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Abstract

The global environment has changed rapidly since the Industrial Revolution. Human emissions of heat-trapping greenhouse
gases have warmed our earth, leading to more climate extremes. Human activities have also caused air pollution and, thus, worse
air quality. Warmer climates and polluted air pose severe risks to human health. This paper focuses on temperature and air
pollution as the primary environmental factors and studies their relationship with mortality across different ethnicity and age
groups in the U.S. from 2001 to 2021. The main research methods employed in this paper are correlation analysis and
least-square regressions. This paper finds that, on average, environmental factors are moderately and positively related to total
deaths at a statistically significant level. Such a positive relationship still holds when | further investigate how the environment is
associated with mortality by each individual cause. Moreover, heterogeneity in the relationship is identified among different
races. In particular, temperature seems to have a larger impact on the Native Hawaiian/Pacific Islander and Black populations. At
the same time, air pollution is observed to have a very strong association with the mortality of the Asian population, Pacific
Islanders, and Hawaiian Natives. Finally, age disparities are not that significant. One finding worth pointing out is that children
and teenagers (Age 1-14) appear to be more susceptible to air pollution than other age groups.

Keywords

Environmental Factors, Temperature, Air Quality, Mortality, Heterogeneity, Disparity

1. Introduction

Our living environment has changed dramatically since the
Industrial Revolution. Human emissions of greenhouse gases
have led to a warmer climate, with the average global tem-
perature being 1.9 degrees Fahrenheit higher than the prein-
dustrial world in the 1800s [1], and is expected to continue to
rise for many decades [2]. Human activities have also pro-
duced vast amounts of pollutants, worsening air quality.

Numerous studies have shown that environmental changes
like warmer climates and air pollution pose increasing risks to
human health by affecting the morbidity and mortality rate of

many diseases [3], such as cardiovascular diseases, respira-
tory illnesses, cancer, infectious diseases, psychological ill-
nesses, etc. Research shows that exposure to hot temperatures
reduces the birth weight of babies [4] and detriments the
respiratory health of children [5]. Warm climates and severe
air pollution would increase the chances of virus transmis-
sions [6]. On top of that, the climate impacts people's psy-
chological health [7], and extreme heat may even lead to
higher suicidal rates [8]. Pollution would also lead to reduced
happiness and higher rates of depression [9]. Moreover, the
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health toll imposed by environmental changes varies across
different socioeconomic groups [10]. The leading cause of
such disparity is material inequality, such as poverty and lack
of education and insurance. The evidence can be found in the
racial disparities in cancer treatments [11] and mortality rates
in pregnancy [12].

This paper focuses on temperature and air pollution as en-
vironmental factors and studies their impacts on mortality in
the U.S. during the period of 2001-2021. In this paper, | first
examine how environmental factors are correlated with total
deaths. Then, | take a further step and look into the relation-
ship between the environment and the mortality of different
causes. Finally, this paper investigates the possible hetero-
geneity in the relationship between environment and mortality
across different races and age cohorts. The findings of this
project would inspire better policymaking regarding envi-
ronment protection, public health, and the allocation of re-
sources among various ethnicities and age groups.

The remainder of this paper is organized as follows: Part 2
introduces the data and methods used in this paper. Part 3
reports the research results. Part 4 concludes.

2. Data and Methods

2.1. Data

This paper uses three datasets: CDC WONDER, a national
mortality database [13]; a state-level monthly temperature
database from NOAA’s National Centers for Environmental
Information [14]; and air quality data from the U.S. Envi-
ronmental Protection Agency (EPA) [15].

2.1.1. CDC WONDER Dataset

The CDC WONDER database provides detailed national
mortality information, where mortality is defined as the
number of deaths. Specifically, the CDC WONDER dataset
records mortality by state, death year, gender, age range, race,
and cause of death. The data sample used in this paper ranges
from 2001 to 2021.

2.1.2. NOAA Temperature Dataset

This paper obtains statewide average and minimum tem-
peratures in a particular year from the NOAA's National
Centers for Environmental Information. Temperature data is
then merged with the CDC WONDER dataset by state and
year to analyze the relationship between temperature and
mortality.

2.1.3. EPA AQI Dataset

The EPA provides daily county-level Air Quality Index
(AQI) as a measure of air quality. Every day, the EPA calcu-
lates an index for each of the five major air pollutants regulated
by the Clean Air Act: ground-level ozone, particle pollution,
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carbon monoxide, sulfur dioxide, and nitrogen dioxide.
Whichever pollutant has the highest index is identified as the
primary pollutant of that day, and its index value is recorded as
the AQI value of that day. The AQI typically runs from 0 to 500.
In more detail, the EPA divides AQI values into six categories
corresponding to different levels of health concern. A “Good”
day has an AQI at or below 50, which means the pollution has
little risk to human health. “Moderate” days have AQI values
running from 51 to 100, indicating that the pollution is ac-
ceptable but may pose a moderate risk to susceptible people.
"Unhealthy for Sensitive Groups" days have AQI values var-
ying from 101 to 150 when old and young people and people
with respiratory diseases face greater pollution hazards. An
“Unhealthy” Day has an AQI from 151 to 200, and most people
are beginning to experience adverse health effects. A "Very
Unhealthy” day has an AQI between 201 and 300, and a
"Hazardous" day higher than 300.

Besides reporting daily AQI values, the EPA also summa-
rizes annual max and median AQI values for each county. In
addition, the EPA AQI dataset reports the number of days a
county has air quality data in one particular year and the
number of days each of the five major pollutants is the most
responsible for air pollution in that year. Based on the EPA
AQI data, | construct annual AQI values at the state level,
which can be merged with the CDC WONDER dataset and
enable me to study the relationship between air quality and
mortality.

2.2. Methods

This paper first provides descriptive statistics of environ-
mental factors, such as temperature and air quality (AQI),
throughout 2001-2021. In particular, six representative states
are selected to show how the environment has improved or
worsened since 2001.

Then, this paper performs correlation analysis to establish
the direction and strength of the relationship between envi-
ronmental factors and mortality. More specifically, | calculate
the correlation coefficients between mortality and various
proxy variables for environmental conditions, like tempera-
ture, AQI values, probability of unhealthy days, and proba-
bility of ozone days (i.e., those days ozone is identified as the
primary pollutant). Furthermore, | calculate the correlation
coefficients for each race/age group in the CDC WONDER
dataset to explore the possible heterogeneity in the relation-
ship between environmental factors and mortality.

Finally, this paper conducts least-square regression analysis
to further study the relationship between the environment and
the mortality by different causes of death. The regression
model is represented as follows:

y =a + bx+e,

Where x denotes environmental factors like temperature
and AQI, y represents the mortality resulting from one of the
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15 leading causes as identified in the CDC WONDER data-
base, and ¢ is the error term. The regression estimator of the
coefficient b indicates how many more/fewer deaths are as-
sociated with one unit increase/decrease in temperature or
AQI values. Regression results are presented in figures for the
easiness of comparison. All the data analysis in this paper is
conducted by using R.

3. Results

3.1. Descriptive Statistics

Figure 1 shows the trend of average temperature in Fahr-
enheit from 2001 to 2021 on a national level. Each dot rep-

resents the national average temperature of that year, which is
calculated by taking the average of the 12-month average
temperature of all states as provided by the NOAA Temper-
ature database. The graph shows that even though the average
temperature only increased slightly from 2001 to 2021, it
seems to become more volatile since 2011, which coincided
with global warming and more frequent climate extremes.

Figure 2 presents the annual air quality trend in the U.S.
from 2001 to 2021, with each dot representing the national
average of annual max AQI of all counties in that year as
reported in the EPA AQI database. The graph shows an ap-
parent downward tendency in the max AQI, which implies a
gradual improvement in air quality over 2001-2021.
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Figure 2. The Trend of Annual Max AQI.
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Figure 3 shows the development of air quality in six rep-
resentative states that experienced the most or the slightest
improvement in air quality over the period 2001-2021 in
terms of two criteria: the average chance of having a "Good"
day (i.e., AQI is no larger than 50) and the average chance of
having an “Unhealthy for Sensitive Groups” day (i.e., AQI is
between 101 and 150). At the county level, the annual
chance of having a "Good"/"Unhealthy for Sensitive
Groups" day is calculated by dividing the number of days of
which the AQI is no larger than 50/between 101 and 150 by
the total number of days with AQI data in that year, and is
presented in percentage points. By taking the average of
these county-level data, | obtain the annual chance of having
a "Good"/"Unhealthy for Sensitive Groups" day on a state
level. Then, | select the three states that saw the most re-
markable/minor improvement in air quality by both criteria
from 2001 to 2021. As shown in Figure 3, Delaware,
Pennsylvania, and Texas all saw significant improvements
in their air quality over the past two decades, which may be
attributed to the fact that these states were under worrisome
and unhealthy air quality conditions at the beginning of this
period. North Dakota, Montana, and California experienced
the most minor improvement in air quality over 2001-2021.
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Among them, however, California remained relatively stable
and has more room to improve, which is understandable
considering its massive scale. Surprisingly, North Dakota
and Montana have been witnessing their air quality getting
worse over the past twenty years, although they have a rel-
atively small population and were in a much better condition
in 2001.

Among the five major air pollutants the Clean Air Act
regulates, ozone is the chief pollutant responsible for unsat-
isfactory air quality. Figure 4 shows the overall trend of the
annual average chance of having an “ozone day” (i.e., ozone
is most responsible for air pollution on that day) in percentage
points from 2001 to 2021. Each dot represents the average
chance of ozone days occurring in the nation that year. More
specifically, the county-level chance of having ozone days is
calculated by dividing the number of ozone days by the
number of days with AQI data in that county. The national
average chance is obtained by taking the average of the county
values. Figure 4 indicates an upward drift in the probability of
having ozone days throughout 2001-2021, except for a slight
dip during the COVID-19 pandemic. Moreover, ozone has
been responsible for most of the air pollution in the U.S. since
2010.
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Figure 3. Good Days and Unhealthy Days in Six Representative States.
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Figure 4. The Chance of Ozone Days.

3.2. The Relationship Between Environment and
Mortality

Table 1 reports the correlation coefficients between various
measures of environmental conditions and mortality, where
the environment is proxied by temperature and air pollution,
and mortality is the total number of deaths. Annual data at the
state level is used to conduct the correlation analysis. Ac-
cording to Table 1, there is a positive relationship between
environment and mortality, which is moderate in magnitude
(except for ozone days) and significant at statistical levels.
Moreover, such a positive relationship is strongly consistent

across all environmental variables. For example, the correla-
tion coefficients between mortality and the two measures of
temperature are very similar in magnitude. This also holds for
the correlation between mortality and air pollution variables
represented by AQI. The probability of having an ozone day is
weakly correlated with mortality, which is reasonable given
ozone is only one of the five major pollutants tracked by AQI.
Overall, Table 1 reveals a significantly positive correlation
between mortality and environmental conditions. A worse
environment is typically associated with more deaths. Further
actions need to be taken to protect the environment so that it is
more livable for human beings.

Table 1. Correlation between Environment and Mortality.

Measures of Environmental Condition

Correlation Coefficients

Average temperature 0.409 (14.38)
Temperature
Minimum temperature 0.403 (14.10)
Highest value of median AQI 0.462 (16.69)
Highest value of AQI 0.413 (14.52)
Air Polluti
Ir Fofiution Highest probability of having unhealthy days for sensitive groups 0.449 (16.09)
Average probability of having an ozone day 0.270 (9.000)

Note: T-statistics are indicated under the correlation coefficients in parenthesis.

Figures 5-7 describe the results of least-square regressions
of deaths resulting from one of the 15 leading causes on var-
ious environmental factors. For the sake of space, this paper
only reports the results for the three environmental factors: the
average temperature, the highest value of AQI, and the high-
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est value of max AQI; and the ten death causes that have the
largest coefficients on environment among the 15 leading
causes.

Figure 5 presents the regression results of mortality by
different causes, where each dot indicates the coefficient on
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average temperature. On the whole, temperature is found to be
positively associated with mortality of various causes, which
corroborates the findings of correlation analysis. For example,
"Diseases of the Heart" has the largest regression coefficient
of 621.6, meaning that on average one Fahrenheit increase in
temperature is associated with an additional 621.6 deaths due
to heart diseases. The second and third significant coefficients
in terms of magnitude are from the regressions of "Malignant
Neoplasms" and "Ischemic Heart Diseases"”, respectively. The
regression results are consistent with the fact that these three
types of diseases are identified as the top three causes of death

in the U.S.

Figure 6 and Figure 7 depict the regression results when air
quality measures like the highest value of AQI and the chance
of having ozone days are used as environmental factors. The
results are very similar to and consistent with those in Figure 5.
One thing to note is that, compared to Figure 5, "Chronic
Lower Respiratory Diseases" appears among the top ten death
causes that have the most significant regression coefficients
on AQI or probability of ozone days. This finding may imply
that air pollution does pose a higher death risk to people suf-
fering from respiratory diseases.

Association between Annual Average
Temperature in a State and Disease Mortality
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Figure 5. Linear Regression Results on the Average Temperature.
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Figure 6. Linear Regression Results on the Max AQI.
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Figure 7. Linear Regression Results on Ozone Days.

3.3. Heterogeneity in the Relationship Between
Environment and Mortality

This subsection conducts correlation analysis for different
ethnicity/age groups to explore the possible heterogeneity in
the relationship between environment and mortality.

Table 2 reports the correlation coefficients between various
environmental factors and mortality for different races. In line
with the results in Table 1, the number of deaths in each eth-
nicity group is positively associated with the environment.
However, heterogeneity exists among different races, as re-
flected by the difference in the magnitude of coefficients. For
example, temperature seems significantly related to mortality
for Native Hawaiian/Pacific Islander and Black populations
while exhibiting a much weaker correlation with mortality for
either the Asian or the Asian/Pacific Islander group. Air pol-
lution, as measured by AQI, on the other hand, very strongly

correlates with the total deaths of the Asian population, Pa-
cific Islanders, and Hawaiian Natives. However, such a rela-
tionship appears milder for the Black group. Ozone overall
has a weak correlation with the total deaths of all races. One
exception might be that the correlation coefficient for the
Black, which is statistically significant, is greater in magni-
tude compared to other races.

Table 3 presents the correlation coefficients between en-
vironment and mortality for different age groups. In general,
environmental factors, except for ozone days, are moderately
positively related to the number of deaths across all age
groups, which does not exhibit sizable age disparities. One
thing to note is that children and teenagers (Age 1 - 14) seem
most affected by air pollution: this age group's mortality is
strongly associated with the highest AQI value and the highest
probability of unhealthy days for sensitive people. Therefore,
reducing air pollution might be particularly beneficial for
children and teenagers.

Table 2. Correlation Analysis by Ethnicity Groups.

Correlation Coefficients by Ethnicity Groups

Measures of Environmental Condition American In- Asian / Native H iia/
Asian  dian/Alaska Black  White  Pacific ative Hawarla
. Pacific Islander
Native Islander
Average temperature 0.106 0.378 0.439 0.388 0.106 0.501
ge temp (1.187)  (7.767) (13.96)  (1351) (2.535) (2.005)
Temperature
Minimum temperature 0.179 0.367 0.400 0.382 0.179 0.584
P (2.015)  (7.494) (12.47)  (13.24)  (4.139) (2.495)
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Correlation Coefficients by Ethnicity Groups

Measures of Environmental Condition American In- Asian / Native Hawaiia /
Asian dian/Alaska Black White Pacific a !v_e awara
. Pacific Islander
Native Islander
. . 0.513 0.443 0.167 0.458 0.513 0.889
Highest value of median AQI o o0y (9 301) (4.856)  (1650)  (15.75) (6.733)
. 0.805 0.187 0.181 0.403 0.805 0.834
Highest value of AQI (15.04)  (3.625) (5263) (14.12) (2186 (5.243)
Air Pollu- . - .
tion uHAﬁZEffhprfiZaf'f'étrys‘iﬁ:.?.vv'gg 0692  0.287 0205 0441 0692 0.934
y day (1064)  (5.728) (6.004)  (1573)  (19.98) (9.059)
groups
Average probability of having  0.054 0.164 0.341 0.265 0.112 0.367
an ozone day (0.600)  (3.156) (10.39) (8.824)  (2.363) (1.367)
Note: T-statistics are indicated under the correlation coefficients in parenthesis.
Table 3. Correlation Analysis by Age Groups.
Correlation Coefficients by Age Groups
Measures of Environmental Condition
Age 1 Age 1-14 Age 15-34  Age35-64  Age 65+
Average temperature 0.445 0.349 0.485 0.472 0.385
ge temp (15.48) (9.740) (17.78) (17.16) (13.37)
Temperature
Minimum temperature 0.427 0.371 0.483 0.463 0.379
P (14.70) (10.45) (17.69) (16.76) (13.11)
. . 0.503 0.489 0.485 0.470 0.450
Highest value of median AQI (18.13) (14.70) 17.77) (17.06) (16.13)
. 0.442 0.549 0.418 0.407 0.406
Highest value of max AQI (18.13) (14.70) 17.77) (17.06) (16.13)
Air Polluti
I POIUtIONighest probability of having unhealthy ~ 0.487 0.577 0.460 0.436 0.441
days for sensitive groups (17.35) (18.50) (16.60) (15.53) (15.78)
Average probability of having an ozone  0.214 0.209 0.252 0.264 0.271
day (6.850) (5.587) (8.360) (8.786) (9.048)

Note: T-statistics are indicated under the correlation coefficients in parenthesis.

4. Conclusion

In summary, the U.S.'s climate is gradually getting warmer
and more volatile from 2001 to 2021. Air pollution has been
reduced, and air quality is in general improving. Temperature
and air quality, as the main environmental measures em-
ployed in this paper, are found to be positively correlated with
total mortality, and such a correlation is moderate in magni-
tude and statistically significant. In particular, cardiovascular
diseases, respiratory diseases, and cancer deaths are all posi-
tively associated with environmental impacts. Furthermore,
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racial disparities exist in the relationship between environ-
ment and mortality, where Hawaiian Natives, Pacific Is-
landers, and Black people seem more susceptible to temper-
ature changes. At the same time, Asians, Pacific Islanders,
and Hawaiian Natives are more affected by air pollution.
Finally, for each age group, moderate correlations between
environment and mortality are generally observed, and there
is no pronounced heterogeneity across age cohorts. However,
air pollution does appear to be particularly harmful to
non-infant children (Age 1-14).

A few limitations of this research project are worth men-
tioning to avoid ambiguity and provide directions for future
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research. First, the data used in this paper was only aggregate
information. Individual characteristics such as socioeconomic
status, educational background, gender, etc., are not consid-
ered and may confound the relationship between environment
and mortality. Second, this research focuses on mortality as
the health impacts that temperature and air pollution may have
on people. However, death is an extreme and rare outcome
compared to morbidity, and therefore, the association between
environment and mortality reported in this paper might not be
able to capture the overall effects of environmental changes
on human health. Finally, this paper does not try to establish a
causal relationship between environment and mortality, and
caution should be taken when interpreting the findings of this
research.
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