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Abstract: The provision of safe drinking water provides a dramatic example of the
inherent complexity involved in incorporating environmental justice (EJ) consider-
ations into the implementation and enforcement of new environmental standards.
To promote substantive EJ, implementation policy must be concerned with the net
risk reduction of new and revised regulations. The regulatory concern is that higher
water bills for low-income customers of small public water systems may result in
less disposable income for other health-related goods and services. In the net, this
trade-off may be welfare decreasing, not increasing. Advocates of Health–Health
Analysis have argued that the reduction in health-related spending creates a prob-
lem for traditional benefit-cost analysis since the long-run health implications of
this reduction are not considered. The results of this investigation tend to support
this contention. An evaluation of the internal structure of consumption expenditures
reveals that low-expenditure households can be expected to react to an increase in
the relative price of housing-related goods and services due to a water-rate hike
by reducing both housing and health-related expenditures. That is, the representa-
tive low-expenditure household re-establishes equilibrium by not only decreasing
housing-related spending, but also by decreasing spending on health-related expen-
ditures in a modest but significant way. These results reflect the fact that expen-
ditures on housing are a major proportion of overall household spending, and that
accommodating drinking water surcharges exacerbates both health and food secu-
rity concerns for low-expenditures households.
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1 Introduction

The provision of safe drinking water provides a dramatic example of the inherent
complexity involved in incorporating environmental justice (EJ) considerations into
the implementation and enforcement of new environmental standards. The Safe
Drinking Water Act (SDWA) requires the US Environmental Protection Agency
(EPA) to set national standards that protect human health, and then requires public
water systems (PWSs)1 to meet these standards. More than 160,000 PWSs must
implement these standards whether they supply drinking water to a few dozen taps
or a few million.

Over the past decade, concerns over EJ have made the enforcement of envi-
ronmental law, in general, and the selective enforcement of the SDWA, in particu-
lar, even more complex. EJ concerns may arise in one of two ways: (1) failure to
enforce compliance with water quality standards may deny consumers the health
benefits associated with less contaminated water,2 or (2) forcing compliance may
secure health benefits but at prohibitive cost.3 The extent to which EJ consider-
ations further complicate SDWA enforcement depends directly on the extent to
which minority and/or low-income populations are disproportionately served by
PWSs struggling to comply with new water quality standards.

Paradoxically, the decision to enforce compliance with a new drinking water
standard may actually increase water rates significantly while lowering net health
benefits for some low-income households. That is, from a public health perspective,
the decision to enforce a new or revised drinking water standard may be counter-
productive for some EJ communities. A substantial body of research has concluded
that lower incomes are associated with higher mortality risks:

[. . .] the mortality rate for individuals with higher incomes is less than that
for individuals with lower incomes. Reasons for this relationship relate to,
among other things, better nutrition, better sanitation, better health care, bet-
ter education, and better socioeconomic status – all items that are easier to

1 A PWS is defined as having at least 15 service connections or serving at least 25 people per day for
60 days annually.
2 For example, according to the EPA, the value to consumers of a reduction in the risk of adverse health
effects of arsenic exposure includes the following components: (1) the avoidance of medical costs and
productivity loss associated with illness, (2) the avoidance of pain and suffering associated with illness,
(3) the losses associated with risk and uncertainty of morbidity, (4) the reduction in risk of premature
mortality (U.S. EPA, 2000).
3 The cost per household of safe drinking water is almost four times higher for small systems than
for large systems. Small systems lack the economies of scale that allow large systems to spread the
costs associated with infrastructure improvements or SDWA regulations among their many customers.
Each household serviced by a small system could pay more than $3,000 in addition to its regular water
bill, and EPA reports that as a conservative estimate because it does not include proposed or recently
promulgated regulations (Scheberle, 2004).
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come by with money. This raises a key issue about whether the cost of a pro-
posed regulation, which de facto reduces the disposable income of individuals
available for other purposes, would increase mortality risks and therefore pro-
duce more premature deaths than those purported to be saved by the proposed
legislation (Keeney, 1994, p. 95).

The regulatory concern is that higher water bills for low-income customers
of small PWSs result in less disposable income for other goods and services like
health care, food, energy, and other essential services. In the net, this trade-off may
be welfare decreasing, not increasing. The regulatory challenge is summarized by
Sunstein (2001):

If, for example, those who would bear $300 or more in increased annual
costs are also disproportionately poor, there is good reason for government
to hesitate before imposing the regulation. It is easy to imagine a situation in
which water quality regulation is “regressive,” in the sense that its costs come
down especially hard on poor people. Now that is not a decisive objection to
the regulation, but it is certainly an important point to consider (Sunstein,
2001, p. 49).

To promote substantive EJ implementation, policy must be concerned with the
net risk reduction of the revised arsenic regulation. As Raucher et al. (2011, p. 9)
point out: “If a regulation significantly decreases the disposable income of those
affected by the regulation, it could wholly or partially offset the health benefits of
the regulation itself.”4 Increasing the cost of water service to a distressed household
may increase the likelihood that the household will forego some other necessity,
starting with health insurance, then dentist appointments, then doctor visits, then
adequate nutrition, and finally to eviction or foreclosure on the home. Thus, the
core EJ issue at the individual or household level is whether compliance costs of
a drinking water rule outweigh the corresponding net health risk reduction bene-
fit. To the extent that compliance costs can be made affordable, substantive EJ is
promoted.

1.1 Organization of the paper

In the context of safe drinking water standards, the EJ question is straightforward:
do more stringent drinking water standards result in negative net health benefits for
low-income households? To assess this contention, it is first necessary to establish

4 In fact, based on EPA’s own estimates of compliance costs for arsenic abatement, Raucher et al.
(2011, pp. 16–18) estimate that cost-associated risks may be within the same order of magnitude as the
EPA-estimated arsenic risk reductions.
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how drinking water surcharges impact the health-related expenditure decisions of
low-income households. In the following sections, an empirical investigation of the
consumption choices of low-income households is presented.

In Section 2, a review of the literature on the health trade-offs associated with
reduced income is presented, as well as a discussion of the controversy over the
need to incorporate trade-off considerations into conventional benefit-cost analysis.
Section 3 describes the estimation techniques used in the case studies, techniques
designed to evaluate the internal structure of U.S. consumption expenditures by
income class. Section 4 presents the results for two case studies: (1) the health-
expenditure trade-offs resulting from implementation of the recently revised drink-
ing water standard for arsenic for the small community of Tubac, Arizona, which
experienced compliance costs far exceeding EPA’s estimates, and (2) the expected
health trade-offs resulting from the cumulative impact of drinking water regula-
tions, including arsenic, over the 2006–2012 period. The empirical evidence pro-
vided by these case studies tends to support the contention that both health and food
security concerns are exacerbated by drinking water surcharges.

2 Health–health analysis and standard setting

For many years there has been sustained interest in using direct measures of eco-
nomic well-being to assess the welfare status of low-income households. Indicators
have been developed over time to account for both monetary and nonmonetary
elements of support, addressing such diverse items as the ability to pay bills, get
needed health care, and food sufficiency.

An early study by Bauman (1998) utilized data by the Census Bureau in the
Survey on Income and Program Participation (SIPP) from a nationally representa-
tive sample to evaluate low-income household well-being. The intent of the study
was to augment traditional poverty measures with “hardship” measures since offi-
cial poverty measures fail to adequately account for a number of factors that are
critical to household material well-being. The cost of work, health status, the cost
of health care, and noncash government benefits are just a few examples of fre-
quently neglected items. This analytical approach to poverty analysis argues that
questionnaires designed to directly assess the degree to which families experience
financial problems and budget shortfalls (i.e. experience hardship) are needed to
address the central concern of poverty policy; namely, the degree to which families
are able to meet their basic needs.

Three types of questions on material hardship are typically asked. These ques-
tions address a household’s ability to meet essential expenses such as rent, utility,
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Figure 1 Hierarchy of household necessities. Sources: compiled by Raucher et al. (2011), based on
Bauman (1998, 1999), Energy CENTS Coalition (1999), and Boushey et al. (2001).

and medical bills; the ability to see a doctor or dentist as needed; and the adequacy
of food availability. Based on the Bauman (1998) SIPP analysis, and similar hard-
ship or financial distress studies, a hierarchy of household necessities can be con-
structed as shown in Figure 1 (Crawford-Brown et al., 2009).

This empirically documented hierarchy lends some credibility to the concern
that the cumulative impact of drinking water regulatory compliance costs may result
in negative net health benefits for low-income households. Households that have
trouble paying for all of their necessities will tend to do without health insurance
first, followed by not seeing a dentist regularly, not being able to see a doctor as
needed, and not getting enough to eat.5

2.1 Health–health analysis

The research program of Health–Health Analysis (HHA) was initiated partly in
response to financial distress studies and their documentation of the possible neg-

5 Distress or hardship indicators may provide a useful complementary measure to traditional income
measures of health and well-being. For example, these studies suggest an explicit chain of causation for
negative net health outcomes resulting from regulatory compliance costs. Unfortunately, the reliability
of financial distress studies is suspect. Critics argue that answers from the SIPP do not track well over
time. In addition, study results are sensitive to sample selection, response, and attrition bias. The lack
of temporal stability in Census panel data can be partly explained by changing economic circumstances
and partly by responders’ corresponding outlooks. As Bauman (1998) concludes, measures of material
hardship provide insight into the material circumstances of low-income households, but must be used
with some caution as a complement to, not a substitute for traditional poverty measures.

https://doi.org/10.1017/bca.2017.2 Published online by Cambridge University Press

https://doi.org/10.1017/bca.2017.2


54 Dennis C. Cory and Lester D. Taylor

ative net health benefits of regulatory programs.6 Keeney (1994), one of the early
developers of HHA, states the motivating research agenda in stark terms: the cost of
regulations is passed on to individuals; regulators, legislators, lawyers, and judges
that neglect the implications of regulatory costs on fatalities will likely support poli-
cies leading to unnecessary and preventable deaths (Keeney, pp. 108–109). More
formally, HHA postulates a systematic relationship between people’s wealth and
their health, measured, for example, by risks of mortality and morbidity and by gen-
eral life expectancy. Compliance with costly regulations affects the consumption of
risk-reducing goods and services in the same way as a wealth decline. Spending
on compliance necessarily reduces the resources that may be spent on all other
goods and services. The effective size of the pie being smaller, less of it is put to
the purchase of health and safety. HHA seeks to quantify the expected declines in
health and safety that may be ascribed to the costs of complying with a regulation.7

It then compares these outcomes to the direct improvements in health and safety
attributable to the regulation to test whether a government policy may be expected
to generate positive net health benefits (Lutter & Morrall, 1994).8

HHA is an explicit distributive equity or EJ test of a proposed regulation. Cur-
rently the EPA determines drinking water standards primarily based on allocative
efficiency, not distributive equity. Allocative efficiency requires that the degree of
contaminant abatement maximize the net benefits of control. A drinking water reg-
ulation constitutes a Potential Pareto Improvement (PPI) if the marginal benefits of
its implementation exceed the marginal costs. In other words, a proposed standard
would pass the PPI allocative efficiency test if the change in net benefits resulting
from a movement from the status quo to the new standard is positive. The underly-
ing normative proposition for adopting the PPI allocative efficiency criteria is that
society should reject policies that generate more in costs than in benefits.

HHA, on the other hand, addresses an entirely different concern. Low-income
households in small community water systems (CWSs) may be forced to forego
other health services to finance rising water bills. Net health benefits for this group

6 The origins of HHA in the federal regulatory policy context date back to 1992, when the Occupational
Safety and Health Administration (OSHA) considered the effect of compliance costs on workers’ dis-
posable incomes and then looked at the health effects associated with lowering those disposable incomes
(OSHA, 1992). OSHA concluded that compliance costs could reach a point at which it was likely that
the adverse health consequences of the income loss to workers would exceed the health benefits from
the regulation.
7 For example, Gerdtham and Johannesson (2002) estimated the effect of income on mortality using a
random sample of the adult Swedish population of over 40,000 individuals followed up for 10–17 years.
The income loss that would induce an expected fatality was estimated to be $6.8 million when the costs
were borne equally among all adults.
8 The extensive literature on HHA has been reviewed elsewhere (Rubin, Raucher & Lawson, 2008).
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could be negative.9 If so, should the proposed drinking water standard be aban-
doned, adjusted, or left unchanged? Viewed in this light, it is clear that the HHA
criterion of positive health net benefits for low-income households is neither a
necessary nor a sufficient condition for a policy proposal to constitute a PPI. A
proposed drinking water standard could pass the PPI criterion and fail the HHA
criterion, or pass the HHA criterion and fail the PPI criterion. The PPI allocative
criterion attempts to channel scarce resources only into policies that generate more
in benefits than costs while the equity HHA criterion attempts to highlight the EJ
or distributive equity implications of adopting a proposed standard for low-income
households.

2.2 The standard setting debate

The standard setting process conducted by the EPA for the treatment of drinking
water contaminants is quite controversial. The idea of having enforceable, health-
based drinking water standards is well accepted, but the underlying benefit-cost
considerations that accompany the development of new standards are frequently
the subject of intense debate. The revised arsenic standard is no exception in this
regard. Following a detailed and protracted assessment process, a final rule was
issued by EPA that established an enforceable arsenic maximum contaminant level
(MCL) of 10 ppb for all CWSs and nontransient, noncommunity (NTNC) water

9 Sunstein (1996) argues that there are a variety of mechanisms by which risk regulation may increase
aggregate risks:
(a) A regulatory ban may result in independent health risks coming from ancillary “replacement” risks.
If we ban substance A, the replacement substance B may be dangerous too. If a carcinogenic substance
is regulated, perhaps people will use a product that is not carcinogenic but that causes serious risks of
heart disease.
(b) Regulation may produce a new, offsetting risk that is qualitatively similar to or indistinguishable
from the target risk. Perhaps regulation or some substances that threaten to destroy the ozone layer will
produce greater use of other substances that also threaten the ozone layer.
(c) Regulation may force society to lose or forego “opportunity benefits.” For example, careful screening
procedures that keep out drugs and services may deprive people of certain health benefits at the same
time that they protect people from certain health risks. This problem has received recent attention with
respect to the Food and Drug Administration, especially with its efforts to control the spread of AIDS.
(d) Regulated substances may have health benefits as well as health risks, and by eliminating those
health benefits, regulations may therefore create health dangers on balance.
(e) Regulation of one risk may protect a certain group of people while imposing a new risk on another
group. This may happen if, for example, a ban on a certain pesticide protects consumers, plants, and
animals while increasing risks to farmers.
(f) More generally, the economic costs imposed by regulation may create health risks as well. In any
of these contexts, HHA could serve as a useful complement to efficiency analysis in determining the
desirability of a proposed policy.
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systems. The effective date for the new standard of 10 ppb was February 22, 2002,
and all water systems subject to the final rule were compelled to comply by January
23, 2006.

Both EPA benefit and cost estimates for the arsenic rule were sharply criti-
cized.10 Attacks ranged from faulty science and misinterpretation of key economic
data to political agendas.11 In part, the contentious reaction to the proposed rule was
due to EPA’s own admission that the final rule does not pass a quantified benefit-
cost test (i.e., benefits greater than costs). Even for the alternative MCL scenario
of 20 ppb, where compliance costs are lowest, and using the upper bound estimate
for benefits, expected net benefits were still negative. For the MCL scenario of 10
ppb, at which the standard was promulgated, estimated net benefits range from −
$66 million to − $7.9 million dollars per year (in 1999 dollars).12 However, the
EPA argued that there were substantial “nonquantifiable” benefits of arsenic reduc-
tion that would make actual benefits exceed costs at the 10 ppb MCL,13 hence EPA’s
decision to finalize the proposal of a new arsenic standard of 10 ppb. Because of
estimation uncertainties, it is ambiguous at best as to whether the adoption and
implementation of the revised arsenic standard would constitute a Potential Pareto
Improvement.

Given the controversial nature of the revised arsenic standard, HHA plays a
pivotal role in both standard setting and implementation. If the aggregate net bene-
fits of the revised standard are marginal at best, and the net health benefits for small
PWSs are negative, then the new standard could be rejected on strict efficiency
grounds alone. If not, then negative net health benefits for small PWSs would still
argue for possible relaxation of the arsenic standard for these small companies on
efficiency grounds, or the implementation of ancillary programs designed to miti-
gate the cost impact on these systems.14

10 In fact, EPA originally proposed a revised standard of 5 ppb on June 22, 2000 but increased this
MCL to 10 ppb on January 22, 2001, ostensibly due to opposition from water authorities encountered
during a requested comment period on alternative MCLs (U.S. EPA 2001).
11 Some organizations criticized EPA’s health-benefit estimates as being overestimates and others crit-
icized them as underestimates. For overestimation critiques, see Burnett and Hahn (2001) and National
Research Council (1999); for underestimation critiques, see the Natural Resources Defense Council
publication (2000) and Wilson (2001).
12 U.S. EPA (2000).
13 Quantifiable benefits used in the economic analysis were limited to avoided cases of bladder and lung
cancer. Some of the nonquantifiable benefits included avoided cases of skin, kidney, liver, and prostate
cancer, and other cardiovascular, pulmonary, neurological, and endocrine effects (U.S. EPA, 2000).
14 EPA is well aware of the burdensome nature of revised and new drinking water standards on small
systems. A variety of programs have been developed to mitigate costs including the Small Local Gov-
ernments Compliance Assistance policy, the Drinking Water State Revolving Fund, and the Consumer
Confidence Help program (see http://www2.epa.gov/compliance/resources-and-guidance documents).
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3 Estimation of the health–health implications of
the revised arsenic rule for drinking water

For HHA analysis to be relevant to setting and implementing drinking water stan-
dards, low-income households in small PWCs would have to forego important
health services in response to rising drinking water bills. This proposition can be
assessed by using data collected by the U.S. Bureau of Labor Statistics (BLS) to
evaluate the internal structure of U.S. consumption expenditures (Taylor, 2013).15

The estimation challenge is to determine how health expenditures respond to
increasing water expenditures that result from rising compliance costs. If health
expenditures fall significantly in response to rising drinking water expenditures,
then HHA is vindicated as a policy-relevant check on drinking water regulation,
otherwise not.

In Taylor (2013),16 a framework was developed that can be used to estimate the
impact on a household’s expenditure decisions in different categories of consump-
tion arising from increases in the cost of water. A short discussion of this framework
is as follows:

Ordinarily when information in a household budget survey is considered, it is
in terms of expenditures for different goods and services and how these relate to
income, prices, and socio-demographic factors such as age, family size, and edu-
cation. Allocation of expenditures amongst different categories of consumption is
seen as being determined by tastes and preferences acting in conjunction with a
constraint imposed by prices and income. The parameters thus obtained are obvi-
ously useful in analyzing the impact on consumption resulting from changes in
income and prices (should the latter be available), but income and price elasticities,
in themselves, say little about the internal structure of consumption spending. How
expenditures for housing, transportation, and personal care – to pick three stan-
dard categories of consumption spending – are related to expenditures for water,
for example, are, in general, not the direct focus of empirical study.

For the framework developed in Internal Structure, an approach to the analy-
sis of household consumption behavior is postulated in which direct relationships
amongst different categories of consumption become both the focus and engine of
analysis. For an exhaustive set of expenditure categories (see Table 1), expenditures

15 Expenditures and income are highly correlated for households in the lowest quintile. The U.S. Cen-
sus Bureau collects data on the total money income earned by U.S. individuals, families, and households.
Households consist of all people who occupy a housing unit, regardless of whether they are related to
each other by birth, marriage, or adoption, or not. In 2012, the average total money income for U.S.
households was $71,274, with a median value of $51,017. For the bottom quintile of household income
in that year, the mean level was $11,490.
16 Hereafter, Internal Structure. See also Taylor (2016).
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Table 1 BLS consumption expenditure categories.

Food includes expenditures on food at home referring to expenses for grocery stores and food by the
consumer on trips; food away from home accounting for all meals at fast food, take-out, delivery, con-
cession stands, buffet and cafeteria, full-service restaurants, vending machines, and mobile vendors; and
other miscellaneous venues.

Alcoholic beverages includes beer and ale, wine, whiskey, gin, vodka, rum, and other alcoholic bever-
ages.

Housing includes expenditures on owned dwellings such as interest on mortgages, property taxes, and
repairs and maintenance; rented dwellings such as rent and maintenance, utilities such as natural gas
and electricity; fuels such as fuel oil and coal; public services such as water and garbage; telephone and
cable television services; housekeeping supplies; household textiles; furniture; floor coverings; major
and small appliance; and other miscellaneous equipment purchases.

Apparel includes expenditures on men’s and boys’ apparel; women’s and girls’ apparel; apparel for
children under 2; footwear; and other apparel products and services.

Transportation includes expenditures for vehicle purchases; vehicle finance charges; gasoline and
motor oil; maintenance and repairs; vehicle insurance; public transportation; and vehicle rental, leases,
licenses, and other charges.

Health care includes expenditures on health insurance; medical services like hospital services and
physicians’ services; eye and dental care; lab tests and X-rays, convalescent and nursing home care;
medical appliances and equipment; and both nonprescription and prescription drugs.

Entertainment includes expenditures on fees and admissions; television, radio, and sound equipment;
pets, toys, hobbies, and playground equipment; and other miscellaneous entertainment equipment and
services like bicycles, hunting and fishing equipment, boats, photographic equipment and supplies, fire-
works, electronic video games, etc.

Personal care products and services includes products for the hair, oral hygiene products, shaving
needs, cosmetics and bath products, electric personal care appliances, other personal care products, and
personal care services for males and females.

Reading includes subscriptions for newspapers and magazines; books through book clubs; and the pur-
chase of single-copy newspapers, magazines, newsletters, books, and encyclopedias and other reference
books.

Education includes tuition; fees; and textbooks, supplies, and equipment for public and private nursery
schools, elementary and high schools, colleges and universities, and other schools.

Tobacco products and smoking supplies includes cigarettes, cigars, snuff, loose smoking tobacco,
chewing tobacco, and smoking accessories (such as cigarette or cigar holders, pipes, flints, lighters,
and pipe cleaners).

Miscellaneous includes safety deposit box rental, checking account fees and other bank service charges,
credit card memberships, legal fees, accounting fees, funerals, cemetery lots, union dues, occupational
expenses, expenses for other properties, and finance charges other than those for mortgages and vehicles.

Cash contributions includes cash contributed to persons or organizations outside the consumer unit,
including alimony and child support payments; care of students away from home; and contributions to
religious, educational, charitable, or political organizations.

Personal insurance includes expenditures on life insurance; endowments; mortgage insurance; and
other premiums for personal liability, accident, and disability, and other nonhealth insurance other than
for homes and vehicles.

Source: U.S. Bureau of Labor Statistics, available at http://www.bls.gov/cex/csxgloss.htm.
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in a category are related, in turn, in a sequence of regression equations, to expendi-
tures in each of the other categories. In Internal Structure, this was done for 14 cat-
egories of expenditure for each of 40 quarters of data (1996 through 2005) from the
ongoing BLS Survey of Consumer Expenditures. Mean values from the 40 sets of
estimates are then taken as input for a matrix of “intrabudget” coefficients, seen as
representing the conjunctive effects on household expenditures of household tastes
and preferences together with the constraints imposed by prices and income. The
matrix of intrabudget coefficients thus obtained can be used in a variety of ways to
estimate what, in effect, are general-equilibrium consequences on all categories of
consumption that arise from increases or decreases in expenditures in a particular
category or from reallocation of expenditures from one category of consumption to
another.17,18

In the BLS quarterly consumer expenditure surveys, water is included in expen-
ditures for housing. To evaluate the expenditure implications of drinking water sur-
charges, expenditures for water have been removed from overall housing expendi-
tures and treated as a separate expenditure category.19 Moreover, since the focus in
the estimation is on low-income households, food expenditures have been separated
into food consumed at home and food consumed outside the home. Expenditures
for gasoline and oil are separated from transportation as well. The result, accord-
ingly, is a set of 17 categories of expenditure in the analysis to follow.

Let y1, . . . , y17 denote the exhaustive 17-category breakdown of expenditures
just mentioned, and let

yi = αi +
∑
j 6=i

β j i y j + ui i, j = 1, . . . , 17, (1)

17 The validity of this whole approach obviously depends upon the matrix of intrabudget coefficients
representing stable distributional characteristics of households’ expenditure decisions. Chapter 3 of
Internal Structure presents a battery of analyses establishing that this assumption can be taken at face
value.
18 In Internal Structure, questions of the following sort are investigated. Suppose that, from a point of
equilibrium, there is an increase (for whatever reason) of $50 in expenditures for food. In terms of the
matrix of intrabudget coefficients, this will perturb the equilibrium expenditures for the other categories,
which will then feed back on expenditures for food, which will once again disturb other expenditures,
and so on and so forth. In the new equilibrium (assuming that one is reached), how is the increase of
$50 in food expenditures ultimately diffused amongst the other categories? Alternatively, one might ask
what will be the effect on equilibrium expenditures when an increase in expenditures in one category is
offset by a like decrease in another category, an increase, say, of $50 for housing coupled with a decrease
of $50 for apparel?
19 The analysis involves two different samples of households in the bottom quintile of total expenditure:
households for which expenditures for water are nonzero and households for which water is included in
rent. Typically, there are about 900 households in the surveys underlying the former and 500 the latter.
Unfortunately, information regarding households whose expenditures are recorded as zero because of
access to private wells is not available.
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represent the least-squares regression equation of expenditures in the i th category
on expenditures in the other 16 categories. Equation (1) has been estimated for
each of the 17 categories for each of 28 BLS Quarterly Consumer Expenditure
Surveys from 2006Q1 through 2012Q4. For illustration, the estimated coefficients
from the 17 regression equations for 2012Q4 for households for which water is not
included in rent are tabulated in Table 2.20 Mean values of the resulting 28 vectors
of coefficients are given in Table 3.21

Next, let y = (y1, . . . , y17) denote a (column) vector of expenditures and let B
be the 17× 18 matrix:

B = [z, A], (2)

where z denotes the (column) vector of intercepts from the last row in Table 3 and
A denotes the transpose of the 17×17 submatrix of “intrabudget” coefficients from
the table. Hence:

y = z + Ay, (3)

or

[I − A]y = z, (4)

so that

y = [I − A]−1z. (5)

Expressions (3) and (5) are referred to as the structural and reduced-form rep-
resentations of the model, respectively. Both representations are used extensively
in the exercises in Chapters 4 and 5 of Internal Structure, depending upon whether
expenditures are assumed to be exogenous or endogenous. “Exogenous” in this
context refers to a change in z, while “endogenous” refers to a change in y. How-
ever, since only exogenous changes are the focus in the present analysis, details
regarding endogenous changes need not be gone into. 22 Results for the estimations
reported in the text (for households for which water is not included in rent) are
measured against a “base” vector of expenditures that is obtained from Equation
(5) using intercepts from the last row in Table 3 for z. Additional details on com-
puting own- and cross-price elasticities in this estimation framework are presented
in Appendix A.

20 Coefficient estimates are in columns, equations in rows.
21 Both tables refer to households in the bottom quintile of total expenditure.
22 It might seem that new equilibria are independent of how changes in expenditure come about, but
this is not the case, for equilibrium depends upon where and how changes in expenditure occur and at
what point (and how) a total-expenditure budget constraint is imposed. In particular, exogenous changes
[as should be clear from consideration of expression (5)] lead to new equilibria that are different from the
original. With endogenous changes, however, since z is not changed, the system will eventually return to
the same equilibrium as before. Chapters 4 and 5 of Internal Structure provide discussion and examples.
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Table 2 Intra-budget regressions. 17 categories of U.S. consumption expenditure, 2012 Q4, bottom quintile (855 observations).

Categories

Coefficients Fdhome Fdaway Alcbev Housing Water Apparel Trans Gas & oil

Intercept 804.54 96.71 45.47 1798.03 116.84 21.69 214.86 168.93

Food (home) −1.0000 0.0120 −0.0144 −0.1396 0.0243 0.0107 −0.0795 0.0662

Food (away) 0.0408 −1.0000 0.0286 −0.1395 0.0043 0.0263 −0.0250 0.1743

Alcoholic bev. −0.3671 0.2139 −1.0000 −0.3249 −0.1025 −0.0015 0.1043 −0.0442

Housing −0.0402 −0.0118 −0.0037 −1.0000 0.0086 0.0084 −0.0165 −0.0054

Water 0.4560 0.0238 −0.0754 0.5599 −1.0000 0.0526 0.0759 0.0646

Apparel 0.1184 0.0855 −0.0006 0.3243 0.0311 −1.0000 0.0741 0.0672

Transportation −0.1363 −0.0125 0.0070 −0.0982 0.0069 0.0115 −1.0000 0.0968

Gasoline & oil 0.1742 0.1344 −0.0046 −0.0496 0.0091 0.0160 0.1485 −1.0000

Health −0.0360 0.0150 −0.0099 −0.3046 −0.0045 −0.0181 −0.0195 −0.0313

Entertainment −0.1307 0.0507 0.0362 0.1549 0.0274 −0.0012 0.1147 0.0294

Personal care −0.2071 0.2644 0.0112 0.8115 0.0716 0.2680 0.0890 −0.1298

Reading −0.7517 0.0933 −0.0599 0.3351 0.0336 0.0273 0.6699 −0.3865

Education −0.0844 0.0207 0.0111 −0.2045 −0.0175 0.0376 0.0118 −0.0011

Tobacco 0.1254 −0.1101 0.1161 −0.3131 0.0041 −0.0133 0.1754 −0.0322

Miscellaneous −0.1820 0.1737 0.0380 0.0927 −0.0253 0.0053 −0.0332 0.0127

Contributions −0.0756 −0.0261 −0.0191 −0.2391 −0.0069 0.0036 0.0305 0.0905

Insurance −0.0065 0.0955 −0.0098 −0.0167 −0.0047 0.0140 0.0313 0.1336

R2 0.0638 0.0803 0.0729 0.0587 0.0361 0.0403 0.0481 0.1102

Continued on next page.
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Table 2 (Continued).

Categories

Coefficients Health Entert Perscare Read Educ Tobacco Misc Contrib Ins

Intercept 640.54 136.28 2.82 4.17 54.75 64.59 14.65 109.69 210.41

Food (home) −0.0420 −0.0248 −0.0044 −0.0031 −0.0090 0.0129 −0.0078 −0.0211 −0.0044

Food (away) 0.0595 0.0328 0.0192 0.0013 0.0075 −0.0385 0.0253 −0.0249 0.2218

Alcoholic bev. −0.2943 0.1753 0.0061 −0.0063 0.0301 0.3036 0.0414 −0.1364 −0.1707

Housing −0.1023 0.0085 0.0050 0.0004 −0.0063 −0.0092 0.0011 −0.0193 −0.0033

Water −0.0989 0.0975 0.0286 0.0026 −0.0351 0.0078 −0.0202 −0.0360 −0.0596

Apparel −0.2343 −0.0026 0.0632 0.0013 0.0446 −0.0152 0.0025 0.0111 0.1053

Transportation −0.0390 0.0373 0.0032 0.0048 0.0022 0.0308 −0.0024 0.0146 0.0365

Gasoline & oil −0.0958 0.0147 −0.0073 −0.0042 −0.0003 −0.0087 0.0014 0.0666 0.2394

Health −1.0000 0.0319 0.0162 0.0069 −0.0294 −0.0232 0.0240 0.0177 −0.1101

Entertainment 0.1961 −1.0000 0.0038 0.0125 −0.0010 −0.0062 0.0138 0.0651 0.0480

Personal care 0.8853 0.0341 −1.0000 0.0341 −0.0535 −0.0560 −0.0630 0.3137 −0.1891

Reading 1.9435 0.5737 0.1750 −1.0000 −0.0114 −0.0241 −0.0816 1.4564 −0.4698

Education −0.3205 −0.0018 −0.0106 −0.0004 −1.0000 −0.0350 −0.0012 0.0221 −0.0928

Tobacco −0.2638 −0.0115 −0.0116 −0.0010 −0.0365 −1.0000 0.0052 −0.1351 0.1362

Miscellaneous 0.6559 0.0615 −0.0314 −0.0079 −0.0029 0.0125 −1.0000 −0.0018 −0.0125

Contributions 0.0739 0.0442 0.0239 0.0216 0.0084 −0.0495 −0.0003 −1.0000 −0.0803

Insurance −0.1883 0.0134 −0.0059 −0.0029 −0.0146 0.0205 −0.0008 −0.0330 −1.0000

R2 0.1450 0.0468 0.0723 0.0902 0.0164 0.0724 0.0285 0.0839 0.1079
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Table 3 Means of intra-budget expenditures regression coefficients. 17 categories of U.S. consumption expenditure, bottom quintile, 2006
Q1–2012 Q4.

Categories

Coefficients Fdhome Fdaway Alcbev Housing Water Apparel Trans Gas & Oil Health

Food (home) −1 0.0056 −0.2624 −0.0304 0.5145 0.2271 −0.1235 0.2615 −0.0316

Food (away) 0.0038 −1 0.2604 −0.0188 −0.0373 0.0931 −0.0096 0.1379 −0.0081

Alcoholic bev. −0.0102 0.0337 −1 −0.0027 −0.0311 0.0258 0.0035 −0.0015 −0.0128

Housing −0.0958 −0.1805 −0.2231 −1 0.3627 0.1739 −0.0233 −0.1141 −0.2515

Water 0.0270 −0.0071 −0.0407 0.0059 −1 0.0005 −0.0092 0.0006 0.0024

Apparel 0.0219 0.0313 0.0590 0.0045 0.0011 −1 0.0146 0.0177 −0.0225

Transportation −0.0595 −0.0110 0.0573 −0.0032 −0.0761 0.0761 −1 0.1726 0.0131

Gasoline & oil 0.0885 0.1420 −0.0065 −0.0122 0.0121 0.0604 0.1222 −1 −0.0309

Health −0.0368 −0.0295 −0.3932 −0.0964 0.0462 −0.2731 0.0347 −0.1082 −1

Entertainment −0.0015 0.0567 0.1215 0.0054 0.0300 0.1033 0.0307 0.0197 0.0141

Personal care −0.0006 0.0209 0.0012 0.0022 0.0056 0.0531 0.0050 0.0001 0.0124

Reading −0.0014 0.0016 0.0117 0.0010 −0.0060 0.0060 0.0047 −0.0056 0.0099

Education −0.0107 −0.0019 0.0923 −0.0043 −0.0319 0.0324 −0.0037 0.0008 −0.0131

Tobacco 0.0090 −0.0325 0.2341 −0.0085 −0.0165 −0.0088 0.0006 0.0237 −0.0234

Miscellaneous −0.0122 0.0056 0.0461 −0.0023 −0.0069 −0.0013 0.0046 0.0083 0.0066

Contributions −0.0500 0.0157 −0.1193 −0.0206 −0.0174 0.0289 0.0143 0.0089 0.0386

Insurance 0.0184 0.1160 0.1170 0.0334 −0.0909 0.0198 0.0571 0.2708 −0.1254

Intercept 705.24 132.10 26.84 1706.18 115.90 23.43 181.93 152.42 630.07

Continued on next page.
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Table 3 (Continued).

Categories

Coefficients Entertn Percare Reading Educ Tobacco Misc Contrib Ins

Food (home) −0.0122 −0.0361 −0.2790 −0.1307 0.0705 −0.1573 −0.1457 0.0261

Food (away) 0.0857 0.3705 0.0991 −0.0108 −0.0862 0.0181 0.0122 0.0521

Alcoholic bev. 0.0262 −0.0013 0.0850 0.0471 0.0694 0.0208 −0.0138 0.0072

Housing 0.0957 0.4462 0.6490 −0.2446 −0.2160 −0.0927 −0.1940 0.1532

Water 0.0076 0.0115 −0.0576 −0.0154 −0.0064 −0.0043 −0.0027 −0.0061

Apparel 0.0525 0.3030 0.1163 0.0631 −0.0088 −0.0001 0.0082 0.0028

Transportation 0.0768 0.1469 0.4486 −0.0020 0.0047 0.0277 0.0198 0.0384

Gasoline & oil 0.0406 0.0024 −0.3518 0.0188 0.0535 0.0469 0.0121 0.1327

Health 0.0891 0.8895 2.3663 −0.2630 −0.2192 0.1014 0.1309 −0.2123

Entertainment −1 0.1808 0.5976 0.0016 0.0507 0.0377 0.0080 0.0083

Personal care 0.0161 −1 0.1567 −0.0043 −0.0177 0.0052 0.0190 −0.0038

Reading 0.0169 0.0471 −1 0.0032 −0.0016 0.0094 0.0105 −0.0023

Education −0.0045 −0.0237 0.0272 −1 −0.0239 −0.0114 −0.0098 −0.0035

Tobacco 0.0323 −0.1289 −0.0591 −0.0467 −1 0.0227 −0.0277 −0.0057

Miscellaneous 0.0161 0.0321 0.0803 −0.0174 0.0136 −1 0.0044 −0.0024

Contributions 0.0113 0.3759 0.6765 −0.0749 −0.0778 0.0184 −1 −0.0121

Insurance 0.0278 −0.1523 −0.3555 −0.0027 −0.0254 −0.0111 −0.0254 −1

Intercept 120.85 5.79 2.99 37.46 71.43 30.51 143.51 162.73
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Table 4 Mean annual costs per household of the arsenic MCL (10 ppb).

EPA estimated annual cost per
CWS size category (population served) household (2000 dollars)

25–100 $327

101–500 $163

501–1,000 $71

1,001–3,300 $58

3,301–10,000 $38

10,001–50,000 $32

50,001–100,000 $25

100,001–1 million $21

More than 1 million $1

Weighted average across all size categories $32

Notes: ppb = parts per billion;
Sources: U.S. EPA (2000, pp. 6–35).

4 Net health impacts of the revised arsenic
standard

In March of 2002, the EPA presented its report to Congress on small system arsenic
implementation issues (U.S. EPA, 2002). Congress directed the EPA to review the
agency’s affordability criteria for small PWS compliance. In responding, the EPA
made it clear that the agency shared congressional concerns regarding small sys-
tem compliance with drinking water regulations, in general, and with the recently
promulgated arsenic rule, in particular.

In their economic analysis of the arsenic drinking water rule, EPA explicitly
addressed the affordability issue by estimating compliance costs per household by
system size (U.S. EPA 2000). The results of this analysis are presented in Table 4.
The potential magnitude of the affordability concerns is well illustrated by these
estimates. While all PWS customers would receive health benefits from reducing
arsenic concentrations in drinking water to 10 ppb, household compliance costs for
small systems with fewer than 3,300 customers can be anywhere from 1.8 to over
10 times more expensive compared to the weighted average across all system size
categories.

The EPA made a variety of assistance programs available to small PWSs strug-
gling to comply with the revised arsenic standard. These efforts constituted an
extensive and consequential set of programs specifically designed to ease the bur-
den on small PWSs trying to comply with the new water quality standard. Despite
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these efforts, compliance remained a complex and problematic undertaking for
many small PWSs, as the experience of the small community of Tubac, Arizona
illustrates.23

4.1 The Tubac experience

Tubac is a census-designated place (CDP) located on the Santa Cruz River, approx-
imately 45 miles south of Tucson, Arizona.24 As of the 2010 Census, there were
1,183 individuals and 527 households residing in the CDP.25 In total, the popula-
tion of Tubac increased 25.5% between 2000 and 2010. The median age was 50
years with 22.3% of the residents over the age of 65. Residents who self-identified
as having Hispanic ethnicity increased 42.2% from 2000 to 2010 and constituted
48.4% of the CDP population. Median household income in Tubac was $51,964
compared to $54,637 in Arizona and $55,970 in the U.S. However, due to 28.8%
of the CDP households making more than $100,000 per year, per capita household
income was $40,372 in Tubac compared to $26,996 in Arizona and $28,779 in the
U.S. Importantly, nearly 1 in 4 households (23.5%) in Tubac have an annual income
below $25,000, and 15.2% have incomes below $15,000 per year. Unemployment
in the CDP was nearly 18% in 2010 with negative recent job growth.26

The principal provider of drinking water in the Tubac CDP at the time of imple-
menting the revised arsenic standard was the Arizona American Water Company
(AAW). AAW was a large, technically sophisticated company providing water to
over 300,000 customers in Arizona, and operating as a regulated utility in 20 states,
serving over 15 million people across 30 states and parts of Canada.27 In 2005,

23 For a brief discussion of the impact on small PWSs for the state of Arizona as a whole, see
Appendix B.
24 Tubac is nationally known for both its art and history. The Tubac Presidio State Historic Park was
established in 1959 and the Museum in 1964. The first Tubac Festival of the Arts took place in 1960,
with the Tubac Center of the Arts opening in 1972.
25 For a comprehensive listing of Tubac demographic data, see http://www.clrsearch.com/Tubac Dem
ographics/AZ/.
26 The overall quality of life in Tubac is judged to be high by CLRsearch.com, a real estate service that
provides information on home, school, and community demographic characteristics for cities across
the U.S. A quality-of-life index is calculated based on what variables affect individuals as they search
for a new home, how much they would enjoy living in a place, and the impact of selected variables.
Positive variables weighted for the quality-of-life index include amusement, culture, education, medical
facilities, religion, restaurants, and weather. Negative variables include crime, earthquake frequency,
pollution, and mortality. An area’s index score is compared to the national average of 100. A score of
200 indicates twice the national average, while 50 indicates half the national average. The quality-of-life
index for Tubac is 148, compared to 129 for Arizona and 100 for the U.S.
27 Customers of Arizona American Water are now served by EPCOR Water. See http://epcor.com for
additional information.
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AAW had 532 customers in Tubac. After ruling out point-of-use and point-of-
entry (POU/POE) treatment technologies as cost ineffective compared to central-
ized treatment, AAW then designed an arsenic treatment plant (ATP). Significant
levels of treatment were required. The three groundwater wells servicing Tubac
contained an average arsenic concentration of 25 ug/L, ranging from a low of 16 to
a high of 36, making simple blending of water sources infeasible. To help defray
ATP costs, AAW partnered with Tubac Marketplace, a small commercial develop-
ment in the city, saving approximately $1 million in siting, storage, and pumping
capacity expenditures. In the final design, one of the three wells was put out of ser-
vice. The remaining two wells were then connected by a 4,900 ft. pipe of 12-inch
diameter to the treatment plant itself. The plant was then able to treat arsenic to the
safe levels prescribed by law (approximately 5 ug/L) and was capable of deliver-
ing 500 gallons per minute to customers. Additional storage of 500,000 gallons of
water was also constructed.

Total cost of the plant was estimated to be $2.3 million, requiring a customer
rate increase of approximately $78 per month. This rate increase was in addition
to the 17% increase requested by AAW to cover other infrastructure investment
and increased operating expenses incurred between 2001 and 2005. The net impact
for Tubac water customers would be expending approximately 2.2% of the median
Tubac level of income on drinking water, four times the U.S. average (Vandervoet,
2008, 2009).

Did compliance costs of $234 per quarter (costs that were approximately six
times the expense estimated by the EPA) cause low-income households using AAW
drinking water to jeopardize their health by foregoing needed health services?
The estimated change in expenditure patterns is shown in Table 5 for both low-
expenditure households who paid water bills directly and for households who pay
through higher rents, holding total expenditure constant. Following the procedures
detailed in Equations (1) through (5), expenditures for a representative household in
both groups over the 2006–2012 period were estimated. For this scenario involving
a $234 quarterly increase in the price of water for households falling in the bottom
quintile of the distribution of total expenditure, the relevant intrabudget coefficient
matrix is the one from Table 3. A $234 increase in the price of water is recorded,
initially, as an exogenous addition of that amount to what the typical household in
the bottom quintile spends on water, assuming no change in its total expenditure,
which is to say that the intercept for water in Table 3 is increased from $115.90
to $349.90 ($115.90 + $234). The other intercepts are all unchanged, as is the
total expenditure of $4,393 per quarter for the water-bill surcharge group and the
$3,053 per quarter for the rent surcharge group. Expression (5) is then solved for
this “new” value of z, resulting in a new vector of expenditures, say, y*, and a new

https://doi.org/10.1017/bca.2017.2 Published online by Cambridge University Press

https://doi.org/10.1017/bca.2017.2


68
D

ennis
C

.C
ory

and
L

esterD
.Taylor

Table 5 Effects of a $234 quarterly increase in expenditures for water in the bottom quintile of total expenditure. (Total expenditure held
constant).

Expenditures
Surcharge added to water bill Surcharge added to rent

Base
After Category Class

Base
After Category Class

Expenditure class Category increase change change increase change change

Housing spending
adjustments

Water $140.95 $350.81 $209.87
$163.78

— — — —
Housing (less
water)

1,577.65 1,511.56 –46.09 — — — —

Housing (water
in rent)

— — — — $1,054.04 $1,206.35 $152.31 $152.31

Food spending
adjustments

Food home 760.72 823.45 62.73
37.41

531.17 490.71 –40.46
–57.72

Food away 188.81 163.49 –25.32 122.12 104.86 −17.26

Continued on next page.
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Table 5 (Continued).

Discretionary
spending
adjustments

Transportation
(less gas & oil) 220.63 178.67 −41.96

−118.03

95.33 83.57 −11.76

−63.60

Gas & oil 293.82 276.90 −16.93 130.60 112.85 −17.75
Alcoholic
beverages 25.52 13.95 −11.57 20.83 17.96 −2.87

Apparel 76.00 71.68 −4.32 67.44 58.35 −9.09

Tobacco 56.60 48.02 −8.59 46.44 40.83 −5.61

Entertainment 192.24 180.52 −11.72 103.37 93.86 −9.51

Cash contributions 108.36 89.71 −18.86 38.68 33.85 −4.83

Personal care 28.95 27.53 −1.41 14.80 13.16 −1.64

Reading 12.48 9.82 −2.67 5.59 5.05 −0.54

Security spending
adjustments

Health 413.78 384.70 −29.09
−77.32

159.91 149.03 −10.88
−29.90

Education 11.70 1.60 −10.10 30.55 19.85 −10.70

Personal insurance 274.53 236.40 −38.13 110.66 102.34 −8.32

Miscellaneous spending
adjustments

Miscellaneous 30.47 24.43 −6.05 −6.05 11.37 10.28 −1.09 −1.09

Total 4,393 4,393 0.00 0.00 3,053 3,053 0.00 0.00
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implied level of total expenditure of $4762. The original budget constraint of $4393
is then imposed by multiplying y* by 0.92 (4383/4762), with results as shown in
Table 5.28

For discussion purposes, BLS categories of expenditures have been aggregated
into five classes: spending on housing with water expenditures broken out; spend-
ing on food; nine categories of discretionary spending; three categories of security
spending related to physical and financial well-being; and miscellaneous spend-
ing. Expenditure estimates are presented in four columns. The “base” column of
Table 5 reports expenditures for a representative household in the bottom quintile
before the rate increase. The next column shows how expenditures for this house-
hold were adjusted in response to the $234 increase in Tubac water bills. The last
two columns present the corresponding category and class changes in spending,
respectively.

4.1.1 Surcharge added to water-bill households

For the representative household in this group, total annual expenditures are $17,572,
corresponding to about the 15th percentile of expenditures for U.S. households.
Housing expenditures are decreased by $46.09, accommodating 19.7% of the $234
surcharge.29 Spending on water amounts to $350.81. If the representative house-
hold failed to adjust their water consumption behavior in response to the surcharge,
total spending on water would be $374.95 (base of $140.95 plus surcharge of
$234.00). The savings due to water conservation amounts to $24.14 or approxi-
mately 10.3% of the $234 surcharge.30 Food spending actually increases by $37.41
per quarter or $12.47 per month. While this adjustment is de minimis, it does illus-
trate that food security concerns are not exacerbated for this group. Approximately

28 Results for exogenous increases in the cost of water of $348 in Table 6 of the text are obtained in the
same manner. Changes in these tables may not sum to zero because of rounding.
29 Taking money from housing to pay for the drinking water increase is reminiscent of William
“Willie” Sutton (June 30, 1901–November 2, 1980), a prolific American bank robber who stole an
estimated $2 million and eventually spent more than half of his adult life in prison. When asked
by a reporter why he robbed banks he simply replied “because that’s where the money is” (see
http://en.wikipedia.org/wiki/Willie Sutton).
30 Water demand in the residential sector is sensitive to price, but the magnitude of the sensitivity
is small (i.e., demand is inelastic) at current prices. In their meta-analysis of 124 estimates generated
between 1963 and 1993, (Espey & Shaw, 1997) obtain an average price elasticity of −0.51. Dalhuisen
et al. (2003) obtain a mean price elasticity of 0.41 in a meta-analysis of almost 300 price elasticity stud-
ies, 1963–1998. In their survey of the water demand literature, Olmstead and Stavins (2008) concluded
that the price elasticity of residential demand varies substantially across place and time, but on average,
in the United States, a ten percent increase in the marginal price of water in the urban residential sector
can be expected to diminish demand by about three to four percent.
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Table 6 Effects of a $348 quarterly increase in expenditures for water in the bottom quintile of total expenditure (total expenditure held
constant).

Expenditures
Surcharge Added to Water Bill Surcharge Added to Rent

After Category Class After Category Class
Expenditure class Category Base Increase Change Change Base Increase Change Change

Housing spending
adjustments

Water $140.95 $441.72 $300.77
$234.71

— — — —
Housing (less
water)

1,557.65 1,491.60 –66.06 — — — —

Housing (water
in rent)

— — — — $1,054.04 $1,272.57 $218.53 $218.53

Food spending
adjustments

Food Home 760.72 850.62 89.90
53.62

531.17 473.12 –58.05
–82.82

Food Away 188.81 152.52 –36.28 122.12 97.35 –24.77

Continued on next page.
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Table 6 (Continued).

Discretionary
spending
adjustments

Transportation
(less gas & oil) 220.63 160.49 –60.14

–168.66

95.33 78.46 –16.87

–90.72

Gas & oil 293.82 269.57 –24.26 130.60 105.14 –25.46

Alcoholic beverages 25.52 8.94 –16.58 20.83 16.71 –4.12

Apparel 76.60 69.81 –6.19 67.44 54.40 –13.04

Tobacco 56.60 44.30 –12.31 46.44 38.39 –8.05

Entertainment 192.24 175.45 –16.79 103.37 90.24 –13.13

Cash contributions 108.36 81.63 –26.74 38.68 31.75 –6.93

Personal care 28.95 26.92 –2.03 14.80 12.45 –2.35

Reading 12.48 8.66 –3.62 5.59 4.82 –0.77

Security Spending
Adjustments

Health 413.78 372.10 –41.69

–110.82

159.91 144.30 –15.61

–42.91Education 11.70 0.00* –14.48 30.55 15.19 –15.36

Personal insurance 274.53 219.89 –54.65 110.66 98.72 –11.94
Miscellaneous spending
adjustments

Miscellaneous 30.47 21.81 –8.67 –8.67 11.37 9.30 –2.07 –2.07

Total 4,393 4,393 0.00 0.00 3,053 3,053 0.00 0.00

∗Constrained to be nonnegative.
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half of the water surcharge is accommodated by a net reduction in discretionary
spending of $118.03. Nearly one third of the $234 surcharge is accommodated
through a $77.32 reduction in security spending, with health spending reductions
alone accounted for 12.4%. In percentage terms, this adjustment is striking since
security spending only accounts for 15.9% of the original base budget. Finally,
reductions in miscellaneous spending amounts to $6.05 or 2.6% of the water sur-
charge.

4.1.2 Surcharge added to rent group

For the representative household in this group, total annual expenditures are only
$12,212.31 Housing expenditures increased by $152.31 for this group of households
in response to the $234 surcharge. If there were no change in housing-expenditure
behavior, the new level of spending on housing would be $1,288.04. The differ-
ence of $81.69 (i.e., $1,288.04–$1,206.35) amounts to 34.9% of the water sur-
charge. Discretionary spending cuts again play an important role in adjusting to the
increased rent. The reduction of $63.60 amounts to 27.2% of the water surcharge.
Both food and health security concerns are exacerbated for this rental group of
households. Food expenditures are reduced by $57.72, security expenditures are cut
by $29.90, and spending on health goods and services are lowered by $10.88. These
reductions account for 24.7%, 12.8%, and 4.6% of the $234 rent hike attributable
to the water surcharge. Finally, cuts in miscellaneous spending are negligible.32

4.1.3 Summing up

The $234 water surcharge is assumed to be passed on to customers either directly in
their water bill or indirectly through higher rents. The expenditure implications for
the two types of household differ in significant ways. Water conservation accommo-
dates approximately 10% of the surcharge for water-bill households. Water conser-
vation is ineffective for the rental group since reductions in water usage are unlikely
to be reflected in future rents. Food security concerns are exacerbated for the rental

31 This amounts to an average daily expenditure of $28 per day per household. The U.S. official poverty
line for a family of three is roughly $20,090 of income per year (see http://aspe.hhs.gov/2015-poverty-
guidelines).
32 For some low-income renters, the impact of rising water rates may be ameliorated by govern-
ment programs. For example, under the Section 8 Certificate program, low-income renters have their
rental payment capped at 30% of household income. In this case, landlords would be compensated for
increased water costs by the federal government, not by the low-income renter. To the extent that social
programs can protect low-income households from rent increases due to SDWA compliance costs, the
concerns of HHA are partially addressed.
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group and unaffected for the water-bill group. Security spending reductions accom-
modate nearly 1/3 of the water surcharge for water-bill households, but only 12.8%
for rental households. Health security concerns are impacted for both groups, but
again the expenditure implications for the rental group are less in both absolute and
percentage terms.

4.2 Secular impacts of safe drinking water standards

The implementation of a single MCL for drinking water may result in low-income
households jeopardizing their overall health by reducing expenditures for other
essential health-related goods and services. The central EJ policy concern in the
context of providing safe drinking water, however, is that promulgation of new or
revised MCLs over time may result in a regressive pattern of distributing benefits
and costs. That is, SDWA programs may tend to promote the interests of higher
income groups more than those of the poor. Yet given the substantial health and
longevity benefits of safe drinking water, it is clear that the interests of society,
including those of the poor, may justify substantial SDWA investment.

Implementing future MCLs for drinking water in a manner that promotes sub-
stantive EJ for low-income customers of small PWSs will continue to be a daunting
proposition. The national primary drinking water regulations (NPSWR) promul-
gated by the EPA are legally enforceable standards that apply to all PWSs. These
regulations limit drinking water contamination from organic chemicals, radionu-
clides, inorganic chemicals, microorganisms, disinfectants, and disinfection by-
products. In 2011, the EPA was monitoring over 200 drinking water standards,
compared to 19 MCLs in 1975 (U.S. EPA, 2011). Not surprising, the consumer
price index (CPI) for water and sewer has surpassed the CPI for all items for the past
15 years, as illustrated in Figure 2.33 Meanwhile poverty in the U.S. has remained
an intractable problem. Census figures released in September 2013 confirmed that
record-high numbers of households are living in poverty.34 In 2012, 46.5 million
people (one out of seven) were living in poverty in the U.S., the largest number in

33 Wastewater treatment costs can be substantial for low-income households. Households in cities
building new sewage treatment infrastructure pay up to 15 times more on their sewer bills than house-
holds in cities with old wastewater treatment systems, according to a Circle of Blue survey of residential
wastewater rates in 30 major cities. As the U.S. EPA implements stricter water quality regulations,
wastewater treatment plants are forced to overhaul their systems, and customers ultimately see signifi-
cant increases in their sewer bills. For example, a family of four using 100 gallons per person per day
pays $13.92 per month in Salt Lake City compared to $208.60 per month in Atlanta which is undergoing
a $4 billion modernization and expansion (see Brett Walton (2010) at http://www.circleofblue.org/2010
/world/the-price-of-water-a-comparision-of-water-rates-usage-in-30-u-s-cities/).
34 See http://www.nclcj.org/poverty-in-the-us.php.

https://doi.org/10.1017/bca.2017.2 Published online by Cambridge University Press

http://www.circleofblue.org/2010/world/the-price-of-water-a-comparision-of-water-rates-usage-in-30-u-s-cities/
http://www.circleofblue.org/2010/world/the-price-of-water-a-comparision-of-water-rates-usage-in-30-u-s-cities/
http://www.circleofblue.org/2010/world/the-price-of-water-a-comparision-of-water-rates-usage-in-30-u-s-cities/
http://www.circleofblue.org/2010/world/the-price-of-water-a-comparision-of-water-rates-usage-in-30-u-s-cities/
http://www.circleofblue.org/2010/world/the-price-of-water-a-comparision-of-water-rates-usage-in-30-u-s-cities/
http://www.circleofblue.org/2010/world/the-price-of-water-a-comparision-of-water-rates-usage-in-30-u-s-cities/
http://www.circleofblue.org/2010/world/the-price-of-water-a-comparision-of-water-rates-usage-in-30-u-s-cities/
http://www.circleofblue.org/2010/world/the-price-of-water-a-comparision-of-water-rates-usage-in-30-u-s-cities/
http://www.circleofblue.org/2010/world/the-price-of-water-a-comparision-of-water-rates-usage-in-30-u-s-cities/
http://www.circleofblue.org/2010/world/the-price-of-water-a-comparision-of-water-rates-usage-in-30-u-s-cities/
http://www.circleofblue.org/2010/world/the-price-of-water-a-comparision-of-water-rates-usage-in-30-u-s-cities/
http://www.circleofblue.org/2010/world/the-price-of-water-a-comparision-of-water-rates-usage-in-30-u-s-cities/
http://www.circleofblue.org/2010/world/the-price-of-water-a-comparision-of-water-rates-usage-in-30-u-s-cities/
http://www.circleofblue.org/2010/world/the-price-of-water-a-comparision-of-water-rates-usage-in-30-u-s-cities/
http://www.circleofblue.org/2010/world/the-price-of-water-a-comparision-of-water-rates-usage-in-30-u-s-cities/
http://www.circleofblue.org/2010/world/the-price-of-water-a-comparision-of-water-rates-usage-in-30-u-s-cities/
http://www.circleofblue.org/2010/world/the-price-of-water-a-comparision-of-water-rates-usage-in-30-u-s-cities/
http://www.circleofblue.org/2010/world/the-price-of-water-a-comparision-of-water-rates-usage-in-30-u-s-cities/
http://www.circleofblue.org/2010/world/the-price-of-water-a-comparision-of-water-rates-usage-in-30-u-s-cities/
http://www.circleofblue.org/2010/world/the-price-of-water-a-comparision-of-water-rates-usage-in-30-u-s-cities/
http://www.circleofblue.org/2010/world/the-price-of-water-a-comparision-of-water-rates-usage-in-30-u-s-cities/
http://www.circleofblue.org/2010/world/the-price-of-water-a-comparision-of-water-rates-usage-in-30-u-s-cities/
http://www.circleofblue.org/2010/world/the-price-of-water-a-comparision-of-water-rates-usage-in-30-u-s-cities/
http://www.circleofblue.org/2010/world/the-price-of-water-a-comparision-of-water-rates-usage-in-30-u-s-cities/
http://www.circleofblue.org/2010/world/the-price-of-water-a-comparision-of-water-rates-usage-in-30-u-s-cities/
http://www.circleofblue.org/2010/world/the-price-of-water-a-comparision-of-water-rates-usage-in-30-u-s-cities/
http://www.circleofblue.org/2010/world/the-price-of-water-a-comparision-of-water-rates-usage-in-30-u-s-cities/
http://www.circleofblue.org/2010/world/the-price-of-water-a-comparision-of-water-rates-usage-in-30-u-s-cities/
http://www.circleofblue.org/2010/world/the-price-of-water-a-comparision-of-water-rates-usage-in-30-u-s-cities/
http://www.circleofblue.org/2010/world/the-price-of-water-a-comparision-of-water-rates-usage-in-30-u-s-cities/
http://www.circleofblue.org/2010/world/the-price-of-water-a-comparision-of-water-rates-usage-in-30-u-s-cities/
http://www.circleofblue.org/2010/world/the-price-of-water-a-comparision-of-water-rates-usage-in-30-u-s-cities/
http://www.circleofblue.org/2010/world/the-price-of-water-a-comparision-of-water-rates-usage-in-30-u-s-cities/
http://www.circleofblue.org/2010/world/the-price-of-water-a-comparision-of-water-rates-usage-in-30-u-s-cities/
http://www.circleofblue.org/2010/world/the-price-of-water-a-comparision-of-water-rates-usage-in-30-u-s-cities/
http://www.circleofblue.org/2010/world/the-price-of-water-a-comparision-of-water-rates-usage-in-30-u-s-cities/
http://www.circleofblue.org/2010/world/the-price-of-water-a-comparision-of-water-rates-usage-in-30-u-s-cities/
http://www.circleofblue.org/2010/world/the-price-of-water-a-comparision-of-water-rates-usage-in-30-u-s-cities/
http://www.circleofblue.org/2010/world/the-price-of-water-a-comparision-of-water-rates-usage-in-30-u-s-cities/
http://www.circleofblue.org/2010/world/the-price-of-water-a-comparision-of-water-rates-usage-in-30-u-s-cities/
http://www.circleofblue.org/2010/world/the-price-of-water-a-comparision-of-water-rates-usage-in-30-u-s-cities/
http://www.circleofblue.org/2010/world/the-price-of-water-a-comparision-of-water-rates-usage-in-30-u-s-cities/
http://www.circleofblue.org/2010/world/the-price-of-water-a-comparision-of-water-rates-usage-in-30-u-s-cities/
http://www.circleofblue.org/2010/world/the-price-of-water-a-comparision-of-water-rates-usage-in-30-u-s-cities/
http://www.circleofblue.org/2010/world/the-price-of-water-a-comparision-of-water-rates-usage-in-30-u-s-cities/
http://www.circleofblue.org/2010/world/the-price-of-water-a-comparision-of-water-rates-usage-in-30-u-s-cities/
http://www.circleofblue.org/2010/world/the-price-of-water-a-comparision-of-water-rates-usage-in-30-u-s-cities/
http://www.circleofblue.org/2010/world/the-price-of-water-a-comparision-of-water-rates-usage-in-30-u-s-cities/
http://www.circleofblue.org/2010/world/the-price-of-water-a-comparision-of-water-rates-usage-in-30-u-s-cities/
http://www.circleofblue.org/2010/world/the-price-of-water-a-comparision-of-water-rates-usage-in-30-u-s-cities/
http://www.circleofblue.org/2010/world/the-price-of-water-a-comparision-of-water-rates-usage-in-30-u-s-cities/
http://www.circleofblue.org/2010/world/the-price-of-water-a-comparision-of-water-rates-usage-in-30-u-s-cities/
http://www.circleofblue.org/2010/world/the-price-of-water-a-comparision-of-water-rates-usage-in-30-u-s-cities/
http://www.circleofblue.org/2010/world/the-price-of-water-a-comparision-of-water-rates-usage-in-30-u-s-cities/
http://www.circleofblue.org/2010/world/the-price-of-water-a-comparision-of-water-rates-usage-in-30-u-s-cities/
http://www.circleofblue.org/2010/world/the-price-of-water-a-comparision-of-water-rates-usage-in-30-u-s-cities/
http://www.circleofblue.org/2010/world/the-price-of-water-a-comparision-of-water-rates-usage-in-30-u-s-cities/
http://www.circleofblue.org/2010/world/the-price-of-water-a-comparision-of-water-rates-usage-in-30-u-s-cities/
http://www.circleofblue.org/2010/world/the-price-of-water-a-comparision-of-water-rates-usage-in-30-u-s-cities/
http://www.circleofblue.org/2010/world/the-price-of-water-a-comparision-of-water-rates-usage-in-30-u-s-cities/
http://www.circleofblue.org/2010/world/the-price-of-water-a-comparision-of-water-rates-usage-in-30-u-s-cities/
http://www.circleofblue.org/2010/world/the-price-of-water-a-comparision-of-water-rates-usage-in-30-u-s-cities/
http://www.circleofblue.org/2010/world/the-price-of-water-a-comparision-of-water-rates-usage-in-30-u-s-cities/
http://www.circleofblue.org/2010/world/the-price-of-water-a-comparision-of-water-rates-usage-in-30-u-s-cities/
http://www.circleofblue.org/2010/world/the-price-of-water-a-comparision-of-water-rates-usage-in-30-u-s-cities/
http://www.circleofblue.org/2010/world/the-price-of-water-a-comparision-of-water-rates-usage-in-30-u-s-cities/
http://www.circleofblue.org/2010/world/the-price-of-water-a-comparision-of-water-rates-usage-in-30-u-s-cities/
http://www.circleofblue.org/2010/world/the-price-of-water-a-comparision-of-water-rates-usage-in-30-u-s-cities/
http://www.circleofblue.org/2010/world/the-price-of-water-a-comparision-of-water-rates-usage-in-30-u-s-cities/
http://www.circleofblue.org/2010/world/the-price-of-water-a-comparision-of-water-rates-usage-in-30-u-s-cities/
http://www.circleofblue.org/2010/world/the-price-of-water-a-comparision-of-water-rates-usage-in-30-u-s-cities/
http://www.circleofblue.org/2010/world/the-price-of-water-a-comparision-of-water-rates-usage-in-30-u-s-cities/
http://www.circleofblue.org/2010/world/the-price-of-water-a-comparision-of-water-rates-usage-in-30-u-s-cities/
http://www.circleofblue.org/2010/world/the-price-of-water-a-comparision-of-water-rates-usage-in-30-u-s-cities/
http://www.circleofblue.org/2010/world/the-price-of-water-a-comparision-of-water-rates-usage-in-30-u-s-cities/
http://www.circleofblue.org/2010/world/the-price-of-water-a-comparision-of-water-rates-usage-in-30-u-s-cities/
http://www.circleofblue.org/2010/world/the-price-of-water-a-comparision-of-water-rates-usage-in-30-u-s-cities/
http://www.circleofblue.org/2010/world/the-price-of-water-a-comparision-of-water-rates-usage-in-30-u-s-cities/
http://www.circleofblue.org/2010/world/the-price-of-water-a-comparision-of-water-rates-usage-in-30-u-s-cities/
http://www.circleofblue.org/2010/world/the-price-of-water-a-comparision-of-water-rates-usage-in-30-u-s-cities/
http://www.circleofblue.org/2010/world/the-price-of-water-a-comparision-of-water-rates-usage-in-30-u-s-cities/
http://www.circleofblue.org/2010/world/the-price-of-water-a-comparision-of-water-rates-usage-in-30-u-s-cities/
http://www.circleofblue.org/2010/world/the-price-of-water-a-comparision-of-water-rates-usage-in-30-u-s-cities/
http://www.circleofblue.org/2010/world/the-price-of-water-a-comparision-of-water-rates-usage-in-30-u-s-cities/
http://www.circleofblue.org/2010/world/the-price-of-water-a-comparision-of-water-rates-usage-in-30-u-s-cities/
http://www.circleofblue.org/2010/world/the-price-of-water-a-comparision-of-water-rates-usage-in-30-u-s-cities/
http://www.circleofblue.org/2010/world/the-price-of-water-a-comparision-of-water-rates-usage-in-30-u-s-cities/
http://www.circleofblue.org/2010/world/the-price-of-water-a-comparision-of-water-rates-usage-in-30-u-s-cities/
http://www.circleofblue.org/2010/world/the-price-of-water-a-comparision-of-water-rates-usage-in-30-u-s-cities/
http://www.circleofblue.org/2010/world/the-price-of-water-a-comparision-of-water-rates-usage-in-30-u-s-cities/
http://www.circleofblue.org/2010/world/the-price-of-water-a-comparision-of-water-rates-usage-in-30-u-s-cities/
http://www.circleofblue.org/2010/world/the-price-of-water-a-comparision-of-water-rates-usage-in-30-u-s-cities/
http://www.circleofblue.org/2010/world/the-price-of-water-a-comparision-of-water-rates-usage-in-30-u-s-cities/
http://www.circleofblue.org/2010/world/the-price-of-water-a-comparision-of-water-rates-usage-in-30-u-s-cities/
http://www.circleofblue.org/2010/world/the-price-of-water-a-comparision-of-water-rates-usage-in-30-u-s-cities/
http://www.circleofblue.org/2010/world/the-price-of-water-a-comparision-of-water-rates-usage-in-30-u-s-cities/
http://www.circleofblue.org/2010/world/the-price-of-water-a-comparision-of-water-rates-usage-in-30-u-s-cities/
http://www.circleofblue.org/2010/world/the-price-of-water-a-comparision-of-water-rates-usage-in-30-u-s-cities/
http://www.circleofblue.org/2010/world/the-price-of-water-a-comparision-of-water-rates-usage-in-30-u-s-cities/
http://www.circleofblue.org/2010/world/the-price-of-water-a-comparision-of-water-rates-usage-in-30-u-s-cities/
http://www.circleofblue.org/2010/world/the-price-of-water-a-comparision-of-water-rates-usage-in-30-u-s-cities/
http://www.circleofblue.org/2010/world/the-price-of-water-a-comparision-of-water-rates-usage-in-30-u-s-cities/
http://www.circleofblue.org/2010/world/the-price-of-water-a-comparision-of-water-rates-usage-in-30-u-s-cities/
http://www.circleofblue.org/2010/world/the-price-of-water-a-comparision-of-water-rates-usage-in-30-u-s-cities/
http://www.circleofblue.org/2010/world/the-price-of-water-a-comparision-of-water-rates-usage-in-30-u-s-cities/
http://www.circleofblue.org/2010/world/the-price-of-water-a-comparision-of-water-rates-usage-in-30-u-s-cities/
http://www.circleofblue.org/2010/world/the-price-of-water-a-comparision-of-water-rates-usage-in-30-u-s-cities/
http://www.circleofblue.org/2010/world/the-price-of-water-a-comparision-of-water-rates-usage-in-30-u-s-cities/
http://www.circleofblue.org/2010/world/the-price-of-water-a-comparision-of-water-rates-usage-in-30-u-s-cities/
http://www.circleofblue.org/2010/world/the-price-of-water-a-comparision-of-water-rates-usage-in-30-u-s-cities/
http://www.nclcj.org/poverty-in-the-us.php
http://www.nclcj.org/poverty-in-the-us.php
http://www.nclcj.org/poverty-in-the-us.php
http://www.nclcj.org/poverty-in-the-us.php
http://www.nclcj.org/poverty-in-the-us.php
http://www.nclcj.org/poverty-in-the-us.php
http://www.nclcj.org/poverty-in-the-us.php
http://www.nclcj.org/poverty-in-the-us.php
http://www.nclcj.org/poverty-in-the-us.php
http://www.nclcj.org/poverty-in-the-us.php
http://www.nclcj.org/poverty-in-the-us.php
http://www.nclcj.org/poverty-in-the-us.php
http://www.nclcj.org/poverty-in-the-us.php
http://www.nclcj.org/poverty-in-the-us.php
http://www.nclcj.org/poverty-in-the-us.php
http://www.nclcj.org/poverty-in-the-us.php
http://www.nclcj.org/poverty-in-the-us.php
http://www.nclcj.org/poverty-in-the-us.php
http://www.nclcj.org/poverty-in-the-us.php
http://www.nclcj.org/poverty-in-the-us.php
http://www.nclcj.org/poverty-in-the-us.php
http://www.nclcj.org/poverty-in-the-us.php
http://www.nclcj.org/poverty-in-the-us.php
http://www.nclcj.org/poverty-in-the-us.php
http://www.nclcj.org/poverty-in-the-us.php
http://www.nclcj.org/poverty-in-the-us.php
http://www.nclcj.org/poverty-in-the-us.php
http://www.nclcj.org/poverty-in-the-us.php
http://www.nclcj.org/poverty-in-the-us.php
http://www.nclcj.org/poverty-in-the-us.php
http://www.nclcj.org/poverty-in-the-us.php
http://www.nclcj.org/poverty-in-the-us.php
http://www.nclcj.org/poverty-in-the-us.php
http://www.nclcj.org/poverty-in-the-us.php
http://www.nclcj.org/poverty-in-the-us.php
http://www.nclcj.org/poverty-in-the-us.php
http://www.nclcj.org/poverty-in-the-us.php
http://www.nclcj.org/poverty-in-the-us.php
http://www.nclcj.org/poverty-in-the-us.php
http://www.nclcj.org/poverty-in-the-us.php
http://www.nclcj.org/poverty-in-the-us.php
http://www.nclcj.org/poverty-in-the-us.php
https://doi.org/10.1017/bca.2017.2


On the distributional implications of safe drinking water standards 75

Figure 2 U.S. Water Rate Increases. Source: US department of labor, bureau of statistics, consumer
price index. Available at http://www.bls.gov/cpi/

the 54 years the census has measured poverty. Almost one out of sixteen people in
the U.S. (6.6% of the population) were living in deep poverty with incomes 50%
below the poverty line. Racial and ethnic minorities were particularly vulnerable
to poverty and deep poverty. Coupling ever-increasing drinking water regulations35

with a large and increasing resident population living in poverty dramatically illus-
trates the substantive EJ challenges facing the EPA in coming years.36

To estimate the likely change in expenditure patterns for a representative low-
income household in response to the cumulative impact of more stringent drinking
water standards, the combined effects of the actual increase for arsenic abatement
($234) and an increase of $114 resulting from an increase in the CPI for water rela-
tive to the ALL items CPI for Urban Consumers of 44.7% over the 10 years 2004–
2013 (December–December) has also been evaluated. The results for the combined
$348 quarterly increase in expenditures for water by households in the bottom quin-
tile of total expenditures are presented in Table 6.

4.2.1 Surcharge added to water-bill group

The financial stress of secular water-rate increases, coupled with stagnant growth
in real income, forces households in the bottom quintile to intensify water con-

35 The EPA is charged with regulating five new pollutants per year under the SDWA. The EPA under
the Obama administration has committed to adding 16 contaminants to the list of regulated substances.
36 For a detailed discussion of these challenges, see Cory et al., 2012.
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servation measures. Of the $348 total increase, $47.23 (i.e., a surcharge of $348
minus a category change of $300.77) is accommodated by water conservation mea-
sures, with an additional adjustment of $66.03 in other housing-related goods and
services made as well. Taken as a whole, spending reductions in housing expen-
ditures accommodates 32.5% of the surcharge (see Table 6). Food expenditures
actually increased for this group by $53.62 so that food security issues remain unaf-
fected. Discretionary spending plays a dominant role in accommodating the impact
of the water surcharge. By reducing spending by $168.66 in this class, most of the
increase in water and food expenditures can be incorporated into the household bud-
get. Security spending reductions again play a disproportionate role in reacting to
the imposition of this water surcharge. A spending reduction of $110.82 amounts to
31.8% of the surcharge while security spending accounts for only 15.9% of the orig-
inal base expenditure budget. Finally, health-related expenditures fall by $41.69, or
12% of the surcharge.

4.2.2 Surcharge added to rent group

For these extremely low-expenditure households, rents cannot be lowered through
water conservation since they do not receive a water bill directly. On the other hand,
the $348 rent increase attributable to the per-household surcharge can be partially
accommodated through reductions in housing spending generally. Under this sce-
nario, housing expenditures are estimated to increase by $218.53 (see Table 6). If
housing-expenditure behavior remained unchanged, total housing spending would
have risen by $348. The difference of $239.47 accounts for 37.2% of the rent
hike. Food security concerns for this low-income group are exacerbated by the rent
increase. The reduction of $82.82 in food spending accommodates roughly 23.8%
of the rent increase. Discretionary spending reductions accommodates 26.1% of
the surcharge while security expenditure cuts account for an additional $42.91 or
approximately 12.3% of the surcharge. Focusing on health-related expenditures
directly, the reduction of $15.61 accommodates 4.9% of the surcharge by itself.

4.3 Summing up

A comparison of the two simulations, one estimating the impact of the revised
arsenic standard in isolation, and the other evaluating the expenditure implications
of rising real drinking water costs over the decade ending in 2013, is presented
in Table 7. On average, the results support three general conclusions. First, about
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Table 7 Expenditure accommodations for quarterly water surcharges in the bottom quintile of total expenditure (total expenditure held con-
stant).

Expenditure
accommodations

Expenditure adjustments

Surcharge added to water bill Surcharge added to rent

$234.00 $348.00 $234.00 $348.00

Adjustment
Percentage
accommodation
of surcharge

Adjustment
Percentage
accommodation
of surcharge

Adjustment
Percentage
accommodation
of surcharge

Adjustment
Percentage
accommodation
of surcharge

Water −24.13 −10.3 −47.23 −13.6 — — — —
Housing
(less water)

−46.09 −19.7 −66.06 −19.0 — — — —

Housing (water
in rent)

— — — — −81.69 −34.9 −129.47 −37.2

Food 37.41 16.0 53.62 15.4 −57.72 −24.7 −82.82 −23.8

Discretionary −118.03 −50.4 −168.66 −48.5 −63.60 −27.2 −90.72 −26.1

Security −77.32 −33.0 −110.82 −31.8 −29.90 −12.8 −42.91 −12.3

Miscellaneous −6.05 −2.6 −8.67 −2.5 −1.09 −0.5 −2.07 −0.6

Total − $234.00 −100% − $348.00 −100% − $234.00 −100% − $348.00 −100%
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one third of drinking water surcharges are financed through reductions in food
expenditures for extremely low-expenditure households (i.e., total annual expen-
ditures of $12,212 annually) while there are no reductions in food expenditures for
low-expenditure households (i.e., total annual expenditures of $17,572 annually)
in response to the imposition of water surcharges. Second, about 12% of drinking
water surcharges are accommodated by reductions in health-related goods and ser-
vices in low-expenditure household while only 5% of the surcharge is accounted for
by reductions in health expenditures in the extremely low-expenditure group. Third,
reductions in security spending generally play a disproportionate role in adjusting
to surcharges in low-expenditure households, accounting for nearly one third of the
surcharge accommodation but only amounting to 16% of the original budget. For
extremely low-expenditure households, only 5% of the surcharge is accommodated
by reductions in health-related goods and services.

5 Conclusions

Advocates of HHA maintain that surcharges for improved drinking water will result
in reductions in other health and food-related expenditures. In the net, enforcing
drinking water standards may result in negative net health benefits for low-income
households in small PWSs. The results of this evaluation of the internal structure
of U.S. consumption expenditures lend empirical support to the contention that as
real drinking water costs rise, health and food expenditures fall, assuming stagnant
real income.

While the HHA proposition that policies intended to protect human health
ought to result in positive net health benefits seems unassailable, the use of HHA in
environmental standard setting has been controversial. In fact, Portney and Stavins
(1994) argue that in most applications the ancillary health impacts of regulatory
compliance costs are unlikely to be significant. As a result, conventional benefit-
cost (PPI) analysis should remain the principal tool of economic assessment for
environmental laws and regulations. In general, slight real income losses are not
likely to translate into aggregate health impacts of significance. Moreover, higher
incomes and jobs created by regulation tend to translate into offsetting life-saving
benefits.

The Portney–Stavins critique of HHA seems particularly valid when compli-
ance costs are highly dispersed and low on a per-household basis. For drinking
water regulations, however, the same households that benefit from the regulation
typically bear the full compliance cost. In this context, Raucher et al. (2011) argue
that negative health impacts arising from regulatory costs may appreciably offset
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the risk reduction of the drinking water regulation itself. That is, increasing the
cost of water service to a distressed household will increase the likelihood that the
household will forego some other health-related necessity. In the case of arsenic, the
authors estimated that cost-associated health risks may be within the same order
of magnitude as the EPA-estimated arsenic risk reduction for customers of small
PWSs.37

Based on the results presented here, security spending may be reduced by as
much as 33% of any surcharge that must be imposed to comply with stricter water
standards for customers in small systems, health expenditures by as much as 12%,
and food expenditures by as much as 34%. Looking ahead, the net health impact
of these accommodations will be determined by a complex set of factors including
the effectiveness of EPA programs designed to minimize the surcharge impact on
low-income households in small PWSs ,38 and the funding and effectiveness of
safety-net programs designed to ameliorate health and food security concerns.39

Acknowledgments: The authors would like to thank Scott Rubin, Timothy
Tardiff, two anonymous referees, and participants in the Environmental Law and
Economics conference in Groningen in May 2015 for helpful comments.

37 “In small rural communities with a presumed 5µg/L exposure reduction to meet the arsenic MCL
and a $407 per-household annual cost to do so, the results show that the net health benefits of the arsenic
MCL might be roughly half of the arsenic-associated risk reduction (i.e., 4.45 cases of arsenic-related
health effects avoided over 70 years per 1,000 individuals, but 2.04 cases of other adverse effects added
per 1,000 persons due to the cost impacts). If a small rural community has a relatively large proportion
of low-income households compared to the national average, then the cost-associated health impacts are
expected to be even larger, and would result in an even lower net benefit from the MCL (because the
projected cost-associated risk is estimated at the mean national income and would be higher for lower
income levels).” Raucher et al. (2011, p. 17)).
38 EPA is well positioned to assume a leadership role in evaluating fundamental SDWA reforms (Rubin
& Raucher, 2010). It is widely recognized that increased flexibility should be incorporated whenever
possible into the SDWA if this act is to be truly protective of public health for all classes of water
consumers (Regnier, 2002). A variety of reforms have been proposed. Prominent among these proposals
are the reforms advocated by the National Rural Water Association including: (1) basing MCLs on the
magnitude, duration and frequency of exposure, (2) triggering enforcement actions only when a PWS is
in significant noncompliance with SDWA regulations, (3) giving states exclusive enforcement authority,
with the EPA exercising deferential oversight, (4) making variances and exemptions more compatible
with the needs of PWSs, and (5) allowing affordability to be an affirmative defense in enforcement
actions (Koorse, 2002). In addition, regulatory flexibility could be enhanced by the use of dual standards,
allowing small PWSs to achieve slightly less stringent water quality standards, and by facilitating the
use of system consolidation to increase the customer base of small PWSs. For critical reviews of EPA’s
performance with respect to incorporating EJ considerations into drinking water regulations, see Rubin
and Raucher (2010) and Logomasini (2008).
39 Program examples would include the Affordable Care Act which is designed to end pre-existing
condition exclusions for children and covers preventive care at no cost to low-income households, and
the Supplemental Nutrition Assistance Program (SNAP) which is designed to improve levels of nutrition
among low-income households.
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Appendix A. Calculation of own- and cross-price
elasticities of demand

Absent direct information on prices, it is not possible (short of heroic assumptions
about the structure of preferences) to estimate price elasticities from household
surveys of consumer expenditures in a framework of conventional demand analy-
sis. Surprisingly, however, this is possible in the present framework, for both own-
and cross-price elasticities can be obtained through simulation. The key for doing
so is to note that changes in prices can be incorporated into the analysis through the
“intercept” vector z in equation (5). Equation (5) is solved for two different values
of z, the first to establish a baseline set of expenditures and a second to reflect the
assumed change (or changes) in price. The resulting price effects are then repre-
sented by the differences between the two solution vectors y.

The procedure involved, using the entries in Table 1 of the text as parameters,
will be illustrated for an assumed 10 percent increase in the price of food consumed
at home.40 The results are tabulated in Table A1. To begin with, baseline expendi-
tures are obtained from equation (5) using the “intercepts” from the last row in
Table 2 of the text for z, that is, a value of $705 for food home $132 for food away
for alcoholic beverages, etc. These are given in the first column of Table A1. The
total expenditure implied by this value for z is $4393.41 Note that the base expendi-
ture for food is $761. An increase in the price of food of 10 percent is represented
as a 10 percent increase in this base expenditure, that is, an increase of $76. The
intercept for food in z ($706) is replaced by $782 ($706 + $76). All other elements
of z remain the same. Call this new value of z, z∗. Equation (5) is then solved
for z∗, with total expenditure held constant, with results as in columns 4 and 5 of
the Table A1. Expenditures are seen to increase $67.22 for food at home, decrease
$31.91 for housing, and so on and so forth. Table A1 also includes results for a 5
percent increase in the price of food.

Formally, own- and cross-price elasticities in the present framework are obtained
as follows. In an obvious notation, the total-expenditure budget constraint will be
given by

n∑
i=1

pi qi = y. (A1)

40 All calculations are undertaken in SAS. For a much more detailed discussion elasticities calculated
in this framework, see Taylor (2016).
41 This represents a quarterly total; the implied total annual expenditure is about $17,000.
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Table A1 Own- & cross-price elasticities. For a 5 & 10 percent increase in price of food
(total expenditure held constant).

Change in price of food at home

+5% +10%

Category Base Expenditures Change Elasticity Change Elasticity

Food (home) $760.72 $33.91 −0.11 $67.22 −0.12

Food (away) 188.81 −0.94 −0.10 −1.87 −0.10

Alcoholic bev. 25.52 −0.56 −0.44 −1.10 −0.43

Housing 1557.65 −16.10 −0.21 −31.91 −0.20

Water 140.95 −0.13 −0.02 −0.26 −0.02

Apparel 76.00 0.23 0.06 0.45 0.06

Transportation 220.63 −3.82 −0.35 −7.57 −0.34

Gasoline & oil 293.82 1.38 0.09 2.73 0.09

Health 413.78 −6.77 −0.33 −13.42 −0.32

Entertainment 192.24 −1.78 −0.18 −3.52 −0.18

Personal care 28.95 −0.35 −0.24 −0.70 −0.24

Reading 12.48 −0.28 −0.44 −0.55 −0.44

Education 11.70 −0.51 −0.87 −1.01 −0.86

Tobacco 56.60 0.00 0.00 0.00 0.00

Miscellaneous 30.48 −0.79 −0.52 −1.57 −0.52

Contributions 108.36 −3.18 −0.59 −6.30 −0.58

Insurance 274.53 −0.31 −0.02 −0.61 −0.02

Total Expenditure: $4,393

Hence, for a change of1pi in the price of qi , with total expenditure y held constant,
we will have:

1(pi qi )+
∑
j 6=i

p j1q j = 0. (A2)

Then:
1(pi qi )

pi qi
+

∑
j 6=i

p j1q j

pi qi
= 0. (A3)

Consequently, in elasticities:

1(pi qi )

pi qi

/
qi1pi

pi qi
+

∑
j 6=i

((
p j1q j

p j q j

/
qi1pi

pi qi

)(
p j q j

pi qi

))
= 0. (A4)
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Since all of the quantities in this expression (A5) are observable, cross-price
elasticities will therefore be given by

η j i =
p j1q j

p j q j

/
qi1pi

pi qi
(A5)

and the own-price elasticity by42

ηi i =
1(pi qi )

qi1pi
− 1. (A6)

Thus, for a 10 percent increase for the price of food, the own-price elasticity
for food [from expression (A6)] will be given by

η11 =
67.22− 76.07

76.07
= −0.12, (A7)

while the cross-elasticity for housing (say) [from expression (A5)] will be given by

η31 =
−31.91
1557.65

/
76.07
760.72

= −0.20 (A8)

both as in column 5 of Table A1.43

Application of expressions (A5) and (A6) to the expenditure changes posted
in Tables 5 and 6 of the text associated with the price-increase scenarios of $234
and $348 yields the own- and cross-elasticities listed in Table A2. Own-elasticities
for the two scenarios are indicated to be −0.10 and −0.14 for water purchased
separately (columns 1 and 2) and −0.35 and −0.37 for housing when water is
included in rent (columns 3 and 4).44

Of obvious interest is how these estimates compare with those found in the
literature. Dalhuisen et al. (2003) obtain a mean own-price elasticity of 0.41 in a
meta-analysis of almost 300 studies over the period 1963–1998, and in a similarly
extensive survey of the water demand literature, Olmstead and Stavins (2008) find

42 Note that the elasticity in this expression refers to revenue rather than quantity, hence the subtraction
of 1. See next footnote.
43 Note that, per the preceding footnote, the own-price elasticity is measured from expenditure after
the price change (rather than from the base expenditure), since, with no change in quantity demanded,
this is what expenditure (as given by qi1pi ) would be in the absence of a nonzero elasticity. However,
a nonzero (negative) elasticity causes some of the revenue [specifically, qi1pi − 1(pi qi )] in effect to
“melt” away because of the higher price. For cross-elasticities, on the other hand, since prices of other
goods are not changed, calculations are made from base expenditures.
44 Note that the higher (absolute) values for the latter are virtually the same as the former when the
cross-elasticities with respect to housing are added to the own-values (−0.31 and −0.33 vs. −0.35 and
−0.37, respectively).
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Table A2 Estimated own- and cross-price elasticities with respect to changes in price of
water. Households in bottom quintile of total-expenditure distribution (from Tables 5 and 6).

Water not included in rent Water included in rent

Elasticities for Elasticities for
price increase of price increase of

Category $234 $348 $234 $348

Food (home) 0.05 0.05 −0.34 −0.33

Food (away) −0.08 −0.08 −0.64 −0.61

Alcoholic beverages −0.27 −0.26 −0.62 −0.60

Housing (less Water) −0.02 −0.02 — —

Water −0.10 −0.14 — —

Housing (water in rent) — — −0.35 −0.37

Apparel −0.03 −0.03 −0.61 −0.59

Transportation (less gas & oil) −0.12 −0.11 −0.56 −0.54

Gasoline & oil −0.03 −0.03 −0.61 −0.59

Health −0.04 −0.04 −0.31 −0.30

Entertainment −0.04 −0.04 −0.40 −0.38

Personal care −0.03 −0.03 −0.50 −0.48

Reading −0.13 −0.12 −0.43 −0.42

Education −0.52 −0.50 −1.58 −1.52

Tobacco −0.09 −0.09 −0.54 −0.53

Miscellaneous −0.12 −0.11 −0.57 −0.55

Contributions −0.10 −0.10 −0.56 −0.54

Insurance −0.08 −0.08 −0.34 −0.33

that the price elasticity of residential demand varies substantially across place and
time, but on average, in the U.S., a ten percent increase in the marginal price of
water in the urban residential sector can be expected to diminish demand by about
three to four percent. Finally, in another meta-analysis of the variation in estimates
of price elasticities taken from 24 studies of residential water demand published in
journals between 1967 and 1993, Espey et al. (1997) noted that estimates of the
elasticities ranged from−0.02 to−3.33, with a mean of−0.51, and that 90 percent
of the estimates fell between −0.50 and −0.75.

Thus, while the own-price elasticities calculated in the present investigation
would appear to be at the lower end of existing estimates, two mitigating factors
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are to be noted: (1) calculations in the present effort refer to extremely low-income
households and (2) the full array of cross-elasticities is taken into account.45

Appendix B. The Arizona arsenic experience

It is important to note that the issues addressed by EJ and HHA are interrelated, but
not identical. The arsenic experience in the state of Arizona is illustrative in this
regard.

Arsenic is a common pollutant in Arizona’s groundwater (Hendricks, 1985).
The impact of revising the arsenic drinking water standard was dramatic in the state
with 334 PWSs needing to take corrective action to comply, 80 percent of which
were small PWSs with fewer than 3,300 connections (see Table B1). In fact, the
total number of systems in Arizona affected by the revised standard accounted for
roughly 10 percent of the nation’s total number of PWSs needing to take corrective
action. In terms of population, almost 4.5 million Arizona residents were affected
by the new standard, accounting for approximately 35 percent of the national pop-
ulation estimated to be affected by the revised arsenic MCL of 10 ppb (U.S. EPA,
2006).

PWS customers reflect the diversity of the state in terms of race and income
(see Table B2).

The percentage of black persons in contaminated areas is disproportionately
lower (1.25%) than the percentage of black population in noncontaminated areas
(2.06%). The difference between percentages of black persons in contaminated and
noncontaminated areas is −0.81%, and it is statistically significant at 5% level of
significance. The percentage of minority persons (black + Hispanic) in contami-
nated areas is approximately the same (23.77%) as in areas without contamination
(21.31%). The difference between percentages of minority persons in contaminated
and noncontaminated areas is 2.34%, and it is statistically insignificant. However,
the percentage of white persons in arsenic contaminated area is disproportionately
higher (81.22%) and statistically significant from the percentage of white persons
in noncontaminated areas. The percentage of Hispanic persons in contaminated
areas is greater (22.52%) than the percentage of Hispanic population in noncontam-

45 Existing studies of water demand in general suffer from an inability to estimate cross-elasticities
because of multicollinearity. If other prices are in fact important in influencing water demand and also
highly correlated with the price of water, then their influence (via the impact of omitted variables) will
be reflected in the estimated water elasticity. [Cf., Griliches (1957).] Such, accordingly, may account
for own-price elasticities estimated in conventional demand models tending to be larger than the ones
reported here.
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Table B1 Public water systems in Arizona.

Group

All PWSs Affected Nonaffected
(1,006) PWSs (334) PWSs (672)

System characteristics

Avg. EPDS <10 ppb 67% (672) 0% (0) 100% (672)

Arsenic > 10 ppb 31% (317) 95% (317) 0% (0)

Concentration >50 ppb 2% (17) 5% (17) 0% (0)

System size

Very Small (25–500) 64.3% (647) 57.5% (192) 67.7% (455)

Small (501–3,300) 23.2% (233) 22.2% (74) 23.6% (159)

Medium (3,301–10,000) 6.6% (66) 8.7% (29) 5.5% (37)

Large (10,001–100,000) 5.2% (52) 9.3% (31) 3.1% (21)

Very Large (>100,000) 0.8% (8) 2.4% (8) 0% (0)

Ownership type
Private 50% (503) 52% (174) 49% (329)

Public 19% (191) 20% (67) 18.4% (124)

Mixed 31% (312) 28% (94) 32.5% (218)

System type
CWS 79% (795) 78% (261) 79.5% (534)

NTNC 21% (211) 22% (73) 20.5% (138)

Water source
GW 93% (936) 95% (317) 92.1% (619)

SW 7% (70) 5% (17) 7.9% (53)

Note:
EPDS:Entry points to the distribution systems.
PWSs: Public Water Systems. System Size: The number of customers served by a PWS. Ownership Type: There are three types of ownership (Private: Owned
by a private entity; Public: Owned by a municipality; Mixed: jointly (private and public) owned). System Type: System type can either Community Water
System (CWS) serving to residential areas, or Nontransient Noncommunity (NTNC) serving to nontransient nonresidential areas. Water Source: This represents
the source of water for a PWS. Source of water can be either groundwater (GW), surface water (SW).
Source: Kiger (2007).
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Table B2 Summary statistics.

Variable Arsenic affected area Arsenic nonaffected area t-test of difference in means

White 81.22% 64.51% 16.71 (6.23)a

Black 1.25% 2.06% −0.81 (−3.00)a

Hispanic 22.52% 19.25% 3.27 (1.40)

Minority 23.77% 21.31% 2.34 (0.96)

IncomePC $19,027 $16,891 $ 2,136 (1.70)b

AVH $108,693 $95,516 $13,177 (1.68)b

IncomePH $38,528 $35,618 $ 2,910 (1.68)b

Definition of variables:
Arsenic affected area: zip-code area that has been affected by arsenic.
Arsenic nonaffected area: zip-code area not affected by arsenic.
White: percentage of white population in a zip-code area.
Black: percentage of black population in a zip-code area.
Hispanic: percentage of Hispanic population in a zip-code area.
Minority: percentage of black and Hispanic population in a zip-code area.
IncomePC: per capita family income in a zip-code area (U.S. Dollars).
AVH: Average value of house in a zip-code area (U.S. Dollars).
IncomePH: Average income per household in a zip-code area.
Note: bracket values in the third column are t-test statistic of difference of two means:
a significance at 5%, and
b significance at 10%.
Source: Cory and Rahman (2009)

inated areas (19.25%), but the difference between the two is statistically insignif-
icant. Moreover, per capita income, average housing value, and the income per
household are each statistically greater in arsenic contaminated areas, as opposed to
the corresponding figures in noncontaminated areas. These results suggest that the
continued selective implementation and enforcement of the revised SDWA arsenic
standard is not likely to disadvantage minority (i.e., black + Hispanic population
taken together) or low-income groups disproportionately in Arizona. In fact, these
basic statistics suggest quite the opposite – there is a disproportionate impact of
arsenic contamination on nonpoor and majority communities in Arizona.46

Implementation of the revised arsenic standard in Arizona was not complicated
by EJ concerns since small PWSs requiring corrective action were not dispropor-

46 In Cory and Rahman (2009), zero-order correlations were used to measure the strength of linear
associations between census and exposure variables while logistic regression models were utilized to
estimate the relationship between the likelihood of arsenic contamination in a particular geographical
area and its associated demographic and economic characteristics. Both zero-order correlation analysis
and logistic regression estimation support the conclusion that continued selective implementation and
enforcement of the revised SDWA arsenic standard is unlikely to disadvantage minority or low-income
groups disproportionately in Arizona.
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tionately low income or minority in their customer base.47 The health concerns
addressed by HHA, however, remained. The Tubac case study documented that
higher water bills for low-income customers of small PWSs are likely to result in
lower household expenditures for other goods and services like health care, food,
energy, and other essential services. While this evidence supports the contention
that the net health impact on low-income water consumers may be negative when
rate hikes become onerous, the result that low-income households will be worse off
is not inevitable. More generally, consumers will reallocate their budget across all
goods and services to maximize their utility in the face of water-rate hikes. Some
consumers may choose to forego health services while others may economize on
other non-health-related items to accommodate higher drinking water bills. In either
case, consumers may be worse off, particularly low-income consumers who spend
a disproportionately large share of their total income on necessities, if their tastes
and preferences do not change during the course of MCL implementation. A possi-
ble exception to this adverse impact can occur when low-income customers come
to highly value the health benefits of a more stringent MCL, as benefit information
is disseminated over the course of MCL implementation, and the accompanying
rate hike is modest. In this special case, water customers are happy to secure the
health benefits of safer drinking water at a modest price and are better off, so that
no distributive justice problem exists.48
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