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Objectives

• Reproduce the GAM analysis for Sheboygan
• Refine the GAM analysis for Sheboygan
• Adjust the annual ozone trends for meteorology 
• Apply the GAM analysis to other areas in the LADCO region(SWFP)



Background
• Camalier et al., 2007 developed a generalized additive model (GAM) to assess the 

impacts of meteorology on ozone. The method is cited by EPA (2018) for use as 
part of weight-of-evidence analysis for ozone attainment demonstrations. Wells 
et al., 2021, further refined this model.
• Dr. Charles L. Blanchard develop and extend this EPA GAM to describe the relative 

influences of weather, emissions on ozone in the southern Lake Michigan area 
(under a contract for LADCO and WDNR). 
• We develop and extend a quantile regression to Dr. Blanchard’s GAM to analyze 

the relative influences of meteorology on ozone at two sites in the Lake Michigan 
area. 
• By replacing the imported initial data, our model can analyze the impacts of 

meteorological conditions on ozone in different regions.



Apply the GAM analysis in the LADCO region
(Sheboygan and SWFP)



Methods

• GAM(generalized additive model) analysis
• With Log Link function  and the Gaussian Distribution

• The GAM method was used to analyze the trend of MDA8 Ozone 
concentration and the effect of different meteorological conditions on 
ozone. 

l(O3) is the logarithm of the peak 8-hour O3 on day “i” 
μ represent the intercept of the regression
x parameterize the associations of meteorological variables
y parameterize associations of ambient concentrations of O3 precursors
z represent temporal variables, including “day of week” and “year”
e is the difference between observed and predicted O3 (error).
f,g,h are the functions, which are generated by the GAM



Reproduce the GAM analysis

The regression between ozone 
observations and fitting values from GAM, 
shows a high R-square(0.725). Means GAM 
works well.



relative influences of meteorology on ozone 

The tmax represents the maximum temperature 
on this day.
From the plot that as the temperature increases, 
the effect on ozone decreases from positive to 
negative and then increase again. The inhibition 
of ozone production is greatest at around 17 
degree.

The vertical coordinate represents the effect on ozone and is 
the ratio of the ozone concentration at that condition to the 
average MDA8 ozone concentrations for the year, with greater 
than 1 indicating an increase and less than 1 indicating a 
decrease.



relative influences of meteorology on ozone

SRmax represents the maximum solar 
radiation on this day.
From the plot that the effect on ozone is 
increasing all the time as the solar radiation 
increases, but the limit is 1.05.



relative influences of meteorology on ozone

MeanRH represents the average 
relative humidity of the day.
From the plot, the relative 
humidity has a negative effect on 
ozone, and the negative effect 
increases with increasing humidity



relative influences of meteorology on ozone

WD.local represents the local wind direction.
From the plot, ozone increases in a specific 
range of wind directions, while in other wind 
direction ranges, ozone keeps decreasing. This 
is related to the direction of the lake breeze at 
this site. 



relative influences of meteorology on ozone

WS.local represents the local wind speed.
From the figure, it can be seen that as the 
wind speed increases, its negative effect on 
ozone decreases, while the positive effect 
keeps increasing.



Refine the GAM analysis
Variables selection 
Akaike Information Criterion(AIC) and Analysis of Variance(ANOVA)

Our model automatically outputs the results of the 
analysis of the each independent variables and 
selects the meteorological variables that have the 
greatest impact on ozone. It is possible to freely 
select the variables when calculating the adjusted 
mean.



Variables selection for Sheboygan and SWFP

Sheboygan
SWFP

Most important variance:
1.Tmax
2.SR_max
3.MeanRH
4.WS.local
5.WD.local

Most important variance:
1.MeanRH
2.Tmax
3.SR_max
4.Ht850mb
5.WD.local



Apply the GAM analysis in the LADCO 
region(Sheboygan and SWFP)

= Trends due only to meteorology



Refine the GAM analysis

• Add quantile regression for meteorology variables with ozone 
observations

Our model uses no linear optimization and 
supports different quantiles and are able to 
change the weather conditions in the 
regression if needed.



Apply the quantile regression to Sheboygan region

The images show the change in 
ozone concentration after excluding 
the effect of meteorological 
changes. After adjusting by 
meteorological variables, the 
fluctuation of ozone concentration 
becomes smaller. The effect of 
adjusting by meteorological 
variables can be seen by quantile 
regression for peak MDA8 ozone 
concentrations (0.9, 0.98).



Apply the quantile regression to SWFP



90th and 98th percentile ozone is flatter at SWFP but has decreased a lot at Sheboygan 
Suggests ozone concentrations are continuing to decrease at Sheboygan much more than at SWFP (this 
matches other LADCO analyses)

Overall much less interannual variability at the 50th percentile level



Discussion

• The average ozone concentration trends after adjustment of 
meteorological conditions can help to understand the influence of 
meteorological conditions on the average ozone observations and to 
reduce the fluctuating interference of meteorological conditions 
when study the influence of precursors on ozone.
• Trends in peak MDA8 Ozone concentrations are adjusted by 

implementing quantile regression methods. These trends can help air 
quality modelers understand the overall impact of meteorological 
conditions that contribute to peak Ozone levels in a given year. 
• Observed much greater reductions in 90th and 98th percentile 

meteorologically adjusted ozone at the Sheboygan site than at SWFP


