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Abstract

Energy equity and justice have become priority considerations for policy-
makers, practitioners, and scholars alike. To ensure that energy equity is
incorporated into actual decisions and analysis, it is necessary to design,
use, and continually improve energy equity metrics. In this article, we re-
view the literature and practices surrounding such metrics. We present
a working definition for energy justice and equity, and connect them to
both criteria for and frameworks of metrics. We then present a large
sampling of energy equity metrics, including those focused on vulnerability,
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wealth creation, energy poverty, life cycle, and comparative country-level dynamics.We conclude
with a discussion of the limitations, gaps, and trade-offs associated with these various metrics and
their interactions thereof.
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1. INTRODUCTION

Inequities associated with energy systems are pervasive and long standing. Production inequities
manifest in exposure to air and water pollution near polluting energy facilities; consumption in-
equities include disparate access to energy services. While these issues are ubiquitous across the
world, it is routinely the same groups who bear the burden of these disparities and lack access
to the benefits. In the United States, for example, racial-ethnic minorities are significantly more
likely to face exposure to fine particulate air pollution (1) and other criteria air pollutants (2) due
to proximity to major roadways, industrial facilities, agricultural operations, and energy produc-
tion operations. Low-income households and households of color are significantly more likely to
experience conditions of energy poverty, including being unable to adequately heat or cool their
homes as well as avoid utility disconnection (3–7).

In the international context, countries with advanced economies have traditionally benefited
from more energy infrastructure compared to those with developing economies. There is a large
gap in energy access (8), electrification of productive uses (9), and energy consumption per capita
(10) between developed and developing countries; however, all countries are expected to ensure
and finance the transition to decarbonization.Moreover, those who aremost disadvantaged are less
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Energy justice: the
pursuit of equity and
minimalization of
disparities across
individuals and groups
in all aspects of energy
systems, markets, and
operations

Energy justice
tenets: the three
tenets include
(a) distributional
justice, the way that
benefits and burdens
are distributed across
groups; (b) procedural
justice, who is involved
in and leading the
decision-making
processes; and
(c) recognition justice,
an understanding of
past and present
disparities within
energy systems and the
root causes thereof

frequently engaged in decision-making processes about energy infrastructure siting, development,
and alternative energy futures (11).

While these findings relate to historic and ongoing inequities, scholarship on the current en-
ergy transition toward a decarbonized future has raised concerns about scenarios in which these
issues are not addressed, and perhaps exacerbated (12–15). In a recent review article that assessed
20 years of literature on low-carbon energy transitions, Sovacool (14) found that the “victims”
(i.e., those who lose) of low-carbon energy production operations across the world are often host
communities, disadvantaged households, the rural poor, individuals from Indigenous groups, and
ethnic and racial minorities, among other sociodemographic groups. Certain sociodemographic
populations are routinely not granted access to clean energy technologies and the corresponding
government subsidies, and thus these populations cannot benefit from such wealth-generating
opportunities (16–18).

To tackle these challenges, it is necessary to have appropriately designedmetrics—that is, quan-
tities that are measured—to identify vulnerable populations; design and analyze possible policy,
technology, and business solutions; and monitor and evaluate the outcomes of such efforts (19–
23). Metrics need to account for historic trends and enable forward-looking analysis; be granular
enough to provide information on human impacts; be inclusive in design and use of disadvan-
taged communities; and be user-friendly in a way that enables a range of stakeholders to engage
in discussion and evaluation, among other conditions. These metrics must also account for en-
ergy justice factors to help yield just decision-making outcomes and meet energy justice demands
moving forward. The task of identifying and constructing such metrics, thus, is immense.

In this article, we review the current state of the art and discuss gaps, trade-offs, and data
requirements.We focus on energy justice and equity as a key component of environmental justice,
and as an emerging field that will benefit from a synthesizing review that lays out what exists and
clearly identifies the holes in the literature. Such information will be valuable to scholars as well
as government officials and practitioners who are working on energy justice initiatives around the
world.

We begin in Section 2 by defining the dimensions of energy justice and what it means to be
vulnerable in the energy justice domain.We then turn to a discussion about energy justice metric
frameworks in Section 3. In Section 4, we present a suite of metrics and put each one in context.
We conclude with a discussion about challenges, including trade-offs, limitations, and gaps in our
understanding and use of energy justice metrics.

2. FOUNDATIONS OF ENERGY JUSTICE

2.1. Conceptual Theories of Energy Justice

Energy and environmental justice are inherently linked. Environmental justice resulted from the
need to address unequally distributed exposure to air and other pollution and environmental risks
(24, 25), which disproportionately burden minority and low-income communities. In the United
States, environmental justice was catapulted into the national debate in 1982 when civil rights
activists in North Carolina protested contaminated soil being disposed in a landfill in Warren
County, a county with the highest proportion of African Americans in the state (24, 26). Energy
justice builds on the environmental justice movement to address the inequities that stem from
energy systems and related extractive economies that span multiple sectors. These inequities are
associated with different commonly invoked energy justice tenets: procedural, distributional, and
recognitional.

Procedural energy justice is primarily concerned with asking whether the processes, including
policy-making, are fair (13, 27). The focus is on rules and participation.One key to achieving a just
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and fair energy system is ensuring that disadvantaged and underserved communities participate
in or lead decision-making processes. This may involve having control over the types of energy
end-use systems adopted in the community (e.g., gas furnace or heat pump) and participating in
the design of energy programs (e.g., rate pricing, energy assistance programs). Another example
of considerations in procedural equity is the degree to which clean energy industries are inclusive
of underrepresented populations in their workforces and leadership.

Distributional energy justice is concerned with how the benefits and burdens of the energy
transition are allocated across groups. For example, some of the burdens of a shifting gas sys-
tem include the risk of methane leaks, risk of job loss following decommissioning, and the costs
of the transition and technology adoption. Benefits can include reducing air pollution emissions,
increasing security of energy supply, providing access to clean and efficient energy technologies,
and increasing job access through new technology deployment. Often the distribution of the ben-
efits and burdens stems from power plant and infrastructure siting and the associated exposure to
pollutants (28), technology design, and rate design (29). Distributional justice also relates to who
benefits from the economic and financial systems created around new energy infrastructure. As
we make evident below, metrics for evaluating energy justice tend to focus most often on the dis-
tributional lens given the easier quantification of distributional measures vis-à-vis other measures.

The objective of recognitional energy justice is acknowledging and fully considering the needs
of social groups that have been marginalized and disadvantaged as a consequence of past systemic
injustices; furthermore, recognitional energy justice provides opportunities for these groups in
the form of reparations. Previous work on the production of electricity has focused on the un-
fair location of power plants in the vicinity of ethnic minorities or Indigenous peoples, who are
often excluded from decision-making and not provided agency to advocate for their own rights
and needs, including clean air and water. In the context of the clean energy transition, these com-
munities may be further burdened by new energy developments and decisions, or may benefit if
recognition is given its place.

Energy equity, rooted in the principles of energy justice, upholds the goal of achieving an
equitable energy future that integrates justice principles, fairness, and social equity into energy
systems, energy decision-making, and energy transitions. As a direct outcome, achieving energy
equity leads to improved well-being and reduced community vulnerability.

2.2. Who Is Vulnerable?

Vulnerability is a state of being susceptible to harm from exposure to environmental, social, and
economic change (e.g., climate change or energy market shifts), and without the ability or capacity
to adapt (30–32). Vulnerability is shaped by changes in the elements of socioecological resilience,
the autonomy of self-organization, and the ability to prepare and respond to shocks (8, 13, 30,
33). In general, one can define vulnerability as a combination of exposure, sensitivity, and adaptive
capacity (30). Exposure is the degree to which a system experiences environmental or sociopo-
litical stress. Sensitivity is how a system is modified or affected by exposure and, in particular, an
accounting of who and what is particularly susceptible to the adverse effects of exposure. Adaptive
capacity is the ability of a system to evolve, cope, and build resilience to environmental hazards or
policy change.

There are similarities and differences in how energy vulnerabilities and inequities manifest in-
tranationally and internationally. Intranationally, energy vulnerable populations are most typically
based on income (8, 33, 34); other variables include gender, disability (34), age, family dynamics
(35), geographical location, or race (8) and immigration status. Internationally, income is again
prevalent, but other variables include energy dependency (8) and energy access.
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Energy equity
metrics: measures and
tools used to assess
energy equity, i.e.,
(a) individual metrics
that are specific and
focused on one aspect
of well-being;
(b) specifically defined
indices with specific
weights over specific
individual metrics, and
(c) user-defined indices
and mapping tools
with user-defined
weights over specific
individual metrics;
there are also
conceptual frameworks
that can be used to
design specific or
user-defined indices

3. CRITERIA AND FRAMEWORKS FOR DECISION-FOCUSED
ENERGY EQUITY METRICS

In this review, we focus on decision-relevant metrics, the primary goal of which is to inform and
evaluate decisions.More specifically, we focus on metrics to understand, account for, and track the
justice and equity implications of current and future energy decisions, including specific projects,
policies, regulations, research, and investments, as well as their outcomes as they translate from
source to end-use. In this section, we discuss criteria and frameworks for developing such metrics.

Identifying and correcting systemic inequalities requires (a) equality of access (e.g., eliminating
systemic barriers to receiving benefits) and (b) equality of capability (e.g., having access to oppor-
tunity and means to receive the benefits), as argued by Nussbaum & Sen (36). Metrics can help
correct systemic inequalities by identifying important features and developing standards, such that
actions can be informed and geared toward meaningfully improving the quality of life as well as
monitoring its evolutions.

Metrics and their variations (e.g., indices referring to combinations of metrics; indicators
aimed at assessing forward movement) help measure or evaluate things and allow for compar-
ison across space and time. Unless the metric itself embodies meaningful energy justice tenets
(e.g., distributional, recognition, or procedural measures), it can be misleading or undermine just
decision-making outcomes. For example, income is often used as a placeholder for marginaliza-
tion; however, wealth is often more relevant for financial marginalization, and income alone may
not reveal the true level of need. Similarly, research found that racial composition was a predic-
tor of the length of the blackouts in Texas in 2021, while income was not (37). In both of these
cases, results based only on income might lead to the conclusion that there is no inequity, whereas
the broader analysis indicates there is. Indices, which incorporate several metrics, can also fail to
support just decision-making practices if the index’s embedded metrics are misweighted or fail to
integrate important equity factors.

3.1. Criteria and Categories for Metrics

There is a robust literature on criteria for metrics. Kenney et al. (38) lay out a set of design cri-
teria for climate indicators: inclusion of sectors that have mature literature and reflect views of
importance from stakeholders; justification by a transparent conceptual model; a documented
relationship with the topic of interest; correspondence to an area of national interest; and rele-
vance to users. Similarly, Feng& Joung (39) discuss principles for good indicators, including being
(a) measurable, (b) relevant and comprehensive, (c) understandable and meaningful, (d) manage-
able, (e) reliable, ( f ) cost-effective, and (g) timely.

Building on this, we propose a set of criteria for energy equity metrics that we employ in the
present analysis. Metrics should be decision-relevant; grounded in the preferences of vulnerable
and marginalized communities; understandable; and measurable, even if qualitatively. Moreover,
sets of metrics used to inform decisions should be comprehensive enough to address key questions
for key groups, yet manageable enough to be realistically used (39).

Decision relevance, in the context of ecosystem service science, has been defined as “effectively
predicting the impacts of specific decisions. . .across beneficiary groups” (40, p. 161). In climate
science, decision-relevant metrics are those that “are both actionable for practitioners as well as
tractable for modelers” (41, p. 1579). We focus on the category of decision for which a metric is
predictive and actionable. Drawing on the Initiative for Energy Justice (IEJ) (https://iejusa.org),
we consider decisions relevant to identifying populations that can benefit from equity actions and
also assessment of programs and policies, both retrospectively and prospectively.We build on the
category of investment decision-making, combining it with planning and siting. As discussed in
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Section 4 and shown in Supplemental Table 1, some metrics may have relevance in more than
one category. Finally, some metrics may not be directly decision-relevant but, rather, aimed at
assessing energy systems in order to influence the design of future policies and programs.

In terms of comprehensiveness, one can classify energy equity metrics according to five
categories.

1. Tenets of equity and justice: These include distributional, recognition, and procedural
as discussed in Section 2. Of importance is the need to go beyond distributional, the most
common type of metric.

2. Spatial and temporal: An important aspect is scale. The scale of energy justice analysis
has implications for effective metrics. Injustice occurs at local (e.g., family and community
livelihood), national, and global spatial scales (33). The metric must match the scale of the
system analysis to facilitate just outcomes. Temporal considerations include the degree to
which historic wrongs are considered and whether impacts are in the near term or longer
term.

3. Sectoral: The energy system contains numerous sectors, including electricity, transporta-
tion, and industrial applications, among others.

4. Impacts on people: The energy system can impact the well-being of people in a variety
of ways, both negative and positive. These impacts can be financial (e.g., energy burden,
wealth creation, shut-offs); physical (e.g., air and water pollution, environmental degra-
dation, safety); technical (e.g., access, supply, reliability); or cultural/psychological, where
psychological is at the individual level and cultural is at a societal or community level, and
relates to autonomy and decision-making agency. There are important impacts at the inter-
sections of these categories, and multiple ways these categories can impact quality of life.
Most importantly, all of the categories above can have impacts on human health.

5. Life cycle: Energy injustices can be committed not only at the point of adoption of an en-
ergy technology or the end-use but also throughout the full life cycle of technologies or
services. Metrics like research and development, mining, conversion, transportation, gen-
eration, and waste should be included throughout the life cycle and through all levels of
workforce and business development, investment capacity, and government contracts (42).

A key distinction is whether a metric is used for retrospective or prospective analysis. Retro-
spectively, they can be used to evaluate past policies, regulations, and actions, including insights
that can help identify future trends and clarify the systemic effects previous actions have had on
present day systems (43). Prospectively, metrics can be used in models and what-if scenarios, as
well as in forecasting. Of particular importance are energy equity metrics that can be used to
evaluate net-zero pathways and the actions needed to get there (19). Some integrated assessment
models (IAMs), an influential class of models that combine climate, economic, and energy system
models in order to assess and inform policy, have included metrics for income inequality, but
there is a lack of metrics relevant to other dimensions of energy equity (20). Finally, metrics can
help decision-makers generate creative alternatives—once it is clear what is important, it is easier
to develop alternatives that specifically address those issues (44).

3.2. Frameworks for Decision-Focused Metrics

Scholars have proposed different frameworks to support decision-making through appropriate
metrics. Here we present a selected summary of these frameworks.

One example of a framework for developing decision-relevantmetrics is value-focused thinking
(45).This framework elicits values from stakeholders,whereby values are defined as the “principles
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used for evaluation. . .to evaluate consequences of action or inaction” (45, p. 6). For example, Baker
et al. (46) found that stakeholder values in Ghana around electrification included aspects such
as cost, reliability, local air pollution, and safety. The framework operationalizes the values by
stating them as directional goals, such as “minimize local air pollution.” Finally, what Keeney
calls attributes are derived from objectives; these are the actual measures and what we are calling
metrics. For example, the objective to “minimize local air pollution” might be measured in terms
of pounds of sulfur per kilowatt hour of generation in a given year. This framework provides a set
of metrics for evaluating decisions. The values, objectives, and metrics can be used in a variety of
ways to support decision-making; to generate creative alternatives (44); in mathematical models
that evaluate alternatives based on how well the outcomes match preferences; or to understand
how a system has been performing in the past. This framework has been used in the energy realm
in a top-down expert-based analysis of energy efficiency (47), to structure the energy objectives
of West Germany (48), and to develop a value hierarchy for Ghana around energy access (46).

This framework is particularly useful when applied to energy equity, since this is a complexmul-
tidimensional concept that elicits input from affected stakeholder communities. This framework
is decision-centric and category-neutral; it will include the categories of energy equity discussed
above to the degree that the decision-makers find these important.

There are numerous prospective frameworks centered around energy justice explicitly. The
Initiative for Energy Justice (2021) adapts and applies a framework focusing on three categories
of purpose for equitymetrics (49): (a) “Target population identification”; (b) “Investment decision-
making”; and (c) “Program impact assessment.” Ford et al. (50) conceptualize the progression of
processes that comprises the energy transformation process, from source to end-use to disposal,
including the three categories of purpose across the progression (Figure 1). This proposed frame-
work, which adopts elements from Gorman & Dzombak (51), Lu et al. (52), and the OECD (53),
suggests the need to capture the energy system broadly through its life cycle while identifying the
population impacted at each stage, documenting the benefits of policy interventions and evaluat-
ing investments that can enhance relevant capabilities. The life cycle of the energy system can be

Low-to-medium 
income technology 

deployment

Energy extraction 
regulatory 
violations

Process 
emissions

Contamination 
of the working 
environment

Life cycle

Assessment
dimensions

Target 
population

Program impact 
assessmentInvestment 

decision-making

Source

Emphasis 
of metrics

Extraction Processing Distribution End-use Waste 
management

Electronic 
waste

Electricity 
access

Product

System

Figure 1

Energy spectrum in need of metrics. This figure provides a stylized depiction of a life cycle of an energy
system, from source to waste management, and the areas that require probing for equity advancement. These
areas include the impacted population, investments and their decision-making process, and assessment of the
impact of a given intervention. Figure adapted with permission from Reference 50.
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captured at a product level and at a system level, and Figure 1 provides examples of metrics that
could be used at different stages of the life cycle (see Supplemental Table 1 for a more detailed
listing of metrics).

Frameworks that map to justice tenets can take different points of reference. For exam-
ple, Romero-Lankao & Nobler (23), on the basis of Litman (54), Van Dort et al. (55), and
Karpouzoglou et al. (56), introduce an approach that considers five justice tenets (distributional,
procedural, recognition, plus cosmopolitan and restorative) across four stages: identify factors
that lead to inequalities; enhance factors that foster communities’ capabilities; codevelop adaptive
and inclusive governance and policy systems; and evaluate and monitor performance. Although
this framework is aimed at the transportation sector, their work documents a breadth of useful
examples that can be equally applicable to multiple sectors and processes addressing inequities.

Other frameworks, such as the Energy Equity Project (57, p. 29), adopt a point of reference
from the decision-making bodies’ perspective to develop “equity measurement, reporting, and
tracking that drives clean energy investment and impact for BIPOC and frontline communities.”
Similar to other frameworks, common justice tenets (e.g., distributional, procedural, recognition,
restorative) are employed and broken down into indices and metrics across energy efficiency
and clean energy programs, but it is done among utilities, state regulatory agencies, and other
practitioners in the energy space.

A potential enhancement to the frameworks above is to apply the perspective of systemic equity
(see Figure 2), which argues that to be comprehensive across justice tenets, metrics must either
explicitly acknowledge which core concepts are not addressed or coalesce with complementary
metrics to meet each of the three core justice tenets (e.g., an apt index that addresses distribu-
tional, procedural, and recognition equity). This perspective augments the other frameworks by
identifying the problems as follows: In cases where only two of the three core concepts are ad-
dressed, ostensible (i.e., where distributional and procedural aspects are addressed, but recognition
is ineffective), aspirational (i.e., where procedural and recognitional aspects are addressed, but

Distributional

ProceduralAspirationalRecognition

Exploitational

Systemic
equity

Ostensible

Figure 2

The equity concepts that must be achieved to meet systemic equity (i.e., distributional, recognition, and
procedural equity), including terms associated with the ineffective addressing of equity (i.e., ostensible,
aspirational, and exploitational equity). Figure adapted from Reference 58 (CC BY 4.0).
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distribution is ineffective), or exploitational (i.e., where recognitional and distributional factors
are addressed, but procedures are ineffective) outcomes will manifest. It is unlikely a single metric
will effectively address all of these dimensions simultaneously.

The frameworks above have different strengths and weaknesses, and they are not necessarily
mutually exclusive. In selecting and using a metric, one should evaluate each potential metric
according to the assigned objectives, with careful attention to how they will satisfy the criteria
presented above.

4. ENERGY JUSTICE METRICS

In this section, we provide a sample of metrics that can be used in energy decision-making.We use
the term “metrics” broadly, to refer to a progression of measures and tools used to assess energy
equity. First, there are individual metrics, which are specific and focused on one aspect of well-
being. Second, there are specifically defined indices, which have specific weights over specific
individual metrics. Third, there are user-defined indices and mapping tools, which have user-
defined weights over specific individual metrics. Fourth, there are conceptual frameworks that can
be used to design specific or user-defined indices: They identify categories of individual metrics
to be combined.

We begin with a discussion of environmental justice metrics since environmental justice is a
core foundation to the energy justice field. For each example metric that we discuss, we relate it
back to key criteria in Supplemental Table 1.

4.1. Existing Environmental Justice Metrics

Foundational studies on environmental injustice have demonstrated that various environmental
disamenities (e.g., industrial pollution sources, contaminated sites) are disproportionately located
in communities of color and low-income communities (24, 59). In domestic contexts, these stud-
ies typically examine patterns within a specific city, state, or region, and the standard approach is
to investigate either the correlation between an outcome and a demographic characteristic or the
proximity of an outcome to a specific community—in both cases, controlling for factors that might
confound these relationships. One might track the siting of new infrastructure, the localized pol-
lution that infrastructure may produce, and the sociodemographic populations in the surrounding
area that would experience that pollution. In international contexts, studies may consider the flow
of environmental disamenities across jurisdictional boundaries frommore to less affluent countries
(e.g., trade in hazardous waste, or pollution spillovers).

This empirical literature, combined with pressure from environmental justice advocates and
public policies such as Executive Order 12898, has provided impetus for government agencies
to begin to consider race, income, and other factors in their environmental decision-making.
To facilitate such consideration, agencies have developed metrics to help identify environmental
injustice.

A key example is EJScreen (60), an environmental justice screening and mapping tool. Tools
such as this provide user-specified visualizations of metrics and indices, to support analysis and
decision-making, and thus can themselves be considered a version of an index. EJScreen includes
demographic indicators (e.g., people of color, low-income linguistic isolation), environmental
indicators (e.g., air quality, cancer, and respiratory risk), and environmental justice indexes that
combine demographic attributes with individual environmental factors. EJScreen presents the
information in an interactive map form at the census tract level with comparisons to state or
national percentiles. Recent updates to EJScreen have expanded its indicators to include measures
of health disparities, climate risks, and critical service gaps (e.g., broadband, food access, and
medical services).
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Certain sensitivities and limitations of these types of tools are worth noting, since they carry
over to the energy justice domain as well. First, the underlying datasets and the way they are
weighted put greater emphasis on certain aspects (e.g., urban versus rural areas). Second, national
and state percentile approaches can influence whether communities or populations are compared
against local jurisdictions or national populations. Third, the use of thresholds determines what
portion of populations are identified as being the most underserved or vulnerable.

Many US states have developed similar environmental justice screening and mapping tools.
Some rely on demographic indicators to identify vulnerable communities, whereas others in-
clude environmental, health, and climate indicators (61). Several of these state-level tools use
indexes that combine environmental indicators, enabling consideration of the cumulative impacts
of multiple burdens. Combining indicators across environmental media, often measured at dif-
ferent geographical scales or on different time horizons, is complicated, but reflects that many
communities simultaneously experience more than one burden.

To date, themanner in which these environmental justice screening andmapping tools are used
varies. The tools are used internally by agencies to inform regulatory decision-making, permitting
decisions, and enforcement priorities, and more formally to support laws that require agencies
to take into account vulnerable populations in decision-making (62). For instance, the state of
New Jersey enacted a permitting law in 2020 that provides metrics for identifying overburdened
communities based on the percentage of low-income households, minority residents or members
of a state recognized tribal community, or households with limited English proficiency.

4.2. Energy Justice Vulnerability Indices

The lessons from and experiences with environmental justice screening and mapping tools, as
well as the underlying metrics, have informed a recent effort by the US federal government to
develop a new mapping index, the Climate and Economic Justice Screening Tool (CEJST) (60),
to support the implementation of the Biden Administration’s Justice40 Initiative. The CEJST,
still in beta form, incorporates several pollution-related datasets from EJScreen as well as climate
change–related natural hazard risks to identify disadvantaged communities, but uses only a single
metric specific to energy justice—energy burden.

Beyond mapping tools, there are a variety of ways to quantify and identify vulnerable commu-
nities in terms of exposure, sensitivity, and adaptive capacity. These fall under the fourth category
defined above of conceptual frameworks. There are no predefined metrics for these concepts;
rather, they are user-specified, depending on the situation or case for which the user seeks to mea-
sure vulnerability. For example, a measure of exposure may be the incidence of fuel poverty or the
increase in the price of energy and thus consumer bills; the measure of sensitivity may be the so-
ciodemographic groups that aremost prone to experiencing fuel poverty; and the adaptive capacity
is a measure of government assistance to help those households that experience such fuel poverty.

Several scholars have devised vulnerability scores relating to energy systems and justice. All of
these combine individual metrics of exposure and sensitivity—some also include adaptive capacity
as well, though researchers note that this is harder to measure—usually through a series of calcu-
lations to derive multiplicative estimates of impacts. One study proposes a vulnerability scoring
metric that assesses the vulnerability to price shocks associated with energy policy interventions
and compares across counties. It incorporates three variables, including energy price increases as
the measure of exposure, specific sociodemographics as the measures of sensitivity, and weath-
erization and low-income bill assistance programs as the measure of adaptive capacity (63). The
end result is a score for each county in the United States, allowing the identification of vulnerable
counties. In other studies, scholars calculate the vulnerability of communities to employment and
economic decline from the closure of fossil fuel operations (64–66).
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Similarly, in the international context, scholars have introduced the Global Energy Vulnerabil-
ity Index,which combines metrics about a country’s energy intensity, carbon emissions, and degree
of reliance on energy resources into a composite indicator that can be used for both identification
of vulnerable regions and comparison across regions (31).

Vulnerability indices can be used in a variety of contexts, to evaluate prospective policies or to
help policymakers and other organizations target their resources to communities or households
most in need. For example, a vulnerability measure may be useful in siting decisions, to determine
if impactful infrastructure is being sited in particularly vulnerable areas. Such measures are, thus,
highly adaptable. The trade-off, however, is that the high degree of complexity may limit the man-
ageability and replicability of the vulnerability scores and introduces subjectivity in the weighting
of various elements within the vulnerability calculations.

4.3. Consumer Energy Metrics

Designing effective programs and policies for reducing energy poverty in vulnerable groups
requires identifying who is energy poor, measuring the degree to which they are experiencing
energy poverty, and identifying the underlying causes leading to energy poverty. Energy poverty
is defined as the lack of access to physical energy technologies and modern energy, or financial
resources required to consume energy at a desired level (67). Closely related concepts include fuel
poverty, which is defined as the inability to afford adequate energy services and sufficiently warm
or cool one’s home (68), and energy insecurity, which is when a household is unable to meet its
energy needs.

All of these are related to energy access, a multidimensional concept that involves five facets:
supply (technology availability in the region), reliability (consistency of supply), quantity (number
of appliances that can be used in the home), quality (if electricity is supplied at proper frequency),
and affordability (whether a household has the ability to pay for a desired level of energy consump-
tion). Inability to satisfy energy needs in one of the five facets can lead to a household experiencing
energy poverty (68).

In the Global North, energy discussions often focus on affordability and, thus, energy burden,
energy insecurity, and fuel poverty dominate the discussion (69). Metrics most often used in such
contexts include simple measures of electricity access (e.g., the percent of households with access
to modern sources of energy), rates of new household electrification, or total amount of electricity
consumed per household. More complex metrics include the energy development index used by
the International Energy Agency (70), which includes measures of the percentage of the popula-
tion with access to electricity, commercial energy consumption per capita, and commercial share
of energy use.

Energy insecurity is multidimensional and based on the interplay between physical housing
infrastructure, household energy expenses, and behavioral responses to financial strain (69, 71,
72). The most commonly used metric for energy insecurity is the energy burden indicator. Energy
burden is defined as the percent of income a household spends on satisfying their energy needs
(5). A high energy burden of 6%, or a severe energy burden of 10% or more, is cause for concern
in households (7). The U.S. Department of Energy tracks energy burden in their public-facing
Low-Income Energy Affordability Data (LEAD) tool (73).

Clear distinctions on the type of income (i.e., pretax or post-tax) used to calculate energy
burden metrics are important, because these will paint a different picture of energy poverty
within a region. Another downfall of this metric is that it may miss whether households live in
uncomfortable temperatures or engage in risky coping strategies to keep themselves warm or
cool.
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Other increasingly common, though more difficult to track, metrics of energy insecurity in-
clude whether a household reports struggling to pay an energy bill, receiving a notice for utility
disconnection or being disconnected, whether a household has to forgo paying energy bills for
other necessary expenses such as food or health care, and whether a household carries utility debt.
These measures are typically gathered via household surveys, such as the Residential Energy Con-
sumption Survey (74), the American Housing Survey (75), or the Pulse Survey (76), and have been
used in empirical studies on energy insecurity (e.g., 4).

Energy deficits present themselves in households that underconsume energy and restrict en-
ergy use (77). A complete energy deficit is present when a household is disconnected by their
energy service provider due to nonpayment. A partial deficit can stem from economic concerns
and behavioral adaptations. Households that forgo energy consumption to pay for other neces-
sities are exhibiting energy limiting behavior. If the energy deficit or energy limiting behavior is
severe, this can lead households to put themselves at risk of heat-related illness or death (3, 78).
One metric for measuring partial energy deficits in households is the energy equity gap (3), which
measures the outdoor temperatures at which households turn on their cooling or heating units.

In summary, aggregate indicators can be used to identify abnormalities in behavior, spending
patterns, and consumption habits.Highly aggregated indicators related to energy poverty may not
be sufficient because impacts on individuals may bemasked andmaymiss somewho self-identify as
energy poor. When possible, data at the household level and individuals’ self-identified behavior
should be used. Effective programs and policies will identify multiple forms of energy poverty
and assess its underlying causes. Impactful analyses will combine individual metrics of exposure,
vulnerability, and sensitivity to derive multiple estimates of impacts and injustices.

4.4. Wealth Creation, Ownership, Autonomy

Many metrics focus on avoiding harms, such as pollution or energy burden. Another impor-
tant aspect of the energy system is its potential for wealth generation. For example, energy
companies continue to be some of the richest in the world, but this wealth is concentrated in
relatively few hands. An important question is whether a reimagined low-carbon energy system
can change the distribution of wealth and generate wealth for traditionally marginalized commu-
nities. Wealth generation can be divided into two parts: resulting directly from business models
around ownership of energy assets and resulting from access to energy. Closely related to wealth
generation and procedural justice is community and individual autonomy: having a voice in energy
decision-making. Owners and others with direct stakes, for example, are automatically key stake-
holders; thus, understanding and improving ownership in the energy system among marginalized
communities is important.

The distribution of ownership of energy assets is understudied, especially with regard to in-
come and race (79). For example, Semieniuk et al. (80) note that the network of ownership of
fossil-fuel assets is not well understood. They focus on the ownership of transition risk, but the
flip side of this is ownership of assets. They find that this ownership is highly concentrated in
wealthy economies and within wealthy sectors of those economies. Crago & Rong (81) examine
financial returns to household solar and find that these vary systematically between owned and
leased systems. Sunter et al. (18) measure rooftop photovoltaic (PV) deployment, relative to the
average rooftop PV adoption of all census tracts in each state, and find that, even accounting for
income and home-ownership, Black andHispanic majority census tracts have significantly less de-
ployment. O’Shaughnessy et al. (82) define two metrics to understand patterns of solar adoption:
(a) adopter income bias, the difference between adopter incomes and countymedian household in-
comes, and (b) low-to-moderate income (LMI) solar PV penetration rate. These authors measure
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the number of LMI households that adopted PV as a proportion of the number of owner-occupied
LMI households in a given zip code, without differentiating between owning or leasing a system.
In transportation, ownership and investment equity have been inferred through observed mode
shares (83).

Another way to approach ownership is to consider rebate policies. For example,Guo&Kontou
(84) study the Gini coefficient and Suits index for clean vehicle rebates in California. Rebates may
make ownership viable for LMI individuals. They find, however, that there are disparities in the
adoption of electric vehicles across income and among disadvantaged communities.

For most of these metrics on ownership, income is by far the most common vulnerability con-
sidered, with a few emerging metrics that consider race or ethnicity. These metrics are primarily
relevant to the design of adoption policies and useful for regulators in assessing and designing
programs. Even though they are related to ownership, the focus is more distributional.

There are fewer metrics that are focused primarily on recognition justice. Fortier et al. (85)
suggest, when looking at extractive resources, measuring the percentage of the ownership of
resources by local community members. Community acceptance rating (86), a numeric repre-
sentation of community satisfaction, could be a useful energy justice metric if it is focused on
marginalized communities, or separates results by demographics. A commonly used metric is
investment-generated jobs (87). To the degree that an accurate and meaningful assessment is pos-
sible, this metric could be useful for local communities and for the design of policies aimed at
inducing investment. An interesting metric suggested by Sovacool & Mukherjee (88) is num-
ber of annual protests related to energy, which could represent recognition justice if it is tied to
marginalized communities or to organizations who represent them. This metric has been used
to understand the relationship between tactics and outcomes and to evaluate the sustainability of
energy projects (89, 90). These metrics are focused on siting decisions, and may be relevant to a
number of different stakeholders, including the communities themselves.

Metrics related to both ownership and recognition are top-down measures designed by re-
searchers with intention to elucidate inequities, but there appears to be little interaction with
members of marginalized communities in the design and use of these metrics. Although many of
the metrics in this section are reproducible in theory, actually gathering and accessing the data
is likely to be a challenge for all. Some metrics are highly localized or context specific and may
require highly intensive data collection such as interviews, surveys, or focus groups.

Another set of metrics in this category are specifically related to procedural justice and in-
dividual autonomy. The IEJ 100 report lists numerous metrics, including metrics related to
representation on advisory and decision-making bodies (i.e., diversity of planning organization
boards); community engagement (i.e., percent of actions with prior consent from Indigenous
communities), funding for participation of marginalized communities; and impact (i.e., percent
of community recommendations that were meaningfully incorporated into final energy rules,
policies, or decisions). Metrics such as these seem to be mostly lacking in the academic litera-
ture, potentially due to challenges of collecting reliable and reproducible data, and in some cases
even measuring the effect. For example, the last metric provides significant challenges if there
are diverse communities with different recommendations. These metrics are primarily relevant to
planning and, in particular, to designing processes for ensuring fair representation.

4.5. Multiscalar Supply Chain Inequities

Beyond the direct impacts of energy generation and use, there are many impacts across the stages
of the energy system, starting at extraction and ending with final waste streams (see Figure 1).
Many of these impacts are hidden from society, and many of them are borne out of a different
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place than where the energy commodities and services are actually consumed; however, there are
ways to monitor and track them through various metrics.We provide example metrics and discuss
their implications at three life-cycle stages: mining, processing, and refinement; manufacturing
and factory pollution; and waste. The metrics themselves, such as those involving environmental
performance or workplace safety, can be equity-neutral, but when combined with demographics
to account for who faces these burdens or risks, they become equity metrics. Studies on energy
projects, such as Sovacool’s (14), find that vulnerable populations are most intensively exposed to
hazards, pollution, and risks.

Mining, metals, and materials extraction and processing are important to low-carbon transi-
tions but remain hiddenwithinmost environmental and social assessments.Although the literature
on mining and its negative impacts on sustainability is vast, with many different decision frame-
works and metrics, much of it is devoid of context and done without synthesis (91–93) or an eye
toward energy and climate justice.

Mineral extraction connects to land disruption, dust, air pollution, water pollution, chemical
and hazardous waste generation, and occupational safety that may compromise some populations
more than others. One can further subdivide extraction into phases of exploration, operations,
and closure, all of which involve their own set of equity dimensions and corresponding metrics.
Although the list of metrics is extensive (92, 94–97), we highlight some of the most commonly
used metrics that have strong equity implications. Regulatory violations, such as the number of
annual violations of environmental or social statutes, can represent energy equity if they are cor-
related with harmed or marginalized communities; frequency rate and severity of accidents in the
energy supply chain can as well, when associated with race or ethnicity and income. An important
metric in the Global South is child labor, such as the percent of child labor in the supply chain.

Processes related to the manufacturing of energy systems involve inequities that cut across
technical, social, and environmental dimensions, with a particular focus on occupational hazards.
Grappling with inequities at the manufacturing stage can be difficult because it transcends dif-
ferent levels of a system, including the supply chain, the company, the factory, the production or
assembly line, the work cell, or even a machine tool or particular process (39, 98). Example man-
ufacturing metrics from more extensive lists (14, 52, 97, 99) include working and employment
conditions, industrial process emissions such as tons of methane, and chemical contamination of
the working environment such as the release of heavy metals in the air or water. The latter two
metrics align with both traditional environmental justice frameworks and energy justice.

A third domain encompasses waste flows (e.g.,waste sent for incineration, landfilling, discharge,
e-waste, and nuclear or hazardous waste) as well as recycling and the afterlives of energy systems.
Many streams of waste involve significant degrees of pollution and toxins, including some of the
most hazardous forms of waste known to humankind (i.e., dioxins, carcinogens).Waste has a num-
ber of global impacts (97), and waste incineration has the most negative externalities in the energy
supply chain, even more than coal (100). All energy technologies, including the most carbon-
friendly, such as household solar panels, electric vehicles, and smart meters, generate large waste
streams (92).

Some examples of specific metrics within the waste stream include landfill waste, waste incin-
eration, electronic waste, nuclear waste, and mass recyclability. Although these metrics do not,
by themselves, have equity implications, when combined with geographic and sociodemographic
data, they can assess disparate incidence of waste across populations.

Circular economic principles could help to guide these three life-cycle stages, and their asso-
ciated metrics, toward more symbiotic benefits in energy, environmental, and equity outcomes.
Several metrics and methodologies are used for circular economic decision support as well (e.g.,
water footprint, embodied energy, emergy, exergy, and ecological footprints) (101).
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Many of these metrics are specific to workers in the energy supply chain; some are relevant to
local communities. Most are around physical impacts, such as health and safety. Child labor en-
compasses cultural and psychological well-being as well. These metrics can be used by regulators
to improve conditions in the supply chain, firms to improve working conditions, local commu-
nities to inform activism, and energy researchers to inform the direction of research to aim for
less destructive processes and materials. These metrics, when combined with geographic and so-
ciodemographic data, primarily reflect distributional justice; measuring and accounting for child
labor may be a form of recognition justice. Procedural justice is again rare but is represented in
the measurement of regulatory violations; this metric can be used to revisit regulations and their
implementation.

4.6. Comparative Country-Level Metrics

Comparing energy policy approaches across countries or jurisdictions is a useful way to identify
equity leaders across the globe or to consider how countries may align, or not. Several studies have
devised conceptual framework metrics that quantify and track country-level energy justice and
equity efforts, and these same measures can be used for other geographic units as well. Current
studies have used these metrics either to conduct comparative analysis across different country
contexts or to serve as energy decision tools within a country in a way that allows the user to
account for a set of trade-offs.

One metric, the Trilemma Index, is produced annually by the World Energy Council (102).
This index combines energy security, energy equity, and environmental sustainability and can
serve as a decision-making tool, helping countries balance across the three dimensions, and as a
way to compare countries in their ability to achieve all three of these dimensions. Energy secu-
rity refers to a country’s ability to meet the energy demands of their current and future citizens,
and to withstand energy system shocks. Energy equity refers to the country’s ability to provide
full access to sustainable, reliable, and affordable energy. Environmental sustainability refers to a
country’s actions on climate change mitigation and environmental preservation. Each country is
ranked along these three dimensions with the highest score corresponding to the best energy sys-
tem performance. Some scholars have noted the possible subjectivity of the scoring and proposed
approaches to improve the weighting scheme behind the scores (103).

Heffron et al. (104, 105) have devised and tested what they call the energy justice metric, which
combines a different trilemma: economics, politics, and environment. For each element, it cate-
gorizes all related costs and benefits for both present and future generations and creates a ternary
plot of the scores. Such scores can serve as a decision-making tool for individual decisions, or a
metric to compare justice and equity efforts across jurisdictions such as countries.

The HumanDevelopment Index is commonly used for intercountry comparisons and is essen-
tially an international version of a vulnerability index that provides details on where vulnerable
populations reside. This index encompasses income inequality, income level, political environ-
ment, and access to electricity metrics to evaluate how socio-techno-ecological factors (e.g., good
governance) will affect human development (106). The Sustainable Development Index augments
the Human Development Index by incorporating ecological metrics for carbon emissions and
planetary boundaries in an effort to correct overweighting of gross domestic product growth (107).
There are other index developments of this kind and it is anticipated that this evolution will con-
tinue. Nevertheless, the promotion of human development is important to energy justice since it
helps to ensure equitable access to clean and modern technologies.

Scholars have long generated Lorenz curves and calculated their Gini coefficients to mea-
sure inequality of income or wealth. In the energy domain, researchers have adapted the Lorenz
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curve and Gini coefficient to measure electricity access and consumption inequality across income
groups within countries, and then compared the resulting estimates across countries and over time
(108).

All of these metrics are decision-relevant, typically used to target jurisdictions or for program
evaluation, and account for a range of distributive, procedural, and recognition justice elements,
depending on what the user decides to use as inputs. They are understandable, though with some
inherent limitations due to the subjectivity of some of the scoring and the complexity of the
indices, and they offer the opportunity for both spatial and temporal analysis that can be applied
across sectors.

5. CHALLENGES

We identify three categories of challenges in the design, use, and availability of energy equity
metrics. First, there are gaps in existing metrics in regards to sectors, dimensions of justice,
decision-making, and well-being categories. Second, there are inherent trade-offs in the de-
sign and application of metrics. Third, populating metrics with meaningful data introduces user
challenges. We address each in turn.

5.1. Gaps

The most commonly addressed justice tenet that we found in our review of equity measures
was distributional, with fewer procedural and recognition metrics. Metrics addressing procedu-
ral justice were primarily defined in the gray literature, in projects and frameworks, and less so
in the academic literature. Procedural justice presents a significant challenge in that it is highly
context-dependent, making it difficult to compare across projects, communities, or energy sys-
tems. One direction for future work is to explore how to collect data on procedural justice in
efficient and replicable ways, perhaps employing natural language processing or other techniques
that account for voice, participation, inclusion, and substantive engagement. In terms of recogni-
tion justice, identifying marginalized or vulnerable communities based on outside interpretation
can be fraught; ideally, communities would self-identify. Moreover, there may be fundamental
challenges in cases wheremore than one vulnerable community is involved and these communities
have different preferences.

A gap that presents a particular challenge is the creation of a feedback loop with vulnerable
communities when designing energy policies and programs. Ideally, communities would help
define and prioritize metrics as well as populate them, and then validate that benefits were actually
received.

In terms of impacts on people, the category that is least well-represented is cultural and psycho-
logical impacts.There are a few overarchingmetrics, such as vulnerability indices or the Trilemma
Index, that may ormay not reflect cultural and psychological well-being.There are a few, primarily
in the gray literature, that expressly recognize Indigenous culture.However, explicit recognition of
cultural impacts of the energy system appear, based on our search, to be rare in academic literature,
highlighting a need for greater inclusion of Indigenous knowledge.

The scope and scale of many existing models is a challenge for implementing equity met-
rics. Global IAMs, for example, have little ability to integrate or produce metrics of intranational
inequality; even less so of procedural or recognition justice.

5.2. Trade-Offs in Designing and Applying Metrics

The choice and use ofmetrics requiresmaking a number of trade-offs among the choice ofmetrics;
whether to employ a simpler or a more complex metric; and whether to prioritize reproducibility,
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flexibility, user-friendliness, or other criteria.Here, we consider additional trade-offs that one may
confront when employing energy equity metrics.

Justice and equity issues are multidimensional, requiring either complex metrics or a collection
of metrics to fully capture the many dimensions. For example, while the energy burden metric
provides useful information about how much a household spends on their energy bill, it does not
give a complete picture of energy poverty: It does not reveal who must bear particularly hot or
cold living conditions, who must face the decision of whether to “heat or eat,” and who has been
disconnected from service provision and living in the dark.

Another trade-off is inherent in the difficulty of balancing subjective and objective information
when populatingmetrics and indices.Many of the composite metrics that we discussed above, such
as vulnerability scores, screening tools, and comparative country-level trilemma indices, must be
user-populated with the “right” data and with weightings.

This trade-off between subjective and objective measurement also reveals the challenge of
exactly who builds, uses, and controls various metrics. The quality of an analysis depends not only
on the quality of the measurement, but also on the quality of the analyst who uses it and the degree
to which the analyst understands the dimensions of the underlying equity challenge.

The user also chooses exactly which topics, and thus metrics, to include in their analyses, and
which to exclude. For example, retiring fossil fuel power plants and associated air pollution emis-
sions can improve environmental health, but there may be a loss of local jobs with possible effects
on energy bill affordability. When analyzing the decision to close such a plant, should an analyst
include all of these dimensions?

5.3. Populating Metrics

The data used to populate and calculate metrics are vital. Here, we highlight several challenges
with acquiring and populating metrics. First, it is often necessary to include other factors besides
energy that influence energy equity, such as in the case of energy poverty. An inclusive and holistic
metric analysis should include household factors required to pay for energy bills, such as rent
payments and taxes (109), and not just mere measures of energy bill payments. Energy poverty
stems from both a lack of resources to meet basic energy needs, and—if resources are present—
then a lack of the capability to use a desired level of energy to support well-being (110).

Second, to capture energy equity metrics, the microscale data collection must cover a broad
regional area to allow for latitudinal comparisons. Specifically, these metrics should be able to
identify which subgroups are the most afflicted by different types of energy inequities and how
the degree of energy inequity has changed over time. This broad area will allow for an under-
standing of how the distribution of resources varies by region and demographic groups and for an
investigation of the trade-offs different groups make.

In some country contexts, however, collecting data at the microscale is not feasible. For exam-
ple, in remote villages that are off grid there may not be smart meters available to collect daily or
hourly energy usage. In households without electricity connections, or with prepaid energymeters,
there will be uncertainty regarding the level of unmet or latent demand that arose due to financial
concerns (111, 112). Hourly data are useful for measuring behavioral shifts following procedural
changes [i.e., COVID-19 mandates (113) or electrification policies], and climatic and employment
shifts over time (3).

Third, another limitation and challenge in data collection is acquiring information about the
lived experiences, such as those that pertain to quality of life and psychology. To be inclusive of
equity aspects that are particularly important but understudied (e.g., more qualitative measures
such as quality of participation in decision-making; quality of life due to living in thermal com-
fort) requires some form of measurement of these aspects, yet these items are inherently difficult
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to measure.Metrics that indicate how quality of life and well-being change over time often require
individual interaction (e.g., interviews or survey work), which can be time-consuming, expensive,
subjective, or hard to replicate. Some of these limitations can be overcome with sustained and con-
sistent funding and others with a system that prioritizes relationship building and acknowledges
the time required to do so.

Overcoming these limitations is vital because a set of inclusive metrics and microscale data can
facilitate the evaluation of energy justice. Without diverse metrics and tools, numerous house-
holds and communities may remain suffering energy inequities and miss the needed support to
overcome systemic barriers.

6. CONCLUSION

In this article, we have presented a review of energy equity and justice metrics that can be used to
evaluate the progress of a jurisdiction’s energy transition and offered insights on the limitations
of these metrics and avenues for further development. Here, we offer a few concluding thoughts
about the value of a focus on metrics for assessing equity and justice of systems and transitions.

First, it is important to measure what matters. If planners omit key quality of life indicators,
for example, then those conditions that affect quality of life are unlikely to be addressed and mit-
igated. Second, evaluation tools (e.g., modeling tools) and evaluation systems are only as good as
the metrics that serve as the inputs. Without metrics that account for equity, equality, and jus-
tice, the models that we use for planning will not account for or illuminate potential injustices.
Finally, while there are some things that are difficult to measure (e.g., happiness), this article has
covered a suite of metrics that can be evaluated to determine and assess energy system impacts on
well-being. For a set of metrics to be high-quality, one must establish standards, such as (a) a focus
on collecting data at the local level (i.e., the microscale); (b) investments in infrastructure to sup-
port the techniques for collecting and processing information about the population (e.g., surveys,
smart meter data); and (c) a commitment to populating a variety of metrics to compare different
aspects of energy justice. Energy planners should strive to achieve high-quality analysis in mul-
tiple categories of metrics and investigate trade-offs among different well-being indicators. Such
efforts will provide a greater understanding of key places where injustices persist, and avenues for
reducing both present and future inequities.

SUMMARY POINTS

1. This article reviews the current state of the field, corresponding literature on frame-
works, and corresponding metrics used across a variety of energy justice topics and
tenets.

2. Energy justice metrics are needed to identify disparities, predict vulnerability, design and
analyze policy and other solutions, and monitor and evaluate the benefits and burdens
that fall on specific populations.

3. There are several challenges facing the design and use of energy justice metrics. First,
there are gaps in the energy justice metrics that exist to date, including in specific sectors,
along certain dimensions of justice (e.g., procedural justice), in ways in which metrics
are tied to decision-making, and within well-being categories. Second, there are inher-
ent trade-offs in the design and application of metrics. Third, populating metrics with
meaningful data introduces challenges.
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FUTURE ISSUES

1. The literature will benefit from more focused attention on the challenges associated
with the design and use of energy justice metrics, including in particular expanding met-
rics within the procedural justice domain, and introducing standards for using multiple
distributional justice metrics.

2. Users of energy justice metrics must understand and acknowledge their trade-offs, and
the literature can be more explicit about such trade-offs.

3. More data are needed to meaningfully address several energy justice challenges, since
the measures and metrics are only as good as the underlying data.
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