
 

 

Conceptual Model of Surface Ozone Formation in Chicago 

July 2022 

1.1 Current Conditions 

Figure 1 shows maps of the 2021 4th highest daily maximum 8-hour average ozone 

(MDA8) concentrations and three-year (2019-2021) design values (DVs) for the surface 

monitors in the Chicago nonattainment area (NAA). Table 1 and Table 2 show the annual ozone 

(O3) DV data in tabulated form. Table 1 shows the annual DVs in the entire Chicago NAA from 

2015 to 2021; the NAA DV is a reading from the “controlling” monitor, or the monitor with the 

highest 3-year DV in the entire NAA. Table 2 shows the annual DVs for all monitors in the 

Chicago NAA from 2015 to 2021.  

 

Figure 1. 2021 MDA8 O3 4th highest and 2019-2021 design values in the Chicago NAA. 

 

 

 



 

Table 1. Chicago area O3 NAAQS NAA design values (ppb). Design values were downloaded 
from AQS. 

Designated Area 2015 2016 2017 2018 2019 2020 2021 

Chicago-Naperville, IL-IN-WI 75 77 78 79 75 77 75 

 

Table 2. Chicago area O3 NAAQS NAA monitor design values (ppb). Design values were 
downloaded from AQS. 

State County 
AQS Site 

ID 
2015 2016 2017 2018 2019 2020 2021 

IL Cook 170310001 65 69 73 77 75 75 71 

IL Cook 170310032 68 70 72 75 73 74 75 

IL Cook 170310076 64 69 72 75 72 69 67 

IL Cook 170311003 66 69 67 69 67 73 71 

IL Cook 170311601 66 69 69 70 68 71 72 

IL Cook 170313103 61 62 62 64 63 65 64 

IL Cook 170314002 62 66 68 72 68 71 70 

IL Cook 170314007 68 71 71 74 70 71 69 

IL Cook 170314201 68 71 72 77 74 77 74 

IL Cook 170317002 70 72 73 77 75 75 73 

IL DuPage 170436001 64 68 70 71 70 71 70 

IL Kane 170890005 65 68 69 71 70 72 70 

IL Lake 170971007 71 73 73 75 71 72 73 

IL Will 171971011 63 64 65 67 66 66 64 

IN Lake 180890022 65 67 68 70 68 70 69 

IN Lake 180892008 63 65  66 65 66 68 

IN Porter 181270024 68 69 69 71 70 71 72 

IN Porter 181270026 63 66 69 73 73 69 68 

WI Kenosha 550590019 75 77 78 79 75 74 74 

WI Kenosha 550590025 69 71 73 77 74 74 72 

1.2 Meteorology and Transport 

Ozone concentrations are significantly influenced by meteorological factors. Ozone production 

is driven by high temperatures and sunlight, as well as precursor concentrations. Ozone 

concentrations at a given location are also dependent on wind direction, which governs which 

sources or source regions are upwind. Wind-drive transport in turn affects how much O3 and O3 

precursors impact a given area.  



 

Qualitatively, O3 episodes in the region are associated with hot weather, clear skies (sometimes 

hazy), low wind speeds, high solar radiation, and winds with a southerly component. These 

conditions are often a result of a slow-moving high-pressure system to the east of the region. 

The relative importance of various meteorological factors is discussed later in this section. 

Transport of O3 and its precursors is a significant factor and occurs on several spatial scales. 

Regionally, over a multi-day period, somewhat stagnant summertime conditions can lead to the 

build-up in O3 and O3 precursor concentrations over a large spatial area. This polluted air mass 

can be transported long distances (10s to 1000s of km), resulting in elevated O3 levels in 

locations far downwind. Locally, emissions from urban areas add to the regional background 

leading to O3 concentration hot spots downwind. Depending on the synoptic wind patterns 

(and local land-lake breezes), different downwind areas are affected. 

The following key findings related to transport can be made:  

• Ozone transport is an issue affecting many portions of the eastern U.S. The Lake Michigan 

area (and other areas in the LADCO region) both receives high levels of incoming 

(transported) O3 and O3 precursors from upwind source areas on many hot summer days, 

and contributes to the high levels of O3 and O3 precursors affecting downwind receptor 

areas.  

• The presence of Lake Michigan influences the formation and transport of O3 in the region, 

particularly at sites within a few kilometers of the shoreline. Depending on large-scale 

synoptic winds and local-scale lake breezes, different parts of the area experience high O3 

concentrations. For example, during southerly flow, high O3 can occur in eastern Wisconsin, 

and during southwesterly flow, high O3 can occur in western Michigan.  

• Downwind shoreline areas around Lake Michigan are affected by transport of O3 from 

major cities in the Lake Michigan area and from areas further upwind.  

 

1.3 Ozone Trends 

Figure 2 illustrates the 19-year trends in 3-year O3 DVs at individual surface monitors in the 

Chicago NAA. The red horizontal lines mark the 2015 and 2008 O3 NAAQS. After the decadal 



 

high year in 2012, surface O3 concentrations have declined through 2019. There has generally 

been an increasing trend in O3 concentrations in the Chicago NAA monitors since the decadal 

low year in 2015.  

 

 

 
Figure 2. 3-year O3 design value trends from 2001 to 2019 at all monitors in the Chicago NAA 

 
 
Given the effect of meteorology on ambient O3 levels, year-to-year variations in meteorology 

can make it difficult to assess short term (e.g. – less than 10 years) trends in O3 concentrations. 

One approach to adjust the trends in O3 concentrations for meteorological influences is through 

the use of Classification and Regression Trees (CART). CART is a statistical technique which 

partitions data sets into similar groups (Breiman et al., 1984). LADCO performed a CART analysis 

using data for the period 2005-2018 for urban and downwind monitors in the Chicago NAA. The 

CART model searches through over thirty National Weather Service meteorological variables 



 

collected at airports1 to determine which are most efficient in predicting O3. Although the exact 

selection of predictive variables changes from site to site, the most common predictors of high 

surface O3 concentrations during the period we analyzed are temperature, wind direction, and 

relative humidity. Only occasionally were upper air variables, transport time or distance, lake 

breeze, or other variables significant as predictors. 

For each group of monitors in the NAAs we analyzed, LADCO developed regression trees that 

classify each summer day (May-September) by its meteorological conditions. Similar days are 

assigned to nodes, which are equivalent to branches of the regression tree. By grouping days 

with similar meteorology, the influence of meteorological variability on changes in O3 

concentrations is partially controlled for in the trend; the remaining trend is presumed to be 

due to trends in precursor emissions or other non-meteorological influences.  

Trends over the 13-year period ending in 2018 were found to be declining for each monitor or 

composite area noted. These plots reflect long term trends and are not meant to depict trends 

over shorter time periods. 

1.3.1 Northern Chicago NAA CART Analysis 

LADCO used O3 data from the Zion, IL and Chiwaukee, WI monitoring sites to identify trends in 

the surface concentrations downwind of Chicago using CART. Meteorological surface and aloft 

data used in this analysis are from the National Climatic Data Center’s Integrated Surface 

Database and Integrated Radiosonde Archive; we used HYSPLIT trajectories to develop 

transport vectors. 

Figure 3 shows the distribution of O3 among Zion and Chiwaukee CART nodes. Each boxplot 

represents a group of days with common meteorological conditions. Node U identifies the 

predictor variables that are associated with the highest mean observed O3 concentrations at 

these monitors during the period of analysis (2005-2018). The days captured by this node have 

an average daily maximum O3 concentration of 74 ppb and the following meteorological 

conditions:  

 
1 National Climatic Data Center Integrated Surface Database 

https://www.ncdc.noaa.gov/isd#:~:text=The%20Integrated%20Surface%20Database%20(ISD,within%20Asheville's%20Federal%20Climate%20Complex.


 

• 24-hr southerly transport vector distance is >39 km 

• average relative humidity is <70%  

• afternoon wind direction is <211 deg 

• max temperature is >85 F 

Node T identifies the predictor variables that are associated with the second highest mean 

observed O3 concentrations at these monitors during the period of analysis. Node T captures 

days with an average daily maximum O3 concentration of 65 ppb and the following 

meteorological conditions: 

• 24-hr southerly transport vector is >39 km 

• average relative humidity is <70% 

• afternoon wind direction is < 211 deg 

• max temperature is <85 F and >78 F 

CART identifies that the most significant predictors of high O3 concentrations at Zion and 

Chiwaukee are warm and dry conditions with southerly flow. Daily maximum temperature is 

the only meteorological difference between nodes T and U. With all transport variables being 

equal, the cooler conditions represented by node T group days with an average O3 

concentration that is 9 ppb lower than the warmer days (>85 F) captured in node U.  

Figure 4 shows the Zion, IL and Chiwaukee, WI O3 trends by CART node. The node associated 

with the highest O3 concentrations (node U) shows a distinct downward trend in O3 

concentrations during the 13-year CART analysis period. By controlling for the meteorological 

influence on O3 concentrations during the most polluted days, this trend indicates that O3 

concentrations in the northern part of the Chicago NAA are declining as the result of changes to 

emissions and other non-meteorological predictors.   



 

 
Figure 3. Northern Chicago NAA ozone concentrations by CART node. 

 
Figure 4. Northern Chicago NAA O3 trends by CART node 



 

 

1.4 Conceptual Model of Ozone in the Chicago NAA 

A conceptual model is a qualitative summary of the physical, chemical, and meteorological 

processes that control the formation and distribution of pollutants in a given region. Based on 

the data and analyses presented above, and of previous conceptual models and technical 

support documents developed for the Lake Michigan region, a conceptual model of the 

behavior, meteorological influences, and causes of high O3 in the Chicago NAA is summarized 

below:  

• Historical O3 data show a downward trend over the past 20 years, due likely to federal and 

state emission control programs. Concentrations declined sharply from 2002 through 2010, 

and again from 2012 through 2015. Ozone concentrations at the “controlling” monitors in 

the Chicago NAA have been on the rise since 2015.  

• Ozone concentrations are strongly influenced by meteorological conditions, with more high 

O3 days and higher O3 levels during summers with above normal temperatures. 

Nevertheless, meteorologically adjusted trends at the controlling monitors show that 

concentrations have declined even on hot days, providing strong evidence that emission 

reductions of O3 precursors have been effective. 

• Inter- and intra-regional transport of O3 and O3 precursors affects many portions of the 

LADCO states, and is the principal cause of nonattainment in some areas far from 

population or industrial centers.  

• The presence of Lake Michigan influences the formation, transport, and duration of 

elevated O3 concentrations along its shoreline. Depending on large-scale synoptic winds and 

local-scale lake breezes, different parts of the area experience high O3 concentrations. For 

example, under southerly flow, high surface O3 concentrations can occur in eastern 

Wisconsin, and under southwesterly flow, high surface O3 can occur in western Michigan.  

• A natural lake-land breeze circulation pattern is a major cause of the high O3 concentrations 

observed along the lakeshore.  This pattern is driven by surface temperature gradients 



 

between the lake and the land. At night and in the early morning a land breeze (land –> 

lake) forms when the lake surface is warmer than the land surface. The land breeze 

transports O3 precursors from industrial and mobile sources on land out over the lake. 

When the sun rises, the O3 precursors over the lake begin to rapidly react to form O3, and 

high over-lake concentrations are often observed during the summer. A lake breeze (lake –> 

land) forms when the land surface becomes warmer than the lake, typically in the early 

afternoon during the summer. The lake breeze transports the concentrated O3 and 

precursors from the lake, inland to a narrow band along the lake shore. The 

O3 concentrations observed along the lakeshore that violate the NAAQS are often 

associated with lake-land breeze patterns. 

• Areas in closer proximity to the Lake shoreline display the most frequent and most elevated 

O3 concentrations.  
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