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Why, oh why, am I putting you through this?

A) Because I’m retiring and this is probably my last NOACA meeting 
after 20+ years on the AQAC…
2) The last time we did this exercise was in 2009, so like my car’s oil 
changes…every 16 years whether we need it or not…
iii) It may prove to be interesting to someone other than just me…
IV) There will be a lot being skipped, included for documentation 
purposes/future use (?)

So, strap in…
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History of the project

• Prior to 2009, NOACA was paying an outside organization to do 
forecasting 

• I did an analysis of their accuracy and it was not up to snuff.

• A workgroup was formed to assess data and come up with a protocol 
for forecasting PM2.5 and O3

• This was accomplished and the protocol has been run by NOACA with 
success as reported out to this committee over the years.



PM2.5 forecasting protocol

• 11.8 + 0.114(MaxT) – 0.575(MeanWS) + SSC + inversion + WD 
conversion

• SSC is the spatial synoptic classification (DP, MP, DT, DM) and each has 
a factor either positive or negative to adjust 

• Dry polar -3.431, Moist polar -2.39, Dry tropical +5.421, Dry moderate +1.061

• Inversion is a +5 or zero depending on the presence or absence
• WD has a trigonometric conversion formula to adjust for that 

variable, relating WS and WD



Northeast Ohio (NEO) PM2.5 Region

• Cuyahoga County
• Lorain County
• Lake County
• Summit County
• Medina County
• Portage County

Ravenna
Site ID: 39-133-1001



Northeast Ohio PM2.5 monitoring network 

• Over the years the monitoring network has been modified for many 
reasons.

• Site access issues
• Financial constraints
• New technologies

• 15 monitoring locations
• 25 monitoring data sets have been used during the time period of this 

analysis, both continuous and intermittent. 
• Many have co-located FEM-FRM pairs
• All were FEM or FRM status and were operated as such through the study period.

• Four different organizations operated the monitors through the time 
period and were responsible for maintenance.



Monitoring Organizations

• Cleveland Division of Air Pollution Control
• Cuyahoga County (8 sites, 14 monitors)

• Akron Regional Air Quality Management District
• Summit County (2 sites, 3 monitors)
• Medina County (2 sites, 3 monitors)
• Portage County (1 site, 1 monitor)

• Lake County General Health District
• Lake County (1 site, 2 monitors)

• Ohio Environmental Protection Agency, Northeast District Office
• Lorain County (1 site, 2 monitors)



Current (2026) network of PM2.5 monitors

• ARAQMD (39-153-0017, 39-103-0004)
• 2 continuous FEMs, 1 FRM

• Cleveland (39-035-0034, -0038, -0045, -0060, -0065, -0073)
• 6 continuous FEMs, 5 FRMs

• Lake County (39-085-0007)
• 1 FEM



Data Set Creation



How I analyzed the PM data

• Download data files from AQS (2000-2025)
• Organize by sampling dates (1:1, 1:3, ignore 1:6)
• Used 88101 only data. 

• USEPA uses parameter code 88101 for regulatory data, 88102/3 were used for non-
regulatory PM2.5 data until 2009.

• FRM only until 2009, then a mix of both FRM/FEM
• Network of FEMs was big enough and monitors were better. (MetOne BAM, Thermo 

1405, TAPI T640/X)
• Identify high dates
• Look at locations where the high dates occurred
• Examine day of week effect
• Analyze annual trends
• Apply findings to forecasting protocol



Data Set

• All data was downloaded from the US EPA’s Air Quality System (AQS).
• FRMs had the possibility of running daily or every three days through 

the time period to provide a 24 hour concentration.
• FEMs provide hourly data which was used to calculate the 24 hour 

average concentration.
• Over 60,000 monitoring days were used in this set over the 26 years 

of the study



Anomalies

• During three short time periods in 2023, Canadian wildfire smoke 
impacted the NEO region significantly.

• June 6-8, 2023
• June 27-30, 2023
• July 16-17, 2023

• PM concentrations reached the “Hazardous” category



Data Set Creation Process

• Data was downloaded from AQS and entered into an Excel 
spreadsheet

• Data set was generated to compare concentrations from all monitors 
that collected a valid air sample each day

• Any dates that been invalidated were not used
• FEM data was averaged to 24 hour concentration, FRM provides 24 

hour concentration by default.



Day of Week analysis



Day of Week Analysis

• In the original study, DOW effect was analyzed, so that was redone for 
this study

• Daily average concentrations over the study period were calculated by 
each day of the week.

• U=Sunday
• M=Monday
• T=Tuesday
• W=Wednesday
• H=Thursday
• F=Friday
• A=Saturday



Day of Week Analysis (2007-2009)
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DOW 2000-2025
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Day of Week Analysis (2009-2025)
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Day of Week Analysis

• Surprisingly, there wasn’t much variation from day-to-day over the 
entire region.

• The range for the week was 9.4 to 9.7 ug/m3.
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DOW all data

• There is a mid-week bump that shows up from the older data, but 
goes away in the later data set.

• The concentrations from 2000-2008 bias the whole set higher.
• The 2009-2025 data set showed averages around 9.4 - 9.7, while the 

entire data set ranges from 11.7 – 12.6. The first 8 years were so 
much higher that they raised the 25 year averages almost 2 ug/m3!



Forecasting PM2.5

• As the last forecasting protocol used data from 2007-2009, the 
determination was made to use data from 2009 to the most up-to-
date data and see if any trends or questions came up relative to 
general assumptions about PM2.5

• Assumptions like:
• Concentrations have decreased over time
• PM2.5 pollution has small variance over the region

• Questions like:
• How many exceedances have we had? 

• Where were they?
• Were the exceedances bunched up?



Trend Analysis



Concentrations have declined, all sites included
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Declining concentrations

• Another question that came up was to see if the COVID shutdown of 
the world impacted our regional PM2.5 concentrations

• It didn’t
• The drop began in 2016 and went back up to the trend line in 2021
• Follow-up question of what drove that concentration drop for a five year 

period is up for further analysis



Reconstruction of PM2.5 from speciation
monitors
• We have had six speciation monitor (which collect various 

components of PM2.5) locations in the area (4 in Cleveland, two in 
Akron).

• Ammonium nitrate, ammonium sulfate, organic carbon, elemental carbon and 
soil are the most significant components

• Use the SANDWICH method to adjust

• A 25 year trend was created
• EC increased, NO3/OC halved, SO4 
  down by 75%, soil stayed stable
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Comparing NEO to R5
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Regional variability
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Regional variation

• Each county’s data was averaged by year and compared against the 
other counties.

• Some years showed very tight groupings, others showed larger 
variability

• 2011 had a 5.6 ug/m3 spread
• 2023 had a 1.7 ug/m3 spread
• Over the 16 years, the county to county variability had an average 3.1 ug/m3 

spread



Identify what “high day” means



High concentration days

• As the daily 24 hour average concentration NAAQS has not changed 
since the previous study, the same three concentrations were 
reviewed for analysis:

• 35.4 ug/m3 (the NAAQS level)
• 30 ug/m3

• 25 ug/m3

• The breakpoints were chosen due to the NAAQS (where public health 
is impacted), 30 (a slightly more conservative point), and 25 (a very 
conservative point).

• The terminology of “high concentration days” is being used instead of 
“exceedance days”.



High Concentration Limit Validation

• The 2000-2025 data set was analyzed to see how many days at least 
three monitors went over the chosen levels across the region relative 
to the number of days any monitor went over.

• The existing level of concern, 30.0 ug/m3 , was validated.

Level 1 monitor over/3+ monitors over

35.4 ug/m3 131 / 47

30.0 ug/m3 255 / 156

25.0 ug/m3 550 / 209



High concentration days by year 
over NEO, 2000-2025
(over 30 ug/m3)
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High concentration days by year 
over NEO
• Even though we saw anomalously high concentrations from the 

wildfires in 2023, that year did not have an anomalously high number 
of days where monitors had high concentrations. 

• 2010 and 2011 had 34 and 37 dates where at least one monitor had 
concentrations over 30 ug/m3 and 2023 had 32 dates.

• The trends are comparable between the 25 and 30 ug/m3 , but there 
is a greater number of dates in the early years of the study with 
concentrations over 25 ug/m3



High concentration days by year/month 
over NEO 
(over 30 ug/m3)
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High concentration days by year/month 
over NEO
• As with the regional high concentration days, the monthly counts 

have a similar patterning in the 25+ and 30+ graphs
• There were a couple interesting things that popped out

• The 25+ graph showed that those days were spread out over the year 
• All months except for March, April, September and October had more than 5% of the 

annual total of high days
• The 30+ graph showed that the days were more concentrated

• June and July had almost 40% of the total high days.
• This is influenced slightly by the June/July timeframe of the wildfire smoke, but that 

accounts for 5 days and there were 236 total days in the set.



High days 2000-2025
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High dates

• Going with the 30+ ug/m3 concentration, we have 255 days where at least 
one of the monitors was ‘high’

• Using the same criterion, at least three monitors were ‘high’ on the same 
date, we get 156 dates

• Interestingly enough, of the 31 dates where more than nine monitors were 
‘high’, 19 were in the early years (2000-2003).  The other 12 dates were 
between 2004 and 2008. None occurred after 2008. 

• If you drop the count to more than 6 monitors, the numbers go to 53 total, 
and only three dates are after 2008. One in 2010, one in 2020 and the 
other in 2023. 

• The regional nature of the pollution load has changed.



Strides

• As you can see, the days above the level of concern was definitely 
front-loaded.

• 255 days where at least three monitors went over 30 ug/m3 in the whole 
study period, but only 41 days in the latter years (2009-2025)
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Identify “high dates”



Advisories

• Using the high concentration days, identified dates when more than 
three monitors went over the 30.0 ug/m3 level.

• There were 156 dates where more than 3 monitors went over 30 
ug/m3: Number of 

monitors
Number of days Number of 

monitors
Number of days

15 1 8 11

14 5 7 5

13 4 6 7

12 11 5 7

11 5 4 17

10 5 3 72

9 6



High Days by Quarter
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Normalized? Nothing normal to see here.

• As each county has had different numbers of monitors (Cuyahoga has 
had 9), they had the highest number of days over a defined 
concentration

• In order to normalize that data, the total monitoring days over the 
defined concentrations were divided by the total monitor sampling 
days and the percentages charted.



Normalized days over concentrations 
by county
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Back to forecasting

• Since there is such a small variance in the PM2.5 concentrations across the 
NEO network, where do we draw the line for calling an advisory day?

• We already set the concentration at 30.0 ug/m3 as the level of concern
• How many monitors need to trigger that in order to notify the public of potential 

hazards from the ambient concentration?
• 1 monitor? 2? All monitors in the network?

• Going back to the ‘current’ state of the network, we have 9 FEMs and 6 FRMs. We cannot use FRMs 
for forecasting, as the delay in getting data out is inconsistent with the goal. 

• Does the staff time provided allow for forecasting all 9 monitors in the network? (remembering that 
Cuyahoga County has 6 FEMS, Summit, Medina and Lake Counties each have one)

• 3 of FEMs should be sufficient for advising the public.
• How do you take into account that Cuyahoga County has 2/3 of the network?
• Population distribution? If Lake County exceeds, does that put the rest of the region’s 

population at risk? Depending on met variables, yes or no.



Next steps

• Look back at the weather data for those days and see if any patterns 
appear.

• See if day-before to day-of shows any influence.
• Compare weather data for averaged out low days to specific high 

days.
• Realize that high PM days won’t be as frequent as regulations and 

remedies are in place for ‘normal’ high days. Wildfires and other non-
normal causes of high PM won’t be forecastable using a generalized 
tool. Those will need to be handled differently. 



What PM2.5 forecasting is looking like…

Based on the dearth of high (over 30 ug/m3) days, it may be like forecasting the weather in San Diego…
May not see a lot of these without extenuating circumstances, which ain’t necessarily a bad thing.



ANSWERS TO
QUESTIONS NO 

ONE ASKED

Oooozone!



Ozone

• 15 monitors over the 8 NEO counties with various operating times:
• Ashtabula: 39-007-1001
• Cuyahoga: 39-035-0034, -0060, -0064, -5002
• Geauga: 39-055-0004
• Lake: 39-085-0003, -0007
• Lorain: 39-093-0018
• Medina: 39-103-0003, -0004
• Portage: 39-133-1001
• Summit: 39-153-0017, -0020, -0026



Northeast Ohio Ozone Region

• The NEO O3 network has been fairly stable
      over the study period, with only a couple
      monitors being moved, removed or 
      installed. 
• Four agencies have responsibility for 
     ensuring data quality and the monitors were
     all run as FEMs.



Monitoring Organizations
• Cleveland Division of Air Pollution Control

• Cuyahoga County (3 sites, 4 monitors)
• Akron Regional Air Quality Management District

• Summit County (2 sites, 3 monitors)
• Medina County (2 sites, 2 monitors)
• Portage County (1 site, 1 monitor)

• Lake County Public Health
• Lake County (2 sites, 2 monitors)

• Ohio Environmental Protection Agency, Northeast District Office
• Ashtabula County (1 site, 1 monitor)
• Lake County (1 site, 1 monitor)
• Geauga County (1 site, 1 monitor)
• Lorain County (1 site, 1 monitor)



Data Set

• All data was downloaded from the US EPA’s Air Quality System (AQS).
• Most monitors run for the EPA designated ozone season (April 

through October from 2009-2016, March through October 2017-
2025), but two monitors provided daily data year round for portions 
of the study

• 49,253 monitoring days were used in this set over the 16 years of the 
study



Data Set Generation

• Data was downloaded from AQS and entered into an Excel 
spreadsheet

• Data was retrieved as hourly concentrations, but the standard is 
based on the maximum daily eight hour concentration (MD8C), those 
had to be calculated.

• All MD8Cs were calculated and invalid periods were removed from 
the data set.

• Data set was generated to compare concentrations from all monitors 
that collected a valid air sample each day



Regional avg daily max 8 hr value 
(2009-2025) 
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Assessment of regional MD8Cs

• The slope of the line is 0.004 and the offset is 36 ppb. Knowing our 
baseline is mid-30s is good information, but the slope of that line is 
based on seasonality so not as important. 

• The higher days were earlier in the data set, lowering over time
• That does not mean that each monitoring site hasn’t seen some 

changes nor that the intensity of the days have changed. 
• More on this in a second….



Forecasting Ozone

• As the last forecasting protocol used data from 2007-2009, the 
determination was made to use data from 2009 to the most up-to-date 
data and see if any trends or questions came up relative to general 
assumptions about ozone

• Assumptions like:
• Concentrations have decreased over time
• Ozone pollution has small variance over the region

• Questions like:
• How many exceedances have we had? 

• Where were they?
• Were the exceedances bunched up?
• Has anything changed since the last time?



Analysis 

• As we saw on the earlier slide, the average concentrations haven’t 
really gone down much (unlike the PM2.5)

• The NAAQS has been strengthened from 80 ppb to 75 to 70 ppb and 
the region is still in non-attainment for the NAAQS.

• Data was analyzed to see where an action limit should be placed and 
the impacts of different limits.



Different Definitions of High Concentration
Days 
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Action limit discussion

• Looking at the previous chart, the days where more than six of the 12 
monitors had a daily maximum eight hour average over 60, 65 and 70 
ppb, some trends appeared.

• It was interesting that the percentages changed as time went on. We 
have more dates in the later 10 years with elevated (60+) but less 
with high (70+). 

70+ days (%) 65+ days (%) 60+ days (%)

2009-2012 18 (64%) 57 (54%) 106 (42%)

2013-2025 10 (36%) 48 (46%) 149 (58%)



Days where more than half of the NEO 
monitors had an 8 hr average over 65 ppb
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Discussion about high days chart

• There were 105 total dates where more than half of the network was 
over 65 ppb

• 60 of those dates were between 2009 and 2013 (5 years)
• 45 between 2014 and 2025 (11 years)

• Decision to focus on the 45 dates as reflective of the current status



High ozone dates

• 4/21/14
• 5/8/15, 5/9/15
• 6/10/15
• 9/17/15
• 5/24/16, 5/25/16
• 6/11/16
• 9/23/16
• 6/10/17, 6/11/17
• 6/13/17
• 5/17/18
• 5/25/18
• 5/29/18

• 6/17/18
• 7/14/18, 7/15/18
• 6/28/19, 6/29/19
• 7/10/19
• 7/13/19
• 7/8/20, 7/9/20
• 5/25/21
• 6/5/21
• 7/28/21
• 6/21/22, 6/22/22
• 6/30/22, 7/1/22
• 4/13/23, 4/14/23

• 5/31/23, 6/1/23, 6/2/23
• 6/29/23
• 7/5/23
• 5/24/24
• 6/13/24
• 8/24/24
• 4/24/25
• 6/3/25
• 6/11/25
• 7/15/25



Where are the high days happening? 
(small snippet)
• Look at all high days (105 for 2009-2025 and 45 for 2014-2025)
• Identify monitors that were high versus those that weren’t.
Yr Mo Da 39-007-1001 39-035-0060 39-035-0064 39-035-0087 39-035-5002 39-055-0004 39-085-0003 39-085-0007 39-093-0018 39-103-0003 39-103-0004 39-133-1001 39-153-0017 39-153-0020 39-153-0026

2009 04 18 69 62 70 69 75 72 69 64 66 42 69
2009 05 20 75 60 72 67 68 79 73 66 64 63 67
2009 05 21 83 64 82 73 69 85 78 63 69 61 67
2009 05 23 56 60 66 63 66 70 71 64 65 63 70
2009 06 24 68 63 70 66 61 71 65 60 62 64 69
2009 06 25 75 62 47 74 70 85 75 68 58 70 71
2009 08 15 72 60 65 69 62 70 68 65 60 58 65
2010 04 02 69 61 64 70 63 71 67 63 66 63 68 55 63
2010 04 15 79 65 76 49 52 86 79 75 52 74 65 76
2010 05 05 68 67 65 50 54 67 69 66 52 68 74 57 67
2010 05 27 65 57 82 48 56 68 64 52 60 80 90 56 82
2010 07 03 75 66 62 38 45 65 80 43 63 68 62 69
2010 07 04 84 71 61 67 71 68 82 60 63 71 63 66
2010 07 06 87 71 61 59 62 79 78 57 63 71 63 67
2010 07 07 83 59 72 73 77 81 74 60 67 71 79 78 80
2010 07 08 84 67 63 64 70 81 88 76 69 69 76 73 74
2010 08 09 78 67 54 60 59 68 84 65 60 62 64 67
2010 08 10 67 60 58 75 73 65 76 61 69 59 72 75
2010 08 29 74 69 68 69 60 71 77 68 67 68 68 75
2010 08 30 76 62 66 76 73 66 78 61 74 71 67 79
2010 08 31 76 54 55 69 76 68 70 62 70 58 58 62
2011 06 04 65 72 39 47 48 75 84 67 48 63 65 71
2011 06 08 86 73 38 55 47 70 82 61 54 76 69 81



Analysis

• When looking at the data, Cuyahoga has the most high days because 
they have four monitors going. In order to remove that bias, the total 
high days by range (60+, 65+ and 70+) were adjusted by the number 
of monitors.

• That calculation was done for the entire set (2009-2025) and the later 
set (2014-2025).
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Analysis

• The high days follow the accepted belief that because ozone is so 
reliant on time in the atmosphere to be created and transport for 
dispersion the higher concentration of high monitors will be found in 
the more northeastern monitors.

• Lake, Ashtabula and Geauga had
   over 40 high days post 2014
• Cuyahoga, Medina and Portage had
    over 30 days post 2014
• Lorain and Summit had over 10 days 
   post 2014



Groupings

• The northeastern monitors being higher than the rest makes sense.
• The grouping of Medina, Cuyahoga makes sense as they’re in line 

with the predominant wind patterns.
• Why Portage is grouped in there, and not with Summit, is odd
• Lorain being low makes sense as well.



Discussion points for forecasting

• The trends are interesting, as overall ozone concentrations have not 
changed, but they have changed.

• The regional concentrations are staying stable over the years
• The action limit analysis shows that high concentrations have reduced
• Seems like regression to the mean (as an analogy)

• Instead of days with super high ozone (100 ppb) and days with super low ozone (20 ppb) 
averaging out to 60 ppb for the year, we have more days with 60 ppb

• High front loading of high days.



ANSWERS TO 
QUESTIONS NO ONE 

ASKED



Met data

• Lets grab some data and see what pops up with just met data
• Temps
• WS/WD
•  Other?

• Maybe (hopefully) that will explain a lot of what happened
• First, we’ll establish the data set.



Daily Mean Temperatures @ CAK and CLE
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Temps

• It seems like CLE and CAK are seeing virtually the same data over 
time, with daily differences due to Lake Erie’s influence. 

• As all my data for other studies is from CLE, I’m just using that. 



y = 0.107x + 51.404
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WS/WD

• CAK 51% of the time the wind comes from the south to the west 
(180-270 deg)

• Average wind speed of 8.8 mph

• CLE 52% of the time the wind comes from the south to the west, with 
another 20% of the time from the north to northeast (0-45 deg)

• Average wind speed of 9.3 mph

• As with temperatures, the WS/WD don’t seem to be too different, 
with the exception of the lake breezes at CLE

• The 2000-2008 vs. 2000-2025 wind roses don’t show much difference 
either, so the full group can be used.



Comparison of wind roses
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Wind Roses for high ozone days
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Other met variables

• Going to focus on PM and O3 separately but the process was the 
same for creating the data sets.

• Grabbed all met data from the Midwestern Regional Climate Center’s 
cli-MATE site (https://mrcc.purdue.edu/)

• T, WS, WD, RH, DP, ppt, Vis

• Calculated daily averages of all but ppt, which was a daily total
• Compared the met data for the specific dates of high concentrations 

to average daily met data
• On all June 21st  days from 2009-2016, the average max temp was 82 deg F, 

but on the high concentration day of 6/21/21 the max temp was 95 deg F

https://mrcc.purdue.edu/


Met Variables (O3 high concentration days)

• As there were 105 high days, but only 45 between 2014 and 2025, 
those were focused on.

• Those dates were listed previously.
• Taking the average of the 45 dates daily max temps (87°) and 

comparing versus the average daily max temp for those dates (76°) 
shows a significant difference in max temps

• The min temps calculated the same way showed that the daily (64°) and 
average (62°) were similar.

• WS (8 mph/10 mph), WD (164 deg/180 deg), and Vis (10 mi/9 mi) 
were all similar enough

• RH also showed a difference (56%/69%)



Met Variables (all of the high concentration 
dates (2009-2025)
• Because, why not. What else do I have to do?
• Shown as high days/all days.
• Temp – 88°/78°
• WS – 7 mph/10 mph
• WD – 168 deg/179 deg
• Vis – 9 mi/9 mi
• RH – 56%/69%

• Not radically different from the shorter set, nothing seems to have 
changed, so met variables are still valid



Met Variables (O3 high concentration 
days)

Temp jump 
0600-1100

All dates 
2009-2025 
(n, %)

High dates
2009-2025
(n, %)

>9 2342, 50% 4, 9%

10-14 1112, 24% 10, 22%

15-19 840, 18% 24, 53%

20+ 365, 8% 7, 16%

The increase from 0600-1100 is an 
indicator of solar energy availability. When 
the temperature jumps in the morning 
hours, there may be an increased 
likelihood of elevated ozone formation. 
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the 6-11 temp jump was over 15 deg F relative to all 
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Met Variables (PM2.5 high concentration 
days)
• For PM2.5, the dates are scattered across the year so it was 

interesting to see what the data showed
• Again, the data is presented as high days/all days
• Temp – 45°/47°
• WS – 5 mph/9 mph
• WD – 146 deg/170 deg
• Vis – 8.1 mi/9.2 mi
• RH – 72%/67%



Met – O3

• Seems as if there are some important variables that influence the 
concentration for the next day:

• Day before ozone concentration maximum
• Cloud cover over night
• Temperature jump projected for 0600-1100 
• Wind speed from 1800 on day before through 0600 day of forecast
• Wind speed day of forecast

• Example, if todays ozone max is 75+ ppb, there are cloudy skies overnight 
with clearing in the early hours (0000-0500), sunny skies and high solar 
radiation in the morning hours (0600-1100), with low winds tomorrow, 
we’re going to have super high ozone concentrations and should inform the 
public so they can make decisions based on this information.





Where does that leave us?

I’m tired.



NOACA will strengthen regional cohesion, 
preserve existing infrastructure, and build a 
sustainable multimodal transportation system 

to support economic development and 
enhance quality of life in Northeast Ohio.
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