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A growing body of research shows that natural gas leaks at the distribution level are much more common and
extensive than previously thought. Although scholars and advocates have raised alarms about the climate change
and economic significance of these leaks, there has been little consideration of the problem from an environ-
mental justice perspective. Using recently available high resolution leak data, this analysis of natural gas leaks
across the state of Massachusetts shows that People of Color, limited English speaking households, renters, lower
income residents, and adults with lower levels of education are disproportionately exposed to natural gas leaks

and that their leaks take longer to repair, as compared to the general population, and particularly as compared to
White residents and to homeowners. This pattern is evident for all leaks in the state, for leaks disaggregated by
leak class or grade, and for leaks disaggregated by utility. This analysis shows that natural gas leaks are an
environmental justice issue warranting further study and policy attention.

1. Introduction

From the wellhead to the gas appliances in homes, researchers
increasingly find that natural gas leaks are more common and extensive
than previously understood or reported. These leaks have outsized
climate impacts because methane, the primary constituent of natural
gas, has more than 80 times the global warming potential of carbon
dioxide over the first 20 years that it reaches the atmosphere. Lost
methane may account for one quarter of current warming (EDF, 2021).
Locally, gas leaks pose explosive fire hazards, contribute to degradation
of indoor and outdoor air quality, and kill street trees. Moreover, the loss
of natural gas represents an economic burden both to consumers and to
distributors. Despite rapid growth in studies about the extent of gas leaks
and methods to detect them, research on gas leaks from an equity
perspective has been rare and inconclusive (Phillips et al., 2013; Scott
et al., 2019). As with many other forms of environmental and energy
challenges, there is reason to suspect that the experience of natural gas
leaks is neither equal nor equitable.

This paper assesses the degree to which gas leaks on distribution-
level mains and services to buildings are distributed inequitably and
how repair of these leaks varies between communities across the state of
Massachusetts, USA. To perform this assessment, we utilize newly
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available street-level records of gas leaks reported by natural gas utilities
which have been geocoded by the Home Energy Efficiency Team
(HEET), a non-profit environmental advocacy organization based in
Cambridge, Massachusetts. The gas leaks records reveal not only
detailed information about individual leak locations, but also their first
reporting date, whether or when they were repaired, and their leak class
or grade (i.e. hazardousness). In this paper, leak class and grade are used
synonymously. We compare the relative frequency of these leaks across
communities at varying geographic scales using American Community
Survey census data to determine whether there are systematic differ-
ences in exposure or timeliness of repair for different geographic com-
munities and population subgroups.

This high resolution, statewide assessment of gas leaks exposure and
response applies a much-needed environmental justice framework to the
problem of natural gas leaks. It advances prior work on gas leaks
occurrence which has been limited to independent analyses of specific
municipalities (Phillips et al., 2013), or which has been conducted at
coarse geographic scales due to the lack of detailed data below regional
or utility-scale reporting (Scott et al., 2019). This analysis draws on a
robust body of environmental justice research and practice to demon-
strate the application of an equity analysis to the problem of
distribution-level gas leaks. The results validate concerns that exposure
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and response to natural gas leaks are inequitable. These findings affirm
the value to regulators, utilities, and communities of adopting an envi-
ronmental justice perspective to reveal and understand how inequities
are created and perpetuated in natural gas distribution. This study also
highlights the critical importance of detailed and transparent reporting
by utilities and their regulators to support environmental justice.

2. Background
2.1. Gas service provision in Massachusetts

Natural gas consumption in Massachusetts has grown dramatically in
the last three decades — over 200% since the early 1980s — displacing
coal, oil, and nuclear power for electricity generation, and wood and fuel
oil for home heating (EIA, 2021). The growth in natural gas consump-
tion over this time period is variously attributed to the higher price and
volatility of fuel oil for home heating (Joskow, 2013), changes in federal
regulation of the natural gas industry (APGA, 2021; NERC, 2011), the
dramatic expansion of access to domestic shale gas through hydrologic
fracking (Logan et al., 2012; NERC, 2011), and state-level regulation
encouraging electric utilities to switch to cleaner and less
carbon-intensive fuel sources (particularly compared to oil and coal)
(C2ES, n.d.). At the end of 2019, approximately two-thirds of electricity
generation in the state was fueled by natural gas, with the remainder
made up primarily by hydroelectricity, biomass, and various sources of
renewable energy (EIA, 2020). However, households are the single
largest consumers of natural gas, representing over 30% of total con-
sumption for the state, most of which is used for hot water and space
heating (EIA, 2015, 2019). More than half (52%) of all residences in
Massachusetts (1.4 million occupied housing units) rely on
utility-supplied, piped natural gas as their primary source of home
heating, with the remainder reliant primarily on fuel oil (24%) or
electricity (17%) (Census, 2019). Despite aggressive marketing by util-
ities and the natural gas trade association about the economic and
environmental benefits of natural gas (AGA, n.d.; Hall et al., 2021;
Leber, 2021), its appeal has been undermined by revelations about the
extent of gas leaks, high profile disasters, and initiatives by the state and
municipalities to dramatically and rapidly reduce greenhouse gas
emissions (Borunda, 2020; Roberts, 2019; Volcovici and Groom, 2021).

2.2. Crises of gas leakage

Leakage of natural gas from production through transportation and
distribution has long been recognized, but a growing body of research
has revealed that the extent of these losses is much greater than reported
by the natural gas industry or estimated by regulators. Until 2009, the
Environmental Protection Agency (EPA) relied on a joint EPA-industry
assessment from 1996 that estimated about 1.4% of the methane in
the natural gas system was lost to the atmosphere, with incremental
revisions of upstream emissions estimates in subsequent years
(Howarth, 2014). However, researchers using independent systems of
analyses, including life cycle assessment and atmospheric measure-
ments, found that methane emissions from the natural gas system were
likely to be at least two to three times greater than government and
industry estimates (Brandt et al., 2014; Howarth et al., 2011; McKain
et al.,, 2015; Plant et al.,, 2019; Inman et al., 2020). Until recently,
however, there was very little research or reporting allowing for
disaggregation of lost gas or methane emissions at the distribution level
(Weller et al., 2020).

In Massachusetts, Phillips et al. (2013) pioneered a portable,
street-level method of gas leak detection using a vehicle-mounted cavity
ring-down spectrometer. The results and the maps they released
beginning in 2012 showed that Boston was suffused by excessive levels
of methane along the 785 miles of road they surveyed (Daley, 2012).
They argued that these concentrations could not be explained by natural
sources and must be from leaks in gas mains buried beneath the streets.
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Their methods were replicated in municipalities across the country,
from Washington D.C (Jackson et al., 2014). and New York City (Gal-
lagher et al., 2015) to Los Angeles (Hopkins et al., 2016). These studies
confirmed that gas leaks are a ubiquitous problem in the distribution
system. Despite the growth in such studies, however, most have
continued to focus on methodologies for the detection and quantifica-
tion of methane from natural gas distribution, with virtually no atten-
tion to its environmental health or social implications (Fischer et al.,
2017; Cho et al., 2020; Keyes et al., 2020; Weller et al., 2018).

With over 6000 miles of aging, leak-prone infrastructure (DPU,
2019), Massachusetts bears a disproportionate share of the country’s
leak-prone gas pipelines (Herdes et al., 2020). Natural gas distribution
systems are comprised of mains and services. Mains generally distribute
gas into an area and services deliver gas from the mains to homes or
businesses. At the end of 2019, Massachusetts gas utilities reported over
4600 miles of leak-prone cast iron or unprotected steel mains comprising
22% of their total mains mileage, compared to 6% for the USA. Simi-
larly, over 171,000 services were made of the same leak-prone materials
comprising over 13% of service lines in the state, compared to 4% for the
USA (PHMSA, 2019). As one of the longest settled parts of the country,
the infrastructure in Massachusetts reflects its age. Approximately 14%
of mains and 12% of services across Massachusetts were installed prior
to 1960 with 14% and 8% respectively installed before 1940 (PHMSA,
2019). Beginning in the early 1990s, the Pipeline Hazards and Materials
Safety Administration (PHMSA) began issuing alert bulletins on the need
to replace cast iron pipe, and later unprotected steel pipe as well as any
pipelines over 60 years of age, because of the higher rate of failure and
leaks based on nationwide studies (Herdes et al., 2020; Vetter et al.,
2019). In 2009, the Massachusetts Department of Public Utilities (DPU)
started approving plans for accelerated replacement of leak-prone
infrastructure (DPU, 2019). However, the pace of repair was
frequently criticized (Norton, 2011). In 2013, Congress released a study
commissioned by Massachusetts Senator Edward Markey showing that
natural gas customers across the country had paid $20 billion over a
decade (2000-2011) for gas that they had never received; over $1.5
billion in Massachusetts alone (U. S. House Committee on Natural Re-
sources, 2013). Massachusetts subsequently passed legislation requiring
utilities to submit annual plans to repair or replace leak-prone natural
gas infrastructure, adopt a consistent system of leak hazard classification
with timelines for monitoring and repair, and crucially (for this anal-
ysis), to submit publicly-accessible reports of the status and locations of
leaks to the DPU (“An Act Relative to Natural Gas Leaks” 2014). This
statewide program for public reporting of distribution-level gas leaks is
the first such program in the USA that requires street-level geographic
detail. However, utilities are not required to directly measure or report
leak volume.

The first gas leaks reports were filed with the DPU in 2015. HEET
cleaned up and translated the data from these reports into accessible,
online interactive maps showing the location, grade, and status of the
leaks for hundreds of communities across the state. They released these
maps to the public beginning in summer 2015 (Chakrabarti, 2015).
HEET has continued this service annually with each release of the DPU
data, performing quality control, and becoming the de facto source for
publicly accessible maps of utility-reported leaks in Massachusetts. The
sustained visibility of gas leaks has become an invaluable resource for
advocates to hold utilities, the DPU, and policy makers accountable and
to address these leaks (HEET, 2017).

2.3. Another gas disaster reveals systemic problems

In September 2018, concerns about the dangers of natural gas rose to
the forefront again after a series of natural gas explosions and fires hit
three communities in the Merrimack Valley of northeastern Massachu-
setts. As a result of overpressurization during gas line replacement by
Columbia Gas, five homes were destroyed, and another 131 damaged by
fire. People were injured and approximately 50,000 were forced to
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evacuate the area. The City of Lawrence, a largely Hispanic, immigrant,
and working-class community, was hardest hit by the crisis, accounting
for all of the direct injuries and most of the property damage (NTSB,
2019; Walters, 2019; Valencia, 2020).

While the disaster was regarded as an unusual event, other in-
vestigations have highlighted systemic problems in how natural gas
utilities across the state prioritize and handle gas leaks. Research
released in 2016 showed that just 7% of leaks in the metro Boston dis-
tribution system accounted for 50% of gas leak emissions by volume
(Hendrick et al., 2016). Moreover, these “super emitters” were just as
likely to be Grade 3 leaks, which are not considered an explosion hazard
and thus are not normally prioritized for repair. Massachusetts subse-
quently passed legislation requiring utilities to identify and prioritize
Grade 3 leaks of “significant environmental impact” or SEIs (Energy
Diversity Act, 2016). Leak grades are described in more detail in section
3.1 below. Since 2017, HEET has collaborated with the state’s largest
gas utilities to help them adopt a reliable and proven new method for
accurately identifying SEIs (HEET, 2021c). However, HEET and others
have found that utility repairs appear to eliminate all gas from the entire
leak footprint only 30% of the time (HEET, 2021c; Edwards et al., 2021).
An outside auditor contracted by the state in response to the Columbia
Gas disaster found that most of the gas utilities in the state were moving
too slowly in pipeline replacement to meet statutory obligations, were
plagued by poor record keeping, inconsistent methods of leak moni-
toring and repair, and curiously, were improperly prioritizing repairs in
suburban communities, rather than in more densely populated urban
communities where more people were exposed and the risks higher
(Herdes et al., 2020).

Sustained attention to the problem of leaking natural gas for the last
decade in Massachusetts has spurred awareness about the magnitude
and extent of the problem. Most of this attention has been premised on
concerns about greenhouse gas mitigation, cost recovery, and public
safety. With very few exceptions (Mascoop, 2018; Scott et al., 2019),
these conversations have not considered the distributional or procedural
equity dimensions of the problem i.e. an environmental justice
perspective.

2.4. An environmental justice framework

Environmental justice is the principle that everyone has a right to a
healthy and safe environment and to be treated fairly, with meaningful
opportunity for participation in processes or decisions that affect them.
In practice, environmental justice is rooted in the recognition that spe-
cific communities and population groups — particularly People of Color,
including indigenous groups, and lower income people in the USA
context — have been denied these rights (Agyeman et al., 2016; Baptista
et al., 2019; Bonorris, 2010; Lado, 2017; Lado, 2019; Salazar et al.,
2019; U.S. Commission on Civil Rights, 2016).

Since the 1980s, government reports, academic scholarship, and
investigative journalism have repeatedly found that racial and ethnic
minorities, indigenous groups, less educated adults, linguistically iso-
lated households, and low income communities are disproportionately
exposed or vulnerable to a wide range of environmental burdens. These
communities are also subjected to procedural inequities through un-
equal treatment, enforcement, and opportunities for meaningful
participation. Environmental justice research has revealed unequal
exposure to hazardous waste (Salazar et al., 2019), air pollution (Colmer
et al., 2020), water pollution (Schaider et al., 2019), noise pollution
(Collins et al., 2020), traffic (Pinto de Moura and Reichmuth, 2019), and
more recently, the climate change enhanced risks of flooding and sea
level rise (Hardy et al., 2017), excessive heat (Hoffman et al., 2020), and
extreme weather (Garcia-Lopez, 2018). Conversely, these same com-
munities and groups are disproportionately denied environmental ben-
efits or amenities, such as access to greenspace (Rigolon et al., 2018),
urban tree canopy coverage (Schwarz et al., 2015), lead-free housing
(Whitehead and Buchanan, 2019), and access to safe drinking water
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(Fedinick et al., 2019). Environmental justice scholarship has also
shown that these communities suffer procedural inequities including
unequal environmental compliance by private businesses (McDonald
and Jones, 2018), unequal enforcement by government agencies
(Konisky and Reenock, 2018), and less government aid for disaster re-
covery (Howell and Elliott, 2018). These burdens do not occur singly or
in isolation, but are overlapping, cumulative, and synergistic in their
effects on health and wellbeing and even economic opportunity.
The focus of an environmental justice perspective is therefore on:

@ those communities that have been, and continue to be, dispropor-
tionately burdened by pollution or other environmental insults,

@ those who are especially vulnerable to risks and threats,

@ those who have been treated differently in the enforcement of law or
administration of public services,

@ those who have been unfairly excluded from enjoying environmental
benefits, and

@ those who have been denied a voice in decision making about their
environments — “where they live, work, and play” (Robert Bullard
quoted in Schweizer, 1999).

While environmental justice originated in grassroots movements in
the USA, it has evolved into a widely deployed framework for analyzing
and understanding a diverse range of environmental inequalities and
their relation to systems of discrimination or oppression globally, from
inequitable exposure of ethnic and religious minorities to coal-generated
air pollution in India (Kopas et al., 2020; Oskarsson and Bedi, 2018), to
hydropower dam resistance by indigenous and rural communities across
Africa and South America (Randell and Klein, 2021; Shah et al., 2019;
Verhoeven, 2021), to inequality and climate vulnerability in islands of
the Caribbean, southwestern Indian Ocean, and South Pacific Ocean
(Douglass and Cooper, 2020; Klepp and Fiinfgeld, 2021). The environ-
mental justice framework and its core concepts are deeply rooted in
activism, policy, and academia, and they undergird parallel movements
such as climate justice (Henrique and Tschakert, 2020; Muttitt and
Kartha, 2020; Schlosberg and Collins, 2014; Simmons, 2020; Sultana,
2021) and energy justice (Ciplet, 2021; Heffron et al., 2015; Jenkins
et al., 2016; Jenkins, 2018; Jenkins et al., 2021; OSullivan, Golubchikov,
and Mehmood, 2020; Velasco-Herrejon and Bauwens, 2020) and other
‘justice-led’ theoretical frameworks (Evans and Phelan, 2016; Lacey--
Barnacle et al., 2020; McCauley and Heffron, 2018). All of these share a
common goal to “weave together” the necessity for social justice - pro-
cedural and distributive justice most commonly and expanding to
include other forms of justice such as recognition, capability, and
restorative justice (Initiative for Energy Justice, 2021). These justice-led
frameworks stand in contrast to traditional techno-economic analyses
favored by governments and businesses by highlighting and confronting
the unequal social and political implications of environmental, energy,
or climate systems and decisions, particularly for marginalized com-
munities (Lacey-Barnacle et al., 2020).

We apply the environmental justice framework to gas leaks because
the gas distribution infrastructure is a significant component of the
urban environment in which people “live, work, and play.” Gas leaks
have the potential to be a safety hazard to nearby residents, and the
timely repair of all leaks represent important expressions of prioritiza-
tion by utilities and government regulators for these urban environ-
ments and the people who live there. Systematic differences in the
geographic distribution of leaks or their timely repair along the axes of
race/ethnicity, class, or other dimensions of social stratification may be
evidence of social bias or systemic inequity — an environmental injustice.
We use the environmental justice framework because that is the lan-
guage used by both community advocates and policy makers in Massa-
chusetts and the USA in addressing a broad range of distributional and
procedural environmental inequities, including those concerning energy
infrastructure (Initiative for Energy Justice, 2021; Climate Roadmap,
2021; “White House Environmental Justice Advisory Council” 2021;
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Executive Order 12 898, 1994; FERC, 2021; Lopez Nickerson and
Humes, 2021; DOE, 2021; Goldin, 2021; Madaro, 2021; Morales, 2021).

At its core, environmental justice is about the spatial distribution of
environmental benefits and burdens (Lee, 2021). This is because envi-
ronmental phenomena, including energy infrastructure and services, are
inherently geographic. This analysis applies an environmental justice
analysis to the phenomenon of natural gas leaks in Massachusetts using a
geospatial approach to quantitatively describe and compare the expe-
riences of different population groups with respect to both exposure to
gas leaks and to the timeliness of their repair.

3. Data and methods
3.1. Data

Gas leaks data for this analysis were acquired from HEET (HEET,
2021a). This data is derived from Annual Service Quality Reports
(ASQR) that are submitted by investor-owned utilities to the DPU each
February, which reflect gas leak activity for the previous calendar year
(HEET, 2021b; “An Act Relative to Natural Gas Leaks” 2014). HEET
geocoded the leaks based on their reported addresses or cross-street
locations and performed extensive quality control on the results.
HEET’s gas leak data contain all of the original data fields reported in the
AQSRs, including addresses, date first reported, and leak class or grade
of individual repaired and unrepaired gas leaks for each utility for one
year — January 1 through December 31, 2019. A small number (86 out of
26,541) of the originally reported data were not useable in this analysis
because of erroneous entries in the original reports.

Gas leak data was disaggregated by repaired or unrepaired status and
also by leak class or grade. Under Massachusetts regulations (220 CMR
114.04, 2019), leaks are classified by utilities according to the following
classification system:

@ Grade 1 represents “an existing or probable hazard to persons or
property.” Requires “immediate commencement of repair and
continuous action until the conditions are no longer hazardous, the
source of the leak is eliminated, and permanent repairs have been
completed.”

@ Grade 2 is recognized as “nonhazardous to persons or property at the
time of detection, but justifies scheduled repair based on probable
future hazard.” Must be repaired within 12 months from the date the
leak was classified. Must be reevaluated at least once every six
months until eliminated.

@ Grade 3 is recognized as “nonhazardous to persons or property at the
time of detection and can be reasonably expected to remain
nonhazardous.” Must be reevaluated during the next scheduled
survey, or within 12 months from the date last evaluated, whichever
occurs first. Leaks classified on or after January 1, 2018 must be
repaired or eliminated within eight years.

As of 2018, gas utilities are also required to repair Grade 3 leaks of
significant environmental impact (SEIs) on an accelerated schedule,
within one to three years of identification. SEIs are not evaluated
separately here due to the current variability in classification accuracy.
Classification accuracy is expected to improve over time and should be
reevaluated in the future as a separate category.

In their ASQRs, all utilities reported leaks that were in a repaired or
unrepaired status at the end of 2019. Some of the utilities reported that
some leaks were in an “eliminated” status, either due to pipeline
replacement Gas System Enhancement Programs (GSEPs), or other
reasons (for example, resurveys not finding gas at leak locations). These
eliminated leaks were not consistently reported by all utilities in their
ASQRs and may have been prioritized and repaired differently to the
other “repaired” leaks. We chose not to include them in this analysis and
recommend further research be focused on GSEPs and prioritization.

Population data was derived from the American Community Survey
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(ACS) 5-year estimates for 2015-2019 at the Census Block Group level,
Census Tract level, and the municipality level (i.e., Census County
Subdivisions) via the tidycensus package version 0.11.4 in R (Walker
and Herman, 2021).

3.2. Methodology

3.2.1. Population-weighted mean exposure

Exposure to gas leaks was measured as the population-weighted
mean gas leaks density within the geographic unit of analysis (i.e.,
Block Group, Tract, or municipality). For example, gas leak density is
calculated as the number of reported gas leaks in a Block Group divided
by the area of the Block Group in square kilometers. Population-
weighted mean gas leaks density is calculated by multiplying the gas
leaks density of each Block Group and the respective population groups
of the same Block Groups to get weighted values, from which a weighted
mean is calculated. Only Block Groups falling within the natural gas
utility service areas providing leak data were included in the analysis.

A population-weighted mean is calculated according to the following
formula:

3 = Do (X wi)
w
YW

where X, is the population-weighted mean of some variable, in this case
gas leak density; where x; represents an individual observation, in this
case the leak density of a Block Group; where w; is the weight associated
with an observation, in this case the population of a block group.

Population-weighted means are a common approach in analyses of
the distribution of environmental burdens and amenities, particularly
when comparing between population subgroups (Bell and Ebisu, 2012;
Mikati et al., 2018; Richmond-Bryant et al., 2020). The Environmental
Protection Agency (EPA) uses population-weighted means as the pri-
mary way of expressing exposure differentials to a variety of environ-
mental burdens in its nationwide EJSCREEN application (EPA, 2020).
One of the advantages of a population-weighted approach is that pop-
ulation estimates for Census statistical units (i.e., Block Groups or
Tracts) are not correlated with population density. This is because
Census units are constructed to have similar population sizes. In Mas-
sachusetts, over 90% of Block Groups have populations between 565
and 2700 for the 2015-2019 period, which is comparable to the popu-
lation range of Block Groups across the country. This means population
weighting does not emphasize urban or high-density locations. If
population-weighted gas leak density is higher in denser, more urban
areas, this difference is not due to population weighting. Instead, this
difference likely reflects the underlying phenomenon itself or other
drivers of the phenomenon (EPA, 2019).

3.2.2. Relative exposure

To better compare differences between groups, results are presented
as relative exposures. Relative exposure is calculated similarly to rela-
tive risk or risk ratio:
- X,,subgroup

RE ==
X, totalpop

where RE is the relative exposure expressed as a ratio; where X, subgroup
is the population-weighted mean exposure of a subgroup, such as People
of Color; where X, totalpop is the population-weighted mean exposure of
the total or comparison population.

Relative exposure values greater than one indicate that the subgroup
is more exposed than the general population. Values less than one
indicate that the subgroup is less exposed than the general population.
For example, a relative exposure of 1.5 would indicate that a group has
an exposure that is 1.5 times that of, or 50% greater than, the total
population. Risk or relative exposure ratios are common in both public
health and in studies of environmental justice because of their simplicity
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in making comparisons and communicating differences in exposure
between groups (Debbage, 2019; Mikati et al., 2018; Harner et al.,
2002).

For this analysis, relative exposures are calculated relative to the
general population ACS estimates. For relative exposure by race,
ethnicity, and income, total population estimates are used as the de-
nominator. Total households are used as the denominator for household-
level relative exposure. Total occupied housing units are used as the
denominator for housing-unit level relative exposure, such as housing
tenure or housing burden.

3.2.3. Sensitivity analyses

To assess potential bias from analytic choices, we performed sensi-
tivity analyses by scale, geographic unit of analysis, and demographic
aggregation to account for the impact of differences in definitions of
vulnerable populations, uncertainty in ACS population estimates, and
choices in the unit of analysis.

This analysis looks at variations in exposure for a variety of de-
mographic groups that environmental justice policy and research have
identified as being especially vulnerable to environmental burdens, or
deprived of environmental benefits, as a consequence of social or eco-
nomic disadvantage, physical vulnerability, or historic and persistent
discrimination and inequality. These groups include:

@ People of Color (i.e., persons who are of Hispanic ethnicity or racially
not White, including indigenous populations)

@ In addition to the aggregate category of “People of Color,” non-
Hispanic Asians, non-Hispanic Blacks, Hispanics, and non-Hispanic
Whites were analyzed separately as well

@ Low income persons (i.e., income less than twice the poverty line)

@ Limited-English speaking households (i.e., households where no one
over the age of 14 speaks English “very well”)

@ Adults 25 years or older without a high school diploma

@ Children under the age of 5

@ Adults over the age of 64

@ Disabled adults

@ Renters

@ Housing burdened households (i.e., households paying more than
30% of household income to rent or mortgage)

@ People living in Environmental Justice communities as defined by
the 2021 Climate Roadmap legislation, which capture Census Block
Groups with high proportions of People of Color, limited English
speaking households, or lower income persons. Massachusetts
Environmental Justice communities are represented by the prefix
‘MA.’

Population numbers for this analysis were derived from the ACS 5-
year estimates for the period 2015-2019. After the 2000 census,
detailed data on demographic characteristics (e.g., income, education,
housing) are only available from the ACS. While the decennial Census is
based on a total enumeration of the population at one point in time, ACS
estimates are based on a rolling sample of responses — about 3.5 million
annually across the country — which are pooled from surveys compiled
on a monthly basis across the year (Census, 2020). For small areas with
populations less than 65,000, estimates are only available as pooled
5-year estimates. Because the ACS is based on a sample, estimates are
subject to uncertainty or sampling error. This uncertainty is communi-
cated through a Margin of Error (MOE) which accompanies each ACS
estimate. For some population subgroups, such as racial and ethnic
minorities, children, and renters, Census response rates can be low and
uncertainty high (O'Hare, 2019). Moreover, smaller geographic units,
such as Block Groups, will also tend to have higher MOEs because they
are derived from small samples. One approach to dealing with the high
MOE of small area estimates is to aggregate groups (e.g., combining
individual racial categories into one ‘People of Color’ category) or to use
larger geographic units (e.g., Census Tracts rather than Census Block
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Groups). Both techniques reduce uncertainty for estimates, although this
reduced uncertainty comes at the expense of demographic or spatial
resolution. Both methods - aggregating groups and using larger
geographic units - are applied here to consider the impacts of uncer-
tainty and aggregation.

A separate but related issue to the uncertainty of sampling and
estimation is the Modifiable Areal Unit Problem (MAUP). MAUP refers
to the fact that analytical results can be influenced by the geographic
size or shape of units of analysis. In other words, different geographic
definitions of a study area may result in different outcomes. The MAUP
is a long-recognized challenge in geographic analysis (Openshaw and
Taylor, 1979), but analysts are often constrained by data availability (e.
g., administrative databases, sensor resolution, reporting conventions),
as well as by lack of clear guidance or theory on an appropriate
geographic unit of analysis (Dark and Bram, 2007). Varying both the
areal size and shape of the units of analysis can show whether results are
dependent on choices for the scale and shape of the unit of analysis.
Although cumbersome, this is recommended practice in environmental
justice analyses (Cutter et al., 1996; Baden et al., 2007; Karner and
Niemeier, 2013). To explore the impact of geographic scale and choice
of unit of analysis, we replicated our analyses at the Census Block Group
level, Census Tract level, and municipality level (i.e., Census County
Subdivision) (see Fig. 1 and Table 1).

4. Results

In calendar year 2019, there were 26,455 natural gas leaks in the
distribution system reported by six of the seven investor-owned utilities
in Massachusetts that filed leak reports with the DPU. These utilities
represent 98% of natural gas customers in the state (AGA, 2020) (see
Fig. 2).!

Repairs were reported for 10,732 (41%) of these, leaving 15,723
(59%) unrepaired leaks across the state as of December 31, 2019 (see
Table 2).

Reported gas leaks were nearly ubiquitous across the state (see
Figs. 3-6). At least one gas leak was reported in 95% of the municipal-
ities within natural gas service territories, and 91% had at least one
unrepaired gas leak at the end of 2019. Over 87% of Census Block
Groups had at least one known gas leak, and approximately 75% had at
least one unrepaired gas leak at the end of 2019. However, there was
significant variation in geographic distribution and concentration of
these leaks.

The vast majority of all leaks were located in the eastern half of the
state, particularly in the greater Boston region, where most of the pop-
ulation resides, but also within major cities throughout the state.
Moreover, most of these leaks (66%) occurred within the service terri-
tory of National Grid, which is the largest natural gas utility in the state,
serving Boston and surrounding communities (see Fig. 7).

4.1. Exposure

4.1.1. Statewide exposure

Exposure to unrepaired leaks demonstrates consistently strong differ-
ences both geographically and demographically. White residents and
people over 64 consistently experience below average population-weighted
leak densities for all classes or grades of unrepaired leaks. This is the most
invariant finding and is unaffected by the scale or unit of analysis, and true
in every utility territory except Berkshire Gas in western Massachusetts.
Conversely, People of Color (particularly Asians and Blacks), as well as
limited-English speaking households, consistently experience higher den-
sities of unrepaired leaks. Moreover, race and English-language ability
exhibit more consistent leak exposure disparities than income indicators in
every utility territory save for Berkshire Gas.

1 No gas leak data was available from the DPU for Blackstone Gas Company.
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Fig. 1. Comparison of scales and units of analysis: municipality (i.e., Census County Subdivision), Census Tract, and Census Block Group.

Table 1
Comparison of areas and populations for units of analysis in Massachusetts.

Geography count Area (km?) Population
min med avg max min med avg max
Block Group 4966 0.01 0.9 4.3 176.5 4 1224 1379 6841
Tract 1464 0.04 4.1 14.5 515.7 32 4548 4679 13,198
Municipality 351 3.99 54.9 60.5 268.8 49 10,777 19,517 684,379
Massachusetts Natural Gas Utility Territories, 2019 i
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Fig. 2. Massachusetts natural gas utility territories, 2019

Table 2
Gas leaks by class and repair status, 2019
Class Unrepaired Leaks Repaired Leaks Total Pct Total
Count Percent Count Percent
1 40 0.7% 5723 99.3% 5763 21.8%
2 1675 28.9% 4119 71.1% 5794 21.9%
3 14,008 94% 890 6% 14,898 56.3%
Total 15,723 59.4% 10,732 40.6% 26,455 100%

Fig. 8 shows the relative exposure by leak class for unrepaired leaks
for each population group at the Census Block Group (square), Census
Tract (triangle), and municipality (circle) levels. For all leak classes,
White people experience population-weighted mean relative exposures
to unrepaired leaks that range from 16% (RE 0.84 at municipality level)
to 18% (RE 0.82 at Block Group level) below that of the general popu-
lation. By contrast, Black people experience relative exposures of 55%
(RE 1.55 at municipality level) to 80% (RE 1.8 at Block Group level)
above that of the general population. The differences are starker for
potentially more hazardous Class 1 and Class 2 leaks. For Class 1
unrepaired leak densities, Whites have a relative exposure of
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Massachusetts Gas Leaks and Utility Territories, 2019
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Fig. 3. Massachusetts Gas Leaks and Utility Territories, 2019, aggregated by 1 km hexagon tessellations.

Massachusetts Gas Leak Density by Census Block Group and Utility Territories, 2019
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Fig. 4. Massachusetts gas leaks per square kilometer by Census Block Group, 2019.

approximately 28% (RE 0.72) below that of the general population at all
scales of analysis. By comparison, Blacks have exposures of 121% (RE
2.21 at Block Group level) to 145% (2.45 at municipality level) above
that of the general population. For Class 2 unrepaired leak densities,
Whites have a relative exposure of 28% (RE 0.72 at municipality level)
to 35% (0.65 at Tract level) below that of the general population. Blacks
have exposures of 101% (RE 2.01 at municipality level) to 131% (2.31 at
Tract level) above that of the general population. Residents in state-
designated, limited English environmental justice communities (MA
Limited English HH) exhibit the greatest relative exposures for higher
hazard leaks; over 200% above that of the general population.
Differences in relative exposure vary only slightly by the unit or scale
of analysis. In general, the differences in relative exposure are most
pronounced at the Census Block Group level (smallest geographic unit of
analysis) and are lowest at the municipality level (largest geographic

unit of analysis). For Class 2 leaks, however, Block Group-level differ-
ences fall in between those of the Tract and municipality level analyses.
Relative exposures for Class 1 and Class 2 leaks exhibit the largest spread
across the scales of analysis. However, Class 3 leaks, which account for
the majority of unrepaired leaks, show considerable overlap or agree-
ment between the scales of analysis.

4.1.2. Utility-specific exposure

When broken out by utility, relative exposure to population-
weighted unrepaired leak density is largely consistent with the state-
wide pattern, with a few notable variations (see Fig. 9). For five of the six
utilities examined here, Whites consistently show the lowest relative
exposure, while limited English speaking households, People of Color
(especially Blacks), and lower income groups (including renters) are
more exposed than the general population. These differences are
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Massachusetts Gas Leak Density by Municipality and Utility Territories, 2019
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Fig. 6. Massachusetts gas leaks per square kilometer by municipality, 2019.

greatest for Columbia Gas and Unitil/Fitchburg Gas. The specific groups
with greatest relative exposures vary between utility territories. For
National Grid and Eversource Energy, Blacks show the highest relative
exposures, for Columbia Gas it is limited English speaking households
and Hispanics, and for Berkshire Gas and Unitil it is residents living in
MA Low Income environmental justice communities.

Berkshire Gas, which serves the western-most region of the state,
stands out from all other utilities in Massachusetts because race and
ethnicity are the least indicative of higher exposure within that utility’s
service area. Indeed, Berkshire Gas is the only utility in which Whites are
exposed to leak densities similar to or greater than the general popula-
tion. For the Berkshire Gas territory, residents in low income environ-
mental justice communities (MA Low Income), less educated adults,
limited English speaking households, and renters, are the most dispro-
portionately exposed groups. The ordering of those most affected groups

varies slightly depending on the scale of analysis. In a few cases, the
scale of analysis has a significant effect on the outcome of the analysis. In
the Berkshire Gas utility territory, Blacks, Hispanics, and Housing
Burdened populations may have exposures above or below that of the
general population, depending on the scale of analysis. The same is true
for Asians in the Liberty Utilities and Unitil/Fitchburg Gas territories. In
most cases, however, there is considerable overlap or agreement be-
tween the scales of analysis.

4.1.3. Statewide exposure normalized by occupied housing units

Previous research has found that distribution-level natural gas leaks
occur more frequently where there are more gas service lines (Gallagher
et al., 2015; Scott et al., 2019). Thus, to determine if leak frequency
exceeds what would be expected given the infrastructure, leak counts
should be normalized per mile of service lines. While the number or



M. Luna and D. Nicholas

Reported leaks by utility in 2019 across Massachusetts

Unrepaired Repaired

National Grid
Columbia Gas
Eversource Energy
Liberty Utilities
Berkshire Gas

Unitil/Fitchburg Gas

0 5,000 10,000 15,000
Reported Leaks

Fig. 7. Frequency of reported repaired and unrepaired leaks by natural gas
utility in Massachusetts, 2019.

mileage of service lines in an area is available at the utility scale, this
information is not available at smaller scales, such as by municipality or
Census statistical units. We use the number of occupied housing units in
an area as a proxy for service lines, assuming each occupied housing unit
that utilizes utility-supplied natural gas requires a service line.

The geographic pattern of gas leaks per occupied housing unit differs
from that of leak density (see Figs. 10-12). While gas leak density is
highest within the state’s most populous cities, leaks per occupied
housing unit are generally highest in adjacent suburban communities,
such as those to the west and south of Boston, and north of Lawrence.
These differences are reflected in population-weighted relative expo-
sures to leaks per occupied housing unit.

Across all leak classes, Asians have consistently the highest relative
exposures to population-weighted mean unrepaired leaks per occupied
housing unit (see Fig. 13). For all leak classes combined, Whites are also
slightly more exposed to higher unrepaired leaks per occupied housing
unit relative to the general population. However, the latter pattern only
holds for Class 3 leaks. For the potentially more hazardous Class 1 and
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Class 2 leaks, Whites are the least exposed, while People of Color
(especially Asians and Blacks) and limited-English speaking households
are the most exposed at all scales of analysis.

4.1.4. Utility-specific exposure normalized by occupied housing units

When broken out by utility for all leak classes combined, relative
exposures are highest for non-White and low income groups in all ter-
ritories except for Liberty Utilities (see Fig. 14). As with the statewide
pattern, however, the pattern of disparate exposure is reinforced for
more hazardous leak classes. For example, Fig. 15 shows relative ex-
posures per occupied housing unit for Class 2 leaks by utility. In the
latter case, residents in Limited English environmental justice commu-
nities within the Liberty Utilities territory have relative exposures six
times that of the general population and exceed the relative exposures of
all other groups. Note that Unitil/Fitchburg Gas reported no unrepaired
Class 2 gas leaks in 2019.

4.2. Response — leak age and repair

Another way to evaluate the equity of natural gas leaks is to consider
how responses to those leaks vary. This section considers two measures
of leak response:

@ the age of leaks when they were repaired in 2019, and
@ the age of leaks that remained unrepaired at the end of the 2019
reporting year.

4.2.1. Age of repaired leaks

In 2019, repairs were reported for 10,732 leaks (40.6% of all re-
ported leaks) across the state (see Table 3 and Fig. 16). More than half of
all leaks repaired were Class 1 leaks (5723 or 53%), which is consistent
with state policy which requires leaks of greatest potential hazard to be
repaired immediately. Class 2 leaks were 4119 leaks (38% of leaks
repaired), followed distantly by Class 3 leaks, which constituted only
890 leaks (8% of all repaired leaks in 2019). Age for repaired leaks was
calculated as the duration of time, in days, from the date the leak was
reported to the date of its reported repair. Ages of repaired leaks varied

Relative Exposure to Unrepaired Gas Leaks in 2019 across Massachusetts
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Fig. 8. Relative exposures to population-weighted mean unrepaired gas leak density at Census Block Group, Census Tract, and municipality scales.
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Relative Exposure to Unrepaired Gas Leaks in 2019 across Massachusetts by Utility
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Fig. 9. Relative exposures to population-weighted mean unrepaired gas leak density by utility at Census Block Group, Census Tract, and municipality scales.
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Fig. 10. Massachusetts gas leaks per occupied housing unit by Census Block Group, 2019.

dramatically both within and between leak classes and across utilities.

There is no clear geographic pattern or clustering of areas with older
repaired leaks (see Figs. 17-19). Indeed, communities with the oldest
repaired leaks are scattered throughout the state. Notably, these oldest
repaired leaks are not concentrated within major urban areas but are
instead in outlying suburbs.

For all leak classes combined, People of Color (especially Blacks and
Asians) and renters experience the longest repair times (i.e., higher
relative exposures to population-weighted mean age of repaired leaks
compared to the general population) (see Fig. 20). This pattern holds
true for Class 2 and Class 3 leaks. For Class 1 leaks, residents of state-
designated low income environmental justice communities have the

10

greatest relative exposure. Whites also experience consistently greater
population-weighted age for repaired Class 1 leaks. Note however that
the differences in age between Class 1 leaks average only a few days,
while differences in average age for Class 2 and 3 leaks are more than a
year (see Table 3).

4.2.2. Utility-specific ages of repaired leaks

Median ages of repaired leaks vary only slightly by utility, but there
are significant differences in terms of outliers (see Fig. 21; graphs of
utility-specific leak ages by leak class are available in supplementary
materials). Liberty Utilities and Berkshire Gas exhibited the highest
median age of repaired leaks, but National Grid showed the highest
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Fig. 11. Massachusetts gas leaks per occupied housing unit by Census Tract, 2019.
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Fig. 12. Massachusetts gas leaks per occupied housing unit by municipality, 2019.

frequency and magnitudes of outliers.

People of Color (especially Blacks and Asians), followed by lower
income groups, are most exposed to the oldest repaired leaks in the
state’s three largest utilities — National Grid, Eversource Energy, and
Columbia Gas (see Fig. 22). Interestingly, Whites are also consistently
exposed to repaired leak ages slightly above the general population in
four out of the six utility territories, albeit primarily in the smaller
utilities and never as the most exposed group. In utility territories where
People of Color are less exposed, it is instead groups with less education
(Berkshire Gas), people who are older (Berkshire Gas, Liberty Utilities),
and residents of lower income environmental justice communities
(Unitil/Fitchburg Gas) who are exposed to the oldest repaired leak ages.

4.2.3. Age of unrepaired leaks
At the end of calendar year 2019, there were 15,723 unrepaired

11

natural gas leaks across the state, representing 59.4% of all leaks re-
ported in that year (see Table 4 and Fig. 23). Most of the unrepaired
leaks were Class 3 leaks (89%), the least hazardous leak classification
with the most lenient repair protocols. Class 2 leaks were 10.7% of
unrepaired leaks, followed distantly by Class 1 leaks, which constituted
only 0.25% (40) of all unrepaired leaks at the end of 2019. The age of
these unrepaired leaks was calculated as the duration of time from the
date the leak was reported to the end of the calendar year — December
31, 2019.

Leak ages varied dramatically both within and between leak classes
and across utilities. The median age of Class 1 leaks was 15.5 days, 152
days (5.1 months) for Class 2 leaks, and 1255 days (3.4 years) for Class 3
leaks.

Geographically, areas with the oldest unrepaired leaks radiate out-
ward from Boston and inner core communities, primarily along a
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Fig. 13. Relative exposures to population-weighted mean unrepaired gas leaks per occupied housing unit at Census Block Group, Census Tract, and municipal-

ity scales.

Relative Exposure to Unrepaired Leaks Per Occupied Housing Unit in 2019 across Massachusetts by Utility
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Fig. 14. Relative exposures to population-weighted mean unrepaired gas leaks per occupied housing unit by utility at Census Block Group, Census Tract, and
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Relative Exposure to Unrepaired Class 2 Leaks Per Occupied Housing Unit in 2019 across Massachusetts by Utility
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Fig. 15. Relative exposures to population-weighted mean unrepaired class 2 gas leaks per occupied housing unit by utility at Census Block Group, Census Tract, and

municipality scales.

Table 3
Repaired leak age (days), 2019
Class Min Med Avg Max
1 1 1 3.8 2075
2 1 126 462.1 9821
3 1 415 1068.9 10,372
All 1 3 268.0 10,372
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Fig. 16. Histogram of ages of leaks repaired in 2019 by leak class.

southeast to northwest axis (see Figs. 24-26). Areas with the oldest
unrepaired leaks are concentrated in the eastern half of the state, with
some outliers in the southeast and south central regions.

For all leak classes combined, People of Color (especially Asians and
Blacks), limited English speaking households, and renters live in areas
where the population-weighted mean age of these unrepaired leaks is 6%—
19% higher than the general population (see Fig. 27). For Class 3 leaks,
which constitute the majority of unrepaired leaks (89%), residents in

limited English speaking environmental justice communities are exposed to
leak ages that are 23% higher than the general population, while Asians are
exposed to leak ages that are 13% (Block Group level) to 17% (Tract level)
higher. The differences are greater for more hazardous Class 2 leaks, where
Asians are exposed to unrepaired Class 2 leak ages that are 40% (Block
Group level) to 49% (Municipality level) higher. Class 1 leaks, which
constitute a small (0.25%) and generally short-lived fraction of unrepaired
leaks, are consistently older for lower income, disabled, and White
residents.

4.2.4. Utility-specific ages of unrepaired leaks

Ages of unrepaired leaks varied significantly by utility (see Fig. 28).
Liberty Utilities exhibited the highest median age of unrepaired leaks,
while Unitil/Fitchburg Gas had the lowest. National Grid, the largest
utility in the state, shows the greatest range in unrepaired leak ages.
National Grid, Liberty Utilities, and Columbia Gas show a significant
number of outliers for leak age. Across those three utilities, 1035
unrepaired leaks were over 15 years old (most of which belonged to
National Grid).

When broken out by utility, non-White groups and limited English
speaking households are consistently more exposed to older unrepaired
leaks in four out of six utility territories, including the three largest (see
Fig. 29; graphs of utility-specific leak ages by leak class are available in
supplementary materials). Lower income groups and renters are also
consistently exposed to older unrepaired leak ages than the general
population in the territories of National Grid, Eversource, and Liberty
Utilities. Berkshire Gas is the only territory where Whites are consis-
tently the most exposed to older leak ages than any other group. Unitil/
Fitchburg Gas stands out because of the wide variation in apparent
exposure depending on the scale of analysis; no group is consistently
(across all scales) more or less exposed. The latter result likely reflects
the very small number of unrepaired leaks for that utility (14) in 2019.

5. Discussion

This analysis of natural gas leaks across Massachusetts shows that
there are inequities in the geographic distribution of these leaks, as well

13
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Fig. 18. Average age of leaks repaired in 2019 across Massachusetts by Census Tract.

as in how quickly they have been repaired. In general, People of Color
(especially people who identify racially as Asian or Black), limited En-
glish speaking households, lower income persons, renters, and adults
with lower levels of education live in neighborhoods or areas with
higher leak densities, even when controlling for housing density.
Moreover, these same people and places experience slower repair times,
and unrepaired leaks that are significantly older than average. By
contrast, people who identify racially as White and adults over 64 more
often live in places with below average leak densities, and where leak
repairs are completed more quickly — even within the same utility re-
gion. Whether or not these leaks represent inequitable health and safety
hazards, which this analysis does not address, these inequities are sig-
nificant because they reveal a procedural inequity in how leaks are being
addressed. Different kinds of communities are being treated differently
primarily along the axes of race, English-speaking ability, and class. This
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differential experience and treatment constitute an environmental
injustice regardless of whether these leaks represent a health or safety
hazard.

The inequities revealed by this analysis suggest different mechanisms
by which inequity occurs or is perpetrated. The metropolitan regions of
Massachusetts are amongst the most racially segregated in the nation
(Michigan Population Studies Center, 2010). This segregation is a
consequence of overtly discriminatory historic policies and practices,
such as redlining (Rothstein, 2017), as well as ongoing and active
housing discrimination in Massachusetts (Campen, 2018; Langowski
et al., 2020), and maintained by the inertia of generational wealth dif-
ferences and other structural inequalities that are the legacy of these
policies and behaviors (Killewald and Bryan, 2018; Park and Quercia,
2020). Housing discrimination and wealth inequalities have created a
segregated residential geography by pushing People of Color,
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Relative Exposure to Mean Age of Leaks Repaired in 2019 across Massachusetts
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Fig. 20. Relative exposures to population-weighted mean age of leaks repaired in 2019 at Census Block Group, Census Tract, and municipality scales.

immigrants, and lower income groups into denser, older urban cores, as
well as into cheaper and less desirable neighborhoods and housing. It
has also kept them out of wealthier, more suburban, and whiter com-
munities (Modestino et al., 2019). The older, urban communities are
also where the oldest and densest infrastructure is located, including
natural gas service lines, which is where we should expect to find more
gas leaks.

But residential geography and infrastructure age alone do not
explain the gas leaks inequities. The analysis also shows that unrepaired
gas leaks are left unrepaired longer for the same groups that also

experience higher leak densities. By contrast, leaks for Whites and those
over 64 are repaired more quickly. The difference in leak age occurs
primarily amongst Class 3 (i.e. less hazardous) leaks, which account for
the bulk of unrepaired leaks. Although recent research has revealed that
a small subset (~7%) of these leaks likely account for 50% of total
distribution gas leak volume, utilities have significant discretion over
these “non-hazardous” leaks. Systematic differences in the duration over
which gas leaks remain unrepaired cannot simply be attributed to
geographic happenstance, but may instead be related to the decision-
making processes of the utilities themselves, as well as the policies (or
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Relative Exposure to Average Age of Leaks Repaired in 2019 across Massachusetts by Utility
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Fig. 22. Relative exposures to population-weighted mean age of leaks repaired in 2019 by utility at Census Block Group, Census Tract, and municipality scales.

Table 4

Unrepaired gas leak age (days), 2019.
Class Min Med Avg Max
1 1 15.5 37.4 279
2 1 152.0 454.2 9274
3 1 1255.0 1813.2 11,046
All 1 1049.0 1663.9 11,046

lack thereof) that enable this unequal treatment. Beyond regulatory
requirements by leak class or grade, it is less clear how utilities prioritize

repairs.

This analysis stands in contrast to previous work on socioeconomic
differences and gas utility service. In their analysis of the performance of
natural gas utilities across the USA, Scott et al. (2019) did not find a clear
relationship between gas service problems and the socio-economic
characteristics of the utility territories. They speculated that this lack
of apparent differences might be due to the scale of their analysis, which

16



M. Luna and D. Nicholas

Energy Policy 162 (2022) 112778

Unrepaired Leak Age by Leak Class in 2019

2,500

»
[=}
S
=}

1
I
|
|
|
I
L
|
I
|
I
1,500 :
I
I
I

1,000

Number of Unrepaired Leaks

500

Class

2

I
0 3,000

6,000

i
9,000

0

Age (days)

Column heights indicate number of leaks for a given age range. Colors correspond to leak class.
Dashed lines indicate median age by leak class. Rug plot at base shows individual leak ages.

Fig. 23. Histogram of unrepaired leak age by leak class.

averaged socioeconomic conditions across utility territories, and thus
potentially obscured smaller scale variations within those territories.
The present analysis confirms those suspicions and shows that the scale
of analysis does matter. Generally, differences in leak exposure between
population groups are more apparent at smaller scales (i.e., smaller
areas), and these differences become attenuated at larger scales. In some
cases, the patterns of difference may be reordered or entirely reversed
when performing the same analysis at different scales. The choice of the
scale or unit of analysis should match the question and phenomenon
investigated. In this case, because residential segregation occurs at
sub-utility and even sub-municipal scales, it is necessary to employ units
of analysis that most closely match the geography of that underlying
phenomenon.

Demographic aggregation or disaggregation affect analytic out-
comes. Marginalized populations are not a homogenous group and their
experiences are not interchangeable. While People of Color are generally
the most impacted across the state, this impact varies by specific racial
or ethnic group and by geography. Asians, Blacks, and limited English
speaking households are most burdened in general. By contrast, His-
panics are not generally among the most burdened for the state as a
whole, but they are in at least two utility territories. And while it is
widely recognized that People of Color in the USA are disproportion-
ately lower income, race or ethnicity and metrics of relative wealth (e.g.,
low income, renter vs owner) are not substitutable. Indeed, this analysis
shows that race, ethnicity, and English language ability are the leading
indicators of gas leaks exposure far and above indicators of wealth.
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Fig. 24. Average age of unrepaired leaks in 2019 across Massachusetts by Census Block Group.
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Fig. 25. Average age of unrepaired leaks in 2019 across Massachusetts by Census Tract.

Finally, in at least one utility territory, the opposite holds true: education
and metrics of wealth are the leading indicators for disproportionate
leak exposure, while race, ethnicity, and English language ability are
not. In the Berkshire Gas territory, which serves western Massachusetts,
it is less educated, lower income, and White residents who are the most
burdened by gas leaks. The lesson here is that while social inequities are
very real, pernicious, and nearly ubiquitous, the nature of those in-
equities may be geographically specific.

One important caveat to this analysis is that utility-reported leaks are
likely to be significant undercounts of actual gas leaks. Work by Phillips
et al. (2013) and others has shown empirically and repeatedly that
leaking natural gas in the distribution system beneath city streets in
Massachusetts are much more frequent than would be apparent from
data reported to the DPU (Luna et al., 2018). Separate investigations by
HEET and Edwards et al. (2021), as well as a state-authorized audit of

natural gas utilities, have documented problematic inconsistencies in
the way that utilities identify, monitor, and address leaks, as well as in
record keeping. If the reported leaks by utilities represent a large sam-
ple, rather than the total population of leaks, then the present analysis is
likely to be no less significant in revealing an inequitable problem that
may be even larger than the available data show.

6. Conclusion and policy implications

Regulators and gas utilities should regularly evaluate their performance and
structure their prioritization plans within an environmental justice framework.
Environmental inequities are real, and they are consequential. Along
with a national reckoning over social inequality and systemic racism,
there is growing expectation at both the state and federal levels to treat
environmental justice seriously. Nationally, the Biden Administration
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Fig. 26. Average age of unrepaired leaks in 2019 across Massachusetts by municipality.
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Relative Exposure to Mean Age of Unrepaired Leaks in 2019 across Massachusetts
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Fig. 27. Relative exposure to population-weighted mean age of unrepaired gas leaks in 2019 at Census Block Group, Census Tract, and municipality scales.

has expressed strong support for environmental justice. It has reaffirmed
the importance of the 1993 Executive Order on Environmental Justice
(Executive Order 12 898 1994), created a new White House Environ-
mental Advisory Council (“White House Environmental Justice Advisory
Council” 2021), and infused a focus on environmental justice within the
Department of Energy (Clark, 2021) and the Federal Energy Regulatory
Commission (FERC, 2021; Lopez Nickerson and Humes, 2021). Massa-
chusetts has similarly reaffirmed the importance of environmental jus-
tice. Recent legislation codifies the definition of environmental justice
communities and enhances outreach and notification for environmental

All Leaks (n = 15,723)

permitting. It also requires new consideration of cumulative burdens for
those communities and mandates that the DPU incorporate equity into
its rules and regulations around energy infrastructure and services. We
recommend that equity assessments and more inclusive planning pro-
cesses should be a regular part of regulatory oversight and environ-
mental compliance and enforcement around gas infrastructure and
services. Regulators should explicitly require that utilities prioritize
environmental justice communities in their planning, maintenance, and
monitoring. These processes of decision making, and their outcomes,
should be public, transparent, and subject to auditing or review.
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Fig. 28. Boxplot of unrepaired gas leak age by utility in 2019.
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Relative Exposure to Mean Age of Unrepaired Leaks in 2019 across Massachusetts by Utility
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Fig. 29. Relative exposures to population-weighted mean age of unrepaired gas leaks in 2019 by utility at Census Block Group, Census Tract, and municipality scales.

Regular and detailed public reporting are essential for assessments of
equity and for accountability. Massachusetts state policy requires utilities
to submit standardized quarterly reports that allow for detailed moni-
toring and analysis of their performance and handling of gas leaks (“220
CMR 114.00: Uniform Natural Gas Leaks Classification” 2019). The
analysis presented here shows very clear patterns of inequity, and these
patterns would not have been detectable without those reporting and
public disclosure requirements. Leak reporting should be improved by
the use of GPS-derived coordinates to improve spatial accuracy and
precision. We recommend that these transparency policies be mandated
by the federal government to apply to utilities nationwide, and that this
work be reproducible nationally.

Regulators and utilities need to anticipate and mitigate potentially
regressive impacts of the energy transition. Massachusetts has set a state-
wide goal of carbon neutrality by 2050 and the state Attorney General
has directed natural gas utilities to report how they will adapt to these
mandates (Volcovici and Groom, 2021). In the meantime, there is an
aggressive movement across the state to push households to adopt
renewable energy sources, to implement energy-saving practices and
technologies, and to electrify their water and space heating appliances.
The cumulative impact of these efforts will be an accelerating decline in
household energy intensity and reliance on natural gas. The transition
toward sustainable energy sources is happening most rapidly amongst
wealthier households, especially homeowners (Drehobl et al., 2020;
Borenstein, 2017; Kwan, 2012). Without intervention, this energy
transition may mean that the costs of maintaining the natural gas dis-
tribution system increasingly fall on a smaller pool of ratepayers in less
wealthy households and communities (Castigliego et al., 2020). Already
regressive cost burdens and impacts could be worsened (Zhou and
Noonan, 2019). We recommend the active monitoring and assessments
of current equity conditions to ensure a sustainable and just energy
transition, including planning to prevent exacerbating existing in-
equities or creating new inequities in the future.

Communities confronting environmental injustices should be prioritized for
clean energy investment and transition efforts. As this and other research
show, these communities already bear a disproportionate share of the
burdens of the current energy system. These are the communities that

20

have the most to lose, and the most to gain, from a clean energy tran-
sition. Recent climate legislation in Massachusetts prioritizes residents
of environmental justice communities for clean energy job training and
placement, and minority- and women-owned businesses for access to
clean energy-related startup opportunities and grants (Climate Roadmap
(2021) Section 13(a)). These equity provisions are positive steps which
we recommend be expanded to include development of clean energy
infrastructure such as deep energy efficiency retrofits, microgrids, and
geothermal district heating, and used as a national model.

Data availability
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Data (Luna and Nicholas, 2021).
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