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Researchers in environmental justice contend that low-
income communities and communities of color face greater
impacts from environmental hazards. This is also of concern for
policy makers. In this context, our paper has two principal
objectives. First, we propose a method for creating an index
capable of summarizing racial-ethnic and socioeconomic
inequalities from the impact of cumulative environmental hazards.
Second, we apply the index to Los Angeles County to
illustrate the potential applications and complexities of its
implementation. Individual environmental inequality indices are
calculated based on unequal shares of environmental
hazards for racial-ethnic groups and socioeconomic positions.
The illustrated hazards include ambient concentrations of
particulate matter, nitrogen dioxide, and estimates of cancer
risk associated with modeled estimates for diesel particulate
matter. The cumulative environmental hazard inequality index
(CEHII) then combines individual environmental hazards,
using either a multiplicative or an additive model. Significant
but modest inequalities exist for both individual and
cumulative environmental hazards in Los Angeles. The
highest level of inequality among racial-ethnic and
socioeconomic groups occurs when a multiplicative model
is used to estimate cumulative hazard. The CEHII provides a
generalized framework that incorporates environmental
hazards and socioeconomic characteristics to assess inequalities
in cumulative environmental risks.

Introduction
Objectives. Researchers and policy-makers concerned about
environmental justice argue that low-income communities
and communities of color face a higher frequency and
magnitude of impact from environmental hazards as well as
psychosocial stressors (1-3). These disparities are increas-
ingly recognized as potential determinants of health in-
equalities (4, 5) and additional research is needed to assess
the cumulative impact of multiple environmental hazards
and their toxic effects on these vulnerable communities (6).
The potential interaction of elevated environmental hazards
and socioeconomic stressors have been described as a form
of “double jeopardy” (2, 7). As a result, environmental justice
advocates have urged the regulatory and scientific com-
munities to integrate cumulative impacts in their decision-
making and enforcement activities. Regulatory agencies are
beginning to grapple with the methodological challenge of
developing transparent, yet scientifically valid, indicators of
cumulative impacts and to examine and address environ-
mental health inequities (7, 8). Recent reports from the
National Research Council have also advocated “cumulative
risk frameworks” (9).

This paper proposes an index to assess the cumulative
environmental hazard inequalities in socially disadvantaged
groups and neighborhoods. There are two principal objec-
tives: (1) to develop an index capable of summarizing
inequalities of impact from cumulative environmental
hazards; and (2) to apply the index to the Los Angeles region
of California, the case of ambient environmental pollution,
to illustrate the potential applications and complexities in
implementing the index.

Cumulative Environmental Hazard Inequality Index.
Derivation of an index capable of characterizing inequalities
in cumulative environmental hazards has two major com-
ponents: (1) a measure to characterize inequality, and (2) an
estimate of cumulative environmental hazards. To measure
inequality related to racial-ethnic or socioeconomic mea-
sures, we modify a “concentration index” measure that is
commonly used in the fields of social science and health
planning (10). The concentration index was developed to
assess inequality of health distributions across socio-
economic groups, with the term “concentration” in this
context referring to the concentration of health (compared
to poor health) in a small number of people (11, 12). The
concentration index can also be used to assess inequalities
in impact from environmental hazards between different
social groups. To our knowledge, concentration indices have
only been used in one study to assess inequalities in exposure
to individual environmental hazards (13), and no index has
attempted to characterize inequalities to cumulative envi-
ronmental hazard.

In this paper we extend the concentration index to
summarize the inequality in the distribution of multiple
pollutants across socioeconomic and racial-ethnic groups.
Because the term “concentration” has a different meaning
in environmental health science, we refer to our extension
of the concentration index as the “cumulative environmental
hazard inequality index (CEHII)”. Specifically, the CEHII
measures socioeconomic and racial-ethnic inequalities in
exposure to cumulative environmental hazard. The index
uses the cumulative proportion of the population, ranked by
area-based racial, ethnic or socioeconomic composition,
starting from the most disadvantagedsagainst the cumulative
environmental hazard aggregated with the aid of various
weighting functions. This methodological approach for
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deriving a CEHII is the first attempt to characterize cumulative
impact in a way that integrates environmental hazard and
social data.

Materials and Methods
This section describes the study site of Los Angeles, the data
used to demonstrate the CEHII, and the algorithms used to
estimate cumulative environmental hazards.

Study Site. With a population of 16.7 million in 2006, the
Los Angeles metropolitan area is the largest urban area in
the state of California and the second-largest in the United
States. Los Angeles is consistently ranked as one of the most
polluted metropolitan areas in the U.S., partially due to heavy
reliance on automobiles for transportation. It is these features
plus the region’s diverse racial composition, which includes
Hispanic, non-Hispanic black, and Asian populations that
place Los Angeles in a unique position for research on
environmental justice issues. Figure 1 shows the site map of
Los Angeles County, south of Angeles National Forest. A
previous environmental injustice study in Los Angeles (14)
demonstrated that concentrations of benzene, butadiene,
chromium particles, and diesel particles were higher than
average for people who are nonwhite, are from lower-income
households, and live in high population density areas. Hazmat
spills during transport were also found to disproportionately
occur in Hispanic neighborhoods in Los Angeles (15). Other
ambient pollutants investigated elsewhere in the environ-
mental justice literature include total suspended particulates
(16), toxic chemicals (17), and criteria pollutants such as
nitrogen oxides and carbon monoxide (18). The one exception

is ozone, which is usually higher in suburban areas and in
wealthier neighborhoods (14).

Selecting and Modeling Environmental Hazards. Selec-
tion of the air pollutants used for this study was aimed at
examining the potential cumulative and unequal impacts of
important air pollutants in the region, while also illustrating
how the CEHII metric can incorporate various pollution
measures with different spatial, reactive and health risk
characteristics. In this case we combined pollutants with a
National Ambient Air Quality Standard (NAAQS) (i.e., NO2,
nitrogen dioxide and PM2.5, particles less than or equal to 2.5
µm in aerodynamic diameter) or a widely accepted regulatory
benchmark (i.e., 1 per million cancer risk for the diesel
particulates). NO2 is a marker of traffic pollution (19) with
high spatial variation. PM2.5 in Los Angeles is emitted directly
from incomplete combustion of fossil fuels from transporta-
tion, heating/cooling and industry. PM2.5 is also formed
through secondary atmospheric reactions, and in Los Angeles
this secondary formation leads to regional patterns over large
areas. EPA has concluded that diesel exhaust poses the
greatest health risks such as increased lung cancer and
respiratory effects. We applied these criteria and toxic air
pollutants to demonstrate the flexibility in the derivation of
the CEHII, but other environmental hazards can be incor-
porated into this index as well.

We used land use regression modeling (20, 21), a technique
for estimating spatial variation in traffic pollutants, to estimate
exposures to NO2 using pollution data from an earlier study
(22). Because there are a limited number of government
monitoring sites available (23) and PM2.5 varies over larger

FIGURE 1. The Los Angeles study area, covering central and southern Los Angeles County areas south of the Angeles National
Forest Park, with major roads and ports shown.
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areas, geostatistical interpolation was used to estimate
exposure to this more regionally distributed pollutant. Census
tract level NO2 and PM2.5 mean concentrations were extracted
from corresponding modeled surfaces. We then calculated
ratios by dividing each census tract concentration estimates
by the NAAQS, respectively, of 53 ppb for NO2 and of 15 µg
m-3 for PM2.5 (24). Diesel PM data were acquired from the
U.S. Environmental Protection Agency for 1999. The tract-
level diesel PM-related cancer risks were compared to the
regulatory benchmark concentration of 1 in a million lifetime
cancer risk (25). More information on the methods used to
estimate NO2, PM2.5, and diesel PM cancer risk surfaces is
included in Supporting Information no. 1.

Defining Individual Inequality Index. To estimate the
unequal distribution of an environmental hazard, for each
census tract we plotted the cumulative proportion of the
population, ordered by area-based percentage racial-ethnic
or socioeconomic composition, from the most disadvan-
tagedsagainst the cumulative share of the environmental
hazard (See Figure 2). In the case for which each population
group has the same share of the cumulative impact of
environmental hazards, the curve coincides with the equality
(i.e., 45 degree or diagonal) line. If the curve lies above the
equality line (inequality index is negative), then the most
disadvantaged groups experience higher cumulative envi-
ronmental hazard burdens. A curve below the equality line
(inequality index is positive) implies that the least disad-
vantaged groups carry a higher proportion of cumulative
environmental hazard burdens. A summary measure of
inequality is defined as twice the area between the curve and
the equality line:

This measure gives a quantitative summary of inequality
among groups, in which 0 is the lowest level of inequality
where all groups have equal exposure to an environmental
hazard and 1 is the highest level of inequality, where one
group bears the burden of all of the exposures.

Characterizing Cumulative Environmental Impact. There
are many aggregation methods available for constructing

cumulative environmental impact (26-30), including addi-
tive, multiplicative, and mixture approaches.

The multiplicative approach, also known as the geometric
mean method, is one of the most commonly used aggregating
methods for constructing the cumulative environmental
impact measure (29). It can be represented as follows:

where xi, j is environmental hazard xi at community/region
j, and wi a weight attached to xi. To construct a multiplicative
index of cumulative environmental impact, the variables are
usually normalized to allow comparison without scale effect;
however, this is not always the case. The individual variables
do not need to be in the same scale and the CEHII remains
unchanged if multiplied or divided by a constant.

The additive approach, also known as the weighted-sum
method, can also be used to derive an estimate of cumulative
impact (29). It is built as follows:

where xi, j is a normalized variable at community/region j,
and wi also a weight attached to xi, with ∑i )1

N wi ) 1 and 0
ewie 1, i ) 1, 2,.. ., N. wi is weighted by experts or estimated
through regression coefficients. The additive approach entails
a weighted linear aggregation rule applied to a set of variables.
The main technical steps needed for its construction are (a)
standardization of the variables to allow comparison without
scale effect, and (b) weighted summation of these variables
(27).

Measuring Race-Ethnicity and Socioeconomic Position.
Although there are numerous ways to measure social
disadvantage, we selected two widely used metrics for
illustrative purposes. The first metric, based on the 2000 U.S.
Census, is tract-level racial-ethnic composition and is
defined as the percentage of nonwhites. This measure
includes the proportion of Hispanic, non-Hispanic Asian,
and non-Hispanic African American population. The second

FIGURE 2. Positive and negative inequality curves. Note: Modified from Kakwani et al. (11). On these hypothetical graphs, a positive
curve indicates census tracts with a higher percentage of a specific racial-ethnic group or lower socioeconomic position have
lower shares of environmental hazard. The negative curve portrays the opposite case. The equality line indicates that there is no
environmental inequality related to the racial-ethnic or socioeconomic composition measures.
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metric is poverty. It estimates the proportion of the popula-
tion with an income less than 200% of the federal poverty
level (FPL). The reason for using household income less than
200% of the federal poverty level was because the poverty
measure (single household income ) $21 000) the U.S.
government uses today was established in the 1960s, and on
average, families need an income of about twice the federal
poverty level to meet their basic needs (31). Though other
metrics such as deprivation indices could also be applied,
only racial-ethnic and socioeconomic composition are used
as an example.

Constructing Cumulative Environmental Impact. The
cumulative environmental impact of the multiplicative
approach entailed multiplying the ratios for the two criteria
air pollutants and diesel PM cancer risk for each census tract.
The cumulative environmental impact (rj) to the criteria
pollutants and diesel PM cancer risk at census tract j was
modified from eq 2 and estimated as follows:

rk,j is the normalized (ratio or rate) environmental impact at
census tract j of hazard k. pj is the population at census tract
j, and s is the total number of environmental hazards being
considered, where in this research s ) 3. We assumed that
a census tract of greater population of the same cumulative
effect would have higher environmental risk; therefore eq 4
is population weighted.

The second illustration assumed an additive effect and
entailed adding the ratios for each air pollutant and diesel
PM cancer risk at the census tract level. The additive approach
requires each individual environmental hazard to be on the
same scale (e.g., all values between 0 and 1 or with a mean
of 1). Therefore, the ratios were further normalized to have
a mean of 1 using formula 5:

N is the total number of census tracts for the region of interest.
The metric for cumulative environmental impact (rj) to the
criteria pollutants and diesel PM cancer risk at census tract
j in an additive scenario in eq 3 was modified and estimated
as shown below:

Similar to the multiplicative scenario, the additive approach
was also population weighted. The variables in eqs 5 and 6
have the same definitions as in eq 4. The population data for
each census tract were drawn from the U.S. Census Bureau
for year 2000.

Computing Environmental Inequality Indices. We cal-
culated individual inequality indices for NO2, PM2.5 and the
diesel PM cancer risk, and then the CEHII to the two criteria

pollutants and the diesel PM cancer risk by the multiplicative
and additive approaches described above. We derived the
following measures: (1) individual inequality indices based
on proportion of nonwhite residents for NO2, PM2.5, and diesel
PM cancer risk and (2) CEHII based on the proportion of
nonwhite residents for NO2, PM2.5, and diesel PM cancer risk
combined using both the multiplicative and additive meth-
ods. We also calculated the same metrics for the individual
pollutants and for the cumulative environmental impact
using proportion of residents living below twice the federal
poverty level.

Standard errors and significance tests (available in Sup-
porting Information no. 2) were calculated to assess whether
inequalities by the single and cumulative metrics significantly
differed from the equal distribution (where no inequality
exists). Other tests of difference were performed to assess
whether differences in inequality existed between various
pollutants and social measures.

Results
This section first describes census tract level characteristics
of racial-ethnic and socioeconomic measures, followed by
NO2 and PM2.5 levels, and diesel PM cancer risk. The individual
and cumulative environmental hazard inequalities by race/
ethnicity were then summarized and followed by poverty.
Finally, t tests for difference in inequality between the
racial-ethnic and socioeconomic measures were applied,
followed by the inequality difference test between the three
environmental hazards and the cumulative hazard.

For racial-ethnic population composition, the highest
census tract had 99.96% nonwhites, whereas the lowest
census tract had 0.00% nonwhites with a standard deviation
of 28.51% (Table 1). Figure 3a shows that nonwhite residents
are mainly populated in the downtown area and along the
major traffic corridors. For poverty, the highest census tract
had 96.20% of the population living at less than 200% of the
federal poverty level and the lowest being 0.00% with a
standard deviation of 22.37% (Table 1). Figure 3b shows that
populations living at less than 200% federal poverty level
have a similar geographic pattern to the nonwhite population
composition (higher percentage in downtown area and the
two ports) but are less clustered.

NO2 and PM2.5 levels and diesel PM cancer risk for Los
Angeles are also listed in Table 1. The annual mean of NO2

concentration for the metropolitan area was 22.30 ppb, with
census tract level annual concentrations ranging from 1.50
(minimum) to 47.69 ppb (maximum) and a standard devia-
tion of 5.03 ppb. The NO2 concentrations were high in the
downtown area and most traffic corridors, suggesting that
traffic was a major source of NO2. The minimum, mean,
maximum, and standard deviation for PM2.5 were 13.35, 20.22,
24.25, and 2.85 µg m-3, respectively. For diesel PM cancer
risk, the corresponding values were 37, 344, 2463, and 168
cases per million. The spatial distribution of PM2.5 showed
a general trend of areas between downtown Los Angeles and
San Bernardino corridor having the highest concentrations,
reflecting the influence of traffic, topography and meteorol-
ogy. Diesel PM was similar to NO2, but also showed high
cancer risks at the Los Angeles/Long Beach port complex

TABLE 1. Descriptive Statistics for Census Tracts Included in the Analysis for the Los Angeles Area

measures minimum mean maximum SD

% of population that is nonwhite 0.00 32.18 99.96 28.51
% of population under twice the poverty level 0.00 40.28 96.20 22.37
NO2 (ppb) 1.50 22.30 47.69 5.03
PM2.5 (µg m-3) 13.35 20.22 24.25 2.85
diesel PM (cancer risk per million) 37 344 2463 169

rj ) pj × (∏
k)1

s

rk,j) (4)

rk,j
norm )

rk,j

∑
j)1

N

(rk,j × pj)/ ∑
j)1

N

pj

(5)

rj ) pj × (∑
k)1

s

rk,j
norm) (6)

VOL. 43, NO. 20, 2009 / ENVIRONMENTAL SCIENCE & TECHNOLOGY 9 7629



and the Los Angeles International Airport. If we consider the
cumulative environmental hazard, the multiplicative ap-
proach showed that high cumulative impacts were clustered
in the downtown area, followed by the Los Angeles/Long
Beach port complex (Figure 4).

Inequality curves for each of the three individual envi-
ronmental hazards and for the cumulative environmental
hazard, using the multiplicative approach are displayed in
Figure 5a-d, showing differences with regard to racial-ethnic
composition. Their corresponding individual and cumulative
environmental hazard inequality indices and significance
test results are listed in the top portion of Table 2. We saw
the greatest environmental inequalities from diesel PM cancer
risk (C ) -0.085), followed by NO2 (C ) -0.067) and then
PM2.5 (C)-0.031). Although different in size, all three indices
demonstrated inequality that is significantly different from
equality. The cumulative environmental hazard inequality

index using the multiplicative approach (CEHII-A1)-0.167)
had the highest value. By contrast, the CEHII using the
additive approach (CEHII-A2 ) -0.061) fell between the
highest and lowest inequality values for the individual
pollutants. As a methodological matter, it is generally
expected that the multiplicative method produces greater
differences than the additive approach. The individual and
cumulative environmental hazard inequalities related to
socioeconomic position as well as the results for their
statistical significance using both the multiplicative and
additive approaches are shown in the lower portion of Table
2. These findings are similar to the racial-ethnic composition
results as all the individual and cumulative environmental
inequalities were significant. The CEHII using the multipli-
cative approach for the three environmental hazards (CEHII-
A1 ) -0.167) was greater than environmental inequalities
for each individual pollutant for the poverty strata. Similar

FIGURE 3. Census tract level nonwhite population composition (3a) and percent of population at less than 200% of the federal
poverty level (3b).
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FIGURE 4. The cumulative environmental hazard using the multiplicative approach. Census tract level cumulative environmental
hazard ) (NO2)/(53) × (PM2.5)/(15) × (DPM)/(1).

FIGURE 5. The environmental inequality of individual and cumulative impact to three environmental factors using the multiplicative
approach based on the nonwhite population composition. Note: The x-axis represents the cumulative proportion of the population
ranked by a specific demographic measure (e.g., % of tract residents living below the poverty line or % of nonwhite residents) from
the highest percentage on the left to the lowest percentage on the right. The y-axis on the left represents the cumulative proportion
of environmental hazard. For example the curve in Figure 5a shows the inequality in NO2 exposure based on the proportion of
nonwhite residents. On the x-axis where the cumulative proportion of the population is 10%, those census tracts with the highest
percentage of nonwhites bear a disproportionate share of NO2 exposure of 11%; when the cumulative proportion of the total tract
population is 50%, those census tracts have a cumulative proportion of environmental hazard of 55.5%. The y-axis on the right is for
the bar charts and represents the average pollutant concentration for each 10% of the population. For example the first bar on the
left in Figure 5a indicates that 10% of the population living in tracts with the highest percentage of nonwhites has an average NO2
concentration of 24 ppb. Similarly, the last bar on the right indicates that 10% of the population living in tracts with lowest
percentage of nonwhite residents has an average NO2 concentration of 17 ppb.
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to the results by the racial-ethnic composition, the cumula-
tive environmental hazard inequality index for socioeconomic
position using the additive approach (CEHII-A2 ) -0.059)
was between the highest and lowest environmental inequality
indices for the individual pollutants.

While t tests for inequality between the racial-ethnic and
socioeconomic measures were statistically insignificant (p <
0.05) for each of the three environmental hazards, the
inequalities between the three environmental hazards for
racial-ethnic or socioeconomic measures were statistically
significant. The CEHIIs using the multiplicative approach
were greater and significantly different from its individual
environmental hazard inequalities for racial-ethnic and
socioeconomic composition. The CEHIIs using the additive
approach were, by contrast, statistically insignificant com-
pared to individual inequalities in exposure to NO2.

Discussion
We sought to derive an index for assessing racial/ethnic and
socioeconomic disparities in cumulative environmental
hazards. After deriving the method, we analyzed single and
cumulative environmental inequalities in exposure to NO2,
PM2.5 and diesel PM cancer risk for the poverty measure and
racial/ethnic population composition in Los Angeles County.
All environmental inequality curves for individual and
cumulative environmental hazards are significantly different
from the equality line. This demonstrates that modest
environmental inequalities exist for nonwhite populations
and for poorer populations in Los Angeles, and more
importantly that the new CEHII may supply useful informa-
tion to environmental justice debates.

Individual and cumulative exposure indices are presented
in the literature on environmental health and justice;
however, these indices generally do not address inequality
and cumulative effects together. Their application for
environmental justice analysis relies on further analysis of
socioeconomic or racial-ethnic data. For example, Bolin et
al. (32) used the cumulative hazard density index (CHDI) to
reveal disproportionate distribution of risk burdens in urban
census tracts. The resulting CHDI provides an aggregate
hazard score for each tract, which was then correlated
statistically with demographic data in order to measure levels
of environmental inequity. Here we present a novel frame-
work that quantitatively assesses inequality and cumulative
exposures in an integrated manner. This approach can
estimate inequalities across regions and by different demo-
graphic groupings. This offers new opportunities to under-
stand sources of inequalities and to develop strategies to
address them.

Los Angeles was used as an illustrative example for
application of the index. Though NO2, PM2.5, and diesel PM
cancer risk were used to demonstrate the application of the
CEHII, this metric is also capable of incorporating additional
environmental hazard measures, such as water pollution,
traffic density, noise, proximity to large emission sources,
and other potentially hazardous land uses such as agricultural
operations. In addition, positive amenities such as green
spaces and access to supermarkets or other fresh food sources
could be incorporated into the CEHII and provide an
integrated way of assessing cumulative environmental in-
equality for a region of interest.

While inequities in cumulative impact have important
implications for distributional patterns at local scales, the
index developed in this paper is not conducive to this
application. Rather the index characterizes inequities in
cumulative impacts of environmental hazards at the regional
level and allows for comparisons across large geographic
scales. The index can be applied at the regional scale (or
counties, metropolitan areas or other large jurisdictional
areas) that is of regulatory concern for social inequities in
cumulative environmental hazard burdens. Such an ap-
plication could then identify regions for more detailed
analysis of localized patterns and drivers of those inequities.
Other indices, such as Theil’s Entropy Index (33), could be
used to further decompose regional inequality into more
localized scales. This latter analysis requires a different
methodological approach, which is beyond the purview of
this paper, but will be the subject of our future research.

An assumption implied by the multiplicative and
additive approaches is that environmental variables are
preferentially independent. Due to the potential correlation
or chemical reaction between individual environmental
factors, the potential for double-counting or mixture/
interaction of cumulative hazards should be considered.
For example, air toxics from diesel PM are likely to be
correlated with the traffic marker NO2, and precursors to
nitrogen oxides may contribute to formation of secondary
PM2.5. If the mixture involves interactions of chemical and
physical agents, the primary and secondary hazards should
be investigated at the same time. At present, there is no
widely accepted method of aggregating environmental
hazards with potentially overlapping components. The
index could help analysts to confront these issues more
transparently.

The inequality index is sensitive to change in several
factors. The index depends on the distribution of the
individual or cumulative environmental hazard, the distri-
bution of the socioeconomic or racial-ethnic metric used to

TABLE 2. Significance Tests of Inequality in Racial-Ethnic and Socioeconomic Measures for Both Individual and Cumulative
Environmental Hazards

t test result on environmental inequality index

category of inequality environmental inequality index 95% CIa

proportion of nonwhite residents NO2 -0.067 (-0.072, -0.062)
PM2.5 -0.031 (-0.034, -0.028)
DPMb cancer risk -0.085 (-0.095, -0.075)
CEHII-A1c -0.167 (-0.178, -0.156)
CEHII-A2d -0.061 (-0.065, -0.057)

proportion of residents living two times below poverty NO2 -0.066 (-0.072, -0.061)
PM2.5 -0.020 (-0.023, -0.017)
DPMb cancer risk -0.090 (-0.102, -0.079)
CEHII-A1c -0.167 (-0.179, -0.154)
CEHII-A2d -0.059 (-0.064, -0.054)

a 95% CI ) 95% confidence interval. b DPM ) diesel particular matter. c Cumulative environmental hazard inequality
using the multiplicative approach (CEHII-A1). d Cumulative environmental hazard inequality using the additive approach
(CEHII-A2).
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describe the population, and their joint covariation (for
cumulative indices). The index is also sensitive to the level
of aggregation used to describe the population and the
number of population-based units, in this case census tracts,
especially if there are not a large number of aggregation units.
In constructing the cumulative impact index using the
additive approach, environmental hazards were standardized
to allow comparison without scale effect. However, the
normalization loses the magnitude of exceedances, which is
a potential indicator of impact. A remedy to this is to have
a weighting scheme applied for the environmental hazards
after adjustment made by the benchmark standard; no further
normalization is then needed. To simplify our analysis, we
assumed that each environmental hazard had an equal
contribution to the cumulative impact, so a mean value of
1 was used to normalize each environmental hazard for the
additive approach. For policy making, the weighting scheme
might need to be modified by expert opinions or through a
deliberative process (1).

For the cumulative impact through the multiplicative
approach, even though no normalization is required to the
environmental hazards after adjusted by the benchmark
standard, special attention should be paid to areas of very
low levels of environmental hazards or of an environmental
hazard not present while other environmental hazard levels
are high. The multiplicative approach may inadvertently
indicate the cumulative impact in this area is lower, which
in fact may not be the case.

Overall, our index allows for analysis of cumulative
environmental inequality from multiple hazard exposures,
which provides a regional screening assessment that incor-
porates cumulative impact and social data into one indicator.
This type of indicator can be useful for informing regulatory
decision-making that seeks to assess geographic and de-
mographic patterns of social inequities in exposures to
multiple hazards.

Our research supports previous work in Los Angeles
that points to patterns indicating that communities with
high proportions of low income residents and populations
of color bear significantly greater cumulative environ-
mental burdens than predominantly white and more
affluent communities (14). The utility of the CEHII
highlights those vulnerable communities as a policy
concern. Specifically the index can identify opportunities
for addressing cumulative exposures in environmental
regulation by, for example, integrated source reduction,
forms of “cleaner” production, and even placement of more
positive amenities such as playgrounds, parks, and green
spaces within highly impacted neighborhoods. Future
refinements and innovative applications of the index could
also supply information critical to interpreting health
effects findings from environmental epidemiologic inves-
tigations, including the identification of confounding
effects ignored by single measures of air pollution. Although
scientific evidence on the functional form of cumulative
effects remains formative, the framework allows for
investigations of scenarios that can be used to demonstrate
the impacts of alternate assumptions about whether effects
are additive, multiplicative, or both. These contributions
may lead to policies that directly target communities of
concern and lead to improvements in public health.
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