
 

 

 

 

 

 

 

 

Section 3, Chapter 1 
A RETROSPECTIVE ANALYSIS OF THE 

AIR QUALITY DATA FROM OHIO 
 

INTRODUCTION 
 

There has been increased attention on the health impacts of air pollutants 
such as ozone, particulate matter, carbon dioxide, sulfur dioxide and nitrogen 
dioxide. The sources and potential health effects of exposure to these air 
pollutants are summarized in Table III.1.1. Since the 1980s, the State of Ohio 
has been involved in continuous efforts to reduce major air pollutant levels to 
comply with national ambient air quality standards (NAAQS).  

 
In 1997, the USEPA announced new NAAQS for ground-level ozone, the 

primary constituent of smog, replacing the previous 1-hour primary ozone 
standard with a new 8-hour standard to protect against longer exposure 
periods.1 If the new eight-hour ozone standard is applied, thirty counties in 
Ohio will be designated as “non-attainment.”2 In establishing the 8-hour 
standard, USEPA set the standard at 0.08 parts per million (ppm) and defines 
the new standard as a "concentration-based" form, specifically the 3-year 
average of the annual 4th-highest daily maximum 8-hour ozone concentration. 
The USEPA will retain the previous 1-hour primary ozone standard if a certain 
area achieves 3 consecutive years of air quality data over 125 ppb for the 1-
hour ozone.  
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Table III.1.1. Summary of Air Pollution Effects and Trends in Ohio 
 

 
 
Ambient ozone is still the most widespread air quality problem in Ohio 

despite several generations air quality legislation. Ohio has thirty counties 
designated as non-attainment areas for the 8-hour ozone standard. Both 
USEPA Region 5 and Ohio have their own control strategies to reduce ground 
ozone levels in order to remain in attainment.4 However, regional ozone 
control along with this local level strategy must be in place for an improvement 
in the air quality within Ohio 

 

The USEPA added two new primary PM2.5 standards in 1997. Ohio began 
monitoring for PM2.5 in 1999 and has not included results in the most recent air 
quality trends reports. However, Ohio has been in compliance for the NAAQS 
for PM10 since 1989. The standard for PM10 is 50 µg/m3 for annual arithmetic 
mean and 150 µg/m3 for 24-hour average. In July 1997, to improve protection 

Pollutant Sources Potential Health 
Effects 

Reduction in Ohio 
(1981-2000)3 

Ozone 
The reaction of 
VOCs, NOx, heat, 
and sunlight. 

Respiratory diseases 
and increasing 
respiratory 
symptoms 

Steady decline 

Particulate 
Matter 

Fuel combustion 
or formed as 
secondary 
aerosols 

Aggravation of 
respiratory 
conditions, 
respiratory disease, 
and a decrease of 
lung function 

22% (annual 
average) 
27% (24hr 
average) 

CO 
Incomplete 
burning of carbon-
based fuels 

Reduces the blood's 
ability to deliver 
oxygen to vital 
tissues 

62%(1hr average) 
62%(8hr average) 

SO2 

Fuel containing 
sulfur (mainly 
coal and oil) 
burned 

Breathing, 
respiratory illness, 
alterations in 
pulmonary defenses 

58%(24hr average) 
60%(annual 
average) 

NO2 
High-temperature 
combustion 
processes 

Changes in airway 
responsiveness and 
lung function 

15%(annual 
average) 
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against PM-related health effects, USEPA set new PM2.5 standards at 15 µg/m3 
for annual arithmetic mean and 65 µg/m3 for 24-hour average.  Areas will be in 
compliance with the new annual PM2.5 standard when the 3-year average of the 
annual arithmetic mean PM2.5 concentration is less than or equal to 15 µg/m3.5 

 

The standard for CO was set by USEPA as a 1-hour averaged 
concentration and 8-hour averaged concentration not to exceed 9.0 ppm (10 
mg/m3) and 35.0 ppm (40 mg/m3) more than once per year. National average 
CO concentrations have decreased 37 percent while CO emissions decreased 
16 percent. Long-term data indicate that reductions in CO occurred despite a 
31 percent increase in vehicle miles traveled in the U.S. during the past 10 
years. Today's passenger cars are capable of emitting 90 percent less carbon 
monoxide than their uncontrolled counterparts of the 1960s. As a result, 
ambient carbon monoxide levels have dropped, despite large increases in the 
number of vehicles on the road and miles traveled.  
 

Globally, SO2 is considered to be a major pollution problem. There are two 
primary NAAQS for sulfur dioxide. The first is a long-term, one-year 
arithmetic average not to exceed 0.03 ppm. The second is a short-term, 24-hour 
average where concentrations are not to exceed 0.14 ppm more than once per 
year. The current secondary NAAQS for SO2, is a 3-hour average 
concentration of 0.5 ppm not to be exceeded more than once per year.  

 
     Nitrogen oxides contribute to ozone formation and can have adverse effects 
on both terrestrial and aquatic ecosystems. USEPA's health-based national air 
quality standard for NO2 is 0.053 ppm (measured as an annual arithmetic mean 
concentration). 

 
Air quality problems in Ohio are associated both with local emission 

sources and pollutants transported over great distances.  Industrial and urban 
activities in Ohio contribute to local and regional air pollution problems.  Most 
of the major industrial sources of air pollutant precursors are located along the 
Ohio River valley.  In addition, meteorological conditions contribute to the 
formation and transport of ozone within Ohio. A detailed understanding of 
long-term trends, the sources of pollutants and meteorological conditions 
affecting air quality is required for any meaningful air quality planning in 
Ohio. 

 
The main objectives of this study were:  
 

• To analyze time series and long-term trends of the air pollutants; 
• To characterize meteorological parameters that affect air 

pollutant levels in Ohio; and 
• To identify atmospheric patterns associated with the transport of 

air pollutants to and from Ohio. 
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AIR QUALITY AND METEOROLOGICAL DATA 
 

Air quality data from monitoring sites located in Cincinnati, Dayton, 
Toledo, Columbus (two sites), Cleveland, Akron, Marietta and Steubenville for 
the period of 1992-2000 were utilized in this study. The data was obtained 
from USEPA’s Aerometric Informational Retrieval System (AIRS) through 
Ohio EPA.  The air pollution measurements used in this study were O3, PM10, 
SO2, NO2, and CO.  Table III.1.2 and Figure III.1.1 show detailed information 
of the air monitoring sites used in this study. A central ozone monitor in each 
city was utilized with the exception of Columbus in which two sites were used. 
Additional pollutant monitoring data, if available, were obtained at the ozone 
monitoring site or at the nearest location within the city  
 

Meteorological data were obtained from the National Climatic Data Center 
(NCDC).  Daily values for average and maximum temperature, average 
relative humidity, total precipitation, average barometric pressure, and average 
wind speed were retrieved from the NCDC data sets for each city represented 
in this study. 

 

 

Table III.1.2. Geographic location of selected air monitoring sites for ozone 

 

 

City Site Name Latitude, N Longitude, W 

Akron Patterson Park 41.1061 -81.5039 

Cincinnati Central 39.1286 -84.5042 

Cleveland District 41.5547 -81.5750 

Columbus Maple Canyon 40.0878 -82.9597 

Columbus Chesapeake 39.9928 -83.0414 

Dayton Northridge 39.8139 -84.1950 

Toledo Friendship Park 41.7194 -83.4750 

Marietta Marietta 39.4317 -81.4603 

Steubenville Steuben 40.3628 -80.6156 
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Figure III.1.1. Geographic location of selected air monitoring sites for ozone; 

City and site  name. 

 

 

 

 

 

 

Table III.1.3. summarizes data gathered from the sampling locations. For 
PM10, 24- hour averaged values were obtained for each site. The typical 
sampling frequency was one in six days, the exception being Steubenville, 
which was sampled every day.  For O3, SO2, NO2, and CO 1-hour averages 
were obtained.  From these values the 1-hour and 8-hour average daily 
maximum values were computed.  With the exception of ozone, which is 
monitored from April 1 through the end of October, data were available for the 
entire year.  
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Table III.1.3. Summary of Data Sampling Protocols and Locations 

Pollutant Location Sampling protocol Time period 
PM10 Columbus 

(Maple Canyon, 
Chesapeake) 
Cleveland 
Steubenville 
 
Cincinnati 

24 hour, averaged  
Approx 1- in 6 days 
 

1992-2000 
 
 
 
 
 
1992-1999 

CO Cincinnati 
Dayton 
Columbus  
(Chesapeake) 
Cleveland 
Akron 
Steubenville 
 
Columbus  
(Maple Canyon) 

1-hour average 
 
 

1992-2000 
 
 
 
 
 
 
 
1993-2000 

SO2 Cincinnati 
Dayton 
Columbus 
(Chesapeake) 
Cleveland 
Akron 
Steubenville 

1-hour average 
 
 

1992-2000 

NO2 Steubenville 
Cincinnati  
Cleveland 

1-hour average 
 

1992-2000 
 
1992-1999 

 
 
STATISTICAL ANALYSIS OF AIR POLLUTANTS IN OHIO 
 

This study applied a time series and a correlation analysis to evaluate the 
characteristics of air pollutants for each of the selected air monitoring sites in 
Ohio (Table III.1.2). The time series analysis was adopted to develop monthly 
and weekly distributions of the air pollutant concentrations. Also, this study 
applied correlation analysis to analyze the effects of weather components, such 
as temperature, wind speed, and wind direction.   

 
Some key details of the analysis are listed below: 
 

• General characterization of ozone, particulate matter, CO, SO2 and 
NO2 was performed using time-series analysis for high pollution 



Retrospective Analysis 153 

days. Time-series values used for this analysis included: the 1-hour 
and 8-hour averaged concentration values for ozone and CO; 1-hour 
and 24-hour averaged concentration values for particulate matter; 
and annual and 24-hour averaged concentration for SO2, NO2.  

• Air pollution data were analyzed to identify exceedances during the 
entire monitoring period.  High concentration episodes occurring 
during the study period were also identified and analyzed.  

• Monthly, weekly, and diurnal distributions of air pollution 
concentrations were analyzed. 

• The Kolmogorov-Zurbenko (KZ) filter analysis was employed on 
the monitoring data to evaluate trends, variance, and long-term, 
short-term, and seasonal components of the air pollutants.  

• Air pollution data were analyzed using correlation techniques to 
identify spatial relationship between the selected sites. 

• Correlation analysis between the 1-hour and 8-hour average 
concentrations of ozone and CO were used to evaluate and estimate 
the climatological equivalencies between these concentrations. 

• Regional high ozone levels were studied from the historical dataset 
to evaluate high ozone episodes for selected urban sites in Ohio. 

 

     General Characterization 

Ozone 
 

The design value, the three-year average of the fourth highest 8-hour ozone 
value, is a component of the episode selection process used by USEPA.  This 
value is useful in evaluating and contrasting exceedances for each site and for 
comparing each site’s design value and the highest exceedance value for each 
day in a particular episode.  The design values for ozone from the nine 
monitoring sites were analyzed to evaluate the exceedances from 1992 to 2000.  

 
The number of exceedance days for the 1-hour ozone NAAQS is shown in 

Table III.1.4.  As can be seen from the table, the number of exceedance days 
for the one-hour ozone NAAQS in three consecutive years did not violate the 
standard during the period from 1992 to 2000 with one exception: Marietta.  
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Table III.1.4. Number of exceedance days for 1-hour NAAQS ozone 

standard. 

 92-94 93-95 94-96 95-97 96-98 97-99 98-00 

Cincinnati 0 1 1 1 0 0 0 

Dayton 1 1 0 1 1 2 2 

Columbus 
(Maple 
Canyon) 

0 0 0 0 0 0 0 

Columbus 
(Chesapeake) 1 1 1 1 0 0  

Akron 0 0 0 0 0 1 1 

Marietta 4 2 1 0 1 1 1 

Toledo 1 2 1 1 0 0 0 

Steubenville 1 1 1 0 0 0 0 

      
 

The trend of the ozone design value is illustrated in Figures III.1.2. through 
III.1.9.  As these figures show, all sites did not attain the 8-hour NAAQS for 
ozone except Cleveland and Steubenville. The Cleveland site has consistently 
monitored ozone below the 8-hour averaged NAAQS for ozone. Toledo, 
Marietta, Cincinnati, Dayton, Maple Canyon, Akron, and the Marietta site have 
had measurements consistently above the 8-hour average NAAQS for ozone. 
Annual maximum 1-hour and 8-hour average ozone values from 1992 to 2000 
are presented in the Appendix D.  
 

The ozone season in Ohio starts in April and ends in October and the Ohio 
EPA monitors ozone during this season.  In this study, the threshold ozone 
values for the exceedance analysis employed 125 ppb for the 1-hour ozone 
standard value and 85 ppb for the 8-hour ozone standard value. The total 
number of days exceeding eight-hour threshold level, grouped by month, is 
shown in Table III.1.5.  
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Figure III.1.2. Fourth Highest 8-hour Averaged Ozone Concentration, 
Columbus (Chesapeake) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure III.1.3. Fourth Highest 8-hour Averaged Ozone Concentration, 
Cincinnati 
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Figure III.1.4. Fourth Highest 8-hour Averaged Ozone Concentration, Dayton 
 
 
 
 
 
 
 

Figure III.1.5. Fourth Highest 8-hour Averaged Ozone Concentration, 
Columbus (Maple Canyon) 
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Figure III.1.6. Fourth Highest 8-hour Averaged Ozone Concentration, 
Marietta 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

 
 
 
 

Figure III.1.7. Fourth Highest 8-hour Averaged Ozone Concentration, 
Steubenville 
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Figure III.1.8. Fourth Highest 8-hour Averaged Ozone Concentration, Akron 
 
 
 
 
 
 

 
 

Figure III.1.9. Fourth Highest 8-hour Averaged Ozone Concentration, 
Cleveland 
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Table III.1.5 shows that the highest number of the 8-hour ozone 
exceedances occurs during the months of June and July and it appears that the 
ozone season typically begins in May and lasts for five months until 
September. The highest frequency of high 8-hour ozone in Cleveland occurs in 
July. Marietta has the highest frequency of exceedances during June and 
August.  The frequency of days exceeding the 1-hour threshold level is plotted 
in Figure D.1. in Appendix D. One-hour ozone exceedances are very rare when 
compared to the 8-hour ozone exceedances shown in Table III.1.5. 

 

 

Table III.1.5. High ozone days exceeding 8-hour threshold level, 1992-2000 

 April May June July August Sept. Oct. 

Cincinnati 0 2 15 10 5 1 0 

Dayton 0 8 23 21 13 1 0 

Columbus 
(Maple 
Canyon) 

0 5 17 11 10 2 0 

Columbus 
(Chesapeake) 0 6 20 13 16 5 0 

Akron 0 9 28 17 16 3 0 

Cleveland 0 1 4 9 6 0 0 

Marietta 0 15 24 9 24 3 1 

Toledo 0 3 14 10 7 5 0 

Steubenville 0 0 11 11 7 0 0 
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Particulate Matter (PM10) 
 

Annual averaged PM10 values are shown in Figure III.1.10. None of the 
five sites violate the NAAQS PM10 standard of 50 µg/m3. All sites except 
Columbus (Chesapeake) showed decreasing trends during 2000. The NAAQS 
PM10 standard considers 24-hour averaged PM values. Twenty-four-hour 
averaged PM10 values at the five sites during 1992-2000 are shown in Figure 
D.2 in Appendix D. 
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Figure III.1.10. Annual Averaged PM10 in 1992-2000 

 

Carbon Monoxide 

Figure III.1.11 shows the trend lines of the 8-hour averaged CO 
concentration during 1992-2000. Significant reductions in the ambient CO 
concentrations are observed at all sites in Ohio. The annual second highest 
values were used to determine the trend line. None of the six sites violated the 
CO NAAQS of 9 ppm. Furthermore, Cincinnati, Dayton, Akron and Cleveland 
showed decreasing trends through 2000. Eight-hour averaged CO levels of 
Cincinnati, Dayton, Columbus (Chesapeake), Akron and Cleveland were 
reduced by over 44%, 28%, 37%, 50% and 46%, respectively since 1992. 
Trend lines of the one-hour averaged CO concentrations are shown in Figure 
D.3, Appendix D. 
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Figure III.1.11. Second Highest 8-hour Averaged CO in 1992-2000
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Sulfur Dioxide 

The trend lines of the annual mean SO2 concentration during the period 
1992-2000 are shown in Figure III.1.12. Significant reductions in the ambient 
SO2 levels were noted at all sites in Ohio. None of the six sites violated the 
NAAQS of 30 ppb for an annual mean. The SO2 levels of Cleveland and 
Steubenville showed significant decreasing trends during the selected period 
and other sites show comparably decreasing trends between 1993 and 1995. 
Since 1992, there have been substantial reductions in measured annual mean 
SO2 concentrations for Cincinnati (-58%), Dayton (-43%), Columbus 
(Chesapeake) (-65%), Cleveland (-37%), Akron (-52%) and Steubenville (-
16%).  

  
 

Figure III.1.12. Annual Averaged SO2 in 1992-2000 
 
 
 
 
 
 
 
 
 
 

0

5

10

15

20

25

30

35

1992 1993 1994 1995 1996 1997 1998 1999 2000
Year

SO
2 C

on
ce

nt
ra

tio
n(

pp
b) Cincinnati

Dayton

Columbus

Cleveland

Akron

Steubenville

SO2 Annual Average NAAQS 30ppb

(Chesapeake)



Retrospective Analysis 163 

Nitrogen Dioxide 

Figure III.1.13. shows the trend lines of  the eight-hour averaged NO2 
concentrations during 1992-1998. There were slight increasing trends in NO2 
levels for Cincinnati. Cleveland experienced a slight decrease during the study 
period with the exception of 1997 and 1998. Steubenville experienced 
relatively constant concentrations with the exception of 1992 and 1997.  It was 
noted that NO2 concentrations at the  Steubenville site are relatively lower than 
other two sites.  
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Figure III.1.13. Second Highest 8-hour Averaged NO2 in 1992-2000 

 

Monthly Analysis 

PM10, CO, SO2 and NO2 percentile distributions representing monthly 
maximum, minimum, mean, and mean plus and minus standard deviation 
values at the five sites are illustrated in Figures III.1.14. through III.1.16. 
These monthly PM10 distributions show that the mean PM concentrations were 
high during the summer months and low during the winter months. Monthly 8-
hour average CO distribution in Figures III.1.17. through Figures III.1.19. 
show that the 8-hour average CO concentrations were high during the winter 
months and low during the summer months. The 8-hour average SO2 and NO2 
concentrations were high during the winter months and low during the summer 
months as shown in Figures III.1.20. and III.1.24. 
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Figure III.3.14. Monthly PM10 distribution in: (a) Cincinnati, 1992-1999 and 
(b) Columbus (Maple Canyon), 1992-2000 
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Figure III.1.15.  Monthly PM10 distribution in 1992-2000: (c) Columbus 
(Chesapeake) and (d) Cleveland 
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Figure III.1.16.  Monthly PM10 distribution in 1992-2000: (e) Steubenville 
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Figure III.1.17. Monthly 8-hour average CO distribution in 1992-2000: (a) 
Cincinnati and (b) Dayton 
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Figure III.1.18. Monthly 8-hour average CO distribution in: (c) Columbus 
(Chesapeake), 1992-2000 and (d) Columbus (Maple Canyon), 1993-2000 
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Figure III.1.19. Monthly 8-hour average CO distribution in 1992-2000:  (e) 
Akron and (f) Cleveland 
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Figure III.1.20. Monthly 8-hour average SO2 distribution in 1992-2000: (a) 
Cincinnati and (b) Dayton 
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Figure III.1.21. Monthly 8-hour average SO2 distribution in 1992-2000: (c) 
Columbus (Chesapeake) and (d) Cleveland 
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Figure III.1.22. Monthly 8-hour average SO2 distribution in 1992-2000:  (e) 
Akron and (f) Steubenville 
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Figure III.1.23. Monthly 8-hour average NO2 distribution in: (a) Cincinnati 
1992-2000 and (b) Cleveland, 1992-1999 
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Figure III.1.24. Monthly 8-hour average NO2 distribution in:  (c) Steubenville, 
1992-1997 

 
 

Weekly Distribution 

Ozone 
 
The percentage of occurrences, or frequency, of ozone levels exceeding the 

8-hour NAAQS by day of the week is presented in Figures III.1.25. through 
III.1.29. The frequency of exceedances by day of the week varies with each 
site. The highest frequency of exceedances was observed during weekend days 
rather than weekdays. Cincinnati showed the lowest frequency of exceedances 
on Tuesday and Wednesday and the highest occurring on Thursday through 
Sunday.  

 
The Dayton site showed the lowest frequency of exceedances on Tuesday 

and the highest on Friday. Data recorded in Dayton indicate that a high 
frequency of exceedances occur on Monday and then fluctuate throughout the 
week. The Columbus (Maple Canyon) shows a moderate level early in the 
week and the highest frequency of exceedances on the two weekend days. 
However, this site showed a low frequency on Friday, which makes Columbus 
(Maple Canyon) stand out among the sites.  
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The Columbus (Chesapeake) site has a lower frequency of exceedances 
earlier in the week with the number of exceedances increasing during the 
weekend. The highest frequency of exceedances at this site occurs on Sunday. 
The Cleveland site does not show any exceedance on Wednesday and it has 
three high frequency days on Thursday, Saturday, and Sunday. Also, this site 
had a lower frequency of exceedances on Friday as compared to Thursday, 
showing a similar trend noted at Columbus (Maple Canyon).  The Toledo site 
posts the highest frequency of exceedances on Monday with lower frequencies 
during Tuesday through Thursday. A higher frequency of exceedances was 
also observed during the weekend days at Toledo.  

 
The Akron site showed the lowest frequency on Monday and Wednesday 

and the highest frequency on Saturday.  The Marietta site shows a very similar 
pattern to the Columbus (Chesapeake) site with lower frequency of 
exceedances on the weekdays with an increase through the weekend. The 
highest frequency level at this site also occurs on Sunday. The Steubenville site 
showed few exceedances on Monday and Sunday and the highest frequency 
occurred on Friday.  

 
 

Particulate Matter (PM10) 

The weekly PM10 distributions is shown in Figures III.1.30. through 
III.1.32. It is notable that the PM concentration during the weekend is lower 
than weekdays and that Mondays and Tuesdays typically have high PM 
concentrations that decrease gradually through the remainder of the weekdays. 
The exception was Steubenville in which the PM concentration gradually 
increased from Monday through Friday and then decreased through the 
weekend. 
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Figure III.1.25. High ozone occurrences by day of the week, 1992-2000: (a) 
Cincinnati and (b) Dayton 
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Figure III.1.26. High ozone occurrences by day of the week (c) Columbus 
(Maple Canyon), 1999-2000 and (d) Columbus (Chesapeake), 1992-1999 



178 Retrospective Analysis 

0

5

10

15

20

25

Pe
rc

en
ta

ge
 o

f O
cc

ur
re

nc
es

Mon Tue Wed Thu Fri Sat Sun

(e) 

 

0

5

10

15

20

25

Pe
rc

en
ta

ge
 o

f O
cc

ur
re

nc
es

Mon Tue Wed Thu Fri Sat Sun

(f) 

 Figure III.1.27. High ozone occurrences by day of the week, 1992-2000: (e) 
Cleveland and (f) Toledo 
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Figure III.1.28. High ozone occurrences by day of the week, 1992-2000 (g) 
Akron and (h) Marietta 
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 Figure III.1.29. High ozone occurrences by day of the week, (i) Steubenville, 
1992-2000 

 
 
 

 

Figure III.1.30. Weekly PM10 distribution in 1992-1999: (a) Cincinnati 
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Figure III.1.31. Weekly PM10 distribution in 1992-2000: (b) Columbus 
(Maple Canyon) and (c) Columbus (Chesapeake) 
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Figure III.1.32. Weekly PM10 distribution in 1992-2000: (d) Cleveland and (e) 
Steubenville 
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Time Series Analysis using KZ Filter 

The Kolmogorov-Zurbenko (KZ) filter is a sound method to decompose 
time series into fluctuations of the desired time scales because of its powerful 
separation characteristics, simplicity, and the ability to handle missing data. 6 

The KZ filter is based on an iterative moving average that removes high 
frequency (with respect to the window size) variations from the data.  The 
moving average is computed by 
 
 
 
    ………………………   (1) 
 
where 2q+1 is the length of the filter window, yi becomes the input for the 
second pass.   
 

By modifying the window length and the number of iterations, the filtering 
of different scales of motion can be controlled.  To filter all periods of less than 
P days, the following criterion is used 
                                             
                           ………………………….   (2) 
 
where D (D=2q+1) is the window size in days and N is the number iterations.7 
 

To study the long-term ozone trend in Ohio, we decomposed the daily 
maximum ozone concentration time series into three components as follows: 

 
X = E + S + W  = Baseline + W   ………………..  (3) 

 
where X is the original time series, 
           E = long-term trend component, 
           S = seasonal variation,  
           W = the short-term variation (white noise). 
 

The KZ filter was applied to the 8-hour averaged data for O3, SO2, and 
NO2, and the 24-hour averaged PM10 concentrations.  The results for O3 are 
shown in Figures III.1.33a and III.1.33b. The 8-hour average ozone 
concentrations in Cincinnati and Columbus (Chesapeake) increased by 18% 
and 16% respectively, since 1992, while ozone concentrations in Cleveland 
decreased by 12%. In Dayton, the long-term trend of ozone fluctuates during 
the study period even though the end point is a little higher than the beginning.  
 
     For PM10, Figure III.1.34, concentrations at all sites except Steubenville are 
relatively constant during the study period. PM10 concentrations at 
Steubenville decreased by 6% since 1992. PM10 concentrations at Cincinnati 
and Steubenville were relatively higher than those of other sites.  

PND ≤× 2
1

∑ −= ++=
q

qj jii xy q 12
1
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    Measured levels of CO and SO2 show a significant decreasing trend during 
the study period (Figures III.1.35. and III.1.36.). CO concentrations at 
Cincinnati, Dayton, Columbus (Chesapeake) and Cleveland decreased by 
approximately 200%, 66%, 10% and 100% respectively since 1992. SO2 
concentrations also decreased by 41%, 11%, 33% and 20%, respectively at the 
same sites.  
 
     In contrast to the decreasing trends of CO and SO2, NO2 has increased at 
the study sites with the exception of Cincinnati which experienced a slight 
decrease (Figure III.1.37.). The NO2 concentration at Cleveland and 
Steubenville increased by 8% and 3% respectively. NO2 levels at Cincinnati 
decreased by 3% during the study period.  The seasonal components and the 
white noise of all the pollutants are shown in Appendix D. 
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Figure III.1.33a. KZ[365,3] of O3 levels in Ohio: Gray line is raw data and 
blue line is KZ[365,3] 
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Figure III.1.33b. KZ[365,3] of O3 levels in Ohio: Gray line is raw data and 
blue line is KZ[365,3] 

 
 
 
 
 
 
 
 
 
 
 
 
 
 



Retrospective Analysis 187 

  
 

 
 

 
 
Figure III.1.34. KZ[365,3] of PM10 levels in Ohio: Gray line is raw data and 

blue line is KZ[365,3] 
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Figure III.1.35. KZ[365,3] of CO levels in Ohio: Gray line is raw data and 
blue line is KZ[365,3] 
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Figure III.136. KZ[365,3] of SO2 levels in Ohio: Gray line is raw data and 
blue line is KZ[365,3] 
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Figure III.1.37. KZ[365,3] of NO2 levels in Ohio: Gray line is raw data and 
blue line is KZ[365,3] 

 

    Spatial Analysis 

     A spatial analysis was performed to evaluate the primary relationships in 
O3, PM10, CO, SO2, and NO2 concentrations between the sites. The results are 
presented in Tables III.1.6 through III.1.10. The shaded values in the tables 
represent distances between the sites and the unshaded table cells are the R2 

values. The spatial correlations for ozone are shown in Table III.1.6. The 
correlations for O3 are relatively stronger than other pollutants, Tables III.1.7 
through III.1.10.  As expected the correlations increased as the distance 
between the sites decreased.  For O3, these strong correlations indicate a 
common regional influence on the sites such as meteorology or transport of 
ozone and its precursors. Graphs for these spatial correlations are shown in 
Appendix D. 

 

 

 

 



Retrospective Analysis 191 

Table III.1.6. R2 Values of Ozone Spatial Correlation between cities in Ohio. 
Monitoring 

Site* CIN DAY MAP CHE CLE TOL AKR MAR STE 

CIN 1 48 92 90 220 180 200 160 250 
DAY 0.6239 1 71 68 175 140 170 150 193 
MAP 0.5018 0.6011 1 4 125 122 110 88 130 
CHE 0.668 0.7397 0.6941 1 126 121 111 92 128 
CLE 0.3322 0.4514 0.5996 0.5146 1 100 25 145 90 
TOL 0.5104 0.5476 0.3994 0.5051 0.3011 1 115 190 178 
AKR 0.4942 0.5923 0.7461 0.7119 0.6501 0.3932 1 115 70 
MAR 0.4193 0.4676 0.5016 0.5376 0.3488 0.3028 0.479 1 80 
STE 0.1715 0.1565 0.1784 0.1726 0.1656 0.1564 0.195 0.1249 1 

             : R2 Values             : Distance Between Cities (miles) 
 
*CIN: Cincinnati; DAY: Dayton; MAP: Columbus (Maple Canyon); CHE: Columbus 
(Chesapeake); CLE: Cleveland; TOL: Toledo; AKR: Akron; MAR: Marietta; and STE: 
Steubenville 

 
Table III.1.7. R2 Values of PM10 Spatial Correlation between cities in Ohio. 

Monitoring 
Site CIN MAP CHE CLE STE 

CIN 1 92 90 220 250 
MAP 0.0227 1 4 125 130 
CHE 0.0425 0.3157 1 126 128 
CLE 0.0384 0.0579 0.071 1 90 
STE 0.0135 0.0164 0.0152 0.0875 1 

 

 

 
Table III.1.8. R2 Values of CO Spatial Correlation between cities in Ohio. 

Monitoring Site CIN DAY CHE MAP AKR CLE 
CIN 1 48 90 92 200 220 
DAY 0.3091 1 68 71 170 175 
CHE 0.3612 0.3874 1 4 111 126 
MAP 0.3428 0.3326 0.3465 1 110 125 
AKR 0.2133 0.2532 0.2344 0.2753 1 25 
CLE 0.220 0.1928 0.2641 0.2512 0.2497 1 

 

 

 

 



192 Retrospective Analysis 

Table III.1.9. R2 Values of SO2 Spatial Correlation between cities in Ohio. 

Monitoring Site CIN DAY CHE AKR CLE STE 
CIN 1 48 90 200 220 250 
DAY 0.221 1 68 170 175 193 
CHE 0.1694 0.3066 1 111 126 128 
AKR 0.1123 0.2831 0.2714 1 25 70 
CLE 0.091 0.2514 0.1999 0.1253 1 90 
STE 0.0634 0.134 0.0946 0.0526 0.0743 1 

 
 

Table III.1.10. R2 Values of NO2 Spatial Correlation between cities in Ohio. 

Monitoring Site CIN CLE STE 
CIN 1 220 250 
CLE 0.0706 1 90 
STE 0.0048 0.0001 1 

 

     Regional Episode Analysis 

Regional ozone levels were studied from the historical dataset to evaluate 
high ozone episodes at the monitoring sites. Regional episodes based on the 
days when the 1-hour ozone values exceeds 100 ppb or the 8-hour ozone 
values exceeds 75 ppb were examined for the period of 1992-2000 and are 
listed in tables in Appendix D.  

 
The regional analysis reveals that most high ozone episodes are typically 

observed for several consecutive days and can last up to seven days. High 
ozone values are typically measured on the same day for most of the sites, a 
tendency that is more prominent in 8-hour ozone readings rather than 1-hour 
ozone readings. There were some missing data sets from the Dayton site for 
the 8/3/96-8/8/96 episode, at the Toledo site for the 8/13/93-8/20/93, 8/2/98-
8/9/98, and 7/13/99-7/17/99 episodes, at the Marietta site for the 7/17/93-
7/26/93 and 7/11/95-7/15/95, at the Chesapeake for 7/11/94-7/15/94 and at the 
Steubenville for 5/13/98-5/27/98.  

 
There were more exceedances of the 8-hour averaged NAAQS ozone 

standard than 1-hour averaged NAAQS ozone standard.  For any given high 
ozone episode day, the number of sites violating the 8-hour ozone standard was 
larger than the number of sites violating the 1-hour standard. This suggests that 
the new 8-hour NAAQS ozone standard would result in spatial expansion of 
the ozone problem and many areas will be transformed into non-attainment 
areas from ozone attainment areas.  
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METEOROLOGICAL ANALYSIS OF AIR POLLUTANTS IN OHIO 

     Meteorological analysis can be performed using local surface wind and 
computed back trajectories for each area. The local surface wind analysis 
highlights the short-range meteorological patterns, while a comprehensive back 
trajectory analysis captures the long-range transport characteristics.  
 

Back trajectories can evaluate the impact of upstream emissions and 
integrate information on winds in the upstream layer over time, distances, and 
source locations.  Cluster analysis is an advanced method of back trajectory 
analysis that segregates and merges each trajectory by their direction or 
similarity. Cluster analysis as used in the air pollution research field is a 
multivariate statistical approach. The clusters contain a number of groups split 
from a data set by their distinct difference from the other variables in the data 
set. Recent studies have used cluster analysis for various purposes. Dorling et 
al. applied cluster analysis of trajectories to identify the relationship between 
large-scale surface pressure patterns and the pollution climatology of a site.9 
Also, they used cluster analysis as a tool for examining the influence of 
synoptic weather patterns on air and precipitation chemistry. Brankov et al. 
examined the relationship between synoptic-scale atmospheric transport 
patterns and concentration levels of several toxic trace elements with cluster 
analysis.10 Another study by Rao et al. addressed the influence of a finite 
number of synoptic patterns associated with pollutant transport from a different 
source region. 11 

 

In this study, the following approach was used to examine the effect of 
meteorological conditions on ambient pollutant concentrations: 
 
• Statistical analysis identifies significant correlations between the air 

pollutants and meteorological parameters, such as, temperature, wind 
direction, wind speed, relative humidity, etc. 

• Trajectory analysis evaluates transport of air mass to and from the 
measurement sites and to characterize source-receptor relationships. 
Composite trajectories were developed and analyzed for high concentration 
days. 

• Cluster analysis identifies the directional distribution of back-trajectories 
and apportions emission sources by region. 

 

Method of Analysis 

     Meteorological Correlation Analysis 

     For evaluating strategies to control air pollutants concentrations, it is 
important to determine the meteorological factors that influence air pollutant 
levels. Correlations between air pollutant and weather components, such as 
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temperature, wind speed, wind direction, and relative humidity were performed 
at the selected sites. 
 

     Back Trajectory Analysis 

The meteorological dynamics that causes air to rise or fall, and determines 
its path can affect air quality by carrying air pollutants many miles from their 
sources.12 A trajectory is the time integration of the position of a parcel of air 
as it is transported by the wind.  The parcel’s passive transport by the wind is 
computed from the average of the three-dimensional velocity vectors at the 
particle's initial-position P(t) and its first-guess position P'(t+dt).  The velocity 
vectors are interpolated in both space and time.  
The first guess position is described as follows,  
 

P'(t+dt) = P(t) + V(P,t) dt          …………………….  (4) 
 

with  the final position as 
 

P(t+dt) = P(t) + 0.5 [ V(P,t) + V(P',t+dt) ] dt        ..………..  (5) 
 

     Trajectories may be integrated both forward and backward in time.  A 
measure of the integration error may be obtained by computing a backward 
trajectory from the end-point-position of its forward counterpart.13 The 
HYSPLIT (Hybrid Single-Particle Lagrangian Integrated Trajectory) model 
was developed over the last fifteen years and is widely used for trajectory 
analysis. The HYSPLIT model is a complete system for computing simple air 
trajectories to complex dispersion simulations.  
 

     Back trajectories efficiently show the relationships between an air parcel in 
the transport layer, distance, and regions encompassing a source and a 
receptor. Individual trajectories, however, do not infer a direct connection 
between a source and a receptor because trajectories have limitations on 
interpreting the transportation of a specific air parcel.  Rather, trajectories 
convey an estimate of the mean movement of a dispersing air parcel.  
 

This study applied the HYSPLIT4 model to estimate backward trajectories 
of air parcels influencing several regions in Ohio. The HYSPLIT4 was adopted 
to develop 24-hour back trajectories using wind field data from the Eta Data 
Assimilation System (EDAS) dataset for 1998-2000 and the Nested Grid 
Model (NGM) dataset for 1992-1997. The starting height of this model was 
adjusted at 500m, which is generally in the middle of the mixed layer. This 
study adapted a start time, 16 UTC, same as noon in local time, which usually 
exhibits the highest ozone values each day. These back trajectories were drawn 
for the selected high concentration days whose air pollutants values exceed 85 
ppb in eight-hour ozone; 65 µg/m3 or 50 µg/m3 in 24 hour PM10; 3 or 2.5 ppm 
in eight-hour CO; 50 or 53 ppb in eight-hour SO2 and 50 or 45 ppb in eight-
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hour NO2 from 1992 to 2000. These back trajectories were then analyzed for 
further evaluation of transport patterns of air pollutants. It should be noted that 
the accuracy of upper air data acquired from the HYSPLIT4 model is not 
optimal in Ohio because of the lack of extensive upper air monitoring sites. 
However, since a large amount of trajectories were used to obtain an average 
trajectory, the errors are decreased.14 
 

     Cluster Analysis 

     Cluster analysis to identify pollutant sources in a region is frequently 
applied in air pollution research. This analysis consists of splitting a data set 
into several dominant groups that are homogeneous but as different from each 
other as possible.  In this study, the clustering approach proposed by Dorling et 
al.15 was chosen and modified.  For each one-day (24-hour) back trajectory, 6 
four-hourly x-y coordinates, which are end points of the trajectory location at 
every four-hour interval, are used as input variables for the clustering 
algorithm.  
 

The original clustering algorithm generated a large number of clusters 
specified as the seed trajectories and assigned each of the 3-day real 
trajectories to the seed that is closest in terms of the distance between their 
corresponding 6-hourly coordinates.  Then the seed or average trajectory of 
each cluster is recalculated with each real trajectory and the number of clusters 
is reduced by the same process that merges the two clusters whose average 
trajectories are closest.16 This algorithm, however, was modified in this study. 
Each trajectory was assigned to several clusters in terms of directions of 
original source regions that are x-y coordinates  of  starting  points  of  the
24-hour back trajectory.  
 

Main clusters in this study were divided into eight directional components: 
North, Northwest, West, Southwest, South, Southeast, East, and Northeast.  In 
addition, a cluster category called “Close” was added to highlight trajectories 
from close proximities. The transport path was calculated by averaging 
trajectories assigned to each cluster. Mercator projection was selected as a 
plotting projection of each cluster because this study treated a small region and 
this projection was more convenient to plot clusters than polar stereographic 
projection. 

 
 
     Meteorological Correlation Analysis 

     Figures III.1.38 through III.1.41 show the correlations for O3 and PM10 with 
respect to the meteorological parameters. The analysis for the other pollutants 
and sites are presented in Appendix D.  The correlation plot between ozone 
and PM10 and wind speed shows that air pollutant concentrations are generally 
low when the wind speed was high and high when wind speeds were low. This 
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would indicate that the wind speed has a significant influence on ozone and 
PM10. A similar pattern is shown for CO, SO2 and NO2 in Appendix D. High 
air pollutant concentration levels were generally observed when the wind 
speed was lower than 8 mph.  

     It was also revealed that ozone levels were high when winds were from the 
south and southwest and that PM10 concentrations are high when the winds are 
from the east and south.  In terms of point source and pollutant transport 
evaluation, this comparison is limited. Back trajectory and cluster analysis, as 
described earlier, can provide a more detailed evaluation of where the 
pollutants and their precursors affecting a site may have originated.   
 
     Temperature significantly affects high O3 and PM concentrations (see 
Figures III.1.39(c) and III.1.41(c)). O3 and PM10 levels are high when the 
temperature exceeds 70 or 80 °F.  There was no significant correlation between 
the concentration of CO, SO2 and NO2 and temperature.  
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Figure III.1.38. Correlations between ozone and weather components at 
Cincinnati, Ohio in 1992-2000: (a) ozone vs. wind speed and (b) ozone vs. 

wind direction 
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(c) 
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(d) 

y = -0.523x + 78.436
R2 = 0.0778
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Figure III.1.39. Correlations between ozone and weather components at 
Cincinnati Ohio in 1992-2000: (c) ozone vs. temperature and (d) ozone vs. 

relative humidity 
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Figure III.1.40. Correlations between PM10 and weather components at 
Cincinnati, Ohio in 1992-1999: (a) PM10 vs. wind speed and (b) PM10 vs. wind 

direction 
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(c) 

PM10 = 0.3667*Temp. + 15.262
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Figure III.1.41. Correlations between PM10 and weather components at 

Cincinnati Ohio in 1992-1999: (c) PM10 vs. temperature and (d) PM10 vs. 
relative humidity 
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  No significant relationship was found between air pollutant 
concentrations and relative humidity. Correlation charts between the air 
pollutants and humidity were not presented in Appendix D because very 
similar results to those presented above were experienced.   

 
     Back Trajectory Analysis 

     Figures III.1.42. through III.1.49.depict the back trajectories for O3 and 
PM10 on  high concentration days.  Trajectories from every quadrant were 
identified during high concentration days.  However, trajectories from the 
north and the east were rare. These back trajectories calculated for the high 
concentration days reveal that major air parcels originate from the west to the 
south quadrant during the study period in Ohio. 
 
      
 

 
 
 
 
Figure III.1.42. Back trajectories for high ozone days at the monitoring sites 

selected in Ohio, 1992-2000: (a) Cincinnati  
 
 

(a) Cincinnati, 1992-2000
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Figure III.1.43. Back trajectories for high ozone days at the monitoring sites 

selected in Ohio, 1992-2000: (b) Dayton and (c) Columbus 
(Maple Canyon) 

(b) Dayton, 1992-2000
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(c) Columbus (Maple Canyon), 1992-2000
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Figure III.1.44. Back trajectories for high ozone days at the monitoring sites 
sllected in Ohio, 1992-2000: (d) Columbus (Chesapeake) and (e) Cleveland 

(d) Columbus (Chesapeake), 1992-1999
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(e) Cleveland, 1992-2000
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Figure III.1.45. Back trajectories for high ozone days at the monitoring sites 

selected in Ohio, 1992-2000: (f) Toledo and (g) Akron 

(f) Toledo, 1992-2000
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(g) Akron, 1992-2000
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Figure III.1.46. Back trajectories for high ozone days at the monitoring sites 
selected in Ohio, 1992-2000: (h) Marietta and (i) Steubenville 

 
 

(h) Marietta, 1992-2000
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(i) Steubenville, 1992-2000
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Figure III.1.47. Back trajectories for high PM days at the monitoring sites 
selected in Ohio, 1992-2000: (a) Cincinnati and (b) Columbus (Maple Canyon) 

(a) Cincinnati, 1992-1999
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(b) Columbus (Maple Canyon), 1992-2000
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(c) Columbus (Chesapeake), 1992-2000

35

40

45

50

-95 -90 -85 -80 -75

Cluster from N
Cluster from W
Cluster from SW
Cluster from S
Cluster from SE
Cluster from E
Cluster from NE

  

(d) Cleveland, 1992-2000
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Figure III.1.48. Back trajectories for high PM days at the monitoring sites 

selected in Ohio, 1992-2000: (c) Columbus (Chesapeake) and (d) Cleveland 
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(e) Steubenville, 1992-2000
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Figure III.1.49. Back trajectories for high PM days at the monitoring sites 
selected in Ohio, 1992-2000: (e) Steubenville 

 

Cluster Analysis 

     Ozone 

     The cluster analysis was conducted for high ozone days. These clusters, 
their percentiles, frequencies and  average concentrations for each of the 
clusters are presented for the nine monitoring sites for the period of 1992 to 
2000, in Figures III.1.50 to III.1.58.  
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(a) Cincinnati, 1992-2000
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Figure III.1.50. (a) Cluster plot for Cincinnati, 1992-2000 (b) Frequencies and 
average ozone concentrations by cluster for Cincinnati, 1992 -2000 
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(a) Dayton, 1992-2000
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(b) Dayton, 1992-2000
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Figure III.1.51. (a) Cluster plot for Dayton, 1992-2000 (b) Frequencies and 
average ozone concentrations by cluster for Dayton, 1992- 2000 
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(a) Columbus (Maple Canyon), 1992-2000
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Figure III.1.52. (a) Cluster plot for Columbus (Maple Canyon), 1992-2000 (b) 
Frequencies and average ozone concentrations by cluster for Columbus (Maple 

Canyon), 1992-2000 
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(a) Columbus (Chesapeake), 1992-1999
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Figure III.1.53. (a) Cluster plot for Columbus (Chesapeake), 1992-1999 (b) 
Frequencies and average ozone concentrations by cluster for Columbus 

(Chesapeake), 1992-1999 



Retrospective Analysis 213 

(a) Cleveland, 1992-2000
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Figure III.1.54. (a) Cluster plot for Cleveland, 1992-2000 (b) Frequencies and 
average ozone concentrations by cluster for Cleveland, 1992-2000 
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(a) Toledo, 1992-2000

35

40

45

50

-95 -90 -85 -80 -75

Cluster from C
Cluster from NW
Cluster from W
Cluster from SW
Cluster from S
Cluster from SE
Cluster from E

E (2.7%)

SE (8.1%)

S (5.4%)SW (27.0%)

W (24.3%)

NW (13.5%)

C (18.9%)
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Figure III.1.55. (a) Cluster plot for Toledo, 1992-2000 (b) Frequencies and 
average ozone concentrations by cluster for Toledo, 1992-2000 
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(a) Akron, 1992-2000
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(b) Akron, 1992-2000
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Figure III.1.56. (a) Cluster plot for Akron, 1992-2000 (b) Frequencies and 
average ozone concentrations by cluster for Akron, 1992-2000 
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(a) Marietta, 1992-2000
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Figure III.1.57. (a) Cluster plot for Marietta, 1992-2000 (b) Frequencies and 
average ozone concentrations by cluster for Marietta, 1992-2000 
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(a) Steubenville, 1992-2000
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Figure III.1.58. (a) Cluster plot for Steubenville, 1992-2000 (b) Frequencies 

and average ozone concentrations by cluster for Steubenville, 1992-2000 
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These results reveal that high ozone days occur more often on days with 
trajectories associated with the southwest cluster and that the highest ozone 
concentrations are generally associated with the south or southeast clusters. 
Most clusters’ source regions correspond with major cities in neighboring 
states, which includes Detroit Michigan, Chicago Illinois, Indianapolis and 
Fort Wayne Indiana, Louisville and Lexington Kentucky, Charleston West 
Virginia, Pittsburgh Pennsylvania, Buffalo, New York and major cities in Ohio 
including Columbus, Cleveland, Cincinnati, Dayton, and Toledo. This suggests 
that neighboring urban centers affect the ozone levels. Also, since a large 
amount of clusters pass over the Ohio River valley, the analysis indicates that 
the Ohio River valley acts as one of the main source regions of ozone 
precursors for the major cities in Ohio.  
 
 
     Particulate Matter (PM10) 

     Figures III.1.59. through III.1.64. depict the cluster analysis for high PM10 
days.  These clusters, their percentiles, frequencies, and average concentrations  
for each cluster for the five monitoring sites during 1999-2000 are presented. 
For all the sites the most frequent trajectory on high PM days was associated 
with the southwest cluster.  
 

Similar to ozone, the most frequent trajectories for high PM10 days 
correspond with major cities in neighboring states. Also a high frequency of 
trajectories passing over the Ohio River valley, were experienced. 
 
     Back trajectory and cluster plots for CO, SO2 and NO2 are shown in 
Appendix F.  
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(a) Cincinnati, 1992-1999
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Figure III.1.59. (a) Cluster plot at Cincinnati, 1992-1999 (b) Frequencies and 

average PM10 concentrations by cluster at Cincinnati, 1992-1999 
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(a) Columbus (Maple Canyon), 1992-2000
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Figure III.1.60. (a) Cluster plot at Columbus (Maple Canyon), 1992-2000 (b) 
Frequencies and average PM10 concentrations by cluster at Columbus (Maple 

Canyon), 1992-2000 
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(a) Columbus (Chesapeake), 1992-2000
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Figure III.1.61. (a) Cluster plot at Columbus (Chesapeake), 1992-2000 (b) 

Frequencies and average PM10 concentrations by cluster at Columbus 
(Chesapeake), 1992-2000 
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(a) Cleveland, 1992-2000
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Figure III.1.62. (a) Cluster plot at Cleveland, 1992-2000 (b) Frequencies and 

average PM10 concentrations by cluster at Cleveland, 1992-2000 
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(a) Steubenville, 1992-2000
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Figure III.1.63. (a) Cluster plot at Steubenville 1992-2000 (b) Frequencies and 

average PM10 concentrations by cluster at Steubenville, 1992-2000 
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CONCLUSIONS 

     This study provides a detailed analysis of the air quality issues affecting the 
major metropolitan areas in Ohio and evaluates the atmospheric transport 
patterns associated with ozone, particulate matter, carbon monoxide, sulfur 
dioxide and nitrogen dioxide and potential source regions affecting the air 
pollutants levels in Ohio. Statistical and meteorological analysis was 
performed to evaluate the influence of specific meteorological parameters on 
the air pollutants concentrations. Some key conclusions are enumerated in the 
following sections for O3, PM, CO, SO2 and NO2. 
 

     Ozone 

     The design value, the three-year average of the fourth highest 8-hour ozone 
value was used to evaluate ozone trends in Ohio. The 8-hour average 
concentrations increased during the study period for most of the sites.  
Exceedances of the 8-hour NAAQS for ozone occurred continuously during 
the study period.  
 
     Most of the 8-hour ozone exceedances occurred in June through August. A 
greater frequency of high ozone days occurred during the weekend days at a 
majority of the sites.  A strong correlation between the 1-hour and 8-hour 
ozone values was identified.  It was also noted that 8-hour exceedances can 
occur in the absence of 1-hour ozone exceedances and that 1-hour ozone 
exceedances usually results in 8-hour ozone exceedances.  
 

Spatial analysis was performed to evaluate the relationships in ozone 
concentrations between the sites evaluated in this study.  A relatively strong 
correlation between sites was identified.  These correlations between the sites 
highlight the regional nature of ozone and its precursors in Ohio.   
 
     Evaluation of the ozone episodes shows that most episodes last for several 
consecutive days. Maximum ozone values during these episodes occur on the 
same day for most of the sites and this tendency is more prominent in the 8-
hour ozone distribution rather than the 1-hour ozone distribution. This reveals 
that the new 8-hour NAAQS for ozone could result in the spatial expansion of 
the ozone problem in Ohio.  
 
     Trajectory analysis employed to evaluate meteorological conditions 
identified long-range trajectories from the north, west, and south directions.  
These trajectories were then applied to a cluster analysis that segregates and 
merges each trajectory by their direction so that original pollutant source 
regions could be traced.  High ozone days predominated along the southwest 
cluster but the highest average ozone concentrations appeared along the south 
and the southeast clusters.  
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Most source regions of clusters correspond with major cities in neighboring 
states, including Detroit, Chicago, Indianapolis, Louisville, Lexington, 
Charleston, and Pittsburgh. Ozone levels at most of the sites were affected by 
neighboring urban areas. In addition many of the clusters passed over the Ohio 
River Valley and were associated with higher average ozone concentrations 
indicating that the Ohio River Valley is one of the main source regions for 
ozone.  

 
 

     Particulate Matter  

     Twenty four-hour averaged PM10 concentrations were analyzed from 1999-
2000. The time series analysis showed no exceedances at the monitoring 
locations used in this study during 1999-2000. Long-term trends analysis of 
PM10 identified relatively constant PM10 concentrations during the study 
period.  The exception was Steubenville, which experienced a slight decrease 
in PM10 concentrations.  
 

Monthly PM10 distributions indicate that the mean PM10 concentrations are 
high during the summer months, especially in June and July, and low during 
the winter months, implying that temperature has a significant influence on the 
PM concentration.  
 
     Correlation analysis determined the significant relationships between PM10 
and meteorological components, temperature, wind speed, wind direction, and 
relative humidity.  Temperature, wind speed, and wind direction were highly 
correlated with PM10 concentrations. High PM10 concentration levels were 
generally observed when wind speed was lower than 8 mph and temperature 
was higher than 70 °F or 80 °F and the PM10 concentrations were higher when 
the winds were blowing from the south and east direction. 
 
     Cluster analysis traced PM10 source regions and showed that most high 
PM10 days occurred along the southwest cluster, but the highest average PM10 
concentrations appeared along the southeast or north clusters.  Main source 
regions correspond with major cities in neighboring states, which include 
Detroit, Chicago, Indianapolis, Louisville, and Pittsburgh. Many of the clusters 
also passed over the Ohio River valley during high PM days indicating that the 
Ohio River Valley is a major regional of PM10 in Ohio.   
 

     CO, SO2 and NO2 

     Second highest 8-hour averaged CO concentrations, annual averaged SO2 
concentrations, and annual average NO2 concentrations were analyzed to 
evaluate the trends for these pollutants from 1992-2000. CO and SO2 levels in 
Ohio have significantly decreased across the entire state.  While NO2 
concentrations have shown a slight increase in the long-term trends.  
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     The monthly distribution indicates that the mean CO and SO2 
concentrations are high during the winter months and low during the summer 
months. Weekday concentrations are relatively higher than weekend 
concentrations for CO, SO2 and NO2.  
 
     Correlation analysis determined the significant relationship between CO, 
SO2 and NO2 and weather components. Wind speed was inversely correlated 
with CO, SO2 and NO2 concentrations. A predominate wind direction was not 
identified with high concentrations of CO, SO2 and NO2.  There was no 
significant correlation between the pollutant concentrations with temperature 
and relative humidity. 
 
     Spatial analysis was performed to evaluate the relationships in CO, SO2 and 
NO2 concentrations between locations. No significant correlations were 
identified. 
 
 

__________ 
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