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Appendix A: Approach for Detailed
Analyses

il

This appendix details the overarching analytic approach, methods, and uncertainties associated with
the five detailed analyses included in the report. The report relies on a standardized approach to
estimating and presenting risks of climate change on children’s health and well-being, and to
assessing the geographies and demographic groups that may experience these risks most acutely or
disproportionately. The approach relies in part on methods and information developed previously
and published in Appendix C of a recent EPA report, Climate Change and Social Vulnerability in the
United States. The below information is general to each of the detailed analyses; additionally,
specific information related to implementing each analysis is highlighted in separate appendices.

CLIMATE STRESSOR AND IMPACT SELECTION

A key step in developing this report was considering different types of climate stressors, and,
subsequently, impacts that children are likely to experience. Figure 1 presents a framework found in
Hellden et al., a recent synthesis literature review on the impacts of climate change on children’s
health, which maps climate change to its direct and indirect effects and ultimate health impacts.?
This report examines five key aspects of climate change (referred to throughout as “climate
stressors”), consistent with topics in the “direct effects” and “indirect effects” boxes in Figure 1, and
provides an overview of how those stressors affect children. Each of the detailed analyses focus on
one impact per stressor for which existing quantitative evidence is sufficiently available to support a
detailed and spatially resolved projection of future conditions for children under different climate
change scenarios. Each chapter closes with considerations for other important potential pathways of
harm, and previews insights from new literature about those potential future impacts on children.

Figure 1. Relationship Between Climate Stressors and Impacts on Children

i H Health effects
E E = « Direct mortality and
) H H Direct effects i
Natural fluctuations T H morbidity from extreme
! ! + Temperature changes weather events
' H
H . Precipitation and floods | « Infectious diseases:
Climate change : + Droughts and wildfires - - - Vector borne
: . | H Increased risk of disease - Water and food
« Extreme weather (rapi a B
and delayed) (rap H « Food insecurity and borng
; i [ TR TR : malnutrition - Respiratory
SreiEs —)E + Altered ainfall i i « Educational attainment || [PERIEEID
gas emissions : « Raised temperature H : d B -HEMD
H N H + Forced migration _Other*
' (maximum and average) | :
"""""" %“““"““‘ o SealEalfie i : + Toxicant exposure « Respiratory diseases
H H . i
Sources of emissions H « Acidification of oceans Indirect effects + In-utero exposure + Mental health
+Fossil fuel combustion | 1 ; Vs Eicl=iption : +Other hgalth effects
+ Agriculture and land E —> « Changing vector pattern ; Foncernlng: skin,
degradation : ) + Air pollution and lel:crlT:é:en’olo jcal,
. : H aeroallergens 4 il
«Industry processes : : metabolic, and
y g f E neurological systems
.......................... 4
Mitigation Adaptation Adaptation T
Human activity and resilience
(individual, family, community, country, regional, and global level)

Source: Figure 3 of Hellden et al. (2021).
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How is mental health addressed in this report?

As described in Figure 1, mental health can be affected by various climate stressors. To the extent
possible, this report describes any literature linking the climate stressors with mental health effects on
children. As described in Chapter 8, quantitative evidence on the mental health impacts of climate change
on children is generally lacking and remains a key area for future research.

An example of climate change impacts on child mental health is through the concept of “climate anxiety.”
Essentially, this refers to generalized concern and worry pertaining to climate change and its effects on
the future natural environment and human quality of life.3 While the terms “eco-anxiety” and “climate
change anxiety” have been used for nearly a decade,* the effects of climate change on mental health have
been well-known for far longer.> Often, these sentiments arise in children upon experiencing poor
environmental conditions, a severe weather event, or a series of such, but also upon having feelings of
futility or despair about the future and the state of changing global conditions.® Even though adults also
can experience climate anxiety, research demonstrates that children may be more predisposed to
experiencing this specific type of anxiety and may experience it more intensely. For instance, older
children, including pre-teenagers, adolescents, and young adults, understand the likelihood of
experiencing climate change effects for the duration of their lives, which has been linked to feelings of
hopelessness and trauma.” Additionally, these experiences are occurring at times of important
psychological development when trauma may have longer-term mental health effects, as children are
likely to maintain those memories with greater clarity.®°® Further, older children, including adolescents,
are more likely to experience generalized depression or anxiety, irrespective of extrinsic factors, which can
be compounded by these same bleak feelings.1%!

The sad fact remains that access to mental healthcare in the United States is not a given, and often is
prohibitively expensive,'>1® predominantly offered in English, or hard to access due to geographic location
(e.g., difficult to reach without reliable access to a car or easy public transportation).'**> Many
practitioners simply do not accept any type of insurance coverage, including private insurance or
Medicaid, which would improve access to services.® Despite its relative effectiveness in helping to
mitigate poor mental health,”182° child psychotherapy uptake in the United States is relatively limited,?°
especially among populations that are BIPOC, immigrants or children of immigrants, and individuals
without private insurance.?%%?

Finally, but no less significantly, there is limited research on how children who either identify as LGBTQIA+,
or whose caregivers or family members are LGBTQIA+, are affected by climate change. What does exist,
however, suggests that these individuals are at greater risk of experiencing more severe mental health
outcomes due to climatic factors as well as implicit biases.?>%* LGBTQIA+ youth statistically have higher
rates of suicidality, depression, and homelessness, relative to their peers, and often face insecurity in their
support from caregivers.?® Therefore, in the face of climate change-related hazards, these children are left
with a distinct predisposition for experiencing significant mental health outcomes.
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IMPACTS BY DEGREE APPROACH

As described in Chapter 2, this report conveys climate risk information using an “impacts-by-degree”
framework that presents impacts to the health and well-being of children in the contiguous U.S.
under different levels of future global temperature change. The impacts-by-degree framework builds
on approaches employed in numerous published studies to produce physical and economic
estimates of climate change impacts in the contiguous U.S. (CONUS), for a broad range of the most
economically important impact sectors. The overall framework is based on a recently published
conceptual paper and demonstration of the method by Sarofim et al.?® The main objective of the
framework is to provide estimates of the physical and economic impacts in the U.S. from 21st
century trajectories of temperature and sea level rise. The methods adopt the same mainstream
scenarios and projections used in the climate science community, but instead of estimating an
impact at a specific period of time under an explicit greenhouse gas (GHG) emissions scenario,
impacts are simulated during the years when future warming thresholds are reached. The framework
is implemented using a set of underlying published studies, referred to as sectoral impact models
and analyses, which relates climate change projections to:

1. Related environmental stressors (e.g., extreme temperatures, precipitation, floods, air
quality) to assess exposure to vulnerable individuals and physical assets;

2. Physical impacts of climate-driven environmental stressors, such as property damage,
health effects, or damaged infrastructure; and

3. Economic processes that are important to understand the relationship between physical
impacts and economic outcomes, such as reduced economic welfare.

Using an impacts-by-degree approach aids in communicating risk information as it can provide a
range of estimates expected for a given temperature change. The general steps and components in
this approach are outlined below, with reference to more detailed information in this and other
technical appendices that support this report.

CLIMATE DATA

Consistent with guidance for the development of the Fourth National Climate Assessment,?’ this
report uses representative concentration pathway 8.5 (RCP8.5) as a higher emission scenario and
RCP4.5 as a lower emission scenario.” This selection is not an endorsement of either RCP8.5 or
RCP4.5 and does not indicate any judgment regarding the likelihood of either scenario. Because this
report estimates impacts under increasing degrees of future warming, the use of RCP8.5 allows for
analysis of the widest potential temperature range in the modeling approaches, while limiting the
number of total scenarios necessary for running through sectoral impact models. RCP8.5 provides

* RCP8.5 and a lower emissions scenario (RCP4.5) were recommended for use in NCA4. The Sixth Assessment of the
Intergovernmental Panel on Climate Change (IPCC; Working Group ), which was released in summer 2021, provided
updated scenarios and temperature projections based on the Coupled Model Intercomparison Project Phase 6
(CMIP6). However, downscaled climate projections for the U.S. were not available in time for the development of
this report.
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projections for the full range of plausible 21% century temperatures, obviating the need to run
multiple scenarios to address low, medium, and high impacts. Using multiple scenarios could provide
insights into how a specific impact by degree warming level for RCP8.5 might differ from the same
level of warming, with different timing (e.g., for RCP4.5), but these differences have been shown to
be minimal once controls for socioeconomic inputs such as population and GDP are incorporated, as
was done here.?®

The analyses in this report use climate projections from the fifth phase of the Coupled Model
Intercomparison Project (CMIP5).%° For most sectors, six climate models are used: the Geophysical
Fluid Dynamics Laboratory coupled general circulation model (GFDL_CM3), the Canadian Earth
System Model (CanESM?2), the Community Climate System Model (CCSM4), the Goddard Institute for
Space Studies model (GISS_E2_R), the Hadley Centre Global Environmental Model (HadGEM2_ES),
and the Model for Interdisciplinary Research on Climate (MIROCS). These six GCMs are listed in Table
1. In the case of the air quality analysis (see Chapter 4), only two of the six GCMs (GFDL_CM3 and
CCSM4) were used due to computational constraints of the dynamic downscaling and atmospheric
chemistry modeling steps.

Table 1. CMIP5 Global Climate Models (GCMs) Used in the Analyses of this Technical Report

Center (modelling group) | Model Acronym References
Canadian Centre for Climate Modeling and Analysis CanESM2 Von Salzen et al. 2013%°
Geophysical Fluid Dynamics Laboratory GFDL-CM3 Donner et al. 20113?

Gent et al. 20113
Neale et al. 20133
NASA Goddard Institute for Space Studies GISS-E2-R Schmidt et al. 20063*
Collins et al. 2011%
Davies et al. 200536

National Center for Atmospheric Research CCsm4

Met Office Hadley Centre HadGEM2-ES

Atmosphere and Ocean Research Institute, National
Institute for Environmental Studies, and Japan Agency MIROC5 Watanabe et al. 2010%7
for Marine-Earth Science and Technology

Five of the six GCMs (all but GFDL_CM3) were used in the second modeling phase of the impact-by-
degree framework development, and the overall Climate Change Impact and Risk Assessment (CIRA)
project.® These five GCMS were chosen based on a consideration of independence and skill at
matching historical observed U.S. climate, and coverage of a wide range of future precipitation and
temperature outcomes. GFDL_CM3 was added to that set with the most important criteria being the
inclusion of an additional high temperature model that was different from other models already
included, as evaluated by estimates of inter-model distance.3® Other warm models considered
included CESM1_CAMS5, which was excluded based on similarity to CCSM4; ACCESS1_3, which has
similarities to HadGEMZ2_ES; and CNRM_CMS5, which was slightly cooler and slightly less skillful by
the empirical metrics than GFDL_CM3.%° GFDL_CM3 was added to the suite of climate models to
include better coverage of the impacts-by-degree approach for higher levels of warming in the U.S.,
and that model’s results are also considered in some of the impacts analyzed in this report. Sarofim
et al. provides further justification for this rationale.*
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Most sectoral analyses of this report require downscaled climate projections to reduce model bias
and provide finer resolution. The approach presented here relies primarily on the LOCA (Localized
Constructed Analog)***3 approach to produce daily temperature (maximum and minimum) and
precipitation data at a 1/16-degree scale (approximately 6.25 km). The only detailed analysis in this
report that did not use LOCA data is the coastal flooding analysis (Chapter 6), which relies on sea
level rise and storm surge projections described below. Moreover, the air quality analysis utilizes
dynamically downscaled climate projections (see Chapter 4).

To aid in the selection of specific GCMs, the LASSO** tool was used to produce scatter plots showing
the variability across the CMIP5 ensemble for projected changes (2085-2095 compared to the 1986-
2005 reference period) in annual and summertime temperature and precipitation. Figure 2 shows
the range of temperature and precipitation outcomes across the CMIP5 ensemble. The GCMs used in
the climate projections for this report are displayed with blue circles around them to highlight their
location within the scatter plots. The model identified as the double median across
temperature/precipitation outcomes is shown in a red rectangle.
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Figure 2. Variability of Projected Annual (top) and Summertime (bottom) Temperature and
Precipitation Change across the CMIP5 Ensemble for the Continental U.S.
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Source: U.S. EPA (2017). Notes: Application of the LASSO tool (see text for reference) to produce scatter plots
showing the variability across the CMIP5 ensemble for projected changes (2085-2095 compared to the 1986-2005
reference period) in annual (top panel) and summertime (bottom panel) temperature and precipitation. Numerals
show individual GCM temperature and precipitation outcomes across the CMIP5 ensemble. GCMs used in this
report are displayed with blue circles around them to highlight their location within the scatter plots. The red
rectangle shows the model identified as the double median across temperature/precipitation outcomes.
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ARRIVAL TIMES BY INTEGER WARMING

As part of the impacts-by-degree framework, the arrival times of global average temperature
increases compared to the 1986-2005 baseline were identified from the GCMs described above.
These arrival times represent the first 11-year period to have an average temperature equal to that
of the warming degree. Figure 3 shows the year at which the 11-year moving average for when each
of the GCMs first reached each degree above the baseline, and the 11-year window around that year
(e.g., CanESM2 has an initial arrival year of 2018, and its 11-year “window” encompasses 2011-
2022).

Figure 3. Arrival Years of Global Increases in Temperature

2010 2020 2030 2040 2050 2060 2070 2080 2090 2100
CanESM2 2042 2062 2080

ccsMma 2057 2077

GISS-E2-R 2074

HadGEM2-ES 2047 2059 2078

MIROCS 2059 2077

GFDL-CM3 2043 2061 2077 2095

Degrees of Warming
mlm2 3 4m5
Notes: This graphic shows the 11-year windows assigned to each integer temperature by GCM under a higher

emission scenario (RCP8.5). Values are calculated using a 1986-2005 baseline. Arrival years, or the year at which the
11-year moving average reaches the given integer, are listed in each bin. Source: Sarofim et al. (2021)

Temperature change is not uniform across the globe, and the projected global average temperature

changes shown in Figure 4 manifest differently in the U.S. Figure 4 shows the projected county-level

temperature changes that correspond to global warming of 2°C and 4°C. As shown, changes in global
temperatures generally result in higher changes in average annual temperatures in the U.S.

Figure 4. Projected Changes in Average Annual Temperatures Across the U.S.
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Source: EPA (2021). These maps show the county-level average annual temperature changes associated with global
average temperature changes of 2°C and 4°C relative to the 1986-2005 baseline.
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It is important to note that the 1986-2005 baseline is 0.61°C warmer than preindustrial (1850-1900)
temperatures at the global scale.* Throughout the main report, results are presented for 2°C and
4°C of global warming. Impacts could be experienced between 2042-2074 (2056 average) and
between 2077 and sometime after 2100 (2097 average) depending on the specific climate model.
However, the risk and impact estimates are only available for 21 century years. As a result,
measurements of the potential risks to children’s health presented in this report for 4°C only include
the three models with arrival years before 2100 (CanESM2, HadGEM2-ES, and GFDL-CM3). 2°C and
4°C of global warming were chosen for this report to provide a range of results that might be realized
in the 21st century.

SEA LEVEL RISE PROJECTIONS

This report projects impacts using future increases in global mean sea level (GMSL) in increments of
25 cm, up to 150 cm, relative to GMSL in 2000. Results in the main report convey impacts under 50
cm and 100 cm of global sea level rise. The underlying economic impact literature provides results
for each year up to 2100, using six GMSL trajectories developed for the USGCRP’s Fourth National
Climate Assessment. The scenarios are categorized according to the future change in GMSL in 2100,
relative to the year 2000 (e.g., 100 cm, 200 cm). Projections of location-specific differences in
relative (or local) sea level change®® account for land uplift or subsidence, oceanographic effects, and
responses of the geoid and the lithosphere to shrinking land ice. Mean values for each tide gauge
location are used. A distance weighting procedure for interpolating between tide gauge locations is
employed to attribute tide gauge-level results to each coastal county. This procedure allows us to
connect changes in GMSL with a) county-scale relative sea level rise (SLR) that considers these local
scale factors, and b) data on the economic impacts of each increment in SLR for those localities.

Figure 5 shows the specific 11-year bins used to connect the underlying economic impact literature
to GMSL increments in the NCA4 SLR trajectories. The SLR bins are based on the published NCA SLR
trajectories and calculated using the temperature binning “arrival time” method adopted in
supporting literature, adapted for GMSL arrival timing.*’

Figure 5. Arrival Years of Global Mean Sea Level (GMSL) Rise

2020 2030 2040 2050 2060 2070 2080 2090 2100
30cm 2080
50 cm 2052
100 cm 2040 2065 2083
150 cm 2036 2054 I
200 cm 2033 2048 2060 2079 2085
250 cm 2031 2045 2055 2072 2079

Increments of GMSL Rise
25 50 75 m 100 m 125 m 150

Notes: This graphic shows the 11-year windows assigned to each 25 cm increment for results from each of the
National Climate Scenario GMSL scenarios. Values are calculated using a year-2000 baseline. Arrival years, or the
year at which the 11-year moving average reaches the given integer, are listed in each bin.
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POPULATION CONSIDERATIONS AND DATA

Ultimately, this report conveys the risk of the climate stressors and associated impacts to all children
in the contiguous U.S. To do so, the detailed analyses incorporate projections for the future
population of children. The analysis relies on U.S. Census data for 2010 as well as future projections
published in EPA’s Integrated Climate and Land Use Scenarios version 2 (ICLUSv2)*® model through
2100. Given U.S. Census data for 2020 are available, the analysis evaluates how ICLUS compares with
the U.S. Census data for that year and found only small differences. For consistency with other CIRA
analyses, ICLUS is used for all years post-2010. The analysis takes the following approach:

e Step 1: Establish the baseline population of children by county using the 2010 U.S. Census.

e Step 2: Apply the growth rates at the county level calculated from ICLUS populations of
children for each year between 2010 and 2100 to the 2010 population from Step 1.

e Step 3: Calculate percentage of children within each county by census tract and block group
using 2015-2019 American Community Survey data (e.g., within county x, 10% of children live
in census tract y).

e Step 4: Allocate population of children by census tract and block group for each year in ICLUS
by multiplying percentages from Step 3 by total county population in Step 2.

While some of the detailed analyses focus on impacts across all children aged 0-17, some of the
impact measures are specific to age ranges of children (i.e., 0-5 years, 14-17, etc.). The four steps
above are performed for each relevant age category. Figure 6 below describes how the population of
children is expected to change over the 21st century. Relative to 2010 levels, the total population of
children is projected to increase by 22% by 2050 and 35% by 2090. To provide a better
representation of the influence of climate specifically on the impacts measured in the report, the
technical appendix for each detailed analysis also presents results assuming constant 2010
population, removing the influence of population growth on the results.

Figure 6. Future Projections of Children’s Population in the Contiguous U.S.
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Notes: This figure presents the growth in population of children across the 21% century (x-axis shows 21 century
years) using the 2010 U.S. Census data and projections from ICLUS. Specific age sub-groups are described using
colors: aged 0-4 using orange, aged 5-13 using brown, and aged 14-17 using blue.
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SOCIAL VULNERABILITY APPROACH

This report considers ways in which climate change impacts may be experienced disproportionately
by overburdened populations, leveraging a previously published analytic approach to assess the
likelihood of this occurring.*® Across each relevant detailed analysis, this report uses a standard set of
demographics: Black, Indigenous, and People of Color (BIPOC), low income, limited English speaking,
and no health insurance. The specific data used to define each of these populations is identified
below. For each analysis, children belonging to any of these four populations are first identified and
are located within the spatial domain considered to be vulnerable to impacts for the analysis. For
example, the coastal flooding analysis only considers children that live in coastal areas.

Climate change impacts are modeled using the methods developed for each analysis to identify high
impact areas. “High impact” is defined as areas in the highest tercile of impacts per capita. Note that
the spatial resolution of analysis varies by sector (e.g., county, census tract, census block group), but
is consistent within each analysis. Once high impact areas are identified, the number of socially
vulnerable children, and the “reference” non-socially vulnerable children in those areas, are
tabulated (see details below on definitions of socially vulnerable and reference populations for each
specific population). From this, the likelihood of living in a high impact location is calculated for both
populations, relative to the reference domain. The relative likelihoods described in this report are the
result of comparing likelihoods of living in high impact areas for populations that are and are not
socially vulnerable. This standardized approach allows us to present relative likelihoods of high
impacts at regional and national scales, in which regional-level relative likelihoods are based on
regional spatial domains and populations.

In standardized form, the difference in risk is calculated as:

P P
AR = <Z vh>/<2 rh> -1
XP 2P
where AR is the risk difference, expressed as a percent; P, is the sum of the socially vulnerable
population in all “high impact” areas; P, is the total socially vulnerable population; P, is the sum of
the reference population in “high impact” areas; and P. is the total reference population. As an

example, the details of an illustrative calculation for the impact of air quality on new cases of asthma
for BIPOC children are presented in Table 2.

Table 2. Example Calculation of Disproportionate Impacts on BIPOC Children — New Asthma Cases
Associated with Air Quality

Variables | Calculation and interpretation
P,= 12 million BIPOC children across CONUS 830 = 2
P.= 11 million non-BIPOC children across CONUS 0= (ﬁ)/(ﬁ) B
P,;,= 4 million BIPOC children in high impact census BIPOC children are 83% more likely than non-BIPOC
tracts children to live in areas with the highest rates per
P,.,= 2 million non-BIPOC children in high impact census | capita of new asthma diagnoses linked with
tracts degrading air quality.
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DEMOGRAPHIC CONSIDERATIONS AND DATA

This report relies on a contemporaneous picture of demographics across CONUS to assess the
likelihood of disproportionate impacts on particular demographic groups of children. This is a
departure from the health risk assessment analyses that project impacts to children while taking into
consideration future changes in population. Projecting the future distribution of children across
demographic groups is less certain, especially for specific variables such as those who are uninsured.
Thus, these distributions generally are unavailable at the level of detail necessary for the social
vulnerability analyses described in this report. However, shifting demographics and socioeconomic
change will affect the spatial distribution and magnitude of vulnerability to climate change. Multi-
sector assessments have demonstrated compounding effects of population growth and climate
change impacts, particularly with regards to health-related effects.*® Therefore, the results of this
report should be interpreted with this limitation in mind, as actual impacts could be larger or smaller
based on potentially changing demographics.

The report examines disproportionate impacts of climate change on children of various demographic
groups by relying on ACS data, averaged across 2015-2019. Where available, data are collected at the
block group level, or if necessary, at the census tract level. This analysis relied on the IPUMS"
platform to download ACS data through its National Historical Geographic Information System
(NHGIS). The NGHIS codes for data this report relies upon are provided in Table 3.%!

SOCIALLY VULNERABLE GROUPS CONSIDERED

This analysis considers four groups of socially vulnerable children. These variables were chosen
primarily because the literature suggests children in these categories are disproportionately
vulnerable to the specific climate stressors and impacts analyzed.

e BIPOC: The term BIPOC used in this report refers to individuals identifying as Black or African
American; American Indian or Alaska Native; Asian; Native Hawaiian or Other Pacific Islander;
and/or Hispanic or Latino. The BIPOC children included herein also only include those living in
the CONUS. The ACS provides race and ethnicity data at the census block group level. This
report relies on total population as well as White, non-Hispanic population to calculate the
BIPOC population at the census block group and census tract spatial scales. Age-stratified
demographic information is available at the census tract level, so these estimates are specific
to children aged 0-17. Age-stratified race and ethnicity information is not available from the
ACS at the block group level employed in the coastal flooding health risk analysis, so all-age
demographic information is combined with block group-level age distributions to estimate
the distribution of children for racial components within the BIPOC category. For calculations
of disproportionate effects on socially vulnerable BIPOC populations, the White non-Hispanic
population is used as the reference population. Across CONUS, the ACS 2015-2019 identifies
31 million BIPOC children and 42 million non-BIPOC children.

T IPUMS had previously been an acronym for Integrated Public Use Microdata Series, but not all of the data it
accesses is public, or is microdata, so since 2016 it has been known only by its acronym.
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e Lowincome: “Low income” at the individual level is defined as children living in households
that have an aggregate income that is no more than twice the poverty threshold. This
variable is not age-stratified, so this report relies on an all-ages poverty estimate. Additional
information on the definition of poverty thresholds can be found on the U.S. Census
website.>? In this report, the estimates of households that fall into income-to-poverty
threshold ratios below two times the poverty threshold are aggregated. The reference
population is individuals living in households with income greater than two times the poverty
threshold. Across CONUS, the ACS 2015-2019 identifies 24 million low-income children and
49 million children living above two times the poverty threshold.

e Limited English speaking: Children are considered “limited English speaking” in the ACS if
those 14 years old and older have at least some difficulties with speaking English. This
variable is not age-stratified in the ACS, so this report relies on an all-ages estimate of
language isolation and assumes the proportion of children who are linguistically isolated is
consistent with that of the rest of the population. In this report, the estimates of populations
who live in limited English-speaking households are aggregated by primary language spoken
at home. The reference population is individuals who do not live in a limited English-speaking
household. Across CONUS, the ACS 2015-2019 identifies 4 million children who fall into the
U.S. Census-defined category of “Limited English speaking” and 69 million children who are
not considered to be in this category.

e No health insurance: The ACS provides age-stratified estimates of children with and without
health insurance at the block group level. In this report, children of both sexes younger than
6 years old and between the ages of 6 and 18 years old who have no health insurance are
aggregated, so the estimate is specific to all children aged 0-18 years. The reference
population is children who have health insurance. Across CONUS, the ACS 2015-2019
identifies 4 million children lacking health insurance and 69 million children with insurance.

Introductory sections of each chapter summarize the literature and/or the conceptual links between
impacts and vulnerability of these populations. There are additional dimensions of social vulnerability
not considered in this report (e.g., disability, household composition, and others), warranting further
analysis. Additional disproportionate risks may be present when evaluating the interconnections
between social vulnerability measures, connections that are not explored in this report.

As illustrated in Figure 7, the demographic groups described above are spatially correlated with each
other. The key disproportionality results, however, do not necessarily exhibit the same degree of
correlation nationally or by region that are shown in the full ACS dataset, as each impact examines a
different spatial domain based on the specific locations of the high impact terciles. Many individuals
also may meet the ACS definition for inclusion in multiple categories from among the four chosen.
Supplemental analyses were considered regarding disproportionate effects for individuals included in
multiple categories of social vulnerability; however, ACS data support only limited versions of
analyses that aggregate characteristics and are not stratified by age. For example, available low
income cross-tabulations are focused on individuals with income below the poverty line, rather than
below twice the poverty line, but do not reflect age-related effects.
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Figure 7. Spatial Distribution of Select Groups of Overburdened Children (Aged 0-17)
Low Income

0% - 10% 10% - 25% 25% -50% MW 50% -75% WM75% -80% M 80% -100%

Notes: This graphic shows the spatial distribution of four groups of overburdened children by census tracts based on the U.S. Census Bureau’s
American Community Survey 2015-2019 (specific data tables are documented in Table 3). The percentages convey the portion of children living in
each census tract that meet the definition. NCA regions are outlined in black.
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Table 3. Underlying Demographic Data from U.S. Census Bureau’s American Community Survey

2015-2019

Data table

NHGIS Field
Code

Spatial Scale

Description

female)

ALTOE003; 004; Slock Group; | indvidusls by age (<5,5- | Income; N
Sex by Age 005; 006; 027; | B01001 P Y age (<>, i
Census Tract 9, 10-14, 15-17) and sex health
028; 029; 030 .
(male, female) insurance
Race ALUCE002 B02001 Block Group White Alone BIPOC
Race ALUCE003 B02001 Block Group Black or African- BIPOC
American Alone
American Indian and
Race ALUCEO04 B02001 Block Group Alaska Native Alone BIPOC
Race ALUCEO05 B02001 Block Group Asian Alone BIPOC
Native Hawaiian and
Race ALUCEOQ06 B02001 Block Group Other Pacific Islander BIPOC
Alone
Race ALUCEO07 B02001 Block Group Some Other Race Alone BIPOC
Race ALUCEO08 B02001 Block Group Two or More Races BIPOC
Hispanic or Latino ALUKE003 B03002 Block Group White Alone, Not BIPOC
Origin by Race Hispanic or Latino
Hls.p.anlc or Latino ALUKEO12 803002 Block Group Hispanic or Latino (all BIPOC
Origin by Race races)
Population of white
. AL4FEQO03; 004, L.
sex by Age (White 005; 006; 018; | BO1001A Census Tract individuals by age (<5, 5- | g5
Alone) 9, 10-14, 15-17 years)
019; 020; 021
and sex (male, female)
ALAGEO03; Populatlon of Black or
Sex by Age (Black or 004: 005: 006: African American
African American ! ! ! B01001B Census Tract individuals by age (<5, 5- | BIPOC
018; 019; 020;
Alone) 9, 10-14, 15-17 years)
021
and sex (male, female)
_ ALAHE003; Populatlon of Amer|c§n
Sex by Age (American 004: 005: 006: Indian and Alaska native
Indian and Alaska 018: Oth 020t B01001C Census Tract individuals by age (<5, 5- | BIPOC
Native Alone) ! ! ! 9, 10-14, 15-17 years)
021
and sex (male, female)
AL4IE003; Population of Asian
Sex by Age (Asian 004; 005; 006; individuals by age (<5, 5-
Alone) 018; 019; 020; | C01001D Census Tract 9, 10-14, 15-17 years) BIPOC
021 and sex (male, female)
Population of Native
AL4JEQ03; Hawaiian and other
Sex by Age (Native ) o e
Hawaiian and Other 004;005; 006; BO1001E Census Tract .Pac.|f!c Islander BIPOC
Pacific Islander Alone) 018; 019; 020; individuals by age (<5, 5-
021 9, 10-14, 15-17 years)
and sex (male, female)
ALAKEOO3; Chsome other race by
Sex by Age (Some 004; 005; 006;
Other Race Alone) 018; 019; 020; BO10O1F Census Tract age (<5, 5-9, 10-14, 15 BIPOC
021 17 years) and sex (male,
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Data table

Sex by Age (Two or

NHGIS Field
Code

AL4LEOO3;
004; 005; 006;

ACS
Source
Table

Spatial Scale

Description

Population of individuals
of two or more races by

and Age

coverage

More Races) 018: 019: 020 B01001G Census Tract age (<5, 5-9, 10-14, 15- BIPOC
17 years) and sex (male,
021
female)
Population of white non-
LAME ;
Sex by Age (White 8‘02%0%9%06‘ Hispanic individuals by
Alone, Not Hispanic or ! ! ! BO1001H Census Tract age (<5, 5-9, 10-14, 15- BIPOC
. 018; 019; 020;
Latino) 17 years) and sex (male,
021
female)
e
Sex by Age (Hispanic or | 004; 005; 006;
Latino) 018; 019; 020; B01001I Census Tract (<5, 5-9, 10-14, 15-17 BIPOC
years) and sex (male,
021
female)
Ratio of Income to Block Group:
Poverty Level in the ALWVEO01 C17002 P; Total Population Low Income
Census Tract
Past 12 Months
Ratio of Income to Block Groun:
Poverty Level in the ALWVEO002 C17002 P Under .50 Low Income
Census Tract
Past 12 Months
Ratio of Income to Block Group:
Poverty Level in the ALWVEO003 C17002 P .50t0 .99 Low Income
Census Tract
Past 12 Months
Ratio of Income to Block Groun:
Poverty Level in the ALWVEOQ04 C17002 P 1.00to0 1.24 Low Income
Census Tract
Past 12 Months
Ratio of Income to Block Group:
Poverty Level in the ALWVEO05 C17002 P 1.25t01.49 Low Income
Census Tract
Past 12 Months
Ratio of Income to Block Group:
Poverty Level in the ALWVEO06 C17002 P 1.50t0 1.84 Low Income
Census Tract
Past 12 Months
Ratio of Income to Block Groun:
Poverty Level in the ALWVEOQ07 C17002 P 1.85t01.99 Low Income
Census Tract
Past 12 Months
Ratio of Income to Block Group:
Poverty Level in the ALWVEO08 C17002 P 2.00 and over Low Income
Census Tract
Past 12 Months
Health Insurance Male: Under 6 years: No health
Coverage Status by Sex | AMLLEOO4 B27001 Census Tract With health insurance .
insurance
and Age coverage
Health Insurance Male: Under 6 years: No
. No health
Coverage Status by Sex | AMLLEOOS B27001 Census Tract health insurance .
insurance
and Age coverage
Health Insurance Male: 6 to 18 years: With No health
Coverage Status by Sex | AMLLEOO7 B27001 Census Tract health insurance insurance
and Age coverage
Health Insurance Male: 6 to 18 years: No No health
Coverage Status by Sex | AMLLEOO8 B27001 Census Tract health insurance .
insurance
and Age coverage
Health Insurance Female: Under 6 years: No health
Coverage Status by Sex | AMLLE032 B27001 Census Tract With health insurance insurance
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ACS
Source
Table

Data table

NHGIS Field
Code

Spatial Scale

Description

Health Insurance

Female: Under 6 years:

English Speaking Status

Census Tract

Household

Coverage Status by Sex | AMLLEO33 B27001 Census Tract No health insurance .NO health
insurance
and Age coverage
Health Insurance Female: 6 to 18 years: No health
Coverage Status by Sex | AMLLE035 B27001 Census Tract With health insurance .
insurance
and Age coverage
Health Insurance Female: 6 to 18 years: No health
Coverage Status by Sex | AMLLEO36 B27001 Census Tract No health insurance .
insurance
and Age coverage
Household Language . . .
by Household Limited ALWTEOO1 C16002 Block Group; Total Households lelte.d English
. . Census Tract speaking
English Speaking Status
Household Language . S . L .
English Speaking Status P g P g
Household Language Block Group; (L)::e:;ngso'-f;:(i{ciilan Limited English
by Household Limited | ALWTE0O7 16002 P guages: LIn ¢ ENg
English Speaking Status Census Tract English-Speaking speaking
& P J Household
Household Language Asian and Pacific Island
by Household Limited ALWTEO10 C16002 Block Group; Languages: lelted lelte'd English
English Speaking Status Census Tract English-Speaking speaking
Household
Household Language ) Other Languages: . .
by Household Limited ALWTEO13 C16002 Block Group; Limited English-Speaking Limited English

speaking
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SOURCES OF UNCERTAINTY AND LIMITATIONS

This section describes some of the main sources of uncertainty inherent across the detailed analyses.
Limitations specific to each individual detailed analysis are described in those sections of this report
and appendices.

PROJECTIONS OF FUTURE CLIMATE

With the goal of presenting a consistent set of climate change impact analyses across sectors, this
report presents results using an impacts-by-degree approach. Arrival windows for integral levels of
future warming were identified from each climate model, and these years were used in the
simulations for each sectoral impact analysis. Due to the level of effort necessary to run each
scenario through the sectoral models of this report, only six climate models were chosen. While
these models were chosen to capture a large range of the variability observed across the entire
ensemble, this subset is not a perfect representation of climate models. However, even the full set of
GCMs is not likely to span the entire range of potential physical responses of the climate system to
changes in the concentration of atmospheric GHGs. Previous literature demonstrates the importance
of climate sensitivity assumptions in understanding a wide range of potential changes to the climate

23,54 3s well as the effect of natural variability on timing and magnitude of impacts.>>>¢ The

system,
Sixth Assessment of the IPCC provides updated scenarios and temperature projections based on the
CMIP6 project. However, these newer projections and the widely accepted downscaled and bias-

corrected projections of the results of CMIP6 GCMs were not available in time for use in this report.

COVERAGE OF CLIMATE STRESSORS AND IMPACTS

The analyses presented in this report cover just a handful of potential impacts of climate change in
the U.S. The five stressors included were chosen because of the availability of robust methods and
data for analysis that offered information specific to children or were easily extrapolated to younger
populations. There are a number of additional impacts of climate change that likely will affect
children, but which are not included in this report. The literature reviews that open each chapter
provide some perspective on the broad range of possible impacts on all children and those
disproportionately affected.

COMPARISON ACROSS IMPACT MEASURES

Unlike previous CIRA reports that primarily focused on the presentation of economic results across
sectors, this report contains limited monetization of impacts. The one exception is the analysis that
projects lost future income associated with heat-induced learning losses, which aggregates impacts
across students graduating each year. While the lack of a common economic metric makes
comparisons across impacts more challenging, a focus on physical impacts (e.g., cases of asthma,
number of children affected by flooding) is more appropriate in this context because the results are
not dependent on the details of a specific economic valuation approach. In addition, some metrics
used in this report have not yet been valued in economic terms, such as the mental stress of children
losing a home to coastal flooding. It should be noted that even the physical measures used here
cannot convey how climate effects and health outcomes experienced in childhood may prevail
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throughout an individual’s life, including leading to future serious health effects. In either
circumstance, these are likely to differ across the impacts considered.

However, to provide perspective on the costs associated with the physical impacts projected in this
report, the report conveys direct medical costs and indirect productivity losses provided by available
research. A major research gap is that these costs are infrequently described specific to children, and
research (where it does exist) clearly shows that the costs differ between children and adults.>’ The
unit costs offered in the report are merely to provide perspective on order of magnitude.

IMPACT MODELING

The impact estimates presented in this report were developed using discrete impact models. These
models are complex analytical tools, and choices regarding the structure and parameter values of the
model can create important assumptions that affect the estimation of impacts. Ongoing studies such
as the Inter-Sectoral Impact Model Intercomparison Project (ISI-MIP) are investigating the influence
of structural uncertainties across sectoral impact models.*® The use of additional models for each
analysis of this report would help improve the understanding of potential impacts in the future.

JOINT IMPACTS ACROSS CLIMATE STRESSORS

The results presented for each detailed analysis primarily were developed independently of one
another. As a result, the estimated impacts may omit important cumulative or interactive effects or
outcomes. For example, the air quality and heat analyses do not examine the compounding health
risks that individuals could suffer during heat waves with high ozone concentrations in the air. First-
order connectivity was achieved in limited cases, such as with the coastal flooding analysis, which
includes projected installation of coastal defenses and provides information on location and timing to
inform where coastal properties may receive ancillary protection; however, improved connectivity
between models would aid in gaining a more complete understanding of climate change impacts on
children in the U.S.

PROJECTIONS OF FUTURE POPULATION OF CHILDREN

Disaggregated population projections were produced at the county level using EPA’s ICLUSv2 model.
The spatial pattern of population change in ICLUS is dependent upon underlying assumptions
regarding fertility, migration rate, and international immigration. These assumptions were
parameterized using the storyline of SSP2, which suggests medium levels of fertility, mortality, and
international immigration. The choice of this population scenario versus another could significantly
influence the estimated impacts across sectors, particularly those most affected by changes in
population and economic growth. Recent demographic trends in the U.S. suggest that population
growth lies closer to the mid-range scenarios consistent with SSP2 (less than 0.5% per year—
contrasted with SSP5, which projects population increases over 1% per year).”® These choices for
future population represent a reasonable central case, but use of other population projections would
affect the results reported. The purpose of this analysis is to focus on understanding the differences
between impacts under multiple climate scenarios. As a result, the exploration of uncertainty
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surrounding the use of the central case population projection is deferred to future work and the
robust literature exploring the differences amongst scenarios.

SOCIOECONOMIC AND DEMOGRAPHIC CHANGE

This report isolates the effects of climate change on socially vulnerable children by using current
demographics to develop projections. The primary rationale for this approach is that long-term
assumptions and forecasts for national changes in demographics have a high degree of uncertainty,
and therefore are unavailable. Shifting demographics and changes to the socioeconomic statuses and
characteristics of populations will alter the spatial distributions of effects and magnitude of
population sensitivity and vulnerability to climate change. Therefore, the results of the social
vulnerability analyses should be interpreted with this limitation in mind, as actual impacts could be
larger or smaller based on changing demographics.

CONSIDERATION OF ADAPTATION

Populations are likely to adapt to climate change in many ways, with some actions limiting the impact
of climatic exposure, and other actions likely exacerbating impacts. Many of the same factors that
contribute to exposure to climate hazards also influence the ability of individuals and communities to
adapt to climate variability and change. Socioeconomic status, the condition and accessibility of
infrastructure, the accessibility of healthcare, specific demographic characteristics, and other
institutional resources all contribute to the timeliness and effectiveness of adaptive capacity.®°

The detailed analyses of this report treat adaptation in unique ways, with some sectors directly
modeling the implications of adaptation responses, and others implicitly incorporating well-
established pathways for adapting to climate stress. For example, most analyses incorporate
empirically-based accounting of individual, community, and infrastructure adaptation in estimating a
climate stressor-response function (i.e., they reflect historical responses to these stressors). As
climate stress worsens and expands geographically, historical adaptation actions implicitly are
incorporated in the estimated response function, and by extension in the estimates presented here,
but do not include new adaptive actions. The heat analysis explicitly holds baseline air conditioning
use constant to underscore the risks associated with no further investment in cooling systems in
schools and homes. The coastal flooding analysis employs a simulation modeling approach that
allows for incorporation of baseline adaptation actions; as an example, continuing and expanding
beach nourishment projects. These simulation modeling approaches also facilitate future adoption of
more complex and extensive adaptive actions, such as changing maintenance practices and
extending seawall protections, which constitute new adaptation scenarios. To the extent that future
adaptation actions beyond those considered are implemented in response to ongoing climate
change, future impacts would likely be lower than estimated in this report.

Adaptation actions that extend beyond historically implemented practices and baseline
infrastructure investments require planning, potentially complex financing, maintenance costs, and
efficacy evaluations with consideration for the specific human and natural environment contexts.
Adaptation plans, therefore, typically are developed and implemented at local scales. The general
adaptation scenarios considered in the analyses of this report do not capture the complex issues
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driving adaptation decision-making at local and regional scales. For example, the coastal flooding
chapter considers the cost effectiveness of adaptive responses to sea level rise inundation and storm
surge damages by comparing the costs of protection to the value of properties at risk of destruction.
While many factors at the property, community, regional, and national levels will determine adaptive
responses to coastal risks, this sectoral analysis uses the simplistic cost/benefit metric to enable
consistent comparisons for the entire coastline. That said, the adaptation scenarios and estimates
presented in all sections of this report should not be construed as recommending any specific policy
or adaptive action.

GEOGRAPHIC COVERAGE

This report does not examine impacts and damages occurring outside of U.S. borders. Aside from the
inherent value of people and ecosystems around the world, these impacts could affect the U.S.
through changes in migration, impacts on trade, and concerns for conflict and national security. In
addition, the geographic focus of this report is on CONUS, with the detailed analyses excluding
Hawai’i, Alaska, and the U.S. territories (although the District of Columbia is included). The main
reason is that the underlying literature for this report (that is, the sectoral impact models referred to
at the beginning of this Appendix, and in each of the other sector- and climate stressor-specific
Technical Appendices) limits the spatial domain to CONUS. This omission may be particularly
important given the unique climate change vulnerabilities of these locales, socioeconomic
characteristics that often define them, and the subsequent effects on their populations.

SUMMARY

The influence of the sources of uncertainty on the risks of climate change impacting children’s health
is difficult to estimate. In theory, a quantitative estimate of the influence of different GCMs in the
climate impact step can be performed to estimate the sensitivity of results to this source of variation
in climate outcomes. Further, the influence of different socioeconomic inputs, sampling margins of
error for the ACS data, or statistical measurement error from certain exposure-response
relationships, or perhaps other sources of uncertainty as well, might be estimated quantitatively.
Many of the underlying peer-reviewed studies relied on within this report perform these types of
analyses to inform readers of the uncertainty associated with each estimate presented. For this
report and the analyses, attempting to combine any quantitative results on uncertainty across
analytic steps would necessarily involve mixing estimates of variability (e.g., across GCMs) with
estimates of statistical uncertainty (e.g., for ACS margins of error, or the impacts that rely on
statistically estimated exposure-response relationships). Moreover, a combined estimate of
uncertainty would ignore other sources of uncertainty that cannot be easily quantified, such as
structural uncertainty associated with the choice of a single sector impacts model, and potential
correlations in sources of uncertainty that may not be fully independent, such as many GCMs sharing
a common structural foundation. Consequently, this report relies on an approach of identifying the
key sources of uncertainty and attempting to qualitatively characterize the potential influence of
each source of uncertainty on the overall results.
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