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BACKGROUND: While various policies have been implemented globally to mitigate climate change and reduce exposure to toxic air pollutants, policy
assessments have considered few if any of the benefits to children.

OBJECTIVE: To comprehensively assess the co-benefits of climate change mitigation to children, we expanded the suite of adverse health outcomes in
the U.S. Environmental Protection Agency’s Benefits Mapping and Analysis Program (BenMAP) to include additional outcomes associated with pre-
natal and childhood exposure to ambient fine particulate matter (PM2:5). We applied this newly expanded program to an assessment of the U.S.
Regional Greenhouse Gas Initiative (RGGI), the United States’ first regional market-based regulatory program designed to reduce greenhouse gas
emissions from the electric power sector within the Northeast.

METHODS: We used calculated changes in ambient PM2:5 concentrations for the period 2009–2014, with newly incorporated concentration–response
(C-R) functions to quantify changes in the incidence of preterm birth (PTB), term low birth weight (TLBW), autism spectrum disorder (ASD), and
asthma. These outcomes are causally or likely to be causally related to PM2:5 exposure. Cost per case estimates were incorporated to monetize those
changes in incidence.

RESULTS: The estimated avoided cases of adverse child health outcomes included 537 asthma cases, 112 preterm births, 98 cases of ASD, and
56 cases of TLBW, with an associated avoided cost estimate ranging from $191 to $350 million. In a previous analysis of health benefits of RGGI,
the only benefits accruing to children were limited to prevented cases of infant mortality and respiratory illnesses, with a monetized impact of $8.1
million—only 2–4% of the new results attributable to RGGI.
CONCLUSION: The results of this innovative analysis indicate that RGGI has provided substantial child health benefits beyond those initially consid-
ered. Moreover, those health benefits had significant estimated economic value. https://doi.org/10.1289/EHP6706

Introduction
Toxic air pollutants such as ambient fine particulate matter [PM
≤2:5 lm in aerodynamic diameter (PM2:5)] and the major
climate-altering gas, carbon dioxide (CO2) emitted by fossil fuel
combustion, are taking a significant toll on children’s health and
jeopardizing their future well-being. They are also major contrib-
utors to inequality worldwide (Perera 2017). Because of their bio-
logical vulnerability and rapid development, the developing fetus
and young child are disproportionately affected by air pollution
and climate change (Perera 2017). This is especially true in popu-
lations where poverty and environmental injustice compound the
effects. A number of climate change mitigation policies and air
pollution regulations have been implemented around the world to
reduce fossil fuel combustion emissions, with sizeable health and
economic benefits documented or projected. However, assess-
ments of the public health benefits of such policies have consid-
ered few, if any, benefits to children; and their lifelong
consequences have generally not been factored into the assess-
ments of avoided costs. These include the U.S. Clean Air Act
Amendments (U.S. EPA 2011), the Clean Power Plan (Driscoll
et al. 2015), California’s cap and trade program and low-cost fuel
standards (O’Connor et al. 2014), the City of London Air Quality

Strategy (City Of London Corporation 2019), and the Paris
Climate Accord (Markandya et al. 2018). This omission has
resulted in a serious undercounting of potential health benefits for
this vulnerable population.

The Regional Greenhouse Gas Initiative (RGGI) is the United
States’ first regional market-based regulatory program designed to
reduce greenhouse gas emissions from the electric power sector
(RGGI Inc. 2019a). RGGI was established in the northeastern
region in 2005 through a Memorandum of Understanding between
the governors of Connecticut, Delaware, Maine, New Hampshire,
New Jersey, New York, and Vermont. In 2007, the program was
expanded to include Maryland, Massachusetts, and Rhode Island,
and in 2008 it held an initial auction for emissions allowances
(Center for Climate and Energy Solutions 2019). Under RGGI pro-
gram, participating states are expected to reduce their annual CO2
emissions from the power sector by 45% below 2005 levels by
2020, and by an additional 30% by 2030 (Center for Climate and
Energy Solutions 2019). RGGI included 10 states during its initial
compliance period starting in 2009. The program is still currently
operating with 9 of the original states, with New Jersey having
withdrawn in 2012 but planning to rejoin in 2020 (Center for
Climate and Energy Solutions 2019).

RGGI places limits on CO2 emissions from new and existing
fossil-fuel-fired electric generating units (EGUs) in the program
area with a minimum capacity of 25 MW. Regulated EGUs must
obtain allowances for each short ton of emitted CO2. Allowances
are auctioned quarterly and may be sold or traded between
EGUs. Auction revenues have been reinvested to accelerate
renewable energy use, improve energy efficiency, and support
other public benefit programs (RGGI Inc. 2019a).

Although RGGI is focused on reducing greenhouse gas emis-
sions, it also reduces emissions of other pollutants, such as
PM2:5, nitrogen oxides (NOx), and sulfur dioxide (SO2) (Manion
et al. 2017). NOx and SO2 react in the atmosphere to form PM2:5,
which has a well-documented relationship with multiple adverse
health outcomes, including respiratory and cardiovascular effects,
premature mortality, and, more recently, adverse birth outcomes,
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respiratory illness, and neurodevelopmental problems in children
(Perera et al. 2019).

Abt Associates previously analyzed health impacts of the first
two compliance periods of RGGI (2009–2014) (Manion et al.
2017). The analysis estimated the reduction in NOx and SO2
emissions from RGGI-influenced EGUs based on modeling of
the electricity sector and used the U.S. Environmental Protection
Agency’s (EPA’s) Co-Benefits Risk Assessment (COBRA) to
estimate changes in ambient levels of secondarily formed PM2:5.
The Environmental Benefits Mapping and Analysis Program
(BenMAP) tool was used to estimate associated changes in health
benefits due to changes in the ambient concentration of PM2:5 in
the nine then current RGGI states and in the adjacent states
of New Jersey, Pennsylvania, Virginia, and West Virginia.
BenMAP is a publicly available computer program supported by
the U.S. EPA that can be used to estimate the number of air
pollution-related illnesses and deaths and quantifies their eco-
nomic value (U.S. EPA 2019). The program draws from a data-
base that includes concentration–response (C-R) functions for a
number of health outcomes attributable to different pollutants,
population data, baseline health data, and cost of illness functions
needed to quantify impacts (U.S. EPA 2019). The C-R functions
included by default in the open-source program are focused
largely on health outcomes for adults and do not currently include
C-R functions or data for the children’s health outcomes newly
considered here.

Abt’s 2017 assessment focused on avoided cases of premature
adult deaths, heart attacks, acute bronchitis, asthma exacerbations,
respiratory symptoms, hospitalizations, asthma emergency depart-
ment visits, as well as productivity effects such as lost work days
and days of minor restricted activity (Manion et al. 2017). These
end points have traditionally been included in the U.S. EPA’s regu-
latory analyses such as the Regulatory Impact Analysis for the
Final Revisions to the National Ambient Air Quality Standards for
Particulate Matter (U.S. EPA 2012). The 2017 assessment found
that between 2009 and 2014, emissions reductions from RGGI
resulted in avoided health outcomes having an estimated value of
between $3 billion and $8.3 billion (2015$).

Since Abt’s original analysis, the evidence base has strength-
ened the relationship between PM2:5 and additional health end
points, particularly end points that affect children. Specifically,
Perera et al. (2019) conducted a systematic review of epidemio-
logical studies quantifying the impacts of changes in ambient
PM2:5 concentrations on health end points identified as having a
causal or likely causal relationship with PM2:5: preterm birth
(PTB), term low birth weight (TLBW), autism spectrum disorder
(ASD), and incidence of asthma. Based on this review, the
authors selected odds ratios that could be used to develop C-R
functions for each outcome in estimating the benefits of reducing
PM2:5 exposure.

The present analysis provides a more comprehensive evalua-
tion of children’s health benefits under RGGI by including these
additional health end points. This involved incorporating C-R
functions for the new health end points and data on baseline inci-
dence of these end points into BenMAP. These inputs were used
with emissions reductions and air quality modeling results from
the 2017 RGGI analysis to estimate the impacts of RGGI on
PTB, TLBW, ASD, and asthma between 2009 and 2014 in RGGI
states (Connecticut, Delaware, Maine, Maryland, Massachusetts,
New Hampshire, New York, Rhode Island, and Vermont) and ad-
jacent non-RGGI states (Pennsylvania, the District of Columbia,
New Jersey, Virginia, and West Virginia). Per-case monetary
estimates (unit values) were incorporated into the expanded
BenMAP based on a systematic review of the published literature
on the cost of illness (Shea et al. 2020).

In addition, in order to more fully present the impacts/benefits
in children, this report highlights the change in incidence of
infant mortality, acute bronchitis, and respiratory symptoms in
children included in the results of the 2017 analysis. However,
these were not explicitly reported as occurring in children.

Methods
This section describes in detail the methods and data sources
used to quantify and monetize the change in incidences of PTB,
TLBW, ASD, and childhood asthma. Both RGGI states and adja-
cent non-RGGI states were included in the analysis.

Figure 1 summarizes the general analytic approach used in
Abt’s 2017 RGGI analysis (Manion et al. 2017). Step 1 involved
estimating the change in NOx and SO2 emissions at the county-
level based on electricity dispatch modeling conducted by the
Analysis Group, an economics consulting firm, which included the
change in electricity generation by EGUs under two scenarios:
with RGGI and without RGGI. Abt then estimated the change in
emissions due to the change in generation based on facility-
specific emissions rates from U.S. EPA data. In Step 2, Abt used
COBRA, a screening-level tool, which includes a reduced-form air
quality model to estimate how changes in NOx and SO2 emissions
would impact ambient concentrations of PM2:5 in RGGI and neigh-
boring states. The estimated incremental changes in NOx and SO2
emissions calculated in Step 1 were used to model changes in con-
centrations during individual years (2009–2014). Outputs from
this model included annual changes in levels of ambient PM2:5 in
each county in RGGI and neighboring states and were the inputs
for modeling the associated health impacts. Finally, in Step 3, Abt
used the expanded BenMAP to estimate how changes in ambient
PM2:5 concentrations resulted in changes in health impacts in
children.

The present analysis made no changes to Steps 1 and 2 from the
2017 analysis—we obtained annual average PM2:5 concentration
data from Abt Associates for the years 2009–2014. Rather, the pres-
ent analysis added additional health end points to BenMAP and esti-
mated how the modeled changes in PM2:5 concentrations under
RGGI (2009–2014) affected those additional end points. The re-
mainder of this section discusses the specific inputs and steps taken
in this analysis.

C-R Functions
C-R functions are estimates of the relationship between changes in
ambient pollutant concentrations and incidences of specific health
end points. These functions are derived from epidemiological stud-
ies that compare the change in incidences of specific health out-
comes to, in this case, changes in ambient PM2:5 concentrations.

Perera et al. (2019) conducted a systematic review of epide-
miological studies, meta-analyses, and review articles to deter-
mine the current state of the science on the associations of
ambient air pollutants, including PM2:5, and children’s health out-
comes. Through this comprehensive review the authors identified
four key meta-analyses that estimated the relationship between
changes in PM2:5 concentrations and changes in the incidence of
each health end point (Table 1).

We used the results of Perera et al. (2019) to incorporate C-R
functions for each end point into BenMAP. The C-R functions
include a beta coefficient, which quantifies the impact on each
health outcome per 1-unit change in PM2:5 concentrations. We
developed the beta coefficients shown in Table 1, based on the
natural log of the odds ratio reported by the meta-analysis, di-
vided by the reported exposure change (in micrograms per cubic
meter), as is consistent with U.S. EPA practice (U.S. EPA 2012).
The beta coefficients were combined with county-level data on
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population, baseline incidence, and the modeled change in
county-level PM2:5 concentrations to estimate the change in inci-
dence of each health outcome in each county.

Population
The impact assessments require data on the affected age groups
in the population. For this analysis, we used the county-level pop-
ulation by age group data loaded in BenMAP for each year of the
analysis (2009–2014). These data were taken from the 2010 U.S.
Census of Population and Housing models (developed by Woods
and Poole 2011).

The C-R functions for PTB, low birth weight (LBW), and ASD
reported in Perera et al. (2019) are based onmaternal exposure dur-
ing pregnancy. We applied the C-R functions to the population in
Age Group 0 in BenMAP, which was used as a proxy for pregnant
mothers. The C-R function for asthma incidence is based on the ex-
posure of children under the age of 18 y. Accordingly, we applied
this C-R function to populations in AgeGroups 0–18.

Baseline Incidence
Baseline incidence rates for each end point were drawn from pub-
lic data sources and the academic literature. County-level inci-
dence rates of PTB and LBW were taken from the Centers for
Disease Control and Prevention (CDC) WONDER database
(CDC 2019), which contains extensive data on births, including
gestational age and infant birth weight.

PTB is defined as a birth that occurs before the 37th week of
pregnancy. The incidence of PTB was developed by dividing the
number of births in each county occurring before the 37th week of
pregnancy by the total number of births in each county. The county-
level average incidence rate of PTB in RGGI and neighboring states
was 13.4%. For comparison, the national average ratewas 11.6%.

TLBW is defined in this analysis as a weight <2,500 g at
birth when the infant was delivered on or after the 37th week of
pregnancy (i.e., early to late term). This analysis does not include
LBW in infants born before the 37th week of pregnancy to avoid
double-counting the effects of PTB. The incidence of TLBW was
calculated by dividing the number of full-term births in each
county where the weight of the infant was <2,500 g by the total
number of full-term births in each county. The county-level
TLBW rate average was 3.2%. For comparison, the national
TLBW rate average was 3.3%.

In the absence of county-level and complete state-level data,
the asthma incidence rate for this analysis was taken from Winer
et al. (2012), who estimated a national rate of 11.1 per 1,000 chil-
dren ages 5–11 y from 2006–2008. This estimate was based on
the Asthma Call-Back Survey, which was first implemented in
2006. Incident cases of asthma were defined as children diag-
nosed with asthma by a health care provider within 12 months
prior to survey participation.

Because incidence rates were not directly available for ASD,
we used prevalence as a proxy. In the absence of county-level and
complete state-level data for prevalence, we selected the national
prevalence rate of ASD for 2014 based on a CDC report (Zablotsky
et al. 2015).We note that incidence is difficult tomeasurewith rarer

Figure 1. Overview of the analytic steps and tools. Source: Manion et al. 2017. Note: EGU, electric generating unit; EPA, Environmental Protection Agency;
NOx, nitrogen oxides; PM2:5, particulate matter ≤2:5 lm in aerodynamic diameter; RGGI, U.S. Regional Greenhouse Gas Initiative; SO2, sulfur dioxide.

Table 1.Meta-analyses for additional health end points associated with
PM2:5 identified by Perera et al. (2019).

Health end point Study
Odds
ratio

Exposure
metric

Beta
coefficient

PTB Sun et al. 2015 1.13 Per 10-lg=m3

increase
0.012

LBW Sun et al. 2016 1.09 Per 10-lg=m3

increase
0.009

ASD Lam et al. 2016 2.32 Per 10-lg=m3

increase
0.084

Asthma incidence Khreis et al. 2017 1.03 Per 1-lg=m3

increase
0.030

Note: Perera et al. (2019) conducted a systematic review to determine the current state
of the science on the associations of ambient air pollutants, including PM2:5, and child-
ren’s health outcomes. The authors identified four key meta-analyses that estimated the
relationship between PM2:5 concentrations and the incidence of each health end point:
PTB, LBW, ASD, and asthma. ASD, autism spectrum disorder; LBW, low birthweight;
PM2:5, particulate matter ≤2:5 lm in aerodynamic diameter; PTB, preterm birth.
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chronic diseases such as autism. In addition, the disorder starts
long before it is diagnosed, and the gap between initiation and diag-
nosis is influenced by many factors unrelated to risk (Hertz-
Picciotto and Delwiche 2009). The rate used in this analysis was
14.7 per 1,000 children (Zablotsky et al. 2015).

Economic Valuation
The economic value of the change in incidences of each health
end point was estimated using unit cost values from the literature
(Shea et al. 2020). As described, those values were adjusted to
2015$ using a discount rate of 3% (Shea et al. 2020). Table 2 lists
the values used in this analysis and the studies from which they
were taken. The economic costs of each health end point were
estimated by multiplying the change in incidences, as estimated
by BenMAP, by the values in Table 2.

The values for asthma and ASD in Table 2 include high and
low values. For asthma this is related to whether or not there is a
persistence of the disorder into adulthood. For ASD this is related
to whether there is an intellectual disability or not. For these end
points, both the high and low values were used, and the results
are reported as a range.

Results
This section describes the results of the analysis, including the
estimated change in incidences of each health end point (the
number of avoided cases) due to the emissions reductions associ-
ated with RGGI, as well as the economic valuation of those
changes in incidences. Both the change in incidences and the eco-
nomic valuation are summarized as the cumulative change
between the year 2009 and the year 2014 (for both RGGI and
neighboring states). The results are summarized separately for
RGGI and neighboring states, and then totaled.

The results of this analysis are also comparedwith the results of
the previous RGGI analysis (Manion et al. 2017), specifically the
other health end points in children that were included in the previ-
ous analysis but not all explicitly labeled as occurring in children.

Change in Incidences
Table 3 shows the estimated change in incidence—the estimated
number of avoided cases—of each health end point in RGGI and
neighboring states between 2009 and 2014. Asthma had the

largest change in incidence, at 537 cases avoided in the study
area between the year 2009 and the year 2014. TLBW had the
lowest change in incidence, at a total of 56 incidences avoided.
This largely reflected that LBW had the smallest beta coefficient
of the four end points (Table 1).

Economic Valuation
Table 4 shows the results of the economic valuation of the change
in incidences in RGGI and neighboring states between 2009 and
2014 for the newly incorporated health end points: ASD, asthma,
TLBW, and PTB. As discussed above, both ASD and asthma
have high and low estimates for the economic values of each end
point. Results using both the high- and low-end estimates are
shown here.

Although ASD was estimated to have the second-lowest num-
ber of avoided incidences compared with other health end points,
it had by far the highest valuation per case, estimated at $1.8–3.1
million (Table 2). As a result, the economic valuation of the
reduction in ASD incidences accounted for 84–89% of the total
health benefits of the four health end points. Although asthma
had a lower valuation per end point, it had the highest estimated
change in incidence, leading it to have the second-highest value
of the four health end points, at 6–13% of the total health benefits
of those four end points. PTB and TLBW both had relatively
lower per-unit economic values and lower estimated change in
incidences. Therefore, the estimated economic valuation for those
end points was comparatively smaller: 2–4% of the total benefits
for PTB and <1% for TLBW.

Table 2. Per-case monetary estimates of each health end point (Shea et al. 2020).

Study basis Health end point Cost of illness definition Unit value (2015$)

PTB
Institute of Medicine Committee on
Understanding Premature Birth and
Assuring Healthy Outcomes 2007

Any PTB Medical costs + special education costs +
lost productivity costs, 3% discount rate (DR)

70,101

LBW
Russell et al. 2007 LBW among those with slow

growth/malnutrition
Initial hospital costs 15,560

ASD
Buescher et al. 2014 ASDs with intellectual disability Medical costs + non-medical expenditures +

special education costs + lost productivity costs,
3% DR

3,109,096

ASDs without intellectual
disability

Medical costs + non-medical expenditures +
special education costs + lost productivity costs,
3% DR

1,805,941

Asthma
Nurmagambetov et al. 2018 Age 3 y onset, no persistence into

adulthood
Medical costs + absentee costs, 3% DR 23,573

Age 3 y onset, persistence into
adulthood

Medical costs + absentee costs, 3% DR 91,954

Note: The values for asthma and ASD include high and low values. For asthma this is related to whether or not there is a persistence of the disorder into adulthood. For ASD this is
related to whether there is an intellectual disability or not. For these end points, both the high and low per-case monetary estimate values were used, and the results are reported as a
range. ASD, autism spectrum disorder; LBW, low birth weight; PTB, preterm birth.

Table 3. Number of estimated avoided cases by health end point in RGGI
and neighboring states (2009–2014).
Health end point RGGI states Neighboring states Total

PTB 58 54 112
TLBW 29 27 56
ASD 50 48 98
Asthma 274 263 537

Note: RGGI states include Connecticut, Delaware, Maine, Maryland, Massachusetts,
New Hampshire, New York, Rhode Island, and Vermont. Adjacent non-RGGI states
include Pennsylvania, the District of Columbia, New Jersey, Virginia, and West
Virginia. ASD, autism spectrum disorder; PTB, preterm birth; RGGI, U.S. Regional
Greenhouse Gas Initiative; TLBW, term low birth weight.
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Comparison of Current Results to Estimates from the
Previous (2017) Analysis
The 2017 Abt analysis of the health benefits of RGGI estimated
total health benefits of between $3.0 billion and $8.3 billion
between 2009 and 2014, using a 3% discount rate (Manion et al.
2017). This included an estimated 300–830 avoided premature
adult mortalities, which accounted for the great majority of the
monetized benefit.

The economic value of the health benefits of the four health end
points in the present analysis were estimated at between $191 mil-
lion and $350 million, or approximately 4–6% of the total benefits
of the 2017 analysis, but considerably larger than the originally
estimated impact from health outcomes excluding premature
mortality.

Although the 2017 analysis did not specifically report benefits
that accrue to adults and children separately, some of the health
end points included in that analysis were focused on children.
Specifically, the child-focused health end points included infant
mortality, acute bronchitis, and respiratory symptoms. The num-
bers of estimated avoided incidences and economic valuation of
those incidences are shown in Table 5. Note that the 2017 analy-
sis included some health effects that applied to both children and
adults, such as asthma emergency department visits and respira-
tory hospital admissions. Because it was not possible to separate
out the impacts in children, those results are not discussed here.

As shown in Table 5, the economic value of the estimated
health benefits to children from the 2017 analysis is dominated
by avoided infant mortality. Although the estimated incidence
was <1, the economic value per incidence is so high (approxi-
mately $11 million per incidence) that it vastly outweighs the
economic value of the other health end points, which have per-
incidence economic values of <$1,000 each.

The four health end points for children included in the 2017
analysis (Table 5) have a much lower total economic value than

the four health end points in the present analysis (Table 4). The
economic value of the benefits to children included in the 2017
analysis are approximately 2–4% the size of the value of the ben-
efits to children newly included in the present analysis.

The total health benefits to children from RGGI between
2009 and 2014, including all eight health end points (both those
in the 2017 analysis and the present analysis), were estimated at
$199.6–358.2 million.

Distributional Analysis of Benefits across Counties
The map in Figure 2 shows considerable variation across RGGI
and neighboring counties in the distribution of economic benefits
from the cumulative avoided child health outcomes: PTB,
TLBW, ASD, asthma, infant mortality, acute bronchitis, lower
respiratory symptoms, and upper respiratory symptoms.

Figure 3 maps the spatial distribution of reductions in average
annual PM2:5 concentrations between 2009 and 2014 at the
county level attributable to RGGI during its first and second com-
pliance periods. These results show substantial air quality bene-
fits, particularly in counties downwind of Maryland’s power
plants regulated under RGGI. In addition, counties in New Jersey
and Pennsylvania, both currently non-RGGI states, experienced
significant air quality improvements attributable to emission
reductions in neighboring RGGI states.

It is important to note that estimates of reductions in PM2:5
concentration represented in Figure 3 account only for secondary
PM2:5 formed by chemical reactions of NOx and SO2. This analy-
sis does not account for impacts of directly emitted PM2:5. Nor
does it account for the health effects from other pollutants such as
ozone (O3) or nitrogen dioxide (NO2), thereby underestimating
the health benefits under RGGI.

Discussion
Over the past decade, RGGI has driven significant emission
reductions from the electric power sector. The program’s initial
goal was to reduce annual power sector CO2 emissions by 45%
below 2005 levels by 2020. Their 2030 goal was to reduce emis-
sions by an additional 30% (Center for Climate and Energy
Solutions 2019). According to a recent report by RGGI, by 2017,
participating states had reduced CO2 emissions from the power
sector by more than 50% since 2005 while maintaining steady re-
gional gross domestic product growth (RGGI Inc. 2019b), sug-
gesting that RGGI states have exceeded their initial goal and are
on track to meet their 2030 goal. Additional findings from a 2019
assessment (Acadia Center 2019) indicate that since 2008 (1 y
prior to the program’s launch), RGGI states’ emissions from the
electric power sector decreased from 133 million short tons of
CO2 to 70 million; these reductions exceeded those of the rest of
the country by 90% (Acadia Center 2019). Although RGGI has
not been the single driver behind the northeastern region’s decar-
bonization in the electric power sector, a previous analysis
(Murray and Maniloff 2015) has suggested that the program has

Table 4. Estimated economic valuation (million 2015$) of change in incidence by health end point in RGGI and neighboring states (2009–2014).

Health end point

Low value High value

RGGI states Neighboring states Total RGGI states Neighboring states Total

ASD 87.3 83.7 171.0 150.2 144.1 294.4
Asthma 6.2 5.9 12.1 24.2 23.1 47.4
TLBW 0.4 0.4 0.8 0.4 0.4 0.8
PTB 3.9 3.6 7.5 3.9 3.6 7.5
Total 97.8 93.7 191.5 178.8 171.3 350.1

Note: The values for asthma and ASD include high and low values. For asthma this is related to whether or not there is a persistence of the disorder into adulthood. For ASD this is
related to whether there is an intellectual disability or not. For these end points, both the high and low per-case monetary estimate values are used, and the results are reported as a
range. ASD, autism spectrum disorder; PTB, preterm birth; RGGI, U.S. Regional Greenhouse Gas Initiative; TLBW, term low birth weight.

Table 5. Estimated health benefits for children due to RGGI (2009–2014)
from the previous Abt Associates analysis [RGGI and neighboring states
(Manion et al. 2017)].

Health end point Avoided incidences
Economic value
(million 2015$)

Acute bronchitis 510 0.30
Infant mortalitya <1 7.30
Lower respiratory symptoms 6,500 0.17
Upper respiratory symptoms 9,300 0.37
Totalb 16,310 8.10

Note: BenMAP, Benefits Mapping and Analysis Program; RGGI, U.S. Regional
Greenhouse Gas Initiative.
aThe 2017 analysis estimated <1 avoided infant mortality due to RGGI. It is important
to note that the C-R functions in BenMAP estimate actual health outcomes based on the
change in risk of an outcome. Therefore, estimating <1 avoided infant mortality means
that RGGI reduced the risk to infants by a relatively small, although not negligible,
amount. Nevertheless, this reduced risk still has a very high economic value relative to
the other health outcomes.
bTotals may not sum due to rounding.
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been a significant factor in the reduction of power plant emis-
sions. Simulations from that analysis also suggested that emis-
sions would have been approximately 24% higher in the region
and 1.4% higher in the United States in 2012 without the pro-
gram’s implementation in 2009 (Murray and Maniloff 2015).

The results of our analysis of RGGI’s co-benefits from the
reduction in air pollution indicate that RGGI has provided substan-
tial child health benefits beyond those considered in the 2017 anal-
ysis. Moreover, those health benefits have significant estimated
economic value. The previous analysis found large total health
benefits with a total economic value of $3.0–8.3 billion; nearly all
of those benefits were due to avoided adult mortality (Manion et al.
2017). The benefits from health end points specific to children
included in the 2017 analysis (infant mortality, acute bronchitis,
and other respiratory symptoms) were estimated at $8.1 million,
accounting for a very small fraction (0.09–0.27%) of the total esti-
mated health benefits. The four additional health end points consid-
ered here—PTB, TLBW, ASD, and asthma—have a much larger
combined economic value ($191–350million) than those previ-
ously considered and amount to 4–6% of the total adult and child
benefits from the 2017 analysis. This is likely to be an underesti-
mate, as discussed below. Of the four additional health end points,
asthma had the most significant change in incidence (number of
avoided cases) between 2009 and 2014. This is expected, given
that the C-R function used to estimate the incidence of asthma was
applicable to all children ages 0–18 y, while the C-R functions for
the other health end points were applied only to infants (age 0 y).
As a result, there is a larger population of children for whom the
analysis estimated impacts on the incidence of asthma.

Although a modest contribution to the total avoided costs, esti-
mates from the present study are 20–40 times greater than the value
of the avoided child outcomes in the 2017 analysis (Manion et al.
2017). The estimated total economic benefit from these avoided
cases attributed to RGGI between 2009 and 2014, including the
combined eight health end points considered in the 2017 analysis
and the present analysis, was $199.6–358.2million.

Not only is this a substantial economic benefit, but it is likely an
underestimate of the true benefit because the adverse outcomes in

children associated with PM2:5 not only have immediate heath
impacts but can also have serious consequences for their future
health, well-being, and ability to contribute to society. These long-
term health or lifelong consequences are not adequately considered
inmost of the outcome valuations used in this analysis.

In addition, it is important to note that the per-case estimates
used in our calculations of avoided costs are likely underesti-
mates for a few reasons, including the reliance on the cost of ill-
ness (COI) (Shea et al. 2020). For instance, as the U.S. EPA
Guidelines for Preparing Economic Analyses notes, the COI
method for developing per-case estimates typically does not
attempt to quantify a loss in utility from pain and suffering (U.S.
EPA 2010). Given that these costs are often omitted from COI
estimates, the value of an individual’s willingness to pay to avoid
a lifetime of an illness like asthma may be significantly larger
than the COI value. Furthermore, potential long-term costs to
children or parents were not generally considered in the per-case
monetary estimates used in this study (Shea et al. 2020).
Examples are a child’s cognitive disability associated with PTB
and the impact on parents’ employment behaviors, affecting their
household income (Petrou et al. 2001).

A further factor in potentially significant underestimation of
benefits is that both the 2017 and the present analyses include
only emission reductions of NOx and SO2. Although secondary
PM2:5 accounts for the majority of PM2:5 resulting from power
plant emissions (NARSTO 2004), the analysis did not consider
impacts from directly emitted PM2:5. Nor were the health benefits
of reductions in O3 precursors, NO2, and climate-altering green-
house gases factored into this analysis. For these reasons, the
results are conservative.

The health benefits from RGGI are not likely to be evenly dis-
tributed geographically, with some populations receiving higher
health benefits than others. This analysis (like Manion et al.
2017) estimated the geographic distribution of health benefits by
county but did not attempt to estimate disparities in health bene-
fits by differences in socioeconomic status or ethnicity/race. This
is because air quality results used in this analysis (and the previ-
ous 2017 analysis) are at the county level, and socioeconomic

Figure 2. Economic benefits of avoided cases of child health outcomes attributable to RGGI by county, 2009 to 2014 (low value, 2015$). Note: RGGI,
U.S. Regional Greenhouse Gas Initiative.
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status and distribution of population by ethnicity/race can vary
widely within counties (Sommeiller et al. 2016).

Exploratory assessment of the distributional impacts of the
health benefits and associated economic benefits at the county
level showed significant variation in benefits across counties, as
demonstrated in Figure 2. The monetized benefits are a function
of the change in air quality and the total population affected. As a
result, more densely populated areas would be expected to have
higher benefits because there is a larger at-risk population (more
pregnant women and children) breathing cleaner air. This is
likely occurring in densely populated counties across New
Hampshire, Massachusetts, Rhode Island, Connecticut, New
York, and New Jersey. Reductions in average annual PM2:5 con-
centrations between 2009 and 2014 under RGGI, as shown in
Figure 3, suggest substantial air quality benefits.

A comparison of the twomaps (Figures 2 and 3) gives a sense of
the magnitude of the air quality changes experienced in each county
relative to their corresponding health benefits. Similar to the eco-
nomic benefits map (Figure 2), the map of reductions in PM2:5 con-
centrations (Figure 3) shows considerable variation across counties.
In most counties, the distribution of economic benefits corresponds
with reductions in levels of PM2:5; highlighting the direct benefit
from emission reductions. On the other hand, as shown in Figure 3,
some counties—for example, in Massachusetts, Connecticut, and
Rhode Island—experienced disproportionately high estimated
health and economic benefits in relation to their low level emission
reductions; indicating that even slight reductions in PM2:5 emissions
resulted in considerable benefit.

Because of the scale of analysis, we were not able to mean-
ingfully examine whether benefits were shared equitably across
socioeconomic strata and different racial/ethnic populations. This
is a major concern with respect to environmental justice given
that it is the less affluent communities and communities of color
that have borne the brunt of fossil fuel–related pollution and cli-
mate change impacts (Morello-Frosch et al. 2011). Although

regional cap and trade policies like RGGI may be effective in
reducing greenhouse gases and their co-pollutants on a regional
scale, they may not maximize public health benefits or adequately
address existing environmental justice issues. A more granular
analysis (e.g., at the census tract or neighborhood level) is neces-
sary to better understand finer-grained changes in air quality and
the true distribution of health benefits by population density, soci-
oeconomic status, and ethnicity/race. Such a comprehensive
assessment could provide an opportunity to evaluate whether al-
ternative programs could achieve the same greenhouse gas miti-
gation goals while also redressing environmental injustice.

As noted by Manion et al. (2017), the benefits associated with
reducing emissions of the major greenhouse gas, CO2, are outside
of the scope of this study. Thus, the analysis does not cover the
many health benefits of mitigating climate change, such as fewer
heat-related illnesses or cases of vector-borne disease to which
children are especially vulnerable. In addition, benefits to ecosys-
tems and natural resources that support human livelihood are not
captured in this analysis.

Because the epidemiologic evidence on the association
between PM2:5 and child intelligence quotient (IQ) is suggestive
only (Chiu et al. 2016; Harris et al. 2015), we were not able to
consider the potentially large benefit of RGGI in terms of
improvement in child IQ. Decreased IQ in boys has been associ-
ated with gestational exposure to higher PM2:5 levels (Chiu et al.
2016). Prenatal exposure to polycyclic aromatic hydrocarbons, a
component of PM2:5, has also been associated with lower child
IQ (Perera et al. 2009). In addition, the association between PTB
and IQ reduction, previously identified in the literature (for
review, see Allotey et al. 2018; Bhutta et al. 2002; Kerr-Wilson
et al. 2012), is not accounted for—thereby underestimating the
impacts of PTB. A meta-analysis by Kerr-Wilson et al. (2012)
estimated a decrement of 11.94 (95% confidence interval: 10.47,
13.42) IQ points among preterm children compared with children
born at term. The loss of 1 IQ point has been estimated to result

Figure 3. Reductions in average annual PM2:5 concentrations by county attributable to RGGI (2009–2014) Source: Abt Associates 2017. Estimates of reduc-
tions in PM2:5 concentration account only for secondary PM2:5 formed by chemical reactions of NOx and SO2. This analysis does not account for impacts of
directly emitted PM2:5. Nor does it account for the health effects from other pollutants such as O3 or NO2, thereby underestimating health benefits under
RGGI. Note: NOx, nitrogen oxides; NO2, nitrogen dioxide; O3, ozone; PM2:5, particulate matter ≤2:5 lm in aerodynamic diameter; RGGI, U.S. Regional
Greenhouse Gas Initiative; SO2, sulfur dioxide.
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in a $17,815 loss of lifetime earnings per child (Gould 2009).
Therefore, preventing the contribution of PM2:5 exposure to PTB
could have substantial economic benefits.

We note that the evidence with respect to PM2:5 and ASD
support a likely causal association. A highly cited systematic
review and meta-analysis by Lam et al. (2016) has identified a
number of studies on air pollution exposure during developmen-
tal periods that have found associations with ASD. The analysis
by Lam et al. (2016) included 23 human studies published
between 2006 and 2015, 9 of which assessed particulate matter
(including PM10 and PM2:5). The review found evidence for asso-
ciations between prenatal exposure to PM2:5 and ASD (Lam et al.
2016). Additional studies have been published since this review
that have found positive associations between prenatal and/or
early life PM2:5 exposure and ASD (Kaufman et al. 2019; Jo et al.
2019; McGuinn et al. 2020).

Despite its limitations, the present analysis provides evidence
of the importance of comprehensive assessments of child health
benefits in analyses of the benefits of climate mitigation and air
pollution emissions reduction policies. With respect to the distri-
butional impacts, additional research is needed to refine and
extend the overall benefits estimates provided here. Nevertheless,
this analysis has estimated substantial benefits of RGGI for child-
ren’s health.

Conclusion
Findings from the present assessment indicate that RGGI has pro-
vided considerable child health benefits to participating and
neighboring states beyond those conventionally considered.
Moreover, those health benefits are estimated to have significant
economic value. Our assessment of the projected health co-
benefits to children under RGGI can provide valuable support for
the design and implementation of future programs to mitigate cli-
mate change targeting other sectors, including the transportation
sector. Findings from this assessment also should encourage
other states to join the program or initiate similar strategies of
their own. In addition, our newly incorporated C-R functions and
economic values for children’s health end points into BenMAP
are important additions to the existing program, which can be
used widely. In this sense, the present study is generalizable and
the methods can be used to quantify children’s health and eco-
nomic benefits under other climate change mitigation, air pollu-
tion control, and environmental programs.

Acknowledgments
This study was supported by the U.S. Environmental Protection

Agency (RD83615401) and National Institutes of Health/National
Institute of Environmental Health Sciences (P50ES09600), the John
Merck Fund, the John and Wendy Neu Family Foundation, and an
anonymous donor.

References
Acadia Center. 2019. The Regional Greenhouse Gas Initiative: 10 Years in Review.

https://acadiacenter.org/wp-content/uploads/2019/09/Acadia-Center_RGGI_10-
Years-in-Review_2019-09-17.pdf [accessed 20 April 2020].

Allotey J, Zamora J, Cheong-See F, Kalidindi M, Arroyo-Manzano D, Asztalos E, et al.
2018. Cognitive, motor, behavioural and academic performances of children
born preterm: a meta-analysis and systematic review involving 64 061 children.
BJOG 125(1):16–25, PMID: 29024294, https://doi.org/10.1111/1471-0528.14832.

Bhutta AT, Cleves MA, Casey PH, Cradock MM, Anand KJS. 2002. Cognitive and
behavioral outcomes of school-aged children who were born preterm: a meta-
analysis. JAMA 288(6):728–737, PMID: 12169077, https://doi.org/10.1001/jama.
288.6.728.

Buescher AVS, Cidav Z, Knapp M, Mandell DS. 2014. Costs of autism spectrum dis-
orders in the United Kingdom and the United States. JAMA Pediatr 168(8):721–
728, PMID: 24911948, https://doi.org/10.1001/jamapediatrics.2014.210.

CDC (Centers for Disease Control and Prevention). 2019. CDC WONDER [database].
Last reviewed 26 February 2020. Atlanta, GA: CDC. https://wonder.cdc.gov
[accessed 18 October 2019].

Center for Climate and Energy Solutions. 2019. Regional Greenhouse Gas Initiative
(RGGI). https://www.c2es.org/content/regional-greenhouse-gas-initiative-rggi
[accessed 10 December 2019].

Chiu Y-HM, Hsu H-H, Coull BA, Bellinger DC, Kloog I, Schwartz J, et al. 2016.
Prenatal particulate air pollution and neurodevelopment in urban children:
examining sensitive windows and sex-specific associations. Environ Int 87:56–
65, PMID: 26641520, https://doi.org/10.1016/j.envint.2015.11.010.

City of London Corporation. 2019. City of London Air Quality Strategy Delivering healthy
air in the City of London. http://democracy.cityoflondon.gov.uk/documents/s110706/
City%20of%20London%20Air%20Quality%20Strategy%202019%20-%202024.pdf
[accessed 22 April 2020].

Driscoll CT, Buonocore JJ, Levy JI, Lambert KF, Burtraw D, Reid SB, et al. 2015. US
power plant carbon standards and clean air and health co-benefits. Nat Clim
Chang 5(6):535–540, https://doi.org/10.1038/nclimate2598.

Gould E. 2009. Childhood lead poisoning: conservative estimates of the social and
economic benefits of lead hazard control. Environ Health Perspect 117(7):1162–
1167, PMID: 19654928, https://doi.org/10.1289/ehp.0800408.

Harris MH, Gold DR, Rifas-Shiman SL, Melly SJ, Zanobetti A, Coull BA, et al. 2015.
Prenatal and childhood traffic-related pollution exposure and childhood cogni-
tion in the Project Viva cohort (Massachusetts, USA). Environ Health Perspect
123(10):1072–1078, PMID: 25839914, https://doi.org/10.1289/ehp.1408803.

Hertz-Picciotto I, Delwiche L. 2009. The rise in autism and the role of age at diag-
nosis. Epidemiology 20(1):84–90, PMID: 19234401, https://doi.org/10.1097/EDE.
0b013e3181902d15.

Institute of Medicine Committee on Understanding Premature Birth and Assuring
Healthy Outcomes. 2007. Preterm Birth: Causes, Consequences, and Prevention.
Hehrman RE, Butler AS, eds.Washington, DC: National Academies Press.

Jo H, Eckel SP, Wang X, Chen J-C, Cockburn M, Martinez MP, et al. 2019. Sex-spe-
cific associations of autism spectrum disorder with residential air pollution ex-
posure in a large Southern California pregnancy cohort. Environ Pollut 254(pt
A):113010, PMID: 31554142, https://doi.org/10.1016/j.envpol.2019.113010.

Kaufman JA, Wright JM, Rice G, Connolly N, Bowers K, Anixt J. 2019. Ambient
ozone and fine particulate matter exposures and autism spectrum disorder in
metropolitan Cincinnati, Ohio. Environ Res 171:218–227, PMID: 30684889,
https://doi.org/10.1016/j.envres.2019.01.013.

Kerr-Wilson CO, Mackay DF, Smith GCS, Pell JP. 2012. Meta-analysis of the associa-
tion between preterm delivery and intelligence. J Public Health (Oxf) 34(2):209–
216, PMID: 21393308, https://doi.org/10.1093/pubmed/fdr024.

Khreis H, Kelly C, Tate J, Parslow R, Lucas K, Nieuwenhuijsen M. 2017. Exposure
to traffic-related air pollution and risk of development of childhood asthma: a
systematic review and meta-analysis. Environ Int 100:1–31, PMID: 27881237,
https://doi.org/10.1016/j.envint.2016.11.012.

Lam J, Sutton P, Kalkbrenner A,WindhamG, Halladay A, Koustas E, et al. 2016. A sys-
tematic review and meta-analysis of multiple airborne pollutants and autism
spectrum disorder. PLoS One 11(9):e0161851, PMID: 27653281, https://doi.org/10.
1371/journal.pone.0161851.

ManionM, Zarakas C,Wnuck S, Haskell J, Belova A, Cooley D, et al. 2017.Analysis of
the Public Health Impacts of the Regional Greenhouse Gas Initiative. https://
www.abtassociates.com/insights/publications/report/analysis-of-the-public-
health-impacts-of-the-regional-greenhouse-gas [accessed 8 October 2019].

Markandya A, Sampedro J, Smith SJ, Van Dingenen R, Pizarro-Irizar C, Arto I, et al.
2018. Health co-benefits from air pollution and mitigation costs of the Paris
Agreement: a modelling study. Lancet Planet Health 2(3):e126–e133, PMID:
29615227, https://doi.org/10.1016/S2542-5196(18)30029-9.

McGuinn LA, Windham GC, Kalkbrenner AE, Bradley C, Di Q, Croen LA, et al. 2020.
Early life exposure to air pollution and autism spectrum disorder: findings from
a multisite case–control study. Epidemiology 31(1):103–114, PMID: 31592868,
https://doi.org/10.1097/EDE.0000000000001109.

Morello-Frosch R, Zuk M, Jerrett M, Shamasunder B, Kyle AD. 2011. Understanding
the cumulative impacts of inequalities in environmental health: implications for
policy. Health Aff (Millwood) 30(5):879–887, PMID: 21555471, https://doi.org/10.
1377/hlthaff.2011.0153.

Murray BC, Maniloff PT. 2015. Why have greenhouse emissions in RGGI states
declined? An econometric attribution to economic, energy market, and policy
factors. Energy Econ 51:581–589, https://doi.org/10.1016/j.eneco.2015.07.013.

NARSTO (North American Research Strategy for Tropospheric Ozone). 2004.
Particulate Matter Science for Policy Makers: A NARSTO Assessment.
McMurry P, Shepherd M, and Vickery J, eds. Cambridge, England: Cambridge
University Press. https://www.narsto.org/pm_science_assessment [accessed 10
October 2019].

Nurmagambetov T, Kuwahara R, Garbe P. 2018. The economic burden of asthma in
the United States, 2008–2013. Ann Am Thorac Soc 15(3):348–356, PMID: 29323930,
https://doi.org/10.1513/AnnalsATS.201703-259OC.

Environmental Health Perspectives 077006-8 128(7) July 2020

https://acadiacenter.org/wp-content/uploads/2019/09/Acadia-Center_RGGI_10-Years-in-Review_2019-09-17.pdf
https://acadiacenter.org/wp-content/uploads/2019/09/Acadia-Center_RGGI_10-Years-in-Review_2019-09-17.pdf
https://www.ncbi.nlm.nih.gov/pubmed/29024294
https://doi.org/10.1111/1471-0528.14832
https://www.ncbi.nlm.nih.gov/pubmed/12169077
https://doi.org/10.1001/jama.288.6.728
https://doi.org/10.1001/jama.288.6.728
https://www.ncbi.nlm.nih.gov/pubmed/24911948
https://doi.org/10.1001/jamapediatrics.2014.210
https://wonder.cdc.gov
https://www.c2es.org/content/regional-greenhouse-gas-initiative-rggi
https://www.ncbi.nlm.nih.gov/pubmed/26641520
https://doi.org/10.1016/j.envint.2015.11.010
http://democracy.cityoflondon.gov.uk/documents/s110706/City%20of%20London%20Air%20Quality%20Strategy%202019%20-%202024.pdf
http://democracy.cityoflondon.gov.uk/documents/s110706/City%20of%20London%20Air%20Quality%20Strategy%202019%20-%202024.pdf
https://doi.org/10.1038/nclimate2598
https://www.ncbi.nlm.nih.gov/pubmed/19654928
https://doi.org/10.1289/ehp.0800408
https://www.ncbi.nlm.nih.gov/pubmed/25839914
https://doi.org/10.1289/ehp.1408803
https://www.ncbi.nlm.nih.gov/pubmed/19234401
https://doi.org/10.1097/EDE.0b013e3181902d15
https://doi.org/10.1097/EDE.0b013e3181902d15
https://www.ncbi.nlm.nih.gov/pubmed/31554142
https://doi.org/10.1016/j.envpol.2019.113010
https://www.ncbi.nlm.nih.gov/pubmed/30684889
https://doi.org/10.1016/j.envres.2019.01.013
https://www.ncbi.nlm.nih.gov/pubmed/21393308
https://doi.org/10.1093/pubmed/fdr024
https://www.ncbi.nlm.nih.gov/pubmed/27881237
https://doi.org/10.1016/j.envint.2016.11.012
https://www.ncbi.nlm.nih.gov/pubmed/27653281
https://doi.org/10.1371/journal.pone.0161851
https://doi.org/10.1371/journal.pone.0161851
https://www.abtassociates.com/insights/publications/report/analysis-of-the-public-health-impacts-of-the-regional-greenhouse-gas
https://www.abtassociates.com/insights/publications/report/analysis-of-the-public-health-impacts-of-the-regional-greenhouse-gas
https://www.abtassociates.com/insights/publications/report/analysis-of-the-public-health-impacts-of-the-regional-greenhouse-gas
https://www.ncbi.nlm.nih.gov/pubmed/29615227
https://doi.org/10.1016/S2542-5196(18)30029-9
https://www.ncbi.nlm.nih.gov/pubmed/31592868
https://doi.org/10.1097/EDE.0000000000001109
https://www.ncbi.nlm.nih.gov/pubmed/21555471
https://doi.org/10.1377/hlthaff.2011.0153
https://doi.org/10.1377/hlthaff.2011.0153
https://doi.org/10.1016/j.eneco.2015.07.013
https://www.narsto.org/pm_science_assessment
https://www.ncbi.nlm.nih.gov/pubmed/29323930
https://doi.org/10.1513/AnnalsATS.201703-259OC


O’Connor T, Hsia-Kiung K, Koehler L, Holmes-Gen B, Barrett W, Chan M, Law K. 2014.
Driving California Forward Public Health and Societal Economic Benefits of
California’s AB 32 Transportation Fuel Policies: LCFS and Cap-and Trade
Regulations. https://www.edf.org/sites/default/files/content/edf_driving_california_
forward.pdf? [accessed 10 July 2020].

Perera FP. 2017. Multiple threats to child health from fossil fuel combustion: impacts
of air pollution and climate change. Environ Health Perspect 125(2):141–148,
PMID: 27323709, https://doi.org/10.1289/EHP299.

Perera F, Ashrafi A, Kinney P, Mills D. 2019. Towards a fuller assessment of benefits
to children’s health of reducing air pollution and mitigating climate change due
to fossil fuel combustion. Environ Res 172:55–72, PMID: 30771627, https://doi.org/
10.1016/j.envres.2018.12.016.

Perera FP, Li Z, Whyatt R, Hoepner L, Wang S, Camann D, et al. 2009. Prenatal air-
borne polycyclic aromatic hydrocarbon exposure and child IQ at age 5 years.
Pediatrics 124(2):e195–e202, PMID: 19620194, https://doi.org/10.1542/peds.2008-
3506.

Petrou S, Sach T, Davidson L. 2001. The long-term costs of preterm birth and low
birth weight: results of a systematic review. Child Care Health Dev 27(2):97–
115, PMID: 11251610, https://doi.org/10.1046/j.1365-2214.2001.00203.x.

RGGI Inc. (Regional Greenhouse Gas Initiative, Inc.). 2019a. The Regional
Greenhouse Gas Initiative: an initiative of the New England and Mid-Atlantic
States of the US. https://www.rggi.org/program-overview-and-design/elements
[accessed 10 December 2019].

RGGI Inc. 2019b. The Investment of RGGI Proceeds in 2017. https://www.rggi.org/
sites/default/files/Uploads/Proceeds/RGGI_Proceeds_Report_2017.pdf [accessed
10 December 2019].

Russell RB, Green NS, Steiner CA, Meikle S, Howse JL, Poschman K, et al. 2007.
Cost of hospitalization for preterm and low birth weight infants in the United
States. Pediatrics 120(1):e1–e9, PMID: 17606536, https://doi.org/10.1542/peds.
2006-2386.

Shea E, Perera F, Mills D. 2020. Towards a fuller assessment of the economic ben-
efits of reducing air pollution from fossil fuel combustion: per-case monetary
estimates for children’s health outcomes. Environ Res 182:109019, PMID:
31838408, https://doi.org/10.1016/j.envres.2019.109019.

Sommeiller E, Price M, Wazeter E. 2016. Income Inequality in the U.S. by State,
Metropolitan Area, and County. Washington, DC: Economic Policy Institute.
https://files.epi.org/pdf/107100.pdf [accessed 10 July 2020].

Sun X, Luo X, Zhao C, Chung Ng RW, Lim CED, Zhang B, et al. 2015. The association
between fine particulate matter exposure during pregnancy and preterm birth:
a meta-analysis. BMC Pregnancy Childbirth 15(1):300, PMID: 26581753,
https://doi.org/10.1186/s12884-015-0738-2.

Sun X, Luo X, Zhao C, Zhang B, Tao J, Yang Z, et al. 2016. The associations
between birth weight and exposure to fine particulate matter (PM2.5) and its
chemical constituents during pregnancy: a meta-analysis. Environ Pollut
211:38–47, PMID: 26736054, https://doi.org/10.1016/j.envpol.2015.12.022.

U.S. EPA (U.S. Environmental Protection Agency). 2010. Guidelines for
Preparing Economic Analyses. https://www.epa.gov/sites/production/files/
2017-08/documents/ee-0568-50.pdf [accessed 18 April 2020].

U.S. EPA. 2011. The Benefits and Costs of the Clean Air Act from 1990 to 2020.
https://www.epa.gov/sites/production/files/2015-07/documents/summaryreport.
pdf [accessed 20 April 2020].

U.S. EPA. 2012. Regulatory Impact Analysis for the Final Revisions to the National
Ambient Air Quality Standards for Particulate Matter. EPA-452/R-12-005.
Research Triangle Park, NC: U.S. EPA, Office of Air and Radiation, Office of Air
Quality Planning and Standards.

U.S. EPA. 2019. Environmental Benefits Mapping and Analysis Program—Community
Edition (BenMAP-CE). https://www.epa.gov/benmap [accessed 10 December 2019].

Winer RA, Qin X, Harrington T, Moorman J, Zahran H. 2012. Asthma incidence among
children and adults: findings from the Behavioral Risk Factor Surveillance
System Asthma Call-Back Survey—United States, 2006–2008. J Asthma 49(1):16–
22, PMID: 22236442, https://doi.org/10.3109/02770903.2011.637594.

Woods and Poole. 2011. 2012 Complete U.S. Demographic Database Files.
Washington, DC: Woods & Poole Economics. https://www.woodsandpoole.com/
product/complete-u-s-database [accessed 10 December 2019].

Zablotsky B, Black LI, Maenner MJ, Schieve LA, Blumberg SJ. 2015. Estimated
prevalence of autism and other developmental disabilities following question-
naire changes in the 2014 National Health Interview Survey. Natl Health Stat
Report (87):1–20, PMID: 26632847.

Environmental Health Perspectives 077006-9 128(7) July 2020

https://www.edf.org/sites/default/files/content/edf_driving_california_forward.pdf?
https://www.edf.org/sites/default/files/content/edf_driving_california_forward.pdf?
https://www.ncbi.nlm.nih.gov/pubmed/27323709
https://doi.org/10.1289/EHP299
https://www.ncbi.nlm.nih.gov/pubmed/30771627
https://doi.org/10.1016/j.envres.2018.12.016
https://doi.org/10.1016/j.envres.2018.12.016
https://www.ncbi.nlm.nih.gov/pubmed/19620194
https://doi.org/10.1542/peds.2008-3506
https://doi.org/10.1542/peds.2008-3506
https://www.ncbi.nlm.nih.gov/pubmed/11251610
https://doi.org/10.1046/j.1365-2214.2001.00203.x
https://www.rggi.org/program-overview-and-design/elements
https://www.rggi.org/sites/default/files/Uploads/Proceeds/RGGI_Proceeds_Report_2017.pdf
https://www.rggi.org/sites/default/files/Uploads/Proceeds/RGGI_Proceeds_Report_2017.pdf
https://www.ncbi.nlm.nih.gov/pubmed/17606536
https://doi.org/10.1542/peds.2006-2386
https://doi.org/10.1542/peds.2006-2386
https://www.ncbi.nlm.nih.gov/pubmed/31838408
https://doi.org/10.1016/j.envres.2019.109019
https://files.epi.org/pdf/107100.pdf
https://www.ncbi.nlm.nih.gov/pubmed/26581753
https://doi.org/10.1186/s12884-015-0738-2
https://www.ncbi.nlm.nih.gov/pubmed/26736054
https://doi.org/10.1016/j.envpol.2015.12.022
https://www.epa.gov/sites/production/files/2017-08/documents/ee-0568-50.pdf
https://www.epa.gov/sites/production/files/2017-08/documents/ee-0568-50.pdf
https://www.epa.gov/sites/production/files/2015-07/documents/summaryreport.pdf
https://www.epa.gov/sites/production/files/2015-07/documents/summaryreport.pdf
https://www.epa.gov/benmap
https://www.ncbi.nlm.nih.gov/pubmed/22236442
https://doi.org/10.3109/02770903.2011.637594
https://www.woodsandpoole.com/product/complete-u-s-database
https://www.woodsandpoole.com/product/complete-u-s-database
https://www.ncbi.nlm.nih.gov/pubmed/26632847

	Co-Benefits to Children’s Health of the U.S. Regional Greenhouse Gas Initiative
	Introduction
	Methods
	C-R Functions
	Population
	Baseline Incidence
	Economic Valuation

	Results
	Change in Incidences
	Economic Valuation
	Comparison of Current Results to Estimates from the Previous (2017) Analysis
	Distributional Analysis of Benefits across Counties

	Discussion
	Conclusion
	Acknowledgments
	References


