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Abstract

Water systems in the US are required to provide notifications to consumers when they detect elevated

levels of contaminants in the drinking water they supply. In this paper, I examine the effects of these

notifications on home prices, using transactions-level data from California from 2000 to 2018. I find

little evidence that home prices are affected by public notifications in general. However, public no-

tifications regarding nitrates, a contaminant which is especially relevant to California and which has

received substantial media attention in the state, do appear to negatively affect home prices. Focusing

on a sample of community water systems which experienced at least one nitrate notification over the

sample period, notifications regarding nitrates are associated with statistically significant declines in

home prices of approximately 5 percent in the two years following a notification. Among this sample

of water systems, this estimate implies a total cost of such violations of approximately $172 million for

an average-sized community water system.
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1 Introduction

Public water systems in the United States regularly test for contaminants in the drinking water they

supply to consumers. When tests reveal elevated levels of contaminants, water systems are required to

inform consumers via public notifications (Environmental Protection Agency, 2010). This public notifi-

cation (PN) requirement is the key mechanism by which consumers are made aware of unsafe drinking

water in the United States (Grooms, 2016), and thus plays a vital role in preventing disease outbreaks

caused by waterborne pathogens as well as limiting chronic exposure to carcinogens and other harm-

ful substances. Despite the importance of the public notification system in ensuring access to clean

drinking water, prior research on the effects of public notifications on water systems and consumers has

been limited. A handful of studies have found that consumers in areas impacted by public notifications

are likely to engage in averting behavior such as purchasing bottled water to avoid the adverse health

impacts of drinking contaminated water (Graff Zivin and Neidell, 2013; Pape and Seo, 2015). This sug-

gests that, at least over short time horizons, consumers are aware of public notifications and seek to

limit their consumption of potentially contaminated water. The question of how consumers respond to

public notifications over longer time horizons has been unexamined, however.

In this paper, I explore how housing markets respond to public notifications in the state of California.

This is an important question for several reasons. First, the PN rule is an example of information dis-

closure policies known as “right-to-know” laws which are widespread in environmental and workplace

safety regulation.3 Understanding how consumers respond to public notifications may shed light on

the broader impacts of such information disclosure policies. Second, the regulation of drinking water is

costly. In recent decades, revisions to the testing standards that trigger public notifications for certain

contaminants, in particular for arsenic, have sparked debate about whether increasingly stringent water

quality standards pass cost-benefit tests (Cho et al., 2010; Frost et al., 2002). Finally, California, and espe-

cially regions within the state such as the Central Valley, have experienced an elevated number of water

quality violations over the past two decades, relative to the country as a whole, as a result of a number of

factors including agricultural activity as well as persistent drought conditions. This study explores the

effects of public notifications for contaminants that are specifically relevant for California. I assess the

effects of public notifications on housing markets in the state of California using transaction-level data

on home prices over a period from 2000 to 2018 from Zillow’s ZTRAX files. While home prices do not

appear to respond to public notifications in general, I find evidence that public notifications regarding

3Examples of such policies are widespread, including the EPA’s Toxic Release Inventory, OSHA regulations requiring the post-
ing of information regarding toxins present in workplaces, DOT labeling requirements for transporting hazard materials, and
California’s seemingly ubiquitous Prop 65 labels.
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nitrates, a contaminant that is particularly salient in California, are associated with declines in home

prices of approximately 5 percent.

2 Background

Approximately 90 percent of the population of the United States gets their drinking water from commu-

nity water systems (CWS).4 These utilities take water from a given source, apply a series of treatments

including purification and disinfection, and deliver this water to consumers. The Safe Drinking Water

Act (SDWA), originally passed in 1977, is the primary federal law governing the quality of drinking

water provided by CWS.

While most people living in the United States enjoy water quality that is on average very high,

violations are more common than many may realize. A study by Allaire et al. (2018) suggests that

nationally between 9 and 45 million people per year since the 1980’s have lived in areas affected by

health-related drinking water contamination incidents. While this study finds that a relatively small

proportion of CWS are in violation at any given time – generally between 3 to 10 percent of all water

systems per year – the health effects are significant. Messner et al. (2006) and Reynolds et al. (2008)

estimate that over 16 million cases of acute gastroenteritis per year are attributable to contamination of

the drinking water provided by these water systems.

2.1 The Public Notification Rule

As part of the SDWA, the Environmental Protection Agency (EPA) has the ability to set maximum con-

taminant levels (MCL) for contaminants likely to be found in drinking water. Water systems are re-

quired to regularly test for these contaminants.5 When MCL thresholds are exceeded, water systems

are required to notify individuals living within their service areas under the guidelines of the Public

Notification (PN) rule as part of a 2000 amendment to the SDWA. The PN rule specifies a 10-point list

of information required to be included in all notifications, including a description of the specific con-

taminant which triggered the violation, possible health risks associated with that contaminant, at-risk

demographic groups, and any actions consumers are recommended to take.

Positive tests which trigger public notifications are termed violations. These violations are categorized

4The formal definition of a CWS is a “public water system serving more than 25 year-round residents,” where “public” denotes
the population served by the water system (in contrast to private well systems).

5While the EPA dictates maximum contaminant standards, primary regulatory oversight is delegated from the EPA to state gov-
ernments, which are permitted to implement more stringent requirements. Water drawn from local water systems is tested by
independent laboratories which use EPA-certified testing methods and are regulated by either EPA or state regulatory authorities.
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according to a tiered system that corresponds to whether a given contaminant poses an acute or chronic

health risk. Violations regarding contaminants that pose an acute health risk to consumers are termed

Tier 1 violations. Following a Tier 1 violation, water systems are required to provide public notification

within 24 hours to consumers living within the system’s service area. PN for Tier 1 violations according

to the EPA require CWS to provide an announcement using “media outlets such as television, radio, and

newspapers, [or] post their notice in public places, personally deliver a notice to their customers, or an

alternative method approved” by the overseeing regulatory agency (Environmental Protection Agency,

2000). In California, this agency is the California State Water Board’s Division of Drinking Water. Tier 2

violations are associated with contaminants that pose more chronic health risks and require notification

within 30 days of a violation. In this case, the notifications may be provided “via the media, posting, or

through the mail,” according to the EPA. See Table I for a more detailed breakdown of the individual

tiers and examples of violations which are included in each tier. Appendix section 8.1 includes a sample

public notification template provided by the EPA.

Public notifications can vary by Tier 1 and Tier 2 status both in terms of the speed with which they

are delivered (1 vs 30 days) and in terms of the specific medium through which they are delivered to

consumers within the first month of a violation occurring. Over longer periods of time, however, infor-

mation regarding both types of violations are made available to consumers in the form of consolidated

reports and online information. All CWS within the state of California are required to issue Consumer

Confidence Reports (CCR). These reports are mailed to consumers annually and provide information of

the performance of the CWS over the past year, including information on water quality testing results,

any violations that triggered PN, and a discussion of the health consequences of any violations that

may have occurred. The California State Water Board also provides a CWS-level database online which

allows consumers and prospective homebuyers to view records of past CCR reports as well as records

of individual water quality violations. In addition, there are a number of independent resources online

that consumers can use to learn about the quality of water provided by a given CWS. For instance, the

Environmental Working Group (EWG) provides an online tool that allows users to enter their zip code,

determine what CWS serve their local area, and view information regarding the quality of water pro-

vided by these CWS, including whether MCL standards have been exceeded for a given contaminant.

In this context, public notifications may be better thought of as a process of information disclosure that

is initiated with the detection of violation. This information disclosure process begins with the initial

notification that consumers receive and continues to include the issuance of CCR reports as well as the

online posting of violations records.
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Following a violation, water systems face a range of consequences for a failure to return to compli-

ance. Regulators can require additional public notices be issued, and can require plans be developed to

remedy the cause of the violation as well as source alternative water supplies. State regulatory agen-

cies have the ability to impose daily fines until water systems have returned to compliance, although

as noted by Grooms (2016), it does not appear that these fines are commonly employed in the state of

California. Nationally, Fedinick et al. (2017) write that:

Nearly 9 out of 10 violations were subject to no formal action by the state or the EPA, such
as the issuance of a notice of violation, a site visit, or the filing of a civil or criminal filing of
a civil or criminal action. Even fewer of those reported violations – an abysmal 3.3 percent –
received penalties.

Instead, the public notification rule functions as the primary enforcement mechanism used by regula-

tors, with the intention being that pressure from the public will encourage CWS to return to meeting

water quality standards following a violation. In the following section, I highlight two studies which

empirically examine the impact of the public notification rule on CWS performance.

2.2 Prior Studies of the Public Notification Rule

As noted by Currie et al. (2013), there is a relative paucity of studies examining the economic impacts of

water quality in the United States when compared to the extensive literature on the effects of air-borne

pollution. This is driven by a number of factors, foremost of which is the relatively limited data that

has been available historically on water quality and water quality violations. Despite these challenges,

several previous studies have examined the effects of the public notification rule. Zivin et al. (2011) use

supermarket sales data and information on drinking water quality violations in California and Nevada

to track consumption of bottled water following public notifications. The authors categorize violations

by three types of contaminants: (i) microorganisms and (ii) nitrates, both of which include contaminants

that trigger Tier 1 PN, and (iii) elements and chemicals, a category which includes contaminants such as

arsenic, lead, and uranium which trigger Tier 2 PN. Using a panel-data approach, they report statistically

significant increases in weekly water bottle sales of 22 percent for microorganism-related violations and

17 percent for elements and chemicals. While not statistically significant, the authors also report a 26

percent increase in sales in response to nitrate violations. The overall pattern of results suggests that

consumers are aware of PN and engage in averting behaviors to avoid the adverse health effects of

drinking contaminated water. As the authors note, the larger effect sizes reported for Tier 1 violations

may be the result of either differences in reporting requirements between Tier 1 and Tier 2 violations or
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the degree to which the contaminants covered by both tiers differ in terms of acute vs chronic health risk.

In a similar vein, albeit with more geographically-aggregated data,6 Pape and Seo (2015) use data from

the Consumer Expenditure Survey to find that water quality violations are associated with (i) increases

in the probability of purchasing water bottles of 25 percent and (ii) increases in expenditures amongst

purchasers of between 4-7 percent.

Two studies have examined the effects that facing public notification requirements have on CWS

performance in terms of their probability of incurring future water quality violations. Bennear and Olm-

stead (2008) use data from Massachusetts to examine the effect of CCR reports on CWS performance. A

1996 amendment to the SDWA required that all CWS produce these reports annually and make them

available to consumers if requested starting in 1998. Only CWS with service systems in excess of 10,000

people, however, were required to mail these reports to consumers.7 Using data on violations from

1990 to 2003 for 517 Massachusetts CWS, the authors identify the effect of facing the requirement to mail

CCR on subsequent water quality violations using variation in CCR requirements across time and CWS-

population size. They find that facing this requirement reduced total violations by 30-42 percent. The

authors suggest that the most likely explanation for this finding is that CWS affected by the mailed CCR

requirement face public pressure from individuals living in their service areas to deliver safe drinking

water. Grooms (2016) examines the degree to which incurring a given violation affects future water qual-

ity for two specific contaminants, arsenic and nitrates. Using data on water quality and water quality

violations from California and an event-study research design, this study finds that CWS which experi-

ence violations today do not exhibit an improvement in water quality in the future. Instead, while there

is no evidence of an effect of arsenic violations today on the levels of arsenic in the future, CWS which

experience nitrate violations today may in fact have higher nitrate levels over the next year. Addition-

ally, the author reports evidence of persistence for nitrate violations, reporting a statistically significant

relationship between having experienced a nitrate violation in the past two quarters and experiencing

a nitrate violation this quarter. While this pattern of results appears to conflict with the findings from

Bennear and Olmstead (2008), the author does note that CWS responded to a 2006 reduction of the MCL

standard for arsenic by reducing average arsenic levels in the water supplied to consumers. This sug-

gests that on average CWS attempt to comply with MCL standards even if the marginal deterrent effect

of incurring a given violation is muted.

6The data used in this study, from the Consumer Expenditure Survey, aggregates household-level data to what are termed “Pri-
mary Sampling Units,” which can cover multiple counties / entire metropolitan statistical areas.

7Note that this more limited requirement holds at the federal level. All CWS in California – with the exception of small systems
serving RV parks – are required to mail copies of their annual CCR to consumers per the California Safe Drinking Water Act as
of January 1st, 1997.
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2.3 Relationship between Home Prices and Public Notifications

Economic intuition and theory as well as prior empirical studies provide a framework for assessing the

likely relationship between home prices and public notifications. Safe, drinkable water is an amenity

from the point of view of prospective homebuyers. Contaminated water which is unsafe to drink, as

indicated by a PN, is then a disamenity. This should be reflected in decreased demand for homes located

within the service areas of CWS that experience violations. In addition, PN may serve as a negative

signal regarding the likely future quality of drinking water for homebuyers, an effect which should

compound the decreased demand for affected homes today.

As noted in the previous section, the existing literature on PN is limited. To help us understand the

link between PN and home prices we can turn instead to a small set of recent studies which examine the

relationship between home prices and drinking water and groundwater contamination.8 Using water

quality testing data and transactions records from 1,730 sales of homes served by private wells in Lake

County, Florida, Guignet et al. (2016) use a hedonic regression approach and find that nitrate-related

groundwater contamination reduced sales prices of homes between 2-6 percent. Case et al. (2006) use a

repeat sale and hedonic approach with data from Scottsdale and Tempe, AZ to find that condominiums

located in areas with arsenic contamination experienced sales price reductions of between roughly 2 and

6 percent. Finally, Boyle et al. (2010) find that home prices declined, albeit temporarily, in response to

elevated arsenic levels using data from two towns in Maine. Across these studies, there is consistent

evidence that home prices are negatively affected by drinking water contamination. With that said the

aforementioned studies are limited for a number of reasons, the foremost of which is that they tend to

be small in scale, generally using data from a single county or community, and are able to exploit only a

limited amount of identifying variation in terms of contamination events.

2.4 Water Quality Issues in the State of California

The fight for clean water in California is a fight for justice. No Californian should be exposed to toxins
or hazardous waste because of where they live, and no child should get sick because of where he or
she goes to school. Now is the time to invest in drinking and wastewater systems that can keep our
communities healthy and safe.

– CA State Senator Bill Monning and Tom Steyer writing in The Mercury News (2017)
8The distinction between ground and surface water here is important. Surface water includes reservoirs which may provide
drinking water, but also includes lakes, rivers, and streams whose primary value for prospective homebuyers is as an aesthetic
amenity and a location for recreational activities. A number of studies have explored the relationship between home prices and
the quality of water in these non-drinking water related capacities. The most comprehensive of these is a forthcoming article by
Keiser and Shapiro (2018), which examines the impacts of the 1972 Clean Water Act (CWA). The CWA is the most prominent
federal legislation concerning water pollution and primarily governs wastewater treatment and industrial pollution (among a
range of other initiatives).
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The state of California has long struggled with delivering safe, clean drinking water to its residents. In

2012, California passed Assembly Bill 685, legislation which identified access to safe, clean drinking as

a basic human right for all Californians. Despite this proclamation, hundreds of thousands of Califor-

nians continue to be served by water systems that experience water quality violations. In recent years,

lawmakers have attempted to make good on the commitment embodied in AB 685. In 2018, Governor

Jerry Brown proposed the “Safe and Affordable Drinking Water Act” which aimed to levy a statewide

tax on drinking water to improve failing water treatment facilities. While this proposal did not survive

budget negotiations, state politicians including Jerry Brown have continued efforts to secure additional

funding to improve water quality.

Two specific contaminants, arsenic and nitrates, are especially relevant to the state of California for a

number of reasons. First, over the time period examined in this study, these two contaminants alone ac-

count for 43 percent of all public notifications, with arsenic being the number one cause of water quality

violations in the state. The prevalence of these contaminants is directly linked with the broader economy

and geography of California. Arsenic and nitrate violations are linked with the agricultural industry in

particular, as the activities associated with farming and raising livestock in California can directly im-

pact levels of these contaminants in sources of drinking water. While arsenic is a naturally occurring

chemical that can be found throughout nature, long-term exposure to arsenic via contaminated drinking

water is carcinogenic, with chronic exposure being linked most notably to skin cancer, as well as bladder

and lung cancer (Yoshida et al., 2004; World Health Organization, 2018). Arsenic is classified as a Tier 2

contaminant, meaning that CWS have up 30 days to provide notice to consumers of arsenic violations.

Smith et al. (2018) argue that increasingly intensive use of groundwater for agricultural purposes in Cal-

ifornia during the 2011 to 2017 drought increased residual arsenic concentrations in groundwater. This

resulted in increased rates of arsenic contamination in the drinking water provided by local CWS which

relied on that groundwater, as was the case for many communities in the Central Valley. In this region,

geographic and economic constraints limit the ability of many water systems to substitute away from

use of the potential contaminated ground water sources, for instance via purchasing water sourced from

elsewhere in the state. This was particularly an issue for lower income and rural communities within

the Central Valley, which struggled to deliver clean drinking water even before the onset of the drought.

Nitrate contamination of drinking water poses a number of health concerns, the most acute of which

is methemoglobinemia, frequently referred to as “blue-baby syndrome” which can be fatal for children

under 6 months of age.9 The acute health risks posed by nitrates to at-risk populations means that ni-

9When water containing elevated levels of nitrates is consumed by infants, the nitrates are converted to nitrites upon ingestion.
Nitrites then induce changes in the infant’s body which inhibits their blood’s ability to carry oxygen. The lack of oxygen causes
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trates are categorized as a Tier 1 contaminant, which requires CWS to provide notification within 24

hours of nitrate violations.10 Contamination can occur as a result of groundwater proximity to the use

of nitrate-containing fertilizer during farming, and animal waste, in particular from confined feeding

operations (California Department of Public Health, 2014). Such activities are common in California,

particularly in the Central Valley, which accounts for the large majority of the state’s agricultural out-

put. The severity of nitrate contamination concerns in California prompted legislation in 2008 requiring

the State Water Board to conduct a wide-ranging investigation into the causes and costs of nitrate con-

tamination in the state, as well potential remediation options. The ensuing investigation generated

an 8-part series of reports, conducted jointly with the University of California, which are summarized

in the Groundwater Nitrate Project (2012). The authors of this study note that nitrate contamination

is a widespread issue throughout California and that “nitrate problems will likely worsen for several

decades.”

Both arsenic and nitrate contamination issues have garnered substantial media attention in the state

of California. Op-eds discussing state water quality issues published the Los Angeles Times (Leslie,

2017) and Mercury News (Monning and Steyer, 2017) specifically cite arsenic and nitrate as key con-

cerns. The Groundwater Nitrate Project described above received substantial media coverage in the

state and was covered by the largest state newspapers, including the Los Angeles Times (Boxall, 2012),

Mercury News (Jones, 2012), and San Francisco Chronicle (Fimrite, 2012), as well as nationally by the

New York Times (Brown, 2012). More generally, the relationship between agriculture and nitrate con-

tamination has been regularly highlighted in state newspaper (Scott, 2010; Grossi, 2011) with one article

opening by stating, “the fertilizers that help California produce food for the world might also threaten

some of the drinking water at home” (Holland, 2013). This sustained media attention, in conjunction

with the elevated rates of contamination and relevance to the broader economy of California cited above,

suggest that arsenic and nitrate public notifications may be especially salient for consumers and warrant

special consideration in this study.

the infant’s skin to turn blue (hence the description blue baby syndrome) and can lead to difficulty breathing, seizures, and loss
of consciousness. In the case of severe exposure, this condition can be fatal.

10While methemoglobinemia is the primary acute health risk posed by nitrate-contaminated drinking water, there is also some
evidence that nitrates may be a potential carcinogen according to the National Cancer Institute. This risk is frequently cited
by media accounts of nitrate contamination events, and is highlighted by the Environmental Working Group’s report on the
community-wide costs of nitrate contamination (2018).
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3 Data

3.1 Housing Data

Transactions-level data on single-family home sales is gathered from Zillow’s ZTRAX database. The

data used for this study comprises 4.6 million home sale transactions records from 2000 to 2018. This

data includes transaction-specific characteristics of the home being sold including the age of building at

the time of sale, the square footage of both the lot and building, the number of bedrooms and bathrooms,

as well as indicators for the presence of a fireplace, pool, deck, tile roof, and garage. Average home sales

prices over time are plotted for the 2000 to 2018 sample period in Figure I and descriptive statistics for

home characteristics are reported in Table II.

The sample of transactions used in this analysis has been restricted following several criteria. First,

I have omitted all non-arm’s length transactions and all “family transfer” transactions, with the goal

of ensuring that the transactions retained in the analysis sample have sales prices which reflect market

prices as accurately as possible. In addition, all transactions with sale prices less than $5,000 or greater

than $5,000,000 have been excluded.

3.2 Community Water Systems (CWS)

979 California community water system (CWS) are included in this study.11 Data on the service bound-

aries of these CWS is provided by the CA Environmental Health Tracking Program (CEHTP). Data

from the CEHTP, in conjunction with data from the EPA, includes information regarding CWS service

populations and ownership structure. Within the sample of CWS, the average service population is ap-

proximately 40,000 consumers. It is worth noting, however, that the distribution of service populations

is skewed – the 10 largest CWS serve approximately 30 percent of the state, and 83 CWS have service

populations in excess of 100,000 people. Approximately 70 percent of the 979 CWS are government

owned, while the remaining 30 percent are privately owned.

Figure II provides a map of the Irvine Ranch Water District (IRWD), which serves UC Irvine and

surrounding communities. Several features of the Irvine CWS are noteworthy as they highlight general

features of CWS within California. First, CWS service areas do not necessarily correspond to other legal

jurisdictions, such as counties or cities. While a city or municipal water system may serve only the

residents of that particular city, many water systems, particularly larger systems, cut across city and

11The sample of CWS used in this study is limited to only those CWS with populations in excess of 500 people. The smallest CWS,
some of which serve populations of only 25 to 50 people, are generally omitted in the academic literature on CWS and water
suppliers given the many differences that likely exist between these systems and their larger counterparts.
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county borders. This is the case with IRWD, as its service area includes Irvine as well as parts of nearby

cities including Newport Beach, Costa Mesa, Orange, Tustin, and unincorporated county land.

3.3 Linking Houses and Community Water Systems

Homes listed in the ZTRAX database have location information included in the form of both street

addresses and longitudes and latitudes. A limitation of this study is that ZTRAX and CWS service

boundary data does not provide information on what specific water system serves a given home, and

thus homes are matched to CWS by their geographic locations. All homes located within the boundary

of a given CWS service area are counted as being served by that CWS. In the event of overlap, where

a particular home is included within the service boundaries of multiple CWS, the home is assigned to

the CWS with the smallest service population. Overlap frequently occurs in situations where a larger

municipal CWS serves a city or given region, and within that larger service area, a smaller CWS serves a

particular subdivision or neighborhood within which a particular house is located. Matching by smallest

service population is intended to ensure that homes are matched to the most relevant CWS.

3.4 Public Notification and Water Quality Violations Data

In recent years, attempts have been made at both the federal and state levels to expand public access

to data regarding drinking water quality. One such effort is the EPA’s Safe Drinking Water Inventory

System (SDWIS), which makes community water system-level records of water quality violations pub-

licly available. The SDWIS includes information on the date of the violation as well as a description of

the specific type and severity of the violation. For the years 2000 to 2018, I collect all violations records

for the state of California, and retain all Tier 1 and Tier 2 violations. For each violation, I record the

specific contaminant which triggered the violation, the date of the violation occurrence, and the name

and identifying information of the offending CWS. 2,765 violations are included in the analysis sample

over this time period.

In Figure III, I plot the total count of violations per year, as well as total service populations of the

affected CWS. Total violations increase substantially in the period following 2006. This increase is driven

by a downward revision to the MCL threshold for arsenic, the most common contaminant to trigger PN

over this time period. In Figure IV, I plot the county-level distribution of violations. In the first panel, I

display the total count of violations by county, while in the second panel, I plot the number of violations

per CWS by county. The spatial distribution of violations is consistent across both maps – the region of

the state with the largest number of violations is the Central Valley, led by the counties of Kern, Tulare,
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Fresno, Stanislaus, and Kings. Southern California, including Los Angeles, San Bernardino, Riverside

and San Diego counties also experience a relatively large number of violations, although this is driven

in part by their comparatively larger populations.

3.4.1 Differences in Testing Rules Across Contaminants

One important feature of the PN rule and the broader drinking water regulatory framework is that test-

ing guidelines and MCL thresholds vary by contaminant – the PN rule itself governs reporting guide-

lines for over 90 distinct contaminants. Of particular interest is the Total Coliform Rule (TCR), which

sets standards and testing schedules for the monitoring of coliform-related contaminants. Coliform are

a type of bacteria, and their presence in CWS water supplies can serve as a proxy for the presence of

bacterial pathogens including E. Coli. Bennear et al. (2009) uncover evidence that CWS engage in strate-

gic manipulation of testing behavior in order to avoid incurring a violation under the TCR guidelines.

CWS can incur violations under the TCR rule if 5 or more percent of the samples they draw for total

coliforms in a given month are positive. When a CWS observes a positive coliform test, they can engage

in a process referred to by CWS administrators as “sampling out.” This process entails taking more

samples than required by law following the positive test, with the hope of drawing additional negative

samples and pushing the proportion of positive tests for the month under 5 percent. Using data from

Massachusetts, Bennear et al. (2009) estimate that CWS may be able to avoid as many as one-third of

monthly TCR violations due to this sampling out strategy.

In contrast to the contaminants regulated under the TCR, testing and reporting guidelines for other

contaminants offer less flexibility. Two contaminants of particular interest for this study are arsenic and

nitrates. In contrast to the rules under the TCR, CWS have less discretion about how to respond to pos-

itive tests for these contaminants. Testing frequency is lower for arsenic and nitrates and monitoring

schedules following positive tests are predetermined by regulators, offering less flexibility for strategic

manipulation (State Water Resources Control Board, 2018). There is no analog to the 5 percent thresh-

old found in the TCR regulations, and positive tests which trigger PN for these contaminants do so

automatically.

The potential to manipulate testing requirements opens the door for selection across different types

of CWS, meaning that violation status may vary systematically across CWS with otherwise similar lev-

els of underlying water quality for reasons that may be correlated with changes in housing markets and

home prices over time. With this in mind, I will present results below which first pool all violations

together, treating them uniformly, and then disaggregate by contaminant type. This allows us to estab-
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lish whether TCR-related violations vary in their effects on home prices when compared to non-TCR

violations. I will also present results where the focus is solely on nitrate- and arsenic-related PN. These

violations are (i) less likely to be subject to manipulation, and thus offer “cleaner” variation in public

notifications, and (ii) of direct policy relevance to the state of California.

4 Estimation

The analysis sample is composed of transactions-level data. The primary outcome of interest is the

logged value of the sales price for house i in CWS w at time t, denoted Yiwt. I start by estimating

the cross-sectional relationship between log home prices and violations, where the dummy variable

PNwt ∈ {0, 1} indicates whether a given CWS has issued a public notification regarding water quality

violations over a given time period (defined in the results that follow to be intervals of 90 days, 1 year,

and 2 years). A vector of transaction-specific characteristics of home i, denoted Xiwt, is included which

features the age of building at the time of sale, (log) total lot and building square footage, number of

bedrooms and bathrooms, and indicators for the presence of a fireplace, pool, deck, tile roof, and garage.

Month-by-year fixed effects denoted γt are included as well, yielding the following regression equation:

log Yiwt = β0 + β1Xiwt + β2PNwt + γt + uiwt (1)

The coefficient β2 gives the average difference between log home prices for homes unaffected by a pub-

lic notification (those homes with PNwt = 0) and homes affected by a notification (those homes with

PNwt = 1). Importantly, there is reason to suspect that estimates of β2 in equation (1) will fail to identify

the causal effect of PN on home prices. CWS which incur violations may tend to differ from CWS which

do not for all sorts of reasons that may be correlated with home prices which are not fully accounted for

in the limited set of controls in equation (1).

The preferred specification used in this paper augments equation (1) above with fixed effects for

CWS, denoted w, and county, denoted c, yielding the following regression equation:

log Yiwt = β0 + β1Xiwt + β2PNwt + φw + ψc + γt + uiwt (2)

Equation (2) exploits within-CWS, across-time variation in public notification status to identify the ef-

fects of public notifications on home prices. Interpreting β2 from equation (2) as the causal effect of

public notifications on home prices, and thus viewing equation (2) as a difference-in-difference (DiD)
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style estimator, requires an assessment of the parallel trends assumption. Intuitively, this assumption

requires that home prices in CWS which experienced a PN at a given point in time would have followed

the same trend as home prices in CWS which did not experience a violation over that same time pe-

riod had there been no PN. In the analysis presented below, I will attempt to build a case for a causal

interpretation of estimates from equation (2) only in a subset of the results.

In order to test whether the effects of public notifications vary across different categories of noti-

fications, I will also estimate a variation of equation (2) where an interaction of PNwt and a dummy

variable, Dwt ∈ {0, 1}, has been included:

log Yiwt = β0 + β1Xiwt + β2PNwt + β3PNwt ×Dwt + φw + ψc + γt + uiwt (3)

With Dwt set equal to 1 when a given violation falls within a certain category. In the results below, I will

present specifications where Dwt is an indicator for Tier 1 violations, as well as an indicator for non-

TCR violations. Finally, all results reported below are estimated using robust standard errors. Standard

errors in all variations of equations (2) and equations (3) are clustered at the CWS-level, allowing for

errors to be correlated within CWS across time.

5 Results

The results below are presented in two stages. I begin by pooling all public notifications and estimating

the specifications given in equations (1) and (2). The full sample of public notifications is then broken

down by broad categories of contaminants to explore systematic differences across testing and reporting

rules. Following a discussion of these initial results, I turn to consider public notifications regarding two

specific contaminants, arsenic (AS) and nitrates (NN) in the second stage of results.

5.1 Preliminary Results

In table III I estimate regression equations (1) and (2) for the full sample of public notifications. In column

(1), the coefficients from the cross-sectional regression given by equation (1) are reported, with PN being

associated with declines in housing prices of between 16 percent in the 3 months following a PN to 9

percent in the two years following a notification. Of course, these estimates likely suffer from omitted

variables bias – CWS which experience violations may systematically differ from those that don’t and

the regression specified in equation (1) does nothing to account for these differences. The inclusion of

county- and CWS-specific fixed effects in column (2) has a marked impact on the estimated effects of PN,
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with coefficient estimates that are much closer to zero and not statistically significant. The difference in

estimates across columns (1) and (2) suggests that there is significant selection taking place across CWS.

Water systems that experience violations tend to have homes of lower values located within their service

boundaries, as evidenced by column (1), but this link may be driven by any number of factors, including

differences in income levels across CWS, local geography, and so on. When controls for CWS-specific,

time-invariant characteristics are added, this negative correlation disappears.

In column (3), I focus on CWS that experience at least one violation over the sample period, termed

“ever-violated” CWS. The goal of restricting the sample in this manner is to identify a potentially more

credible comparison group. This choice necessarily entails a loss of external generalizability as this

sample restriction implies that CWS which do experience violations may be systematically different

from those that do not. In column (3), there is little evidence that the distinction between all CWS and

ever-violated CWS impacts the estimated effect of PN on home prices across all three time horizons.

In Table IV, I turn to consider the effect of PN associated with Tier 1 violations by estimating vari-

ations of equation (3), where Dwt is set equal to 1 for all Tier 1 violations and 0 otherwise. As noted

previously, while both Tier 1 and Tier 2 violations trigger notifications and subsequent information be-

ing provided to consumers via annual CCR reports, the notification requirements for Tier 1 PN include

a mass media announcement component. Thus, there may be reason to suspect that Tier 1 PN may have

a different effect on home prices than Tier 2 violations. For each time horizon, the coefficient on the

interaction term is denoted with parentheses and listed below the coefficient on the main effect of PNwt.

In column (1) of Table IV, I report cross-sectional regression estimates. While the main effect of PNwt is

negative and statistically significant, there is a positive, statistically significant coefficient between the

interaction term for Tier 1 PN and home prices. This counterintuitive result is driven by the spatial dis-

tribution of Tier 1 violations, a substantial portion of which occur in coastal counties, in particular Los

Angeles, which tend to have higher average home prices compared to inland counties. Controlling for

CWS and county fixed effects in columns (2) and (3) eliminates this relationship. The Tier 1 interaction

term in no specification is statistically significant, and in the case of column (3) tends to be very close to

0. This pattern of results provides little evidence of a systematic difference in the relationship between

home prices and PN across violation tiers. Following the discussion of heterogeneity across testing rules

by contaminant, and the potential manipulability of the TCR rule discussed above, in Table V I estimate

a variation of equation (3) where Dwt is set equal to 1 for non-TCR violations and 0 otherwise. Across

columns (2) and (3) of Table V, the estimated coefficients on the interaction are all very close to 0 and not

statistically significant, so that the qualitative findings from Table III are essentially unchanged.

15



Across Tables III to V, I find little evidence that PN in general have a meaningful impact on home

prices. Investigating differences between Tier 1 and Tier 2 violations and between TCR and non-TCR

related violations shows no evidence of clear differences in home price responses across these categories

of violations. In the next section, I turn to consider public notifications regarding two specific contami-

nants, arsenic and nitrates, which are of particular interest for the state of California.

5.2 Results for Arsenic and Nitrate Public Notifications

In this section I examine two specific contaminants, arsenic (AS) and nitrates + nitrites (NN).12 The mo-

tivation for this is two-fold. First, as discussed previously, there are a number of reasons to focus on AS

and NN violations within the context of California. In addition, from an empirical perspective, focus-

ing on specific contaminants offers a number of advantages in terms of interpretation and identification

relative to estimation using the full sample of public notifications. The rules governing AS and NN

testing offer less flexibility for CWS than other contaminants, which suggests that variation in PNwt is

potentially “cleaner” for AS and NN than other notifications, in the sense that there is less potential for

selection across different CWS in terms of certain CWS manipulating their testing or PN status. In addi-

tion, while consistent measures of water quality testing results are not available for all contaminants, the

CDC does provide annual-level data on the average levels of AS and NN supplied by CWS (for more

discussion of the CDC testing data, see section 8.2 of the appendix). These measures of water quality

testing results provide the ability to examine how the effects of AS and NN PN vary by contaminant

levels and ensure that results are not driven by outliers in terms of CWS with very poor water quality.

Figure IV plots the total number of violations and number of people affected over the sample pe-

riod. In the case of AS violations, there was a reduction in the MCL threshold announced in 2000 and

implemented at the beginning of 2006; in the years prior to the MCL reduction in 2006, there were no

arsenic violations in the state of California. Figure V plots the total number of AS and NN violations by

county across California. There are a total of 1,037 AS violations, affecting 25 counties and 56 CWS, with

an affected service population of 824,514 people across the 56 CWS. AS violations are concentrated in

the Central Valley area, with the highest number of violations occurring in Kern county. In the case of

NN, there are a total of 132 violations, affecting 14 counties and 37 CWS. The total service population of

the 37 affected CWS is 996,839 people. As expected, NN violations are again concentrated in the Central

12Following the public health literature on drinking water contamination and previous academic studies, throughout the paper I
will refer these contaminants jointly using the abbreviation NN. Both nitrates and nitrites in drinking water originate from fertil-
izer, manure, and agricultural sources and their presence in drinking water can have the same health consequences (Copeland,
2014). When ingested by at-risk demographic groups, especially infants under 6 months of age, nitrates are converted to nitrites
which can cause “blue baby syndrome,” a condition which can be fatal.
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Valley area with the highest number of violations occurring in Tulare county.

Given the relative spatial concentration of violations, and the previously discussed concern about

selecting appropriate comparison groups, the AS and NN estimates presented below have samples re-

stricted to CWS that have experienced at least one violation from the relevant contaminant (e.g. the

NN sample comprises all CWS with at least one NN violation). Descriptive statistics for the AS and

NN analysis samples are presented in Tables VI and VII. CWS which experience AS and NN violations

tend to have substantially lower average home prices than the overall sample of homes, which serves to

further highlight the motivation for restricting focus to ever-violated CWS.

5.2.1 Baseline Estimates for Arsenic and Nitrates

In Figure VI, I plot event studies for AS and NN violations where the outcome is log home price. The

sample is restricted to home sales transactions which occur in the 12 months before and 24 months

after a given violation. In addition to dummy variables for month relative to the violation, I include

the controls from equation (2), including home characteristics as well as CWS, county, and month-by-

year fixed effects. In the case of both AS and NN, there is little evidence that log home prices are

consistently different from 0 in the months leading up to a violation. This suggests that home prices

do not “anticipate” violations, as might be the case if some unobserved shocks were driving both home

prices and violations; such unobserved shocks would serve to bias the estimates of β2 given by equation

(2). The fact that the pre-violation periods for both AS and NN do not exhibit clear trends or deviations

bolsters the case for interpreting estimates of β2 from equation (2) as a causal estimate of the effect of AS

and NN PN on home prices. In the months following an AS PN, there is little evidence that home prices

are adversely impacted. In contrast, NN PN appear to reduce home prices, with the largest negative

effects occurring between 1 and 2 years following a given violation; this pattern of results is borne out

in the regression estimates that follow.

In Table VIII, I estimate equation (2) for AS PN in panel I, and NN PN in panel II, with the sample

restricted to CWS that have had at least one AS violation (in panel I) and one NN violation (in panel

II), respectively. In panel I, the estimated effect of AS PN on home prices while not precisely estimated

is negative across all three time spans, with associated reductions in prices between 1 and 2 percent

following AS PN. Turning to NN violations in panel II, the estimates are more precisely estimated, with

NN PN being associated with a statistically significant 5 percent reduction in home prices in the two

years following a PN.

While the estimated effects across both panels are consistently negative, the estimates for nitrates are
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consistently larger. This pattern may hold for a number of reasons. The acute nature of nitrate-related

health concerns, namely blue baby syndrome which can be fatal for infants, may be more salient for

consumers relative to the longer-term health-risks associated with arsenic contamination. In addition,

nitrate violations have a clear connection to agricultural activity. As noted by the Groundwater Ni-

trate Project, the contamination issues arising from farming-based contamination can be very persistent.

Consumers, then, may view nitrate violations as an especially strong signal of future long-term water

quality issues. Finally, nitrates are a Tier 1 contaminant, while arsenic is classified as Tier 2. While there

was little evidence from Table IV that the effects of public notifications varied by Tier 1 vs 2 status in

general, nitrate violations, which have received substantial long-term media coverage in California, may

be an exception.

5.2.2 Robustness Checks for Nitrate Results

In Table IX, I make use of the water quality testing data provided by the CDC to assess the robustness

of the estimated NN PN effects from Table VIII panel II. One concern with the estimates from Table VIII

may be that home sales in CWS which either have very poor average water quality or which experience

marked changes in their water quality over the sample period might be driving the results. The incor-

poration of water quality testing data can ameliorate these concerns. One important limitation of the

water quality testing data (and the primary reason why the estimates using this data are presented in the

spirit of robustness checks instead of primary results), is that water quality testing data is not available

for all CWS in the sample and is not always available for every year in the sample for the CWS which

are included. I incorporate the water quality testing data in two different fashions. First, in panel I, I

incorporate the (logged value) of the annual average level of NN in CWS water supplies as an additional

control. In this panel, I restrict the sample to CWS that report at least 3 years of water quality testing

data. Here, the pattern of results from the baseline NN results is reinforced as NN PN are associated

with statistically significant declines in home prices of approximately 4.5 percent within 90 days of a PN

to 5 percent within 2 years of a PN. In Panel II, I calculate the average NN level for each CWS across the

entire sample period (requiring at least 3 years of testing data), and restrict the sample to CWS with av-

erage NN levels “near” the MCL. In practice, the distribution of annual NN levels across CWS is highly

skewed – many CWS have annual values just above 0 mg/L, while a handful of CWS have NN levels

more than 2-3 times greater than the NN MCL of 10 mg/L. As a result, ensuring that there are a reason-

able number of CWS in the sample requires a relatively wide window around the MCL threshold of 10

mg/L. Panel II restricts the sample to CWS with average NN levels over the sample period between ±8
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mg/L of the MCL threshold of 10 mg/L, thereby limiting the sample to 29 CWS.13 As in the case of Panel

I, the baseline results from Table VIII are again borne out, with home prices declining by a statistically

significant 4.9 percent in the two years following a NN PN.

In Table X, I estimate a variation of equation (3), where Dwt is set equal to 1 for the first nitrate

violation that a given CWS incurs over the sample period and 0 otherwise. This interaction allows us to

explore the degree to which the negative home price response varies by first-time vs repeat violations

within a given CWS. For the first offense within a given CWS, the effect on home prices is given by the

sum of the two coefficients reported in each column of Table X. The p-values reported in brackets in

each column correspond to a test of whether the sum of both coefficients is equal to 0. In the case of

columns (1) and (2), F-tests fail to reject this null hypothesis, indicating a muted response to first-time

violations, while the sum of both coefficients is marginally significant in column (3) with a p-value of

0.10. The main effect of nitrate violations, which gives the impact of nitrate PN for repeat offenses within

a given CWS (where Dwt = 0), is consistently larger than in the results presented in Table VII Panel II.

I interpret this pattern of results as suggesting that home buyers are especially concerned with repeat

nitrate violations within a given CWS, which serve as a signal of the persistence of the water quality

issues within that CWS, and may suggest to home buyers that the CWS is likely to continue to have

water quality issues in the future.

6 Estimating CWS-Level Costs of Nitrate Violations

The results above suggest that nitrate PN are responsible for declines in home prices of approximately

5 percent in the two years following a notification. In this section, I conduct a back-of-the-envelope

exercise to calculate the total cost of these violations for an average-sized CWS. I start by calculating the

average home sales price over the period 2014-2018 for each of the 37 CWS in the analysis sample which

experienced at least one nitrate violation. I then calculate the per-house cost of a nitrate PN for a given

CWS w as:

Per-House Costw =− 1× β̂NN × Average Home Pricew

=0.05× Average Home Pricew (4)

13The sample size is larger in Panel II than Panel I because being in the sample for Panel I requires having a non-missing value for
the CWS-level annual NN measure in a given year. In Panel II, all years of transactions from a given CWS are included as long
as 3 years of water quality testing data are available at any point over the sample period
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Where β̂NN is taken from the Table XIII Panel II column (3) estimate. Over the 37 CWS included in the

sample, the average house price is $394,155. Using equation (4), the average per-house cost of a nitrate

PN is then $19,707.

Calculating CWS-level total cost figures requires determining the number of homes in a given CWS.

While CWS provide data on their service populations and the total number of service connections, I

cannot directly determine the number of homes served. Instead, I use county-level data from the 2013

American Community Survey (ACS) on average household sizes to calculate the number of housing

units in a given CWS by dividing the CWS service population by the average household size (and

rounding to the nearest integer). The total cost of a nitrate PN for CWS w in county c is then given by:

Total Costw = Per-House Costw ×
(

Service Populationw

Average Household Sizec

)
(5)

The average number of homes in the 37 CWS to experience a nitrate PN is 8,750, which corresponds to

an estimated total cost of a nitrate PN of $172,436,250 for a CWS serving an average number of homes

within this sample. The median number of homes is 1,851, which likewise corresponds to an estimated

total cost of a nitrate PN of $36,477,657 for a CWS serving the median number of homes within this

sample.

7 Conclusion

In this paper, I examine the effects of public notifications regarding drinking water quality on home

prices using transactions-level data from California from 2000 to 2018. I find little evidence that home

prices are affected by public notifications in general. Interpreting this pattern of null findings warrants

careful consideration. If homebuyers are unconcerned about waterborne contaminants in their drinking

water aside from nitrates, then these findings may suggest that consumers are unwilling to pay to avoid

living in areas affected by contaminated water. This finding would suggest that the marginal value of

additional improvements in drinking water quality is low. Alternatively, however, homebuyers may be

simply unaware of many public notifications. If this is the case, then the pattern of null findings does not

reflect the value consumers place on clean drinking water. The fact that public notifications regarding

nitrates, a contaminant which is especially relevant to California and which has received substantial

media attention in the state, do appear to negatively affect home prices suggests that the latter story

may be more likely. Nitrate contamination issues, given their prevalence, severe potential health effects,

and prior media coverage, may be (i) more likely to receive additional media attention and (ii) more
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salient for homebuyers.

The estimated costs associated with nitrate public notifications in the state of California are substan-

tial. Focusing on a sample of community water systems which experience at least one nitrate notification

over the sample period, notifications regarding nitrates are associated with statistically significant de-

clines in home prices of approximately 5 percent in the two years following a notification. Among this

sample of water systems, this estimate implies a total cost of such violations of approximately $172

million for an average-sized community water system.
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8 Appendix

8.1 Public Notification Sample from EPA

The Required Elements of a Public Notice

IMPORTANT INFORMATION ABOUT YOUR DRINKING WATER

Tests Showed Presence of Coliform Bacteria

1. Description of the 
2. When the violation The Jonesville Water System routinely monitors for coliform bacteria. During 

violation
occurred the	month	of	July,	7	percent	of	our	samples	tested	positive.	The	standard	is	that	

no	more	than	5	percent	of	samples	may	test	positive.	

6.	Actions	consumers	 What should I do?
should take  

• You do not need to boil your water or take other corrective actions. 
5.	Should	alternate	However,	if	you	have	specific	health	concerns,	consult	your	doctor.	 water supplies be 

•	 You do not need to use an alternate (e.g., bottled) water supply. used

•	 People with severely compromised immune systems, infants, pregnant 4. The population at 
women, and some elderly may be at increased risk. These people should risk
seek advice about drinking water from their health care providers. General 
guidelines on ways to lessen the risk of infection by microbes are available 
from	EPA's	Safe	Drinking	Water	Hotline	at	1-800-426-4791.

What does this mean?
 
This	is	not	an	emergency.	If	it	had	been,	you	would	have	been	notified	
immediately. Coliform bacteria are generally not harmful themselves. Coliforms 

3. Potential adverse are bacteria which are naturally present in the environment and are used as 
health effects an indicator that other, potentially-harmful, bacteria may be present. Coliforms ` were found in more samples than allowed and this was a warning of potential 

problems. 
 
Usually, coliforms are a sign that there could be a problem with the system's 
treatment or distribution system (pipes). Whenever we detect coliform bacteria 
in	any	sample,	we	do	follow-up	testing	to	see	if	other	bacteria	of	greater	
concern, such as fecal coliform or E. coli,	are	present.	We	did	not	find	any	of	

7.	What	is	being	 these bacteria in our subsequent testing.
done to correct the 
violation or situation What was done?

We took additional samples for coliform bacteria which all came back negative. 8.	When	the	system	
As	an	added	precaution,	we	chlorinated	and	flushed	the	pipes	in	the	distribution	 expects to return to 
system to make sure bacteria were eliminated. This situation is now resolved. compliance

9.	Phone	number	for	For	more	information,	or	to	learn	more	about	protecting	your	drinking	water	
more informationplease	contact	John	Jones	at	(502)	555-1212.

Please share this information with all the other people who drink this water, 
10. Required especially those who may not have received this notice directly (for example, 
distribution language people in apartments, nursing homes, schools, and businesses). You can do 

this by posting this notice in a public place or distributing copies by hand or 
mail.

This is being sent by the Jonesville Water System.
State	Water	System	ID#1234567.	Date	Distributed:	8/8/09

8.2 Water Quality and Testing Data

The Center for Disease Control (CDC) collects information on drinking water quality via the National

Environmental Public Health Tracking (NEPHT) system. The drinking water quality data collected by

the NEPHT is the only consistent, national set of records on the quality of water provided by CWS to
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consumers. For regulated contaminants including arsenic and nitrates, the NEPHT provides CWS-level

yearly records of the average levels of these contaminants in the treated drinking water provided to

consumers. These annual measures are constructed from the results of testing of water samples drawn

from points in the water distribution system after all treatment has taken place (i.e. the water quality test

results reflect the quality of the drinking water that is being provided to consumers).

Several important caveats are worth noting regarding the data provided by the NEPHT. First, specific

testing rules, including sampling locations, frequency of testing, and so on, vary by both the type of

contaminant and by the size of a given CWS. The data reported by the NEPHT does not account for this

variability. Second, as the EPA notes, “concentrations in drinking water cannot be converted directly to

exposure, because water consumption varies by climate, level of physical activity, and between people”

(EPA 2004). Furthermore, the quality measures provided by the NEPHT do not directly correspond

to the incidence of specific violations e.g. a CWS may have an average level of a given contaminant

over the course reported in the NEPHT that is below the MCL threshold for that contaminant, and yet

incur a violation at some point during the year for a test or series of tests where the contaminant level

exceeded the MCL over some shorter period of time. As a result, the CDC guidelines suggest that the

water quality measures provided by the NEHPT are best thought of as reflecting the long-term quality

of the drinking water provided to consumers.
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10 Figures and Tables

Figure I: Average Home Sales Prices in California (2000 to 2018)
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Data comes from Zillow’s transactions-level ZTRAX homes sales data for the state of California.
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Figure II: Map of Irvine Ranch Water District CWS Service Area
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Figure III: Total Number of Violations and Affected Service Population by Year in California (2000-2018)
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Figure IV: Total Number of Nitrate and Arsenic Violations and Affected Service Population by Year
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Figure V: Spatial Distribution of Violations by County (2000-2018)
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Figure VI: Event Studies for Nitrate and Arsenic Public Notifications
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Table II: Descriptive Statistics for Baseline Regression Sample

Mean SD Min Max
Log(Home Price) 12.7 .758 6.91 15.4
Age of Building at Time of Sale 20.3 15.8 0 58
Log(Lot Square Footage) 8.94 .585 .693 11.4
Log(Building Square Footage) 7.54 .368 1.39 9.61
Number of Bedrooms 3.51 .824 0 6
Binary Indicator for Fireplace .525 .499 0 1
Binary Indicator for Pool .166 .372 0 1
Binary Indicator for Deck .0114 .106 0 1
Binary Indicator for Tile Roof .177 .381 0 1
Binary Indicator for Garage .669 .471 0 1
Month in Sample Dummy 532 61.9 429 651
Violation within Past 90 Days .0151 .122 0 1
Violation within Past Year .0363 .187 0 1
Violation within Past 2 Years .061 .239 0 1
Observations 4620705

Table III: Effect of Public Notifications on Home Prices

(1) (2) (3)

Violation within Past 90 Days -0.1664*** 0.0231 0.0236
(0.0022) (0.0233) (0.0226)

Violation within Past Year -0.1025*** 0.0258 0.0263
(0.0014) (0.0182) (0.0180)

Violation within Past 2 Years -0.0937*** 0.0198 0.0201
(0.0011) (0.0209) (0.0206)

N 4,620,705 4,620,692 1,530,996
Controls
Home Characteristics + Monthly FE’s Y Y Y
CWS & County FE’s . Y Y
Ever-Violated CWS . . Y
Mean(Home Price) $429,373 $429,373 $430,934
Mean(Violation in Past 2 Years) 0.061 0.061 0.184

Violations occurred in 422 CWS in 50 counties within sample.

Outcome in all regressions is log(home price). Each cell represents coefficient from separately estimated regression.

Standard errors in all columns are robust. SE’s clustered on CWS in columns (2-3). * p<0.10; ** p<0.05; *** p<0.01
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Table IV: Effect of Public Notifications on Home Prices – Tier 1 Public Notifications

(1) (2) (3)
Violation within Past 90 Days -0.1997*** 0.0201 0.0203

(0.0023) (0.0258) (0.0250)
Violation within Past 90 Days (Tier One) 0.2844*** 0.0215 0.0238

(0.0066) (0.0514) (0.0511)

Violation within Past Year -0.1476*** 0.0264 0.0272*
(0.0016) (0.0164) (0.0159)

Violation within Past Year (Tier One) 0.2334*** -0.0029 -0.0043
(0.0034) (0.0522) (0.0514)

Violation within Past 2 Years -0.1345*** 0.0288* 0.0298*
(0.0013) (0.0162) (0.0158)

Violation within Past 2 Years (Tier One) 0.1781*** -0.0356 -0.0385
(0.0026) (0.0542) (0.0535)

N 4,620,705 4,620,692 1,530,996
Controls
Home Characteristics + Monthly FE’s Y Y Y
CWS & County FE’s . Y Y
Ever-Violated CWS . . Y

Tier 1 violations occurred in 63 CWS in 30 counties within sample.

Outcome in all regressions is log(home price). Each cell represents coefficient from separately estimated regression.
Standard errors in all columns are robust. SE’s clustered on CWS in columns (2-3). * p<0.10; ** p<0.05; *** p<0.01

Table V: Effect of Public Notifications on Home Prices – Non-TCR Public Notifications

(1) (2) (3)
Violation within Past 90 Days -0.0698*** 0.0259 0.0284

(0.0043) (0.0212) (0.0217)
Violation within Past 90 Days (non-TCR) -0.1353*** -0.0043 -0.0072

(0.0050) (0.0384) (0.0377)

Violation within Past Year -0.0551*** 0.0245 0.0263
(0.0022) (0.0262) (0.0269)

Violation within Past Year (non-TCR) -0.0864*** 0.0025 -0.0001
(0.0029) (0.0312) (0.0305)

Violation within Past 2 Years -0.0608*** 0.0210 0.0226
(0.0017) (0.0302) (0.0306)

Violation within Past 2 Years (non-TCR) -0.0642*** -0.0026 -0.0052
(0.0022) (0.0325) (0.0316)

N 4,620,705 4,620,692 1,530,996
Controls
Home Characteristics + Monthly FE’s Y Y Y
CWS & County FE’s . Y Y
Ever-Violated CWS . . Y

Non-TCR violations occurred in 211 CWS in 45 counties within sample.

Outcome in all regressions is log(home price). Each cell represents coefficient from separately estimated regression.
Standard errors in all columns are robust. SE’s clustered on CWS in columns (2-3). * p<0.10; ** p<0.05; *** p<0.01
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Table VI: Descriptive Statistics for Nitrates Ever-Violated Sample

Mean SD Min Max
Log(Home Price) 12.5 .66 6.91 15.4
Age of Building at Time of Sale 20.3 15.5 0 58
Log(Lot Square Footage) 8.94 .496 4.62 11.4
Log(Building Square Footage) 7.49 .368 4.63 9.61
Number of Bedrooms 3.46 .825 0 6
Binary Indicator for Fireplace .685 .465 0 1
Binary Indicator for Pool .188 .391 0 1
Binary Indicator for Deck .000187 .0137 0 1
Binary Indicator for Tile Roof .0728 .26 0 1
Binary Indicator for Garage .214 .41 0 1
Month in Sample Dummy 531 61.4 429 651
Violation within Past 90 Days (Nitrate) .0194 .138 0 1
Violation within Past Year (Nitrate) .0758 .265 0 1
Violation within Past 2 Years (Nitrate) .164 .37 0 1
Observations 165640

Table VII: Descriptive Statistics for Arsenic Ever-Violated Sample

Mean SD Min Max
Log(Home Price) 12.3 .673 6.91 15.3
Age of Building at Time of Sale 17.2 14.7 0 58
Log(Lot Square Footage) 9.04 .453 6.08 11.4
Log(Building Square Footage) 7.45 .334 5.28 9.61
Number of Bedrooms 3.41 .765 0 6
Binary Indicator for Fireplace .699 .459 0 1
Binary Indicator for Pool .155 .362 0 1
Binary Indicator for Deck .000682 .0261 0 1
Binary Indicator for Tile Roof .046 .21 0 1
Binary Indicator for Garage .696 .46 0 1
Month in Sample Dummy 534 62.3 429 651
Violation within Past 90 Days (Arsenic) .192 .394 0 1
Violation within Past Year (Arsenic) .237 .426 0 1
Violation within Past 2 Years (Arsenic) .288 .453 0 1
Observations 168543
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Table VIII: Effect of Public Notifications on Home Prices – Nitrate and Arsenic Public Notifications

Panel I: Effect of Arsenic PN in CWS with at
Least One Arsenic Violation

90 Days 1 Year 2 Year

Arsenic Violation -0.0248 -0.0172 -0.0171
0.0444 (0.0370) (0.0294)

N 168,543 168,543 168,543
Panel II: Effect of Nitrate PN in CWS with at
Least One Nitrate Violation

90 Days 1 Year 2 Year

Nitrate Violation -0.0466 -0.0343 -0.0536**
(0.0282) (0.0225) (0.0242)

N 165,640 165,640 165,640
Controls
Month-by-Year Fixed Effects Y Y Y
Home Characteristics Y Y Y
CWS + County Fixed Effects Y Y Y
Ever-Violated CWS Y Y Y
Outcome in all regressions is log(home price). Each cell represents coefficient from separate regression.

Standard errors clustered in all columns. Sample restricted to CWS with ≥ 1 violation of interest.

* p<0.10; ** p<0.05; *** p<0.01

Table IX: Effect of Nitrate Public Notifications – Robustness Checks Using Water Quality Measures

Panel I: Including Control for Annual
Nitrate Levels

90 Days 1 Year 2 Year

Nitrate Violation -0.0449* -0.0263 -0.0514**
(0.0251) (0.0215) (0.0246)

Log(Annual Nitrate Level) -0.0170 -0.0162 -0.0123
(0.0129) (0.0128) (0.0127)

N 121,784 121,784 121,784
Panel II: Restricting Sample to CWS with
Nitrate Levels Near MCL

90 Days 1 Year 2 Year

Nitrate Violation -0.0441 -0.0318 -0.0490*
(0.0334) (0.0248) (0.0265)

N 149,958 149,958 149,958

Baseline regression controls + FE’s included. Panel I sample includes 31 CWS. Panel II sample includes 29 CWS.

* p<0.10; ** p<0.05; *** p<0.01
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Table X: Effect of Nitrate Public Notifications – First Time Offender Interaction

90 Days 1 Year 2 Year

Nitrate Violation -0.1088*** -0.0786*** -0.0747***
(0.0206) (0.0188) (0.0198)

Violation X First Time Offense 0.0998*** 0.0570* 0.0268
(0.0329) (0.0301) (0.0309)
[0.78] [0.43] [0.10]

N 165,640 165,640 165,640

P-value from an F-test that the sum of both reported coefficients is equal to 0 is reported in brackets. Standard errors clustered on
CWS in parentheses. Baseline regression controls + FE’s included. Outcome in all regressions is log(home price). * p<0.10; ** p<0.05; ***

p<0.01
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