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1. Introduction

1.1 Introduction

Some policy advocates question the financial capability of small water utilities and those utilities’ ability to provide reliable service to their customers at an affordable price.  In addition, affordability concerns for small systems have been countered with the argument that small utilities are charging less than their larger counterparts, so while a particular percentage increase may seem large, the resulting average bill is reasonable.

Typically, these issues are discussed based on anecdotal information or by using data from surveys that include households that do not directly pay a water bill (for example, because the cost is included in a rental payment or maintenance fee, or because they are not connected to a public water supply).  Previous research has shown that almost 40% of households in the United States do not pay a water bill directly (Rubin), but some data sources (such as the Consumer Expenditure Survey) include households with zero expenditures in their averages.

The issue of “non-paying” recipients of water service is particularly important for very small water systems.  U.S. EPA reports that at least 50% of water systems serving fewer than 100 people do not keep separate income and expense records for water and do not charge directly for water service.  (U.S. EPA 1999)  Many of the very small water systems that do not charge directly for service are mobile home parks or homeowners’ associations where the recipient of service is paying another charge to the owner of the water system.  This is consistent with the author’s previous finding that more than 52% of mobile home residents do not pay a separate water bill.  (Rubin)

In addition, it is important to put the financial condition and average revenues of small water systems into perspective by comparing them to larger water utilities.  This is important for at least two reasons.  First, there is strong evidence that there are economies of scale in the production and distribution of water, at least up to a certain size.  (Clark and Stevie)  Indeed it has been posited by more than one study that there is a maximum efficient size for a water utility and that if utilities become larger than that size marginal costs will begin to increase.  (Clark and Stevie; Mizutani and Urakami; Ashton)  Clark and Stevie show that the major determining factor of the efficient size of a water utility is population distribution (or dispersion) within the service area.  As a result, it can be expected that “small” utilities will have higher costs per customer than “large” utilities, but there may be a point where costs begin to increase as the utility becomes inefficiently large.  Thus, a finding that small water utilities had revenues or expenses per customer of a certain amount would not be particularly meaningful in and of itself.  The revenues and expenses of small water utilities need to be put in perspective by comparing them to larger water utilities.

Second, there is evidence that many larger water utilities are not collecting revenues that are sufficient to recover their costs.  For example, a survey of approximately 800 water utilities that each serve more than 10,000 people found that 29% of these larger water utilities had expenses greater than their revenues.  (U.S. GAO)  If, for example, it were found that a similar percentage of small water utilities also failed to charge sufficient revenues, then it would be difficult to conclude that there is a “small system” problem.  Rather, it would appear only that small water utilities were not much different than their larger peers.  Of course, if the financial condition and average revenue level of small utilities were significantly different than larger utilities, that should lead to further investigation into the reasons for those differences.

The purpose of this study is to calculate various measures of water utility finances, determine whether there are statistically significant differences among different sizes of utilities, and identify areas of potential concern for future study and policy initiatives.

1.2 Data Sources

The analysis presented in this paper will focus on water “utilities” as opposed to water “systems.”  There are two important elements to this distinction.  First, a utility may encompass more than one physical water system.  For example, a utility may serve multiple service areas that are not physically interconnected.  Each physically separate service area would be a separate water system, but the utility as a whole would be operated as a single enterprise.  Second, for purposes of this paper, a utility is an enterprise that is operated on a stand-alone basis, with separate accounting records and specific charges for the provision of water service.  The utility may be owned by another entity (for example, many water utilities are owned by cities or other units of local government), but it will be treated as a “utility” if separate accounting records are kept for the utility enterprise.

The data for this analysis were obtained from four types of sources:

· Rural Water Associations in Kansas and North Dakota (310 utilities);

Annual reports filed with public service commissions in Idaho, Indiana, Kentucky, Pennsylvania, and Wisconsin (646 utilities);

· U.S. EPA’s Community Water System Survey (CWSS) for 2000 (987 utilities that charge for water service) (U.S. EPA 2002); and

· The water:\stats database compiled by the American Water Works Association (503 utilities) (American Water Works Association).

Collectively, these sources contain data on water utilities’ revenues, expenses, and number of customers for 2,446 water utilities of various sizes.  Figure 1 shows the number of water utilities in each size category (using U.S. EPA’s size categories for population served) in the data set.
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With the exception of the Community Water System Survey data, the population served was estimated from the number of residential customers, using an average population of three people for each residential customer.

The data sources contained revenue and expense data for different years, ranging from 1997 through 2001.  To facilitate a comparison among various time periods, all revenue and expense data were converted to year 2000 dollars, using the Consumer Price Index.

There is an important caution about the data which affects the interpretation of any results from this study.  The accuracy and comparability of the data were not verified, other than to check basic arithmetic.  Thus, there is no way to be sure that one utility’s “expenses” include the same categories as another utility’s “expenses.”  From the way in which the data were provided, this may be a particular concern with some small water utilities that do not separately account for depreciation.  It is unclear whether depreciation is, in fact, included in these utilities’ operating expenses or if it is accounted for elsewhere (for example, as part of debt service), or not at all.  In addition, because each utility in the data set has information for only one year, these data may reflect one-time occurrences that may not be representative of a water utility’s on-going level of revenues or expenses.

1.3 Methodology

Four measures of water system finances and revenues were used to attempt to determine if there were significant differences in the rates or finances of different sizes of water systems.  The measures used were as follows:

· Ratio of revenues to expenses

· Average residential revenues per residential customer

· Average revenues per customer

· Average expenses per customer

For each analysis, a water utility was used in the analysis only if it had an entry for the factor being analyzed that was greater than zero.  For example, in analyzing average residential revenues per residential customer, a utility was used only if it showed positive residential revenues and at least one residential customer.

In addition, each analysis employed a screen to eliminate outliers.  The screens, which are shown in Table 1, were designed to eliminate extreme cases that could be the result of reporting errors, extreme one-time events, or other highly unusual situations (such as a start-up utility that shows very high expenses and almost no revenue).

	Table 1

Impact of Outlier Screens on Data Set

	
	Low screen
	High screen

	Ratio
	Value
	Utilities

eliminated
	Value
	Utilities

eliminated

	Revenues / expenses
	0.2
	11
	5.0
	12

	Residential revenues / residential customer
	$10
	2
	$1,000
	19

	Revenues / customer
	$50
	3
	$5,000
	16

	Expenses / customer
	$50
	14
	$5,000
	16


The statistical significance of differences in average (mean) values was determined using the Analysis of Variance (ANOVA) analysis, augmented with Tukey’s HSD analysis.  The statistical significance of differences in the percentage of utilities having a particular characteristic (for example, the percentage of utilities having expenses in excess of revenues) was determined using a Chi Square analysis.  Statistical significance is defined as a probability less than or equal to 5% that a difference would be observed if there were actually no difference in the populations.  Statistical analyses were conducted using SPSS for Windows, version 11.0.1, from SPSS, Inc.  The significance is reported as the probability (p) that the observed difference is zero.  Thus, the result is considered to be statistically significant if p <​ 0.05.

In the figures, when a mean value is shown, it also will be reported with a 95% confidence interval.  The confidence interval represents the range within which the “true” mean would lie; that is, given the number of data points and the variability within that data, there is less than a 5% likelihood that the true mean of the population will lie outside of the confidence interval.

2. Results

2.1 Ratio of Revenues to Expenses

The ratio of revenues to expenses is an important indicator of the overall financial health of a utility.  Previous studies have shown that a ratio below approximately 1.15 (that is, revenues that are 15% higher than expenses) is an indicator of potential financial and/or managerial problems with a water utility’s operations.  (Cromwell, et al.; Beecher, et al.)  Obviously, if the ratio of revenues to expenses is less than 1.00 – that is, revenues are less than expenses – then it would indicate that, at least in that year, the water utility is failing to recover adequate revenues. 
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The median utility had a ratio of revenues to expenses of 1.11, and 56% of the water utilities had a ratio of revenues to expenses that was less than 1.15. As shown in Figure 2, the size of the water utility makes little or no difference in this proportion.  For each size category, between 54% and 59% of the utilities had ratios less than 1.15.  Similarly, the medians ranged from 1.02 (utilities serving more than 500,000 people) to 1.13 (those serving between 10,001 and 50,000 people), as shown in Figure 3.  The differences in the percentage of utilities that have a ratio of revenues to expenses less than 1.15 are not statistically significant (p = 0.80).
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One-third (33%) of the water utilities in the data set had revenues that were less than expenses (ratio less than 1.0).  The highest percentage of utilities with revenues less than expenses were those serving more than 500,000 people (44%).  Other size categories had between 26% and 40% of utilities with revenues less than expenses.  Those serving between 3,301 and 50,000 people were least likely to have revenues that were less than expenses.  The differences in the percentage of utilities that have revenues less than expenses are statistically significant (p = 0.001).

An analysis of the mean ratio of revenues to expenses showed no meaningful difference in the ratio by utility size.  That is, small water utilities were just as likely to have revenues in excess of expenses (which we can think of us “profitability”) as were larger water utilities, and there was no significant difference in the average level of profitability.  These results are illustrated in Figure 4, which shows the mean ratio of revenues to expenses, as well as the 95% confidence interval for the mean.  It is apparent that there is no significant difference in this ratio among the different sizes of water utilities, and that is borne out by the statistical analysis (p = 0.307).
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2.2 Residential revenues per residential customer

The average and median residential revenues per residential customer of the smallest water utilities – those serving fewer than 100 people – are significantly higher than those of all categories of larger water utilities, except utilities serving more than 500,000 people, as shown in Figures 5 and 6.
  Water utilities that serve between 501 and 3,300 and those that serve between 10,001 and 50,000 customers tend to have significantly lower average revenues than most other size categories of water utilities.
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The average and median annual revenue per residential customer for all water utilities were $268 and $240, respectively.  The smallest utilities, however, had average residential revenues that were 27% higher, or $341 per residential customer.  As Figure 5 shows, the smallest utilities had average residential revenues per customer that were nearly $100 per year higher than those of utilities serving between 501 and 50,000 customers.  Similarly, the median value for the smallest utilities ($321) was 34% higher than the median for all utilities in the data set ($240), as shown in Figure 6.
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This is an interesting finding because other surveys, such as the CWSS, have concluded that the smallest water systems have the lowest average revenues per customer.  It appears that a major reason for this difference is that the CWSS and some other surveys include small water systems that do not charge separately for water service (which is often the case, for example, with mobile home parks).  In contrast, the data set used here includes only utilities that charge directly for water service.

2.3 Revenues per customer

Average revenues per customer (that is, all revenues and all customers) appear to follow the same pattern as average residential revenues, but the median values show a very different relationship.  Figure 7 shows that water utilities serving 100 customers or less have significantly higher average revenues per customer than do all size categories serving fewer than 50,000 people (p < 0.001).  
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Once again, utilities in the middle size ranges tend to have a significantly lower level of average revenues per customer.  That is, utilities serving between 501 and 10,000 people have significantly lower average revenues per customer than utilities serving fewer than 100 people (p < 0.001) and between 100,001 and 500,000 people (p < 0.016).

The median values, however, do not reflect this same relationship.  The median utility in the data set has revenues per customer of $357, which is the same as the median for the smallest utilities.  Larger utilities (those serving more than 50,000 people), however, have higher median revenues per customer, ranging from $375 to $439, as shown in Figure 8.
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This different pattern appears to be the result of a greater degree of variability in the data for very small water utilities (note the size of the confidence interval for that size category in Figure 7).  The statistical analysis of the differences in means is statistically valid, but further research may be necessary on other data sets to obtain more information about very small water utilities.

2.4 Expenses per customer

Figure 9 shows that the differences in average expenses per customer, by utility size, track very closely with differences in revenue levels in those utilities.  That is, the smallest water utilities have the highest average level of expenses per customer, while mid-sized utilities tend to have lower average expense levels.

Specifically, utilities serving fewer than 100 people have average expenses per customer that are between $160 and $240 higher than all other size categories serving up to 500,000 people (all differences are significant at p < 0.001).  Slightly larger “small” utilities (serving between 501 and 3,300 customers), however, have average expenses that are significantly lower (by between $75 and $130) than utilities serving more than 100,000 people (p < 0.045)
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The results of this analysis are consistent with the results of the analysis of the ratio of revenues to expenses (Figure 4), which showed no significant difference among utilities of different sizes.  That is, regardless of size, utilities tend to establish their water rates to collect revenues that are, on average, about 20% higher than expenses.  This margin would cover debt service payments, dividends to stockholders, and a surplus to provide internally generated capital for system improvements.   So, utilities with high expenses per customer also tend to have high revenues per customer.

As was the case with revenues per customer, the median expense levels per customer (Figure 10) do not show the same relationship as the average expense levels.  The overall median expense level is $313 per customer, with the smallest and largest utility sizes showing the highest median values.  The same explanation applies to the median expense levels as applies to median revenue levels – further data should be collected (particularly from the smallest and largest systems, since those categories exhibit the largest variability) to determine if these patterns change.
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3. Conclusions

3.1 Sufficiency of revenues

Data compiled from more than 2,400 water utilities shows that the size of the utility does not have a statistically significant relationship to the utility’s ability to collect a level of revenues that is self-sustaining.  Specifically, the average ratio of revenues to expenses does not vary significantly by utility size.

Approximately one-third of all utilities in the sample failed to recover revenues that were at least equal to the utility’s expenses.  The smallest (serving fewer than 100 people) and largest (serving more than 500,000 people) utilities were significantly more likely than mid-sized utilities (serving between 3,000 and 50,000 people) to have revenues that were less than expenses.

Further, more than half of utilities in each size category had a ratio of revenues to expenses less than what appears to be the long-term sustainable level of 1.15.  The percentage of utilities with ratios below this level was nearly constant, regardless of utility size.  

There is no evidence from these data to suggest that a revenue insufficiency is a “small utility” problem.  On the contrary, it appears to be a problem that is endemic to the water utility industry as a whole, without regard to the size of the utility.

3.2 Average revenues and expenses per customer

Average revenues and expenses per customer were significantly higher for the smallest utilities (serving fewer than 100 people) than they were for all but the largest utilities (serving more than 500,000 people).  The data exhibit a steep decline in average expenses per customer as the size of the utility increases until the utility serves between 10,000 and 50,000 people.  Utilities serving more than 50,000 people then show steadily increasing average expenses per customer.

Average revenues per customer track average expenses very closely.  That is, those utilities with high average expenses per customer also tend to have high average revenues per customer, while those with low average expenses tend to have low average revenues.  In other words, on average utilities tend to collect revenues that are sufficient (but as noted above, often barely sufficient) to recover their expenses.

While there is strong evidence that the smallest utilities (serving fewer than 100 people) have very high average expenses per customer, there is no significant difference in the average level of expenses per customer for utilities serving between 100 and 100,000 people.

Finally, other researchers are encouraged to collect additional data and to conduct additional analyses to attempt to understand the reasons why it appears that a large percentage of water utilities of all sizes fail to collect revenues sufficient to sustain their operations.

4. References

American Water Works Association, Water:\Stats 1999 Survey: Financial / Revenue (2001).

Ashton, John K., Capital Utilisation and Scale in the English and Welsh Water Industry, Service Industries Journal, 23:5:137-149 (Nov. 2003).

Beecher, Janice A., G. Richard Dreese, and James R. Landers, Viability Policies and Assessment Methods for Small Water Utilities, National Regulatory Research Institute (Ohio State Univ.), No. 91-17 (1992).

Clark, Robert M. and Richard G. Stevie, A Water Supply Cost Model Incorporating Spatial Variables, Land Economics, 57:1:18-32 (Feb. 1981).

Cromwell, John E., Scott J. Rubin, Frederick C. Marrocco, and Mark E. Leevan, Business Planning for Small System Capacity Development, Journal American Water Works Association, 89:1:47-57 (Jan. 1997). 

Mizutani, Fumitoshi and Takuya Urakami, Identifying network density and scale economies for Japanese water supply organizations, Papers in Regional Science, 80:211-230 (2001).

Rubin, Scott J., The Cost of Water and Wastewater Service in the United States, National Rural Water Association (2003).

U.S. EPA, Community Water System Survey 2000, EPA-R-815-02-005A (2002).

U.S. EPA, National Characteristics of Drinking Water Systems Serving Populations Under 10,000, EPA 816-R-99-010 (1999).

U.S. GAO, Water Infrastructure: Information on Financing, Capital Planning, and Privatization, GAO-02-764 (2002). 

Copyright © 2004 by National Rural Water Association. Compilation copyright © 2004 by National Rural Water Association. All rights reserved. No part of this paper may be reproduced or transmitted in any form or by any means, electronic or mechanical, including photocopying, recording, or by any information storage and retrieval system, without permission in writing from the publisher. ��National Rural Water Association, 2915 South 13th Street, Duncan, OK 73533, 580-252-0629, FAX 580-255-4476�� HYPERLINK "http://www.nrwa.org/" �http://www.nrwa.org�, Printed in the United States of America.


























� The rural water associations provided their databases directly to the author.


� Public service commission databases were either downloaded from the commission’s web sites (Idaho, Kentucky, Pennsylvania) or obtained from the commission or its contractors (Indiana, Wisconsin).


� When comparing the means of utilities serving fewer than 100 people to larger utilities, the p values range from 0.039 (101-500 people) to < 0.001 (all categories from 501 to 50,000 people).





� Utilities serving between 501 and 3,300 people have significantly lower average residential revenues than utilities serving fewer than 100 people (p < 0.001), between 101 and 501 people (p = 0.003), and between 100,001 and 500,000 people (p = 0.020).  Utilities serving between 10,001 and 50,000 people have significantly lower average residential revenues than those serving fewer than 100 people (p < 0.001) and between 101 and 500 people (p = 0.029).
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