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1.0 INTRODUCTION

Since 2005, elevated ozone episodes have been observed at air monitoring stations
during winter and early spring in Wyoming’s Upper Green River Basin (UGRB). Since 2007, the
Wyoming Department of Environmental Quality (WDEQ) has sponsored several field studies in
the UGRB. These field studies consist of meteorological and air quality measurements using
various measurement platforms in an attempt to better understand wintertime surface-based
elevated ozone and have been conducted each winter (from January 15 through March 31) for

the last five years.

On March 12, 2008, EPA established the current 8-hour average primary ozone standard
of 0.075 parts per million (ppm). Wintertime ozone concentrations in the UGRB have met or
exceeded EPA’s current standard since 2005. The EPA’s primary 8-hour average ozone standard
is the level of exposure considered harmful to the public and the environment. Forecasting

criteria were developed for the UGRB in an attempt to issue public ozone-related health alerts.

The 2011 Upper Green River Wyoming Ozone Study (UGWOS 2011) measured the
highest eight-hour average ozone concentrations since winter field studies began in 2007. This
report presents the similarities and/or differences of specific meteorological parameters and
general synoptic weather patterns which may have contributed to these high ozone
concentrations. In addition, the ozone forecast criteria used for the 2007 through 2011 field
campaigns are examined and recommendations to these criteria are presented for predicting

elevated ozone episodes.

! Presentation to WDEQ, “Analysis of Elevated 8-hour average Ozone Episodes Measured in the Jonah/Pinedale
Area Feb-Apr 2005-2006"", June 2006, Bill Hauze, Meteorological Solutions, Inc.
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20 COMPARISON OF THE GENERAL WEATHER PATTERN BETWEEN
UGWOS 2011 AND PRIOR STUDY YEARS

UGWOS 2011 measured the highest eight-hour average ozone concentrations since
winter field studies began in 2007. During winter 2010-2011, the synoptic weather pattern was
very active. The jet stream brought several cold, wet storms into the western United States
which translated into deep snow cover in the UGRB that persisted until approximately the end of
March. Surface based elevated ozone has generally formed when there is snow on the ground
coincident with strong surface inversions which develop under a high pressure system over the
region. This section discusses the frequency of storms that produced snow in the UGWOS area
and how the snow depth has varied during the prior five UGWOS study periods.

2.1 Storm Frequency and Snow Cover

Snowfall data from the National Weather Services Cooperative Station Network (COOP)
sites at Pinedale, Big Piney, and La Barge were reviewed for the UGWOS study period for 2007
through 2011. Table 2-1 lists, by year, the number of days with measureable snow (greater than a
trace) as well as the number of snow producing storms that affected the UGWOS area during the
UGWOS study period.

Table 2-1
Number of Days with Measureable Snow in the UGWOS Study Area
Year 2007 2008 2009 2010 2011 Average
Days with Snow 14 24 17 15 25 19
Number of Storms 12 20 13 11 19 15

! Based on data from January 15 — March 31 for years 2007-2011.

Both 2008 and 2011 had very similar synoptic weather patterns, both years were very
active years showing a higher than average count of snow-producing storms during the last five
years. The other three years (2007, 2009 and 2010) also correlated well synoptically with each
other; the number of snow-producing storms was much lower than 2008 or 2011.
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Snow cover is an essential element in the formation of surface-based wintertime elevated
ozone. There are two characteristics of snow on the ground that can contribute to ozone
development, snow depth and regional snow cover. Snow depth affects the albedo of the ground
by covering dirt, grass and shrubs. Deeper snow covers more of the vegetation that extends
above the ground providing a higher albedo. Regional snow cover affects the ground albedo for
an extensive area. When there is sufficient snow cover in the basin, the regional albedo is higher

and can lead to a greater regional development of ozone.

2.2  Snow Depth

Without actual snow depth measurements, average snow depth data estimates were
obtained from the National Operational Hydrologic Remote Sensing Center (NOHRSC) web
site?. Four sites (Wyoming Range, Pinedale, Juel Springs, and Moxa), thought to be
representative of snow depth located north to south throughout the UGWOS study area, were
chosen to analyze estimated snow depth through the five-year study. The snow depth was
estimated for these four monitoring locations during days when data collected in UGWOS 2011
showed at least one ozone study monitor registering an 8-hour average ozone level of 65 ppb or
greater. Table 2-2 presents the estimated snow depth data. As can be seen in Table 2-2, UGWOS
2011 had the most snow at each of the four sites with the exception of Juel Springs, which

occurred during the 2008 study.

Table 2-2
Average Snow Depth in Inches during Days
When the 8-Hour Ozone Level Reached or Exceeded 65 ppb

Year WDEQ Monitoring Sites

Wyoming Range Pinedale Juel Springs Moxa
2007 23 15 5 4
2008 27 16 7 2
2009 29 11 2 2
2010 18 10 3 1
2011 34 19 6 12

2 Modeled Snow cover data provided by the NOHRSC, Chanhassen Minnesota, USA, from their Web site at
http://www.nohrsc.noaa.gov/interactive/html/map.html.
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3.0 COMPARISON OF METEOROLOGY DURING DAYS WITH 8-HOUR OZONE
AT OR ABOVE 65 PPB

Surface based elevated ozone has generally formed when there is snow on the ground
coincident with strong surface inversions and light winds which develop under a high pressure

system over the region.

An 8-hour ozone value of 65 ppb, suggested by the WDEQ-AQD, was used to understand
what the weather patterns and conditions were when the 8-hour average ozone reached 65 ppb in
the UGWOS study area.

3.1  Number of Days with 8-hour Ozone Concentrations Above 65 ppb

The UGWOS database was used to tabulate the number of days in which the 8-hour
average ozone met or exceeded 65 ppb at any of the UGWOS monitoring sites. Table 3-1
presents the number of days by year where the 8-hour average ozone concentrations met or
exceeded 65 ppb. In addition, the number of ozone monitors that were present during each year
and which were utilized in this analysis are also presented in Table 3-1.

Table 3-1
Number of UGWOS Days with 8-Hour Ozone Concentration of 65 ppb or Higher
Year/Month 2007 2008 2009 2010 2011
January 2 1 1 1 1
February 0 12 5 0 9
March 1 17 9 0 17
Total 3 30 15 1 27
Number of Os 11 10 15 14 8
Monitors
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3.2 Current Forecast Criteria

In 2006, a set of meteorological criteria were established to help identify and forecast
periods for potentially elevated ozone. These criteria were based on weather parameters that

occurred during elevated ozone periods in 2005 and 2006 and are presented below.

e Mean Sea Level Pressure (MSLP) 1020 mb or higher

e Surface wind speeds less than 8 knots (4 mps)

e 700 mb pressure level higher than 3060 meters

e 700 mb pressure level temperatures warmer than -4°C

e 700 mb pressure level wind speed less than 20 knots (10mps)
e 500 mb pressure level higher than 5700 meters

e 500 mb pressure level winds less than 30 knots (15 mps)

e Show cover

3.3  Comparison of Surface, 700 mb, 500 mb Temperature, Pressure, and Wind Speed
Data for Days when 8-Hour Ozone was 65 ppb or Greater

To determine whether conditions may develop that are favorable for the formation of
surface-based wintertime ozone, forecasting tools such as numerical models are used. These
models include the North American Mesoscale (NAM) and Global Forecast System (GFS)
models. Currently, the primary meteorological parameters used for forecasting elevated ozone
events are temperature, pressure/pressure height, and wind speed at three levels (surface, 700
millibar (mb), and 500 mb).

This section compares actual meteorological measurements taken during the 2007-2011

UGWOS studies to National Center for Environmental Protection (NCEP) reanalysis data’.

! NCEP Reanalysis data provided by the NOAA/OAR/ESRL PSD, Boulder, Colorado, USA, from their Web site at
http://www.esrl.noaa.gov/psd/
http://www.esrl.noaa.gov/psd/
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The NCEP reanalysis model is another numerical model that incorporates National
Weather Service upper air and surface data. The average surface, 700 and 500 mb temperatures,
pressure, and wind speed for the days in which the 8-hour average ozone reached or exceeded 65
ppb were developed from NOAA'’s re-analysis web site. During the 2007, 2008, 2009 and 2011
studies, upper air data were collected in the UGRB via rawinsondes. Data from morning
soundings were analyzed to compare the vertical profiles to maximum 8-hour average ozone

collected at Boulder.

3.3.1 Pressure

The first set of forecast criteria are based on pressure level heights and the mean sea level
pressure. Ozone formation is expected when the mean sea level pressure is greater than 1020 mb,
the 700 mb pressure level should be higher than 3060 meters and the 500 mb pressure level
should be higher than 5700 meters. Table 3-2 presents the average pressure from NCEP

reanalysis data, by year, for days when the 8-hour average ozone was 65 ppb or greater.

Table 3-2
Average Surface MSL Pressure, 700 mb, and 500 mb Pressure Heights 2007-2011
For Days with 8-hour Average Ozone of 65 ppb or Greater

Year Surface 790 mb 590 mb
MSL (mb) Height (m) Height (m)
2007 1031.5 3119 5720
2008 1023.5 3044 5587
2009 1026.1 3059 5612
2010 1024.0 3036 5642
2011 1019.1 3035 5588

The pressure data in Table 3-2 indicates that 2011 had the lowest average surface
pressure and lowest pressure height at the 700 mb level. This is a deviation from the historical

conception of conditions conducive to ozone development.
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Upper air data were collected via rawinsondes during the 2007, 2008, 2009 and 2011
studies. Rawinsonde data were analyzed to compare the vertical profile of periods of high ozone
concentrations to periods with low ozone concentrations. The elevation difference between the
700 mb pressure level and the surface was examined to see if there was a correlation with

elevated ozone at the Boulder monitoring site. This comparison is presented in Figure 3.1.

Comparison of 700 mb Layer Depth to Ozone
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Figure 3.1 Comparison of 700 mb Layer Depth to

Maximum Daily 8-hour Ozone at Boulder

Based on Figure 3.1, it can be seen that the layer depth does not seem to correlate well
with elevated ozone (R? = 0.0288). Both 2008 and 2011 had very active weather patterns
producing deep widespread snowpack that may have led to ozone formation even with lower 700
mb and 500 mb pressure levels. A discussion of the relevance of the 700 mb pressure height to

elevated ozone is presented in Section 3.3.3 below.
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3.3.2 Wind Speed

The second set of forecast criteria are based on wind speed at the surface, 700 mb and
500 mb pressure levels. Ozone formation is expected when the surface wind speed is less than 4
mps; the 700 mb wind speed should be less than 10 mps and the 500 mb wind speed should be
less than 15 mps. Wind speed, at the surface, 700 mb, and 500 mb levels, is one of the
meteorological parameters used for forecasting elevated surface-based ozone. Table 3-3 presents
the average wind speed for the surface, 700 mb, and 500 mb based on data collected from the
NCEP reanalysis data for days when the 8-hour average ozone was 65 ppb or greater in the
UGWOS study area. The 30-year average data, obtained from NCEP, represent the
climatological normal for the UGWOS study period (January through March).

Table 3-3
Days with 8-hour Average Ozone of 65 ppb or Greater
Average Surface, 700 mb, and 500 mb Wind Speeds 2007-2011

Days with >65ppb Surface 700 mb 500 mb
Ozone Wind Speed (mps) Wind Speed (mps) Wind Speed (mps)
2007 2.5 5.4 8.5
2008 2.3 7.7 12.8
2009 2.4 6.8 13.2
2010 2.8 2.6 7.5
2011 3.2 9.8 18.3
30-Year Average 3.6 8.9 15.5

As seen from Table 3-3, when averaging all the days with 8-hour average ozone
concentrations of 65 ppb or greater, most of the wind speeds, with the exception of 2011 700 mb
and 500 mb wind speed are within the forecast criteria (wind speed at the surface less than 4
mps, 700 mb less than 10 mps, and 500 mb less than 15 mps). All five years, with the exception
of 2011 had wind speeds that were lower than the 30-year climatological average.
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Since 2008 and 2011 had high surface-based ozone readings, it would be expected that
wind speeds at each of these layers would be relatively low. Data in Table 3-3 show the average
wind speed at the 500 mb and 700 mb pressure level for 2008 and 2011 is greater than the other
three years implying that the lower wind speeds may not be a strong contributing factor to
elevated ozone.

Upper air data were collected via rawinsondes during the 2007, 2008, 2009, and 2011
studies. These data were analyzed to compare the vertical profile of periods of high ozone
concentrations to periods with low ozone concentrations. Figures 3.2 through 3.4 compare the
measured wind speed from the rawinsonde at the forecast levels (surface, 700 mb, and 500 mb)

to the maximum 8-hour ozone concentration at Boulder for the corresponding day.
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Figure 3.2 Comparison of Measured Surface Wind Speed to Boulder Ozone
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Comparison of 700 mb Wind Speed and Ozone
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Figure 3.3 Comparison of Measured 700 mb Wind Speed to Boulder Ozone

Comparison of 500 mb Wind Speed and Ozone
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Figure 3.4 Comparison of Measured 500 mb Wind Speed to Boulder Ozone

The trend line in Figure 3.2, representing all available morning sounding data, shows that
there is little relation to surface wind speed (R?=0.0226). With the morning sounding data set
being limited to 0P days when surface-based ozone was expected to develop, it was forecast
that the surface would have low wind speeds and all the data points fall below the forecast
criteria (less than 4 m/s). Both the 700 mb (R?=0.0766) and 500 mb (R*=0.0590) show a slightly
better but very weak correlation between the lower wind speed and elevated ozone.
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In general, lower wind speeds at the applicable forecast levels are linked with higher
ozone concentrations. In 2011, the winds at the three levels were higher than corresponding wind
speeds for the previous four years, but the surface wind speed was still below the 30-year
climatological average. Both 2008 and 2011 had very active weather patterns and deep
widespread snowpack that may have led to ozone formation even with stronger winds aloft,
indicating that winds aloft should be given less weight.

3.3.3 Temperature

The third set of forecast criteria is based on temperature at the 700 mb pressure level.
Ozone formation is expected when the 700 mb pressure level has a temperature warmer than -4
°C. Table 3-4 presents the average temperature from NCEP reanalysis data for days when the 8-
hour average ozone was 65 ppb or greater. According to the reanalysis average temperature data
presented in Table 3-4, the surface temperature for 2011 was the warmest of the five years. The

temperatures at 700 and 500 mb levels were similar to previous years.

Table 3-4
Days with 8-hour Average Ozone of 65 ppb or Greater
Average Surface, 700 mb, and 500 mb Temperature 2007-2011

Year Surface 700 mb 500 mb
Temperature (°C) | Temperature (°C) | Temperature (°C)

2007 -5.3 -1.8 -17.5

2008 -5.0 -7.3 -22.7

2009 -6.1 -6.0 -22.6

2010 -5.8 -6.1 -17.6

2011 -3.1 -5.6 -22.2

To better understand how the profile temperature during each elevated ozone event
compares to the formation of surface-based ozone, upper-air data collected during 2007, 2008,
2009, and 2011 were analyzed. The next two sections break down two methodologies for

comparing actual temperature profiles to elevated ozone measured at Boulder.
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3.3.3.1 Rawinsonde Stable Layer

The forecasting criteria currently utilize the temperature at the 700 mb pressure level.
Delta temperature (AT), the difference of temperature between two levels can be used for
determining stability. Another useful tool for determining the strength of an inversion is lapse
rate. The lapse rate is the change in temperature over a given distance and is calculated by the
difference in temperature divided by the elevations of the two temperature measurements. First,
the depth of the stable layer will be analyzed. For this analysis, the stable layer was defined as
the inversion top. Figures 3.5 through 3.7 present the comparison of the AT, the depth layer, and

the lapse rate of the stable layer to the corresponding maximum daily 8-hour ozone at Boulder.

Comparison of Delta Temp. to Ozone
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Figure 3.5 Comparison of Stable Layer AT to

Maximum Daily 8-hour Ozone at Boulder
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Comparison of Stable Layer Depth to Ozone
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Figure 3.6 Comparison of Stable Layer Depth to
Maximum Daily 8-hour Ozone at Boulder
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Figure 3.7 Comparison of Stable Layer Lapse Rate to
Maximum Daily 8-hour Ozone at Boulder

The change in temperature between the surface and the top of the stable layer
demonstrates a relatively weak relationship with high ozone concentrations. Since AT is the
difference between the surface temperature and the top of the stable layer, the depth of the layer

can change and can give a misleading correlation.
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The more appropriate measure of the strength of the inversion is the lapse rate. As can be
seen in Figure 3.6, the strongest correlation between upper air weather measurements and surface

based ozone at the Boulder site is demonstrated with the strength of the inversion (lapse rate).

3.3.3.2 Rawinsonde 700 mb Layer

Forecast models do not provide information for layers between the surface elevation in
the UGRB and 700 mb. To find a correlation between actual meteorological measurements and
the forecast tools available, the same temperature comparison above was made between the
surface and the 700 mb pressure level. Figures 3.8 through 3.9 present a comparison of the AT
and lapse rate between the surface and 700 mb pressure layer to corresponding maximum daily
8-hour ozone collected at Boulder.

Comparison of Delta T to Ozone
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Figure 3.8 Comparison of Surface to 700 mb AT to

Maximum Daily 8-hour Ozone at Boulder
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Comparison of Lapse Rate to Ozone
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Figure 3.9 Comparison of Surface to 700 mb Lapse Rate to
Maximum Daily 8-hour Ozone at Boulder

As with the analysis of the stable layer, stronger AT measurements and lapse rate
calculations show a relationship with higher maximum daily 8-hour ozone concentrations. The
AT measurements and lapse rate show a stronger relationship than wind speed at the three
forecast levels. With morning sounding data sets being limited in number and to IOP days which
are forecast to have ozone develop, a comparison between AT and lapse rate to developing ozone
is a weak relationship. To develop the true strength of the relationship between these parameters,

routine rawinsonde data should be collected.

3.3.3.3 Tall Tower Observations

The 73-meter steel tower utilized in UGWOS 2011 provided vertical temperature and
ozone data for the entire study period. Figure 3.10 presents the comparison of the morning (6
a.m.) delta temperature between the 73- and 5-meter levels of the tall tower to 8-hour average
ozone measurements taken at the 5-meter level of the tall tower. Figure 3.11 presents the
comparison of morning delta temperature between the 73- and 5-meter levels of the tall tower to

maximum 8-hour average ozone concentrations measured at Boulder.
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Comparison of Tall Tower Morning Delta-T to Maximum Daily
8-hour Ozone
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Figure 3.10 Comparison of Tall Tower AT to
Maximum Daily 8-hour Ozone measured at 5-meter Level
Comparison of Tall Tower Morning Delta-T to Maximum
Daily 8-hour Average Ozone at Boulder
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Figure 3.11 Comparison of Tall Tower AT to

Maximum Daily 8-hour Ozone Measured at Boulder

UGWOS 2011 Sup. Report 3-13 MSI



Though neither comparison shows strong correlations, a trend can be established that
high 8-hour average ozone concentrations also had high AT values between 73- and 5-meters.
However, there is a stronger relationship between the AT values between 73- and 5-meters to the
maximum daily 8-hour average ozone collected at Boulder. The tall tower is located
approximately 23 miles south-southeast of Boulder. If a permanent tower were placed closer to
the location of sources emitting ozone precursors, stronger relationships between ozone

formation and AT could be established.
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40 FORECASTING CRITERIA

As presented in Section 3.2, a set of meteorological criteria was established to help
identify and forecast for potentially elevated ozone periods. These criteria were based on

weather parameters that occurred during elevated ozone periods in 2005 and 2006.

In Section 3.0, NCEP reanalysis data were collected and averaged during days when 8-
hour average ozone levels were 65 ppb and greater. These data include temperature,
pressure/pressure heights, and wind speed for the three forecast layers (surface, 700 mb and 500
mb pressure levels). These parameters were compared to the existing forecast criteria to see if
additional criteria should be added or the existing criteria adjusted in an attempt to improve on

the accuracy of the system currently used by the WDEQ to predict elevated ozone periods®.

Based on the review of the NCEP reanalysis data in conjunction with actual
measurements taken in the UGRB during the 2007, 2008, 2009, and 2011 study years, suggested
adjustments to the forecast criteria have been developed and are summarized in Table 4-1.
Column one shows the forecast parameter, the average by parameter (based on the five years of
data), the current forecast criteria, and suggested adjustments.

* WDEQ’s Forecasting Check List Excel File.
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Table 4-1

Suggested Forecast Criteria Adjustments

Level | Averaged Parameter | Current Criteria |  Adjustment
Temperature (°C)

700 mb | -1.89/-7.3° | Warmer than -4° | Discard

Pressure (mb)
Surface MSL 1019.1/1031.5 Above 1020 mb Discard
700 mb Height 3035/3119 Above 3060 m Incorporate with
. Temperature for

500 mb Height 5587/5720 Above 5700 m Lapse Rate
Wind Speed (m/s)

Surface MSL 2.3/3.2 Below 4 None

700 mb Height 2.6/9.8 Below 10 None

500 mb Height 7.5/18.3 Below 15 Discard

Delta Temperature (AT)

Surface and 700 mb | average = 9.6 | None | 10.0
Lapse Rate (°C/m)

Surfaceand 700mb |  average =0.0105 | None | 0.010

Based on the five years of data reviewed during UGWOS study periods, suggested
adjustments include: (1) removing the 700 mb and 500 mb pressure height criteria; (2) adding a
delta temperature criterion by calculating the difference between the predicted surface and 700
mb temperature; and (3) adding a lapse rate criterion calculated by dividing the height of the 700

mb pressure level above the ground level (in meters) by the delta temperature criterion.

Suggestions to the forecast criteria have been made based on the limited historical
dataset. The averaged NCEP reanalysis data for temperature, pressure, and wind speed
parameters do not show any statistical difference based on the small data pool. However, upper-
air data collected in the UGRB during the 2007, 2008, 2009, and 2011 studies show that adding
some criteria may lead to better prediction of the formation of surface-based ozone. With a
limited population of morning soundings, refining the forecast data for delta temperature and
lapse rate may require more sounding data and expanding soundings to days when surface-based

ozone is not expected to form.
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5.0 FINDINGS, CONCLUSIONS, AND RECOMMENDATIONS

UGWOS 2011 measured the highest eight-hour average ozone concentrations since
winter field studies began in 2007. During winter 2010-2011, the synoptic weather pattern was
very active. The jet stream brought several cold, wet storms into the western United States
which translated into deep snow cover in the UGRB that persisted until approximately the end of
March. The number of snow producing storms that passed over the UGWOS study area in 2011
was similar to the number observed in 2008, which was the year that measured the highest

number of days with 8-hour average ozone concentrations of 65 ppb.

There are two characteristics of snow on the ground that can contribute to ozone
development, snow depth and regional snow cover. Deeper snow covers more of the vegetation
that extends above the ground providing a higher albedo. Regional snow cover affects the ground
albedo for an extensive area. Since the ozone studies began in 2007, 2011 had the deepest and
most widespread snow cover throughout the UGBR. In the years with the deepest snow cover,
2008 and 2011, some of the highest and the most frequent ozone episodes occurred. To define
the estimated depth required for ozone formation, a network of snow depth check points
throughout the region could be established to give specific and detailed snow information across
the UGRB. Snow depth sensors could be added to the existing network of air quality stations to
obtain an average snow depth at each site during ozone events. This could also be accomplished

by adding a measurement stick with graduations in front of the site cameras as a visual aid.

Strong inversions are also considered critical for forecasting elevated ozone episodes and
are closely linked to snow cover. During UGWOS 2011, the emphasis on collection of soundings
and tall tower data aided our understanding in the near-surface vertical layer. Inversions as deep
as 500 meters were observed. Other study years such as 2008 where sounding data were also
available recorded deep inversions, up to 700 meters. In 2011, it was shown that these deep
inversions allow transport of ozone to much higher elevations along the foothills of the UGRB
than was previously realized; high ozone readings were observed at WDEQ’s new Wyoming

Range monitoring station approximately 340 meters higher than the valley floor.

® Final Report 2011 Upper Green River Ozone Study, 2011, WDEQ, MSI, Environ, T&B Systems
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Sounding data was also important in determining the strength of the inversion by
calculating the temperature difference (AT) between the surface and the top of the inversion
layer. The small population of morning sounding data (taken in 2007, 2008, 2009, and 2011)
showed a correlation of AT and the maximum daily 8-hour average ozone concentrations
measured at the Boulder monitoring site on the corresponding day. Since AT is the difference
between the surface temperature and the top of the stable layer, the depth of the layer can change
and can give a misleading correlation. The more appropriate measure of the strength of the
inversion is the lapse rate. The lapse rate is calculated by dividing the change in temperature
between the surface and the top of the inversion layer by the depth of the inversion layer. The
strength of the inversion as determined by the lapse rate also showed a correlation with
maximum daily 8-hour average ozone concentrations. To conform to the forecast criteria, 700

mb lapse rates were also analyzed and showed a similar correlation as the inversion layer.

In summary, the averaged NCEP reanalysis data for temperature, pressure, and wind
speed parameters for 2011 do not show any statistical difference based on the small data pool.
Currently, the population of data collected over the last five field studies is simply too small to
capture the range of all the meteorological data variability associated with elevated ozone
development. However, upper-air data collected in the UGRB during the 2007, 2008, 2009, and
2011 studies show that modifying forecast criteria may lead to better prediction of the formation
of surface-based ozone. With a limited population of morning soundings, refining the forecast
data for delta-temperature and lapse rate may require more sounding data, expanding soundings

to days when surface-based ozone is not expected to form.

To aid in the forecasting of high ozone episodes, a permanent meteorological/air quality
monitoring site (either rawinsondes, tethered sondes, or possibly a tall tower) is suggested to be
put in a representative location(s) within the UGRB. These measurements should be made at
low elevations as inversions have shown that high ozone concentrations develop and persist at
these lower elevations. This would provide consistent information annually that can be used by
meteorologists to assess the inversion conditions, at least at lower levels, that develop in the
region. This combined with snow cover data and available camera images of sky conditions
would provide very useful information to WDEQ in forecasting elevated ozone episodes.
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