performance assessment of the network coupled with a technico-economical analysis of the costs to repair or replace the damaged parts of the system (Kanakoudis and Tolikas, 2001; Kanakoudis and Tolikas, 2004) or by means of a decision-support system (Makropoulos and Butler, 2005, among others). The methods used for identifying an adequate replacement frequency of water meters and determining the most suitable meter type are based on lab tests of used meters, field measurements of real consumption patterns, or the use of company billing data systems (Arregui et al., 2003; Arregui et al., 2011). A solution is generally obtained by minimising a function representing the average annual costs of the meter, which includes the cost of the equipment, its installation and the unaccounted-for water. Early meter replacement will result in a higher average cost due to the initial fixed costs. However, if a meter is replaced too late, a significant loss of revenue caused by metering errors will also increase the average cost. As a consequence of the multiple factors related to meter performance that affect apparent losses, the authors proposed a composite indicator in a previous study (Fontanazza et al., 2012). This indicator allows the performance of a meter to be analysed during its operating life and suggests a reliable replacement strategy aimed at the reduction of apparent losses caused by meter under-registration.
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Formal statistical tests have been added to the analysis as suggested by the Referee. The linear dependency of the average starting flow on pressure is checked for by means of t test, the results of that is showed in Table 3. Finally the assumptions of normality, homoscedasticity and linearity are tested by analysing the standardized residuals (Figures 9 and 10).
The 143 water meters tested are worn-out devices replaced with new instruments in 2006 by the local Palermo water utility. They were not drawn from a more numerous sample but were the only available to test.

The three consumption profiles are used to make preliminary remarks, not general but to be generalized.
The authors only measured the low flow rate parts of each error curve so they do not provide any measured error values at high flow rates. However, the authors do not believe that the errors at high flow rates, that are usually positive, are negligible. In this study, they paid attention to low and very low flow rates only. The aim of this paper is to deeply analyse what happed when flow rates passing through the meter is lower than the starting flow. Meter under-registration is greater when the demand is characterized by a high per cent consumption at low flow rates and this phenomenon occurs when a private tank is interposed between the meter and the end user.

[bookmark: _GoBack]The water consumption profiles were obtained from an experiment performed in 2008 when fifteen residential users in the Palermo distribution network were continuously monitored for approximately 2 months. During this period network pressure is recorded as well. Pressure ranges between 0 and about 3 bar. Pressure not much affects consumptions of profiles A and B. In profile A, the tank was empty when pressure becomes to increase and the flow rates depend on the float valve emitter coefficient and the valve effective discharge area above all. In profile B, the tank was always full and, once water flowed from the tank to the user, was rapidly replenished through a partially open float valve. The flow rates were in any case low, whatever pressure there was. The effect of the pressure on the consumption profile C has not been investigated because the measured values were within the pressure range taken into consideration.

Figure 5 has been corrected.

