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Abstract: 

 This paper aims to look at the distribution of groups vulnerable to ozone 

pollution to see if they are disproportionately distributed more in ozone 

nonattainment areas compared to non-vulnerable groups and to produce a map 

that priority areas in need of state assistance for ozone-related health issues. 

Through spatial analysis using GIS techniques, I found that: women are 0.073% 

more distributed in ozone nonattainment areas than men; elders over 65 years 

old are distributed disproportionately more in nonattainment areas with low 

classifications but in areas with high classification; both Black and non-White 

people are more distributed in nonattainment areas than White people, but there 

is the possibility that Asians and/or Native Americans are not. San Joaquin, 

Stanislaus, Madera, Fresno, Los Angeles, and Orange are the areas that most 

need state assistance for health. Further research is needed to determine 

vulnerable groups and create up-to-date priority maps. 

1. Introduction 

1.1 Ground-level ozone and its hazards 

Ozone, or trioxygen O3, is a gas that occurs naturally and artificially. Ozone 

in the stratosphere forms a protective layer around planet Earth and absorbs 

ultraviolet (UV) radiation from the sun. This is one of the main reasons that the 

existence of life on Earth is possible. However, ozone in the troposphere is 

extremely hazardous to various forms of life. Ozone can cause lung irritation, 



 

 

inflammation, and worsen existing chronic symptoms even at low levels of 

exposure. Studies have shown that ozone increases mortality, especially in the 

elderly, women, and African Americans (OEHHA, Air Quality: Ozone). 

Ground-level ozone is primarily formed through photochemical reactions 

between volatile organic compounds (VOC) and nitrogen oxides (NOx). 

Significant sources of VOC and NOx are industrial manufacture, motor vehicles, 

and high-temperature combustion. Ozone is the main ingredient for smog, which 

is traditionally associated with hot summers and highly urbanized areas. 

However, the truth is that high ambient ozone concentrations have also been 

observed in cold months in high elevation areas in Western U.S. and small cities 

and rural areas. (EPA, What is Ozone?) 

1.2 California ozone pollution 

California is a critical area to look at for ozone pollution. Ozone is the most 

widespread and significant air pollutant in California. In addition, California is 

home to many of the cities on the list of most polluted by ozone cities (Schlanger, 

2019). Westerly sea breezes blow the emissions inland, trapping the air pollution 

in California’s bowl-shaped central valley. The large cluster of populous big cities 

in the Bay area also contributes to the accumulation of pollution. Furthermore, 

the warm temperatures and abundant sunshine of Californian summers create 

perfect conditions for the formation of ground-level ozone (IQAir, Air Quality in 



 

 

California). Therefore, California is a critical place to look at when studying ozone 

pollution. 

1.3 Research objectives 

According to the U.S. Air Quality Index (Airnow, AQI Basics), sensitive 

groups of people are more likely to experience negative health effects at levels of 

air pollution that do not affect the general population. However, most existing 

maps only show the variation of ozone pollution across California and does not 

take into consideration the distribution of vulnerable groups who will be strongly 

affected even at lower levels of pollution. 

In this paper, I will analyze the distribution of population in areas with varying 

levels of ozone pollution in California to determine if each of the vulnerable 

groups is distributed disproportionally more in areas with heavy ozone pollution 

in comparison to the non-vulnerable groups. I will also produce a map showing 

areas with high levels of ozone pollution and high percentages of vulnerable 

groups in California.  

I hope that this map can help raise awareness of how the consequences of 

environmental pollution are spread across vulnerable groups. It can also help 

determine where state assistance for ozone-related health issues and air 

pollution control efforts should be most focused from a humanitarian perspective, 

instead of just looking at nonattainment areas classified as severe or extreme. 



 

 

 

2. Methodology 

2.1 Conceptualization 

2.1.1 Vulnerable groups 

The first step is to identify and define which subgroups are vulnerable to 

ozone pollution. One research that looked at ambient ozone and daily mortality 

rates (Mercedes, 2008) to determine subpopulations vulnerable to ozone 

pollution found that people aged 65 and above, Black people, women, and those 

with atrial fibrillation were especially susceptible to die of ambient ozone. In 

another study that looked at ambient heat and mortality (Basu, 2009), the 

researchers discovered vulnerable subgroups include Black racial/ethnic group 

and non-Whites, women, those with lower socioeconomic status, elderly over 65 

years old, and children under 15 years old. Although this study focuses on heat, 

the authors do mention that when the took pollutants, including ozone, into 

consideration, there were no significant confounding or effect modification. In 

addition, ozone is a pollutant whose formation is highly dependent on warm 

temperatures. 

Thus, in this study, the vulnerable groups looked at shall be non-white 

people, women, and people over the age of 65. These are the three subgroups 

that appear in both studies and can be easily accessed through the U.S. Census 



 

 

data. I substituted the Black people subgroup with non-White people because I 

feel that other non-White races have been severely overlooked in studies that 

only compare Black and White races. Microaggressions toward Asians especially 

could include colorblindness that causes people to not view them as a racial 

minority when they are (Kim, 2019). However, additional analysis for the Black 

racial group distribution in ozone nonattainment areas will be conducted for 

comparison.  

In the ambient heat and mortality study (Basu, 2009), they did mention that 

they found Hispanic groups not to be at greater risk than White people. I did not 

exclude Hispanics from my non-White group because the U.S. Census considers 

Hispanic descent to be cultural and not racial. Since any of the races could 

include Hispanics in the Census data, I cannot analyze non-White or Black 

populations excluding Hispanic descent. 

With the vulnerable groups defined as non-White people, women, and 

elderly over 65 years old, the corresponding non-vulnerable groups shall be 

White people, men, and people under 65 years old. 

2.1.2 Disproportionate distribution 



 

 

In this study, vulnerable groups shall 

be considered disproportionately more 

distributed in ozone pollution if there is a 

bigger percentage of vulnerable group 

people living in ozone nonattainment areas 

(8 hour Ozone, 2015 standard) in 

comparison to the corresponding non-

vulnerable group percentage. The 

percentages are calculated from the 

proportion of the number of people within 

the subgroup living in ozone nonattainment 

areas out of the total population. 

Comparison of these percentages will be made for all subgroups and all ozone 

nonattainment classes. 

2.1.3 Priority areas that need state assistance for ozone-related health issues 

The priority areas will be places that have high percentages of vulnerable 

groups and heavy ozone pollution. The map shall be a choropleth raster map with 

the level of priority rated on a scale of 1 to 100. 

2.2 Implementation 

2.2.1 Disproportionate distribution analysis 

Figure 1: Flow chart of workflow for distribution 
analysis. VG: vulnerable group; NVG: non-

vulnerable group. 



 

 

I obtained the 2015 standard ozone nonattainment classification by county 

from the EPA Green Book website. The dataset used in this study is from the 

year 2018, the most recent available. The populations of subgroups within 

counties were obtained from the U.S. Census Quickfacts website. Unfortunately, 

only data from 2019 and 2010 were available. I selected data from 2019 because 

it is chronologically the closest to the year 2018. 

Some of the counties in California had partial nonattainment classes and 

only showed the population within the classified area from the year 2010. To 

obtain the population within the nonattainment classes, I calculated the estimated 

2019 population of each area by multiplying the proportion of the population 

within the partial class in the year 2010 by the population of the county in 2019. 

2.2.2 Priority areas map 

I obtained the “ozone 

nonattainment areas of 2018” 

shapefile from the EPA Green Book 

website and rasterized it. I gave 

each of the nonattainment classes a 

value of +16.67, so the value of the 

lowest class “marginal” had a value 

of 16.67, while the highest class Figure 2: Flow chart of workflow for creating the priority 
map. 



 

 

“extreme” had a value of 100. I gave attainment areas within California a value of 

0. 

Figure 3: Raster maps of ozone nonattainment areas and vulnerable group percentages. 



 

 

I calculated the percentages of each vulnerable group for all California 

counties. Then I rasterized the maps and histogram stretched the values to a 

scale of 1 to 100. Finally, I overlayed all four maps together using addition to 

obtain the final map that shows areas with heavy ozone pollution and high 

percentages of vulnerable group people. 

All the raster maps had a cell size of 30. 

 

3 Results and Discussion 

3.1 Vulnerable group distributions 

  Ozone Nonattainment Classes, 8-Hour Ozone (2015 Standard)   

 Marginal Moderate Serious Severe-15 Severe-17 Extreme 
Total 

Percentage 

Total 

Population 
19.040% 13.907% 2.080% 3.270% 0.000% 49.465% 87.761% 

Women 20.448% 15.085% 2.146% 3.518% 0.000% 52.090% 93.286% 

Men 20.584% 15.114% 2.129% 3.517% 0.000% 51.870% 93.213% 

Conclusion Women<Men Women<Men Women>Men Women>Men null Women>Men Women>Men 

Old 22.241% 15.475% 2.339% 3.211% 0.000% 48.547% 91.813% 

Young 20.215% 15.034% 2.102% 3.571% 0.000% 52.577% 93.499% 

Conclusion Old>Young Old>Young Old>Young Old<Young null Old<Young Old<Young 

Non-White 28.840% 14.525% 1.210% 3.005% 0.000% 48.633% 96.213% 

Black 19.345% 15.380% 0.791% 4.635% 0.000% 56.797% 96.948% 

White 17.262% 15.324% 2.500% 3.718% 0.000% 53.289% 92.092% 

Conclusion 
Non-

White>Black>White 

Black>White>Non

-White 

White>Non-

White>Black 

Black>White>

Non-White 
null 

Black>White>

Non-White 

Black>Non-

White>White 

Figure 4: Percent of VG in Ozone Nonattainment vs Percent of NVG in Ozone Nonattainment 

This is the product of the workflow chart in fig.1. 



 

 

 From the table in Fig.4, we can see that overall, there is 0.073% more 

women distributed in ozone nonattainment areas than men. There is 1.686% 

fewer old people distributed in ozone nonattainment areas compared to young 

people. Overall, there is more than 4% more non-White people distributed in 

ozone nonattainment areas in comparison to white people in ozone 

nonattainment areas. If we look at the most general scale of things, non-White 

people are disproportionately more distributed in areas with bad air quality, while 

old people and women are not. 

However, if we look closer at individual ozone nonattainment classifications, 

we can see that despite the small difference in distribution, there are more men 

distributed in areas classified “marginal” and “moderate”, while there are more 

women distributed in the higher nonattainment classes. The opposite is true for 

the age comparison. Old people are mostly distributed in nonattainment areas 

classified as “serious” and below. In the higher classifications, “severe-15” and 

“extreme”, there are more young people than old people. We know from previous 

studies (Bell 2014) that elderly people are the most susceptible to ozone 

pollution out of the three vulnerable subgroups in this paper. So even though the 

majority of elders over 65 years old live in areas with low ozone nonattainment 

classification, this could still be detrimental to their health. 

Non-White people are only more distributed in the “marginal” class than 

White people. For all the other classes, there are more White people than non-



 

 

White people. On the other hand, there are more Black people than White people 

for all classes other than the “serious” class. This could suggest that the other 

non-White races (such as Asian and Native American people who make up the 

bulk of the non-White group other than Black people) are not as unfairly 

distributed in high ozone pollution heavy areas as black people are. Further data 

analysis is needed to be sure. 

3.2 Priority areas that need state assistance for ozone-related health issues  

In Fig.5, we can see 

that the counties with the 

highest values are San 

Joaquin, Stanislaus, 

Madera, Fresno, Los 

Angeles, and Orange. 

These are the places in 

California that have the 

highest percentage of 

vulnerable groups and 

heavy ozone pollution. 

From the previous maps 

of vulnerable group 

percentages (Fig.3), we 
Figure 5: Map of areas with high percentages of 

vulnerable group people and heavy ozone pollution. 

          



 

 

can see that San Joaquin and Los Angeles have their dark colors from the high 

percentages of women and non-White people and the “extreme” nonattainment 

areas. However, from the previous distribution analysis, we know that many of 

the elderly live in low nonattainment classes, so it may be difficult for this map to 

reflect the elderly people. Future projects could try using different combinations 

and different weights for each vulnerable group and ozone nonattainment class 

to see how the priority map changes. 

We can see in Fig.5 that the coastal line has lower values. The most 

noticeable is the light band of color along the coast of Ventura, Los Angeles, and 

Orange. This could be due to air exchange with the ocean diluting the ozone 

concentration. Research has shown that “sea breezes” could transport, dilute, or 

otherwise influence ozone levels in coastal areas such as Houston, Texas (Darby 

2005), Malaga, Spain (Dueñas, 2002), and west-central Taiwan (Cheng, 2002). 

Both Spain and California experience Mediterranean climates. Taiwan and 

California both have mountain ranges that are inland from a west coast. Houston 

and Los Angeles are both large American cities. 

Other places with light colors are Lassen, Imperial, Mono, Colusa, San 

Benito, and the east half of Kern. Of these places, Lassen has an especially low 

value likely due to the very low percentage of women that live there. Kern is 

divided because of the different ozone nonattainment classifications that partially 

cover it. 



 

 

 

4 Conclusion 

In conclusion, women are only 0.073% more disproportionately distributed in 

nonattainment areas than men, with the largest percentages in the “serious” to 

“extreme” ozone nonattainment classes. Old people are more disproportionately 

distributed in nonattainment areas with low classifications, but not so in areas 

with high classifications. Black people are more disproportionately distributed 

than White people all in nonattainment areas except for those classified as 

“serious”, while Asians and Native Americans may not be as disproportionately 

distributed in bad air pollution as Black people. Further research is required to 

confirm this theory.  A proposition, not a theory 

Based on the map produced in this project, San Joaquin, Stanislaus, 

Madera, Fresno, Los Angeles, and Orange are the areas that most need state 

assistance for ozone-related health issues. However, this might be different if 

changes were made to the vulnerable groups used in overlay. Possible future 

combinations could try making priority maps for each of the subgroups or replace 

the non-White group with just Black people. Different weights based on 

susceptibility to ozone could also be applied to the vulnerable groups during 

overlay. New maps could be made once every few years to monitor the change 

of priority areas as the demographic and pollution ranges change over time. 



 

 

Other variations of this project could include season-based priority maps for 

more precise advice on where state assistance is needed. California is not only a 

place of heavy ozone pollution but also home to many other ambient pollutants 

such as Particulate Matter (PM2.5) (IQAir, Air Quality in California). Priority maps 

for PM2.5 or a combination of pollutants could also be created to help people 

become more aware of the distribution of vulnerable groups in unhealthy air. 

Creating such priority maps can help governments and agencies to aid those in 

need with better accuracy and efficiency. 
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