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Figure 1. Distribution among household of water saved by retrofitting toilets, showers, 2 
faucets, and clothes washers. 3 

 4 

Figure 2. Cumulative distribution among households of water saved by retrofitting 5 

toilets. 6 
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Figure 3. Cumulative distribution among households of water saved by retrofitting 9 
showerheads. 10 
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SUBJECT:  Re-submission of Manuscript #WRENG-575 to Journal of Water 
Resources Planning and Management 

 

Emily Sirotta 
Editorial Coordinator 

JWRPM 

 

Dear Ms. Sirotta: 

  
Please find attached an electronic copy of manuscript #WRENG-575 titled “Estimating 

and Verifying United States Households’ Potential to Conserve Water” by Francisco J. Suero, 
Peter W. Mayer, and David E. Rosenberg. I am resubmitting the manuscript for publication as a 

Case Study in the Journal Water Resources Planning and Management. 

 
A summary of changes with responses to the reviewers’ comments is attached to this 

letter. Should you need to contact me, please use the above e-mail address, or phone number. 

   
Sincerely,  

 

 

   
Francisco J. Suero (the corresponding author) 
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Summary of Changes and Responses to Reviewers’ Comments on  

WRENG-575  

(Estimating and Verifying United States Households’ Potential to Conserve Water) 

 

Summary of Changes: 

 

We appreciate the time the reviewers and associate editor have taken to provide a 
second round of extremely helpful feedback to improve the writing and the paper’s 
contribution to estimate households’ potential to conserve water. We have revised 
with the following principal changes made largely in response to the reviewer 
comments: 

1. Changed all Imperial units to SI units, 
2. Changed the cumulative probability plots to normal probability plots, 
3. Edited tables and equations to make them consistent throughout the 

manuscript, 
4. Clarified concepts of the statistical tests used, 
5. Edited the manuscript to make it more clear and consistent. 

 

Below, responses to individual comments further elaborate on the above general 
points. The original comment is presented in black and our response in red. 

 
Reviewer #1 
 
1.      As to use of SI unites versus imperial units: the ASCE guidelines state "All ASCE 
publications use SI units in text, figures, and tables. Customary (also known as English or 
imperial) units may be included in parentheses, if the author chooses." 
 

We have changed all Imperial units to SI units. 
 
 

2.      the paper is based on the statistical analysis and comparison of the different methods. It is 
unsatisfactory that there are no qualitative statements on when an R2, K-S stat or t-stat are 
considered to be satisfactory (e.g. R2 > 0.7, K-S Stat < xx, t-stat < yy). This means that one 
model may do better than the other, but if it does well (or good enough) is still unclear. In the text, 
statements like "likely similar" do not provide clarification. Also, statements like "very" or "much 
more" are not very scientifically. 
 

We have removed words like satisfactory and instead base statistically similar on a P value < 
0.05 (or > 0.95). 

 



3.      I find it confusing that the parameters as used in equation (1) have the same names (a, b, c, 
d) as parameters in Table 2, but have different meanings. It seems that a (Eq 1) equals j (Table 
2), b=g, c=k, d= h. The same can be said for Eq (2)-(3). 
 

Yes. The equations now all use consistent notation which is also consistent with the notation 
in Table 2.  

 
4.      ln 242 "D value is large …" what is large (see comment #2)? In Table 3 this is called K-S 
Stat (not D value). 
 

We have edited to clarify that we reject the null hypothesis when the K-S statistic, D, is 
greater than 0.4 and the associated probability P is < 0.05. In table 3, we now write: ―K-S Stat 
(D)‖. 

 
5.      ln 262 "… model can effectively estimate …" Is this true? P-value > 0.05. 
 

Please see the first paragraph of the Results section. Since P > 0.05, we accepted the null 
hypothesis that the two distributions are similar. 

 
6.      ln 272 and 273. change "significant" to "statistically significant". 
 

Changed. 
 
7.      ln 279-280. Values from the table were rounded in the text, but not correctly. 
 

We have corrected the values reported in the text (now on lines 273-274). 
 
8.      with the shower models, the hybrid model was not discussed. With a statistical significance 
(small P) it can be concluded that it does not suffice (large K-S stat). 
 

Thank you for pointing this fact out. We have added a sentence on lines 276-278 which 
discusses this result. 

 
9.      Mind that figure 3 is not discussed in the text. 
 

Thank you for the observation. It is now discussed in the showerhead results section. 
 
 
10.     ln 292 "likely the most similar" (see also comment #2), P = 0.875. Statistically very much 
not significant. 
 

We have reworded this sentence to read ―The regression model distribution has the lowest D 
value and highest significance and is the most similar to the observed distribution of savings.‖ 
The sentence now appears on lines 287-288. 

 
11.     Ln 293 "fit very well". I would remove "very". 
 

Thank you, done. 
 
12.     ln 344. How can the reader conclude this from table 4? From table 4 I would conclude the 
same for the shower. 
 
Yes, this observation is correct and is already noted twice in the text. The paragraph starts 
―Across appliances…‖ (line 339) meaning the results subsequently discussed apply to all the 
appliances including the shower. Later we note that the differences are statistically similar for 



toilet, shower, and faucet retrofits. To clarify, we have revised the opening of the paragraph to 
read ―For each appliance, …‖. 
 
 
13.     ln 364 "explain much more" I would remove "much" 
 

―Much‖ has been removed. 
 
14.     ln 365 "the result is likely". Do you mean "the result is as expected"? 
 

Yes, and we have clarified this by writing ―expected‖ instead of ―likely‖. 
 
15.     ln 391 "the main difference" this suggests that you think that the models are very similar. 
This is not the case. The hybrid model is not a linear model; all the parameters are multiplied (see 
what happens if the left and right side of the equation are raised to the power of "e". 
 

Yes, the observation of non-linearity naturally follows from the hybrid model equation. 
However, raising both models to the power of ―e‖ shows that both models are also non-linear 
(and thus similar). 
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Regression Model 
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This similarity stems from a structural similarity we have already noted in the text—namely, 
that both models take the natural log of the independent variables. Therefore, we have left 
the text unchanged. 

 
16.     ln 407. How can utilities know which households have high frequency of use, how can they 
target these households? Is there also a significant relation between total water use and saving 
potential? This would be easier for a water company to establish. This may include both large 
households and high frequency of use into one parameter. 
 
 

Yes, utilities sometimes use overall water use as an indicator of behavior, but reliance solely 
on water use is confounded by demographic and behavioral factors. We have added a 
sentence in the discussion which notes this point. ―Water utilities can and sometimes do rely 
on large billed water use as a proxy for behavior in efforts to identify households with 
potential to save the most water; however, demographic and technologic factors such as 
household size and appliance flow rates can confound this practice.‖ As shown in the figure 
below, yes, in some cases, high users also save the most water. However, we also see 
several high users that save little water. More generally and for each appliance, there is wide 
vertical spread (water saved) among households that use the same water volume pre-retrofit 
– which suggest other factors (apart from water use) affect water savings. Again, as we 
already noted in the text, we feel this limitation really motivates further research in this area. 
 
 



 
 
 

17.     ln 446-447: which model do you recommend? 
 

We thought our recommendation was clear in the proceeding sentences where we outlined 
the conditions under which it was appropriate to use each model. We have reworded these 
sentences in active voice to make our recommendation more clear (lines 422-427). 

 
18.     table 2, ln 11. Why are coefficient and elasticity for the hybrid model different? 
 
 

Thank you for the observation. That was a typo, which is now fixed. 
 
 

19.     in tables 1-3 the hybrid model is mentioned before the regression model. In the text it is the 
other way around. Consistency prevents mistakes in reading the tables. 
 

Thank you, we have corrected this in the text. 
 
20.     table 4. I would like to see more information on units in the table or the caption. The 
frequency of use for a shower may be in minutes ( I don't think that a household of on average 
3.7 people would take 6.9 showers per day). Toilet flushes 7 per day is most likely per person per 
day. Water price in $ per m3? Please clarify. 
 

We have added units and footnotes to Table 4 to clarify the units used for each appliance. 
Thanks. 

 
21.     fig 2 and 3. As stated before, please use a normal probability plot. With this I mean that the 
y-axis is not linear as it is now, but is set to the normal probability. This will most likely lead to less 
curved lines and will provide more insight in the differences at the tails. 
 

We have changed the cumulative probability plots to normal probability plots. The traces are 
still curved and indicate the distributions are not normal. We have added this observation in 
the text. 



 
 

 
 
Reviewer #3: 
 
1) on line 280, the authors claim that the "results show that the distribution of savings estimated 
are statistically similar to the observed distribution" - I am not sure how they can make that 
argument, especially for the shower model. 

 
Please keep in mind, a low D-value and high significance level indicate the distributions are 
statistically similar. The sentence referenced only the similarity between the analytical and 
regression models. Yes, the hybrid shower model is likely different. We have added a 
sentence to clarify. See also our response to Reviewer #2, comment #8. 

 
2) The shower models shows terrible R2 values (i.e. 0.36 and 0.27) and yet the authors seem to 
ignore this issues and still continue to present results associated with these models as signficant. 

The overall fit may be poor (for a variety of reasons discussed later in the manuscript), but 
several of the variables in the model are significant (i.e., the coefficients differ from zero and 
thus explain part of the water savings). The low R2 just means there are other unobserved 
variables (not included in the model) that also explain water savings. We have added this 
note on lines 270-271. 

 
3) Line 319 "distributed" should be distribution 

Fixed. Thanks. 
 
4) The authors acknowledge in line 314 that "The change....could be due to "malfunctioning 
faucets in these houses were loggest as faucet use rather than faucet leaks"  I think the same 
arugment can likely be made with regard to the toilets.  The authors provide no plots of actual 
time series or even discuss such an evaluation as a basis for excluding such a 
possibility.  Without some measure of certainty with regard to the issues, the resulting models for 
these uses seem to be highly questionable, and thus it seems that the resulting models and 
conclusions that are drawn from such results are highly suspect.  Yet the authors confidently 
conclude: "High savers tended to use appliances more frequently than low savers with this 
difference significant for the toilet and facuet models."  I do not believe the authors have provided 
sufficent data from which to draw such a conclusion and thus I cannot justify approving a paper 
that may mislead the reader by providing what I consider to be highly suspect results. For 
example, the authors conclude that this "Study results also show that houses with a higher 
frequency of use save more water"  - it is quite possible that if these houses were subject to leaky 
faucets and toilets, then what is being perceived by a high frequency is nothing more than 
evidence of leaks. 

 

As noted in the Data Set section (line 101), leaks were recorded and disaggregated 
separately in the database (USEPA, 2004). The average leakage rate decreased from 33.6 
gpd before retrofits to 11.2 gpd after retrofits, a reduction of 67%. The median leak rate also 
dropped to 4.6 gpd--which shows that the leakage rates are still heavily skewed to the right 
(USEPA, 2004). As the reviewer suggests, this reduction in leakage is likely because of the 
new and more efficient appliances; appliances tend to malfunction as they get older. 
Generally, the observed data and model estimates excluded these leaks since leaks were 
disaggregated separately and we did not use the leak data in the case study analysis.  
 
This separation is possible because the Flow Trace Wizards can identify two kinds of 
leaks.  The first type is intermittent leaks, such as toilet flappers or faucet drips and the 
second is continuous leaks due to broken valves or leaky pipes.  Intermittent leaks are 



identified by their very low flow rates (too low to be faucets), association with other events 
that might initiate a leak, or the fact that they simply do not appear to be faucet use, and 
because they occur too frequently to be explained by someone standing at a sink and 
operating a faucet for a long duration. Intermittent leaks are very common, and most traces 
contain a number of these types of leaks. The lower limit of ―leak‖ detection is based on the 
ability of the water meter to register the flow.  To the extent that the meters cannot register 
very low flows, leakage measurements would be under-estimated. Obviously, there can be a 
blurred line, for example, with faucets and toilets, between the use event (when the faucet is 
turned towards off or the toilet flush ends) and the leak begins (dripping faucet or leak 
through the toilet flapper). This is the uncertainty we meant in the original text to which the 
reviewer referred. 
 
Constant leaks, on the other hand, are continuous events.  In some cases these may not be 
leaks at all, but instead represent a device that has a constant water demand, such as a 
reverse osmosis system or a once-through cooler.  The presumption, though, is that these 
are leaks.  Use of survey information can be used in conjunction with the end use data to look 
for correlations between leakage and fixtures in the home to see if there might be a 
relationship that helps clarify the source of the ―leak‖ and leak-like events. Generally, though, 
appliance retrofits, which are the focus of this case study, would not affect the continuous 
leakage; thus we observe that the post-retrofit leak rate is 11.2 gpd and still positive. 
 
In the discussion section (lines 411-415), we now explain that our analysis excludes leak 
volumes saved by fixing leaky appliances. We also summarize how we are able to separate 
out thse leaked volumes. 
 

 
5)  The authors did not examine the possible geographical impacts on the data.  What statistical 
analysis is provided to insure that the demand patterns in Oakland or Seattle or Tampa are 
similar or disimilar.  It would seem that such an analysis would be required to eliminate this 
possible variables from impacting the analysis. 
 

We found that the location (city) was not a significant explanatory variable of water savings. 
Please see last paragraph of the methods section for a sentence that clarifies this finding. 

 

 
6)  One of the stated objectives of the paper is to provide a basis for utilities to reduce cost, yet no 
general $ amounts are hypothesized or projected.  Just how much money could a utility be 
expected to save? 
 

Actually, the objective as stated at the end of the introduction is to identify ways U.S. water 
utilities can target retrofits to households with potential to save the most water (lines 91-92). 
Cost is not mentioned until the second to last sentence of the conclusions. Cost savings for 
utilities are well documented in USEPA (2004) which we quote here below. To further avoid 
confusion, we have removed the words ―and lower costs‖ from line 443 in the manuscript. 

 

The Utility Perspective 

The water that is saved as a result of residential retrofits has a value to the water utility 

in the form of the capital cost of developing new firm yield supply. This is a major 

amount of money and is frequently overlooked in conservation planning. The value needs 

to be based on firm yield (available in dry years) rather than the cost of water on the spot 

market when available. Water developed in this way can be used for supplying new 

growth, as a drought reserve, or for environmental enhancement. 

 

In parts of the country with limited supplies, the capital cost to develop new firm yield 



can easily exceed $10,000/acre foot. A savings of 30 kgal per existing customer amounts 

to 0.092 af/customer, which, at $10,000/af, would have a capital value of $920/af. If the 

utility provided this money to the customers this would reduce the total gross cost of the 

retrofits to $664 and the pay-back period down to 2.4 years. So homes in which the 

existing fixtures and appliances had a full economic life in front of them could be 

replaced with a payback period to the customer down at the incremental cost range. The 

capital value of the saved water would accrue to the utility as a one time amount in the 

year that the retrofit project was performed. So, a utility with an active 

retrofit program with savings and costs as described above would realize a capital value 

of $920,000 per year in water supply.  
 

 
7) In looking at the distribuiton of water saved for retrofiting showerheads, (Figure 3) it would 
seem that the observed distribution is likely normally distributed.  It is likely there are existing 
probability function or transformation function (e.g. sigmoid function) that could provide a better fit 
to the data than the models examined by the authors.  This slide also raises another interesting 
question that seems to be ignored by the authors - it appears that the net savings from 
showerheads (i.e. integration of the function), seems to be almost zero.  It would seem thtat this 
is fairly signficant and should be discussed. 
 

We believe the Normal probability plots requested by Reviewer #2 also address this 
comment. However, note that the distributions of water savings are not normally distributed. 
With regard to the second comment, the average observed savings from retrofitting 
appliances (which represents the integration the reviewer mentions) are already reported on 
line 119. On average, retrofitting showerheads saved 1,600 gallons/hh/year. This amount 
was smaller than toilets and clotheswashers, but larger than faucets and certainly greater 
than zero. 

 
8) Finally, I do not believe the authors have made their case and as a result the paper is 
fundamentally flawed: 
 
1) the conclusions drawn from the data seem highly suspect 

We believe revisions in response to the comments above now clarify how conclusions are 
drawn from the data and responses. 

 
 

2) the authors continue to ignore several important observations 
 

We believe revisions in response to the comments above now consider these observations. 
 
 

3) without a detailed cost analysis it is really impossible to know whether the cost savings for a 
water utility warrant the cost of the extra upgrades 
 

Again, please see our response to comment #6 above. 
 
 

4) by the authors own admission, it is likely to be difficult for most utilities to actually take 
advantage of the results of the study and then implement them in a way that would provide a 
reasonable savings. 
 

Here, a clarification is needed. We noted that utilities can make use of two of the three key 
findings – at present, they are not yet able to make use of the finding  related to the 



frequency of appliance use. Utilities can directly make use of our other findings regarding 
household size and appliance flow rates. The current inability of utilities to make use of 
appliance frequency of use highlights a need for further research in this area which we 
identify in both the Discussion and Conclusions.  

 
 

 
As a result, I do not believe the paper in its current form provides any significant contrbiution to 
this area, and thus I would recommend that the paper not be accepted for publishing 

 


