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Summary
In 2004, DeSoto County was excluded from the Memphis Non-Attainment Area as EPA
determined that the county did not significantly contribute to ozone levels in the
Memphis area. Since that time, ozone concentrations have dropped significantly for all
of the monitors in the area and both Crittenden and Shelby Counties have subsequently
attained the 1997 ozone standard. Therefore, this exclusion did not adversely effect the
ozone concentrations. Since the ozone levels have declined and DeSoto County is
attaining the standard, there is no valid basis to reverse the previous determination.
Based on current monitoring data, the Governor of Mississippi recommended the
designation of attainment for Desoto County. This recommendation is supported by
current monitoring data, which shows that the Hernando monitor, located in DeSoto
County, is attaining the standard of 75 ppb. The monitoring data shows that there has
been a decline in concentration at the DeSoto County Monitor since 2007 and that
DeSoto County has been attaining the 2008 standard for the last 2 years.
Pursuant to the Clean Air Act, Section 107(d)(1)(B)(ii), EPA is only required to use the
Metropolitan Statistical Area as the presumptive boundary if the area will be designated
as a Serious, Severe, or Extreme Area. Based on EPA’s proposed implementation rule,
the Memphis Non-Attainment Area will likely be designated as Marginal. Therefore,
EPA has discretion on the designation of the Memphis Non-Attainment Area.
On December 8, 2011 EPA recommended a partial non-attainment designation for
DeSoto County. Due to the expedited review process, EPA relied on older data and
completed only a five factor analysis for their boundary recommendation.
In accordance with EPA policy 1 , there are nine factors to be considered in evaluating
boundaries for designations of areas as non-attainment. In this report, MDEQ has
analyzed each of the nine factors using the latest data and analysis. The analysis reveals
overwhelmingly that DeSoto County does not contribute to violation of the ozone
standard in neither Crittenden County, AR nor Shelby County, TN.
The first of the nine factors to consider is air quality data. Air monitoring data shows that
DeSoto County has attained the standard for the last two years. Furthermore, all of the
monitors in the proposed non-attainment designated area show a downward trend in
ozone values. Accordingly, it is clear that DeSoto County does not contribute to the
violations in Shelby or Crittenden counties based on analysis of this first factor.
The second factor to be considered is emissions data. DeSoto County has only three
facilities which are classified as major sources of emissions, while Shelby and Crittenden
counties have exponentially more emission sources. In addition, Shelby County has the
Memphis International Airport, the number three rail center in the country and the
International Port of Memphis. There are significant intermodal rail facilities in both
Crittenden and Shelby counties. There are nine major truck centers in Crittenden County,
1
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six in Shelby County, and only one in DeSoto County. EPA erred in attributing only
population based and general traffic factors as indicators of contribution, as the proof is
overwhelming that the commerce activity in these areas is a much higher contributor with
the emissions in closer proximity to the violating monitors than the emissions in DeSoto
County. Thus, the complete analysis of this factor clearly supports that DeSoto County
does not contribute to the violations in Shelby or Crittenden Counties.
The third factor for consideration is population density and degree of urbanization. In
support of its proposed designation, EPA states that DeSoto County has the second
highest population in the area; however, a broader analysis reveals that DeSoto County is
a very, very distant second compared to Shelby County. Further, the area of DeSoto
County which is proposed to be included in the designated area is only moderately
populated, and is a mere percentage of the total population and degree of urbanization of
Shelby County. Based on this analysis, DeSoto County does not contribute to the
violations of the ozone standard in Shelby County, Tennessee or Crittenden County,
Arkansas.
The fourth factor for consideration is traffic and commuting patterns. An evaluation of
commuter traffic and Vehicle Miles Traveled (VMT) reveals that DeSoto County pales in
comparison to the commuting within Shelby County. Further, Shelby and Crittenden
counties are both dissected by I-40, one of the busiest routes for heavy duty diesel trucks
in the country. The percentage of traffic from heavy duty diesel trucks in Shelby County
and Crittenden counties is almost two and three times, respectively, higher than that of
DeSoto County. Significantly, the Shelby County Fraser monitor and the Crittenden
County monitors are both in close proximity to I-40. When the level of commerce traffic
is properly considered in evaluating this fourth factor, it is clear that DeSoto County does
not contribute to the violations of the ozone standard in Shelby County, Tennessee or
Crittenden County, Arkansas.
The fifth factor to be considered is growth rates and patterns. EPA cites a growth rate of
48% in Desoto County in the last decade, but the use of a percentage based rate of growth
is misleading when looking at the total population in the entire Memphis MSA. Because
of the relatively low 2000 population in Desoto County, even a 48% increase is still
insignificant when compared to Shelby County and the entire Memphis MSA. Further,
even while Desoto experienced this growth rate, the ozone values within the county, as
well as the other monitors in the area, have steadily decreased. This plainly disproves
EPA’s reasoning that Desoto’s growth rate contributes to violations of the ozone standard
in Shelby and Crittenden counties.
The sixth factor to consider is meteorology. EPA relies in error on back trajectories to
reach its determination that Desoto County should be included in the designated area;
however, EPA failed to consider issues related to back trajectories specific to the Shelby
County Fraser monitor. A more complete analysis reveals that light winds and distant
monitoring of those light winds cause the back trajectory analysis to be unreliable.
Available modeling from Crittenden County, as well as EPA itself, reveals that Desoto
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County does not significantly contribute to ozone concentrations in Shelby County or
Crittenden counties.
The seventh factor to be considered is geography and topography. Analysis of the
geography in the area does not reveal any conditions which would affect the contribution
of Desoto to the Shelby and Crittenden County monitors. The topography of the area
ranges from the flat lowland of the Mississippi Delta in the west to rolling hills in the
central and eastern part of the MSA. This factor does not appear to have a significant
impact on the overall evaluation of the designation.
The eighth factor to be considered is jurisdictional boundaries. Desoto County is in a
different state with different governances than Shelby County, TN and Crittenden
County, AR. Since the emissions in Desoto County are such a small fraction of those in
the other two counties, there is nothing Desoto County can do to impact violations in the
other counties. If Desoto County were included in the designation area, Desoto County
and the State of Mississippi would be significantly negatively impacted by a designation
over which it has no control and over which it has no regulatory authority to impact in
any way. Based on consideration of this factor, it would be an error to include Desoto in
the non-attainment designation.
The ninth and final factor for consideration is the level of emission sources. Considering
the low emissions in Desoto County, there are few measures that could be applied that
would yield significant reductions. The few facilities in the county are well controlled.
Further, both the county and the cities therein have already undertaken voluntary
measures to reduce mobile and area source emissions, which measures have had a
positive effect in lowering ozone in Desoto County. The EPA failed to examine the level
of control of emissions in the area in making its proposed designation. MDEQ’s
thorough analysis of this factor reveals that in addition to industry meeting strict
standards, the citizens and leadership of Desoto County have been proactive in reducing
emissions. To now include Desoto in a non-attainment designation after all they have
done to successfully reduce emissions would be counterproductive in every sense of the
word.
MDEQ’s more thorough evaluation of all nine factors which EPA is to consider in
determining boundaries for areas of non-attainment reveals overwhelmingly that no part
of Desoto County should be included in the designated area. Eight of the nine factors
demonstrate powerfully that Desoto does not contribute to the violations of the standard
in Crittenden and Shelby counties, and the ninth factor bears no impact either positively
or negatively in the analysis. It would be an error to include Desoto County in the area
designated for non-attainment.
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Nine Factor Analysis
EPA recommends that the Metropolitan Statistical Area (MSA) or Combined Statistical
Area (CSA) serve as the starting point for determining the geographic boundaries of an
ozone non-attainment area. According to the Clean Air Act, Section 107(d)(1)(B)(ii),
EPA is only required to use the Metropolitan Statistical Area as the presumptive
boundary if the area will be designated as a Serious, Severe, or Extreme Area. Based in
EPA’s proposed implementation rule, the Memphis Non-Attainment Area will likely be
designated as Marginal. Therefore, EPA has discretion on the designation of the
Memphis Non-Attainment Area.
There are nine factors 2 that need to be evaluated in making the boundary determination.
These factors are:
•
•
•
•
•
•
•
•
•

Factor 1: Air quality data
Factor 2: Emissions data (location of sources and contribution to ozone
concentrations)
Factor 3: Population density and degree of urbanization (including commercial
development)
Factor 4: Traffic and commuting patterns
Factor 5: Growth rates and patterns
Factor 6: Meteorology (weather/transport patterns)
Factor 7: Geography/topography (mountain ranges or other air basin boundaries)
Factor 8: Jurisdictional boundaries (e.g., counties, air districts, Reservations,
metropolitan planning organizations)
Factor 9: Level of control of emission sources

MDEQ has analyzed all factors using the latest data. Based on that analysis, eight of the
nine factors clearly indicate that DeSoto County does not contribute to violation of the
ozone standard in neither Crittenden County, AR nor Shelby County, TN. The analysis
reveals that the ninth factor, Geography, gives no evidence of contribution and is not a
significant factor in the analysis.

2

See Footnote 1
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Factor 1: Air quality data
Table 1 shows the 4th maximum concentrations for the 2008-2011 as well as the 20082010 and 2009-2011 design values. DeSoto County has attained the standard for the last
two years. Figure 1 shows a downward trend in ozone values for all of the monitors in
the area.

County

4th Annual Maximum
8-hour Ozone

Site

2008 2009 2010
DeSoto, MS
Hernando
74
71
76
Shelby. TN
Frayser
84
69
76
Shelby, TN
Orgill Park
77
70
73
Crittenden, AR
Marion
74
71
78
Table 1: Monitoring Data for the Memphis CSA 3

3-Year
3-Year
Average
Average
2008-2010
2009-2011
2011
73
73
73
79
76
74
77
73
73
82
74
77

Memphis Area 8-Hour Ozone Data 2001-2011
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2011
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Figure 1: Ozone Design Value Trends for monitors in the Memphis CSA3

3
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EPA’s Technical Support Document (EPA-TSD), attached as Appendix 1, says that a
county (or partial county) should be designated if it contributes to a violation in a nearby
county. Several recent air quality modeling studies have shown that Mississippi counties
do not significantly contribute to ozone concentrations in Shelby County, TN or
Crittenden County, AR. The “Analysis of Three 2005 Crittenden County Ozone Study
(CCOS) Episodes Using Air Quality Modeling Tools” (ADEQ, June 2007) report found
that DeSoto County had an insignificant impact on the Shelby or Crittenden County
Monitors.
Additionally, the analysis EPA performed for Clean Air Interstate Rule (CAIR) and
Cross-State Air Pollution Rule (CSAPR) did not find any significant linkages for 8-hour
ozone between Mississippi and Shelby County or Crittenden County. An analysis of the
remaining factors also finds that DeSoto County does not contribute to the violations in
Crittenden or Shelby Counties.
Since Desoto County is attaining the current standards and an analysis of data relevant to
the other factors finds that it does not contribute to the violations in Shelby or Crittenden
counties, DeSoto County, or any part thereof, should not be included in the Memphis
Non-Attainment Area.
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Factor 2: Emissions data
Figure 2 is a detailed map of DeSoto, Shelby, and Crittenden Counties. Each of the four
monitoring locations are marked with their corresponding ozone design values for 20082010 and 2009-2011. There is one monitor in DeSoto County which is reading in
attainment of the 2008 ozone standard for both design values. There are two monitors in
Shelby County. One monitor is in northern Shelby County and is reading in attainment
for the 2008 ozone standard for both design values. The other monitor is within
Memphis city limits near Interstate 240. This monitor is reading over the 2008 ozone
standard for 2008-2010 but is under the limit for 2009-2011. The Crittenden County
monitor is near the junction of Interstates 40 and 55 and meets the 2008 ozone standard
for 2008-2010 but is over the standard for 2009 to 2011.
The Memphis International Airport located approximately three miles south of the central
business district of Memphis and is home to the main FedEx Express global "SuperHub",
which processes a significant portion of the freight carrier's packages. The airport also
serves as a hub for Delta Airlines. Memphis is the number three rail center in the United
States with significant intermodal rail facilities in both Crittenden and Shelby Counties.
The International Port of Memphis is 4th largest inland Port in the United States. The
International Port of Memphis covers the Tennessee and Arkansas sides of the
Mississippi River. The boundaries of the International Port of Memphis include the
McKeller Lake/Presidents Island complex, the West Memphis Harbor, the Rivergate
Harbor, the Wolf River Harbor downtown, and Fullen dock and harbor north of
downtown.
Major air emission sources for each county are represented on the map as well as major
truck centers (truck stops). As shown by the map, there are significantly more sources of
emissions in Shelby County and in Crittenden County than in DeSoto County. There are
nine truck centers in Crittenden County, six in Shelby County, and one in DeSoto
County. All of the truck centers in Crittenden County are located within five miles of the
ozone monitor. There are two locations in Crittenden County where major truck centers
are too close to be accurately represented by separate markers. In these cases, the
number of truck centers located at those points are labeled on top of the marker.
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Figure 2: Monitor Locations in the Memphis CSA and Major Emission Sources
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DeSoto County has a small number of major emission sources as shown in Figure 2.
DeSoto County currently has two facilities that are classified as major sources of
Nitrogen Oxides (NOx) and one facility classified as major sources of Volatile Organic
Compounds (VOCs). Charts 1 and 2 show the NOx and VOC emissions from all source
categories in DeSoto, Shelby, and Crittenden Counties. These charts demonstrate that the
total emissions from DeSoto County are small in comparison to those from Shelby
County.
2008 NOx Emissions
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Chart 1: NOx and VOC Emission Comparison for Memphis CSA 4

4

U.S. Environmental Protection Agency, 2008 National Emissions Inventory (NEI)
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2008 VOC Emissions
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Chart 2: NOx and VOC Emission Comparison for Memphis CSA 5
The EPA-TSD identifies that mobile and area source emissions are the primary
contributors of ozone precursors in the area. However, it incorrectly identified
population based and general traffic factors as the indicators of contribution. The
Memphis area is a very busy freight hub that results in a high level of commerce based
emissions. Interstate 40 runs through Shelby and Crittenden Counties and is one of the
busiest interstates in the nation for heavy duty diesel truck traffic.
The Memphis/ West Memphis area is the number three rail center in the United States
with significant intermodal rail facilities in both Crittenden and Shelby Counties. West
Memphis Arkansas also has the highest diesel sales in the nation with nine truck centers.
Many of the truck centers are grouped together and in close proximity to the Crittenden
County monitor. Note from Figure 2 the proximity of the violating monitors to Interstate
40 and railroad lines. In addition, the Mississippi River carries a high volume of barge
traffic that generates emissions and runs between Shelby and Crittenden Counties, both
of which have river ports. The Memphis Airport is also the number one freight airport in
the nation that has aircraft related emissions and generates a lot of truck traffic.
Emissions from these sectors are not population based and are not centered in DeSoto
County. This commerce activity is a much higher contributor with the emissions in
closer proximity to the violating monitors than emissions in DeSoto County.
The overwhelming evidence of the emissions data demonstrates that DeSoto County does
not contribute to violations of the ozone standard in Shelby County, TN or Crittenden
County, AR and should not be included in the Memphis Ozone Non-Attainment Area.
5

See Footnote 5
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Factor 3: Population density and degree of urbanization
The EPA-TSD states that “areas of dense population or commercial development are an
indicator of area source and mobile source NOx and VOC emissions that may contribute to
ozone formation.” DeSoto County is also cited as having the second highest in population
in the area. Chart 3 and 4 show the population density and degree of urbanization for
DeSoto, Shelby and Crittenden Counties. While DeSoto County is second, it is a very,
very distant second compared to Shelby County. As noted in Chart 3, DeSoto County is
not densely populated. The southern portion of the county is largely rural with the
northern portion being a moderately populated suburban area.
2010 Population Density
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Chart 3: Population Density of Memphis CSA 6

6
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2010 Total Population and Degree of Urbanization
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Chart 4: Total Population and Degree of Urbanization for Memphis CSA 7
Based on the analysis of the population density and degree of urbanization, DeSoto
County does not contribute to violations of the ozone standard in Shelby County, TN or
Crittenden County, AR and should not be included in the Memphis Ozone NonAttainment Area.

7

See Footnote 7
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Factor 4: Traffic and commuting patterns
The overall amount of traffic from Mississippi Counties in the CSA is much smaller than
that of Shelby County. Likewise, the number of commuters from the Mississippi
Counties is much less than those from Shelby County. The amount of traffic is measured
in Vehicle Miles Traveled (VMT) and is developed by the Mississippi and Tennessee
Departments of Transportation. Chart 5 compares the traffic data for the Counties in the
Memphis CSA.
2010 County Population and Vehicle Miles Traveled
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Chart 5: 2010 Population and Traffic Data 8, 9

8

See Footnote 7
U.S. Department of Transportation, Federal Highways Administration, Highway Performance Monitoring
System
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Chart 6: Commuting Patterns for Memphis CSA 10
Because commuting data is not yet available for the 2010 census, data from the 2000
census was used to determine the commuting patterns. Chart 6 summarizes this
information and shows that while there is some commuting between the Mississippi
Counties and Shelby County, it pales in comparison to the commuting within Shelby
County. The majority of all commuters remain in their perspective counties for their
travel.

10

2000 U.S. Census
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Figure 3: Average Daily Heavy Duty Diesel Truck Traffic (2007) 11
Of particular significance is the concentration of heavy duty diesel truck in Shelby and
Crittenden Counties versus that of DeSoto County. Heavy duty diesel truck emissions
are a significant source of NOx emissions. Figure 3 shows the truck traffic along the
interstates across the southeast portion of the country.
Interstate 40 traverses from Wilmington, NC, across Tennessee and Arkansas (including
Shelby and Crittenden Counties), to the west coast. I-40 is one of the busiest routes for
heavy duty diesel truck traffic in the nation. Along I-40 over 50% of the traffic in
Crittenden County 12 and 35% in Shelby County 13 is from heavy duty diesel trucks. In
DeSoto County14, 18% of the rural interstate traffic along I-55 is from heavy duty diesel
trucks, which is slightly below the national rural interstate average 14 of 19%. It should be

11

U.S. Department of Transportation, Federal Highways Administration, Office of Freight Management,
Average Daily Long-Haul Truck Traffic on National Highway System, 2007
12
Arkansas State Highway and Transportation Department, 2010 Truck Percentages on the State Highway
System Map
13
Memphis MPO, Travel Demand Model
14
U.S. Department of Transportation, Federal Highways Administration, Highway Statistics
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noted that, as seen in Figure 2, the Shelby County - Frayser monitor and the Crittenden
County Monitor are both in close proximity to Interstate 40.
There are few local controls that can significantly reduce vehicle emissions. However,
national vehicle emissions standards that EPA has implemented are resulting in
significant reductions. MDEQ contracted with a consultant to model 2010 and 2020 peak
hour on-road mobile emissions for DeSoto, Shelby and Crittenden Counties. The final
report for the modeling is attached in Appendix 2 and the results are presented in Table 2.
It is projected that there will be in an approximately 64% reduction in on-road mobile
NOx emissions and a 56% reduction from on-road mobile VOC emissions across the
three counties due to road and traffic improvement and emission reductions from tighter
vehicle emission standards and fleet turnover. These reductions will result in decreases in
ozone levels in the future and are independent of the ozone designations.
2010 to 2020 NOx 2010 to 2020 VOC
Reductions (%)
Reductions (%)
Shelby
63.68
56.26
Crittenden
65.63
58.40
DeSoto
63.55
55.25
Table 2: Projected Peak-Hour On-Road Mobile-Source Emissions Reductions 15
County

Based on the analysis of the traffic and commuting patterns, DeSoto County does not
contribute to violations of the ozone standard in Shelby County, TN or Crittenden
County, AR and should not be included in the Memphis Ozone Non-Attainment Area.

15

Mississippi Department of Environmental Quality, Neel-Schaffer, Inc., On-Road Mobile-Source
Emissions Forecast For Desoto County, Mississippi (2010 to 2020), 2012
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Factor 5: Growth rates and patterns
DeSoto County has experienced moderate growth, approximately 5% per year sine 2000.
However, the growth rate has slowed significantly since 2006. The EPA-TSD cites a
growth rate of 48% over the last decade, but using a percentage based rate is misleading
because of the counties relatively low 2000 population. The real increase in numbers is
53,000 people over the last decade. Compared to the population of Shelby County
(927,000) or the entire Memphis MSA (1,316,000), the growth is not significant.
DeSoto County Growth versus Ozone Design Values
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Chart 7: DeSoto County Growth versus Ozone Design Values 16
In addition, while DeSoto County has experienced this growth, the ozone values in the
County, as well as other monitors in the area, have steadily decreased. Chart 7 shows the
growth trend and the ozone values since 2000. If the growth and population in DeSoto
County were a contributing factor, then it be evidenced by increased ozone readings by
the DeSoto County monitor.
Based on the analysis of the growth rate and patterns, DeSoto County does not contribute
to violations of the ozone standard in Shelby County, TN or Crittenden County, AR and
should not be included in the Memphis Ozone Non-Attainment Area.

16

See Footnotes 3 and 7
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Factor 6: Meteorology (weather and transport)
Back Trajectories
In the EPA Technical Support Document, EPA used the NOAA HYSPLIT model to run
24-hour and 72-hour back trajectories at the Frayser – Shelby County ozone monitoring
site during ozone exceedance days for the period of 2006 – 2010. The results seemed to
indicate that many of the back trajectory centerlines passed through DeSoto County.
However, the following issues should have been considered when performing such an
analysis:
•

On most days, 24-hour back trajectories were less than 200 miles long for the
Frayser site during the period of 2006-2010.

•

This indicates that the average wind speeds were less than 8 mph.

•

When there is a light wind regime wind directions can vary significantly at the
surface.

•

HYSPLIT uses surface and upper air wind conditions to calculate back
trajectories. In this case, surface winds from the Memphis NWS station were
used, but the closest upper-air wind data site is located in Little Rock, Arkansas ~130 miles from Memphis.

•

HYSPLIT is not accurate under light wind conditions because of the light wind
direction variability.

Because of these issues, a back trajectory analysis is unreliable in determining if transport
was occurring on the ozone exceedance days. Therefore, it should not have been used as
a factor in the determination of the Memphis Non-Attainment Area boundary.
Modeling
In the past, there have been air quality modeling studies that show that Mississippi
counties do not significantly contribute to ozone concentrations in Shelby County, TN or
Crittenden County, AR. The “Analysis of Three 2005 Crittenden County Ozone Study
(CCOS) Episodes Using Air Quality Modeling Tools” (ADEQ, June 2007) report found
that DeSoto County had an insignificant impact on the Shelby or Crittenden County
Monitors. This can be seen in Chart 8.
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Contribution to Ozone from Regions
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Chart 8: Contribution to Ozone from Regions 17
In addition, the analysis that EPA performed for Clean Air Interstate Rule (CAIR) and
Cross-State Air Pollution Rule (CSAPR) did not find any significant linkages for 8-hour
ozone between Mississippi and Shelby County or Crittenden County. These rules were
developed to particularly address the contribution of emissions from upwind states to
downwind non-attainment or maintenance areas. While the rules address the emissions
from Electric Generating Units, the analysis to determine contribution included emissions
from all source categories.
Therefore, the available modeling data indicates that DeSoto County does not
significantly contribute to ozone concentrations in Shelby County or Crittenden County.
Based on the analysis of the meteorology, back trajectories, and modeling, DeSoto
County does not contribute to violations of the ozone standard in Shelby County, TN or
Crittenden County, AR and should not be included in the Memphis Ozone NonAttainment Area.

17

Arkansas Department of Environmental Quality, Analysis of Three 2005 Crittenden County Ozone Study
(CCOS) Episodes Using Air Quality Modeling Tools, June 2007
- 20 -

Mississippi Department of Environmental Quality
February 2012

Factor 7: Geography and topography
The Mississippi counties in the Memphis MSA are located in northwestern Mississippi.
DeSoto and Tunica counties border the Mississippi River. DeSoto and Marshall Counties
border Tennessee while Tate is directly south of DeSoto County. The topography of the
area ranges from the flat lowland of the Mississippi Delta in the west to rolling hills in
the central and eastern part of the MSA. Analysis of the geography and topography does
not show a DeSoto County contribution to violations of the ozone standard in Shelby
County, TN or Crittenden County, AR and should not be factored in to include DeSoto
County in the Memphis Ozone Non-Attainment Area.

Factor 8: Jurisdictional boundaries
DeSoto County is in a separate state with different governances than Shelby or Crittenden
County. The DeSoto County monitor is attaining the standard. The emissions in the
County are a small fraction of those in Shelby County and the evidence indicates that
they are not contributing the violations in other counties. If Desoto County were
included in the non-attainment area, neither DeSoto County nor Mississippi would be
able to impact the monitors by controlling emissions and would have no authority to
control emissions in the other states. DeSoto County and the State of Mississippi would
be significantly negatively impacted by a designation over which it has no control and
over which it has no regulatory authority to impact in any way.
DeSoto County was excluded from the Memphis Non-Attainment Area in 2004 because
it was determined that the county did not significantly contribute to ozone levels in the
Memphis area. Ozone concentrations have dropped significantly for all of the monitors
in the area since the designation and both Crittenden and Shelby Counties have
subsequently attained the 1997 ozone standard. Therefore, this exclusion did not
adversely effect the ozone concentrations. Since the ozone levels have declined and
DeSoto County is attaining the standard, there is no valid basis to reverse the previous
determination.
Based on the precedence set by EPA in 2004 and the fact that DeSoto County has no
control or authority over emissions impacting other monitors, it is illogical to include
DeSoto County in the Memphis Non-Attainment Area. Therefore, DeSoto County
should be excluded from the non-attainment designation.
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Factor 9: Level of control of emission sources
Considering the low air emissions in DeSoto County, there are few measures that could
be applied that would yield significant reductions. Overall, the few facilities in
Mississippi are well controlled. Southaven Power is a newer gas cogeneration plant that
meets BACT standards, Rexam Beverage Can has VOC capture and control devices to
control emissions beyond NSPS requirements, and Texas Gas has voluntarily opted to
include operational restrictions in its permit that reduces NOx emissions during Ozone
Season.
There have also been measures taken to reduce mobile and area source emissions in
DeSoto County. Mississippi has revised the Air Pollution Regulations to prohibit all
open burning on Ozone Action Days. Open Burning is banned on all days in Hernando.
Also, DeSoto County and the cities within the county have enacted strict idle reduction
policies to reduce mobile source emissions from the county. The program to develop Idle
Reduction Policies in DeSoto County and sample policies from within the county are
shown in Appendix 2.
Additionally, ninety-three of DeSoto County’s school buses have been retrofitted with
diesel oxidation catalysts (DOC). All of DeSoto County's buses have either DOCs
installed or other technologies to meet current diesel emission standards. In the
surrounding counties, MDEQ has retrofitted an additional 57 buses with DOCs.
Furthermore, there have been nine MDEQ Diesel Emission Reduction Projects reflecting
35 pieces of diesel equipment in and around DeSoto County. Private companies have
spent over $100,000 of their own money as matching funds for these projects.
The DeSoto Planning Commission began the Ozone Action Group to engage public and
private groups in finding emission reductions and providing public outreach. This group
meets monthly to promote and encourage behavior by the general public that will result
in beneficial emission reductions. MDEQ, DeSoto County Ozone Action Group, and the
DeSoto County Planning Commission have engaged in numerous outreach events
throughout the county. A puppet show was also developed as an additional outreach tool
for schools and public outreach. Outreach activities are listed in Appendix 4.
The Mississippi Department of Transportation (MDOT) has spent over $1 million in the
Safe Routes to School program, sidewalks, and bike path improvements in DeSoto
County and has conducted an I-69 Corridor Alternatives Analysis to study preferred mass
transit options for DeSoto County.
The EPA-TSD fails to examine the level of control of emissions in the area. A proper
examination of this factor shows that in addition to industry that meets strict standards,
the citizens and leadership of DeSoto County have also been proactive in reducing
emissions.
As shown in this section, DeSoto County, MDEQ, and their strategic partners have been
proactive in reducing emissions in the county. An arbitrary decision by EPA to include
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DeSoto County in a non-attainment area would hinder these efforts. Therefore, DeSoto
County should be excluded from the Memphis Non-Attainment Area.

Conclusion
Based on the analysis of the nine factors specified by EPA to be considered in
determining the boundaries of the area to be designated as non-attainment, the evidence is
overwhelming that Desoto does not contribute to the violation of standards in Crittenden
County, AR, and Shelby County, TN. Eight of the nine factors fall in favor of excluding
Desoto County from the area of non-attainment, and the ninth factor bears no impact on
the analysis. Desoto was properly excluded from the designation in 2004, and since that
time, has only improved upon its efforts to control and reduce emissions in the county.
EPA should re-evaluate its decision in light of the additional information provided in this
report, and should exclude Desoto County from the designated area.
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Appendix 1: EPA’s Technical Support Document Mississippi Area Designations for the 2008 Ozone
National Ambient Air Quality Standards
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Mississippi
Area Designations for the
2008 Ozone National Ambient Air Quality Standards
The table below identifies the areas and associated counties or parts of counties in Mississippi that EPA
intends to designate as nonattainment for the 2008 ozone national ambient air quality standards (2008
ozone NAAQS). In accordance with section 107(d) of the Clean Air Act, EPA must designate an area
(county or part of a county) “nonattainment” if it is violating the 2008 ozone NAAQS or if it is
contributing to a violation of the 2008 ozone NAAQS in a nearby area. The technical analyses
supporting the boundaries for the individual nonattainment areas are provided below.
Intended Nonattainment Areas in Mississippi
Mississippi’s Recommended
Area
Nonattainment Counties
Memphis, TN-MS-AR*
None

EPA’s Intended Nonattainment
Counties
DeSoto(partial)

*Memphis, TN-MS-AR is a multi-state nonattainment area. Table 1 below identifies the counties in the
other states that EPA intends to designate as part of the nonattainment area.
EPA intends to designate the remaining counties in Mississippi that are not listed in the table above as
“unclassifiable/attainment” for the 2008 ozone NAAQS.
The analysis below provides the basis for intended nonattainment area boundaries. It relies on our
analysis of whether and which monitors are violating the 2008 ozone NAAQS, based on certified air
quality monitoring data from 2008-2010 and an evaluation of whether nearby areas are contributing to
such violations. EPA has evaluated contributions from nearby areas based on a weight of evidence
analysis considering the factors identified below and other relevant information. EPA issued guidance
on December 4, 2008 that identified these factors as ones EPA would consider in determining
nonattainment area boundaries and recommended that states consider these factors in making their
designations recommendations to EPA.1
1.
2.
3.
4.
5.

Air quality data (including the design value calculated for each Federal Reference Method
monitors or Federal Equivalent Method (FEM) monitor in the area);
Emissions and emissions-related data (including location of sources and population, amount of
emissions and emissions controls, and urban growth patterns);
Meteorology (weather/transport patterns);
Geography and topography (mountain ranges or other basin boundaries);
Jurisdictional boundaries (e.g., counties, air districts, existing nonattainment areas, Indian
country, metropolitan planning organizations (MPOs))

Ground-level ozone generally is not emitted directly into the air, but is created by chemical reactions
between oxides of nitrogen (NOx) and volatile organic compounds (VOC) in the presence of sunlight.
Because NOx and VOC emissions from a broad range of sources over a wide area typically contribute to
violations of the ozone standards, EPA believes it is important to consider whether there are contributing
emissions from a broad geographic area. Accordingly, EPA chose to examine the 5 factors with respect
1

The December 4, 2008 guidance memorandum “Area Designations for the 2008 Revised Ozone National Ambient Air
Quality Standards” refers to 9 factors. In this technical support document we have grouped the emissions-related factors
together under the heading of “Emissions and Emissions-Related Data,” which results in 5 categories of factors.

1

to the larger of the Combined Statistical Area (CSA) or Core Based Statistical Area (CBSA) associated
with the violating monitor(s).2 All data and information used by EPA in this evaluation are the latest
available to EPA and/or provided to EPA by states or tribes.
In EPA’s designations guidance for the 2008 ozone NAAQS EPA recommended examining
CSA/CBSAs because certain factors used to establish CSAs and CBSAs are similar to the factors EPA is
using in this technical analysis to determine if a nearby area is contributing to a violation of the 2008
ozone NAAQS. Congress required a similar approach in 1990 for areas classified as serious or above
for the 1-hour ozone standard and EPA used the same basic approach in the designation process for the
1997 ozone NAAQS. Where a violating monitor is not located in a CSA or CBSA, EPA’s guidance
recommended using the boundary of the county containing the violating monitor as the starting point for
considering the nonattainment area’s boundary.

2

Lists of CBSAs and CSAs and their geographic components are provided at
www.census.gov/population/www/metroareas/metrodef.html . The lists are periodically updated by the Office of
Management and Budget. EPA used the most recent update, based on 2008 population estimates, issued on December 1,
2009 (OMB Bulletin No. 10-02).

2

Technical Analysis for Memphis, TN-MS-AR
Figure 1 is a map of the Memphis, TN-MS-AR intended nonattainment area. The map provides other
relevant information including the locations and design values of air quality monitors, county and other
jurisdictional boundaries, relevant statistical area boundaries, the nonattainment area boundary for 1997
ozone NAAQS, and major transportation arteries.
Figure 1. TN-MS-AR Nonattainment Area

For purposes of the 1997 8-hour ozone NAAQS, portions of this area were designated nonattainment.
The boundary for the nonattainment area for the 1997 ozone NAAQS included the entire counties of
Crittenden County, Arkansas, and Shelby County, Tennessee.
In March 2009, Mississippi recommended that DeSoto County, Mississippi be designated as a
nonattainment area separate from the Memphis nonattainment area for the 2008 ozone NAAQS based
on air quality data from 2006-2008. Mississippi provided an update to the original recommendation in
October 2011 based on air quality data from 2008-2010, and preliminary data from 2009-2011. In its
updated recommendation, Mississippi recommended that all counties in the State be designated
3

attainment for the 2008 ozone NAAQS. Letter from Haley Barbour, Governor of the State of
Mississippi to A. Stanley Meiburg, ActingRegional Administrator, US EPA Region 4 (March 3, 2009)
and Gwendolyn Keyes Fleming, Regional Administrator US EPA Region 4 (October 27, 2011) (on file
with US EPA Region 4). Also, in March 2009, Tennessee recommended that Shelby County be
designated “nonattainment” for the 2008 8-hour ozone standard based on air quality data from 20062008. Letter from James H. Fyke, Commissioner, State of Tennessee Department of Environment and
Conservation to A. Stanley Meiburg, Acting Regional Administrator, US EPA Region 4 (March 10,
2009) (on file with US EPA Region 4). Tennessee provided an update to its original recommendation in
November 2011 based on preliminary 2009-2011 air quality data. In Tennessee’s updated
recommendation, the state did not provide a specific update to its 2009 recommendation for the
Memphis TN-MS-AR but stated that all other counties (with the exception of those recommended for
Knoxville) should be designated unclassifiable/attainment. Letter from Robert J. Martineau Jr,
Commissioner, State of Tennessee Department of Environment and Conservation to Gwendolyn Keyes
Fleming, Regional Administrator, US EPA Region 4 (November 8, 2011) (on file with US EPA Region
4).
Additionally, in March 2009, Arkansas recommended that Crittenden County, Arkansas be designated
nonattainment based on 2006-2008 air quality data. Arkansas did not update its 2009 ozone
recommendation. These data are from FEM monitors sited and operated in accordance with 40 CFR
Part 58. Letter from Mike Beebe, Governor of the State of Arkansas to Lawrence E. Starfield, Acting
Regional Administrator, US EPA Region 6 (March 10, 2009) (on file with US EPA Region 6).
After considering these recommendations and based on EPA's technical analysis described below, EPA
intends to designate one county in Arkansas, one county (partial) in Mississippi, and one county in
Tennessee (identified in Table 1 below) as nonattainment for the 2008 ozone NAAQS as part of the
Memphis, TN-MS-AR multi-state nonattainment area.
Table 1. State's Recommended and EPA’s Intended Designated Nonattainment Counties for Memphis,
TN-MS-AR.
Memphis, TN-MS-AR
Arkansas
Mississippi
Tennessee

State-Recommended
Nonattainment Counties
Crittenden
None
None

EPA Intended
Nonattainment Counties
Crittenden
DeSoto (partial)
Shelby

Factor Assessment

Factor 1: Air Quality Data
For this factor, we considered 8-hour ozone design values (in parts per billion (ppb)) for air quality
monitors in counties in the Memphis, TN-MS-AR area based on data for the 2008-2010 period (i.e., the
2010 design value, or DV), which are the most recent years with fully-certified air quality data. A
monitor’s DV is the metric or statistic that indicates whether that monitor attains a specified air quality
standard. The 2008 ozone NAAQS are met at a monitor when the annual fourth-highest daily maximum
8-hour average concentration, averaged over 3 years is 75 ppb or less. A DV is only valid if minimum
data completeness criteria are met. See 40 CFR part 50 Appendix P. Where several monitors are
located in a county (or a designated nonattainment area or maintenance area), the DV for the county or
area is determined by the monitor with the highest level.
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The 2010 DVs for the ozone NAAQS for counties in the Memphis and nearby surrounding area are
shown in Table 2.
Table 2. Air Quality Data3.
County
Crittenden, AR
DeSoto, MS
Shelby, TN

State Recommended
Nonattainment?
Yes
No
No

2008-2010 Design Value
(ppb)
74
73
76

Shelby County, Tennessee shows a violation of the 2008 ozone NAAQS, therefore this county is
included in the nonattainment area. A county (or partial county) must also be designated nonattainment
if it contributes to a violation in a nearby area. Each county without a violating monitor that is located
near a county with a violating monitor has been evaluated, as discussed below, based on the five factors
and other relevant information to determine whether it contributes to the nearby violation.

Factor 2: Emissions and Emissions-Related Data
EPA evaluated emissions of ozone precursors (NOx and VOC) and other emissions-related data that
provide information on areas contributing to violating monitors.
Emissions Data
EPA evaluated county-level emission data for NOx and VOC derived from the 2008 National Emissions
Inventory (NEI), version 1.5. This is the most recently available NEI. (See
http://www.epa.gov/ttn/chief/net/2008inventory.html) Significant emissions levels in a nearby area
indicate the potential for the area to contribute to observed violations. We will also consider any
additional information we receive on changes to emissions levels that are not reflected in recent
inventories. These changes include emissions reductions due to permanent and enforceable emissions
controls that will be in place before final designations are issued and emissions increases due to new
sources. The precursor emission source-category percentages used below and throughout the document
were derived from emissions data from the 2008 NEI version 1.5 referenced above.

Table 3 shows emissions of NOx and VOC (given in tons per year (tpy)) for violating and nearby
counties that we considered for inclusion in the Memphis, TN-MS-AR area.
Table 3. Total 2008 NOx and VOC Emissions.

County
Crittenden, AR
DeSoto, MS
Fayette, TN
Marshall, MS
3

State Recommended
Nonattainment
Yes
No
No
No

NOx (tpy)
4,047
5,080
2,385
1,769

VOC (tpy)
3,805
5,222
1,406
1,527

Only counties in the Memphis CBSA that have ozone monitors are included in this table.
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No
39,519
27,929
No
3,102
1,392
No
2,119
2,251
No
1,598
1,096
Areawide:
59,619
44,628
*Counties that EPA intends to designate as nonattainment are shown in bold.
Shelby, TN
Tate, MS
Tipton, TN
Tunica, MS

DeSoto County contributes about 9 percent NOx and 12 percent VOC precursor emissions in the CBSA.
The County’s 5,080 NOx emissions are mostly comprised of 45 percent area sources, 35 percent mobile
sources. DeSoto County’s total VOC emissions include 44 percent area sources and 34 percent mobile
sources.
Shelby County contributes about 66 percent of the NOx and 63 percent of the VOC precursor emissions
in the CBSA. Shelby makes up 23 percent of the entire CBSA NOx emissions and 22 percent of the
area’s VOC emissions. Of the county’s 39,519 NOx emissions, 35 percent are from point and mobile
emissions and 20 percent from area source emissions. The County’s 27, 929 VOC emissions include 36
percent mobile sources and 32 percent area sources.
Crittenden County contributes less than 10 percent of the precursor CBSA emissions. Of the County’s
total NOx emissions listed in Table 1, 45 percent are from mobile sources and 34 percent from area
sources. The County’s total VOC emissions include 35 percent from area sources and 31 percent from
mobile sources. Only 5 percent of the County’s NOx emissions are from point sources. Both Crittenden
and DeSoto Counties represent less than 1 percent of the entire area’s NOx and VOC point source
emissions
Fayette and Tipton Counties in Tennessee and Marshall, Tate, and Tunica counties in Mississippi all
contribute 5 percent or less NOx and VOC precursor emissions in the CBSA.
Together, Crittenden, DeSoto and Shelby Counties account for 82 percent of the NOx emissions and 83
percent of the VOC emissions for the 8-county area. The emissions from Fayette and Tipton Counties in
Tennessee and Marshall, Tate and Tunica Counties in Mississippi are not thought to contribute to the
violations of the 2008 ozone NAAQS that have been observed by monitors in Shelby County, Tennessee
and Crittenden County, Arkansas.

Population density and degree of urbanization
EPA evaluated the population and vehicle use characteristics and trends of the area as indicators of the
probable location and magnitude of non-point source emissions. These include ozone-creating
emissions from on-road and off-road vehicles and engines, consumer products, residential fuel
combustion, and consumer services. Areas of dense population or commercial development are an
indicator of area source and mobile source NOx and VOC emissions that may contribute to ozone
formation. Rapid population or VMT growth (see below) in a county on the urban perimeter signifies
increasing integration with the core urban area, and indicates that it may be appropriate to include the
area associated with the area source and mobile source emissions as part of the nonattainment area.
Table 4 shows the population, population density, and population growth information for each county in
the area.
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Table 4. Population and Growth.

County
Crittenden,
AR
DeSoto, MS
Fayette, TN
Marshall, MS
Shelby, TN
Tate, MS
Tipton, TN
Tunica, MS

State
Recommended
Nonattainment?

2010
Population

2010
Population
Density
(1000 pop/sq
mi)

Absolute
change in
population
(2000-2010)

Yes
50,902
0.08
(75)
No
161,252
0.32
52,584
No
38,413
0.05
9,313
No
37,144
0.05
2,093
No
927,644
1.18
29,393
No
28,886
0.07
3,444
No
61,081
0.13
9,545
No
10,778
0.02
1,557
Areawide:
1,316,100
0.28
107,854
*Counties that EPA intends to designate as nonattainment are shown in bold.

Population
% change
(20002010)
<1%
+48%
+32%
+6%
+3%
+14%
+19%
+17%
+9%

Sources: U.S. Census Bureau population estimates for 2010 as of August 4, 2011
(http://factfinder2.census.gov/faces/tableservices/jsf/pages/productview.xhtml?pid=DEC_10_PL_GCTP
L2.STO5&prodType=table)
DeSoto County, Mississippi is moderately populated in the northern portion of the county and mostly
rural in the remaining portion of the County. DeSoto County contains 12 percent of the CBSA
population, but experienced 48 percent growth from 2000-2010. Tate, Tunica and Marshall Counties in
Mississippi all make up 3 percent or less of the CBSA population and are sparsely populated.
Shelby County, Tennessee is densely populated containing 70 percent of the CBSA population. From
2000-2010, the County only had 3 percent growth in population. Fayette and Tipton County in
Tennessee had moderate growth from 2000-2010 but are sparsely populated.
Crittenden County, Arkansas had less than 1 percent population growth from 2000-2010 and contains
only 4 percent of the CBSA population. The County is mostly rural with little urbanization.
The attachment to this document contains Figure 2, Memphis Area Ozone and Ozone Precursor
Monitoring Network, and Figure 3, Population Density Change Percentage Between 2000 and 2010
Census for Memphis Ozone and Ozone Precursor Monitoring Network, which present graphical
information on population density and growth for the Memphis area.

7

Traffic VMT Data and Commuting Patterns
EPA evaluated the total VMT for each county in the Memphis CBSA. In combination with the
population/population density data and the location of main transportation arteries (see above), this
information helps identify the probable location of non-point source emissions. A county with high
VMT is generally an integral part of an urban area and indicates the presence of motor vehicle emissions
that may contribute to ozone formation that contributes to nonattainment in the area. Rapid population or
VMT growth in a county on the urban perimeter signifies increasing integration with the core urban
area, and indicates that the associated area source and mobile source emissions may be appropriate to
include in the nonattainment area. Table 5 shows total 2008 VMT for each county.
Table 5. Traffic and VMT Data

County
Crittenden, AR
DeSoto, MS
Fayette, TN
Marshall, MS
Shelby, TN
Tate, MS
Tipton, TN
Tunica, MS

State Recommended
Nonattainment?
Yes
No
No
No
No
No
No
No

2008 VMT (million miles)
903
1,629
573
725
8,789
376
401
337

Areawide:
13,733
*Counties that EPA intends to designate as nonattainment are shown in bold.
* MOBILE model VMTs are those inputs into the NEI version 1.5.
DeSoto County has the second highest VMT in the Memphis CBSA (12% of the total Memphis CBSA).
Additionally, DeSoto County has a 48 percent growth in population from 2000-2010 with approximately
35 and 34 percent of the County’s NOx and VOC emissions (respectively) deriving from mobile
sources.
Shelby County is the only county in the Memphis CBSA violating the 2008 ozone NAAQS with 20082010 air quality data and is considered the core CBSA county, with 64 percent of the VMT in the
Memphis CBSA; Approximately 35 percent of Shelby County’s NOx emissions and 34 percent VOC
emissions are from mobile sources.
Crittenden County, has less than 10 percent of the CBSA VMT (third highest in the Memphis CBSA).
From 2000-2010, Crittenden County had less than 1 percent population growth with 45 percent and 31
percent of the County’s NOx and VOC emissions(respectively) deriving from mobile sources.
The remaining counties in the Memphis CBSA all have low total population and population growth with
little urbanization and low precursor emission contribution suggesting negligible contribution of
population-based emissions.
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Factor 3: Meteorology (weather/transport patterns)
For this factor, EPA analyzed 30-years of National Weather Service (NWS) wind speed and wind
direction data collected at the Memphis International Airport (NWS Station 13893) to help determine
transport patterns and source contributions. EPA assessed wind direction and speed for the 2008-2010
“ozone season” (March through October) in the Memphis CBSA as well as on days when area ozone
monitors exceeded the 2008 ozone NAAQS. Additionally, EPA evaluated wind back trajectories (which
are an analysis of meteorological patterns) specifically on days when the current ozone design value
monitor in Shelby County (Frayser monitor) exceeded the 2008 NAAQS. These analyses were
conducted to better understand the fate and transport of precursor emissions contributing to ozone
formation.
EPA’s analysis of the NWS data indicate predominate south and south-southwest component for the
Memphis CBSA. However, an examination on days when monitors in DeSoto County (Hernando)
exceeded the 2008 ozone NAAQS suggested a northerly component. Additionally, on days when
monitors in Shelby County exceeded the 2008 NAAQS, the data indicated a southerly wind component.
Figure 2, Memphis Area Ozone and Ozone Precursor Monitoring Network, and Figure 4 present
graphical information on 24-hour back trajectories for exceedances in 2008-2010 at the Frayser monitor,
locations of major stationary sources, and locations of ambient monitors with their design values. An
examination of the meteorological data indicates that, for the 2008-2010 days with ozone concentrations
above 75 ppb at the Memphis 2008-2010 Design Value site (Frayser monitor), the wind back trajectories
primarily go back through Shelby County, TN (on 10 out of 10 days) and DeSoto County, MS (on 7 out
of 10 days), with back trajectories going back through Crittenden County, AR on only 1 out of 10 days.
As mentioned in Factor 1, the Shelby County monitor is the only monitor in the Memphis CBSA with a
2008-2010 violation of the 2008 ozone NAAQS.
Since the 2008-2010 data is only for three years and has only 10 exceedance days, we evaluated more
years to better understand the meteorological transport conditions that exist during ozone exceedances.
Normally when we are developing a conceptual model understanding of what yields ozone exceedances
in an area we will evaluate 5 to 10 years worth of meteorological data. Therefore we decided to evaluate
all days that had ozone exceedances at the Design Value monitor (Frayser) for the 2006-2010 period.
The 2006 and 2007 years had more meteorology that was conducive for ozone formation than the years
of 2008, 2009, and 2010. Figure 5 in the attachment to this document includes 72-hour back trajectories
for 2006-2010 ozone exceedances at the Frayser monitor using the National Oceanic and Atmospheric
Administration Hybrid Single Particle Lagrangian Integrated Trajectory Model (NOAA HYSPLIT). To
further understand the meteorological transport conditions within the regional area around Memphis, we
also evaluated24-hour back trajectories for the 2006-2010 time-periods using the NOAA HYSPLIT
model. The results of these back trajectories are included in the attachment to this document as Figure 6
with a further zoom in view in Figure 7.
Evaluation of Figures 6 and 7 further supports our previous conclusions based on the 2008-2010 back
trajectories when the Memphis area Frayser monitor has ozone exceedances. The 2006-2010 data further
supports that most of the centerlines of the back trajectories passes through Shelby County TN, and
many of the back trajectory centerlines pass through DeSoto county in northern Mississippi with smaller
percentage passing through Crittenden County, Arkansas.
EPA’s meteorological assessment of the area monitors ozone exceedances and specifically the wind
back trajectory analysis at the Frayser monitor indicate that Shelby County is likely an emission
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contributor to exceedances of the 2008 NAAQS at the Frayser monitor. Furthermore, the assessment
also suggests that DeSoto and Crittenden Counties should be considered for potential inclusion in the
intended Memphis nonattainment area.

Factor 4: Geography/topography (mountain ranges or other air basin boundaries)
The geography/topography analysis evaluates the physical features of the land that might affect the
airshed and, therefore, the distribution of ozone over the area.
The Memphis area does not have any geographical or topographical barriers limiting air pollution
transport within its air shed. Therefore, this factor did not play a significant role in this evaluation.

Factor 5: Jurisdictional boundaries
Once we identified the general areas we anticipated we would recommend for nonattainment, we then
considered existing jurisdictional boundaries for the purposes of providing a clearly defined legal
boundary and to help identify the areas appropriate for carrying out the air quality planning and
enforcement functions for nonattainment areas. Examples of jurisdictional boundaries include
existing/prior nonattainment area boundaries for ozone or other urban-scale pollutants, county lines, air
district boundaries, township boundaries, area covered by an MPO, state lines, Reservation boundaries,
and urban growth boundaries. Where existing jurisdictional boundaries were not adequate or
appropriate to describe the nonattainment area, other clearly defined and permanent landmarks or
geographic coordinates were considered.
The Memphis Area MPO is comprised of two study areas; the Memphis Urban Area MPO and the West
Memphis MPO. Both organizations are considered multi-jurisdictional agencies responsible for the
implementation and coordination of urban transportation planning and establishing transportation
conformity infrastructure within their respective boundaries. The Memphis Urban jurisdiction is
comprised of all of Shelby County, Tennessee, the western four miles of Fayette County, Tennessee and
the northern twelve miles of DeSoto County. The portion of the Memphis Urban MPO in DeSoto
County captures the more urbanized portion of the county that has experience continuous growth as well
as the ozone air quality monitor. The West Memphis jurisdiction is comprised of the current and
potential future urbanized portion of Crittenden County (including the ozone air quality monitor) with
the following legal description:

That area west from the Mississippi River along the southern right of way line of County Road
18 (Miller Road and Caldwell Road) to the western right of way line of County Road 205
(Hinkley Road); then north along said right of way line and continuing north to the intersection
of the southern right of way line of the St. Louis-Southwestern Railroad; then in a southwesterly
direction along said right of way line to the intersection of eastern right of way line of State
Highway 147; then north along said right of way to the intersection of the southern right of way
line of State Highway 131; then west along said right of way line to the western right of way line
of County Road 51(Eubank Road); then north along said right of way line to U.S. 70; then
continuing north along the western right of way line of County Road 25 (Katie Goodhope) to the
northern right of way line of County Road 12 (Buck Lake Road); then east along said northern
right of way line to State Road 306; then continuing east along the northern right of way line of
State Road 306 to the western right of way line of County Road 165; then north along said right
of way line to the northern right of way line of County Road 168; then northeasterly along said
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right of way line to the intersection of the northern right of way of County Road 172; then east
along said right of way line to the intersection of the western right of way line of County Road 5;
then north along said right of way line to the intersection of the northern right of way line of
James Mill Road; then east along said northern right of way line to the Mississippi River being
the eastern boundary of the study area.

Memphis, TN-MS-AR Area has previously established nonattainment boundaries associated with both
the 1-hour ozone and 1997 8-hour ozone NAAQS. The Memphis nonattainment boundary for the 1hour ozone NAAQS included Shelby County, Tennessee in its entirety. Whereas the Memphis
nonattainment boundary for the 1997 8-hour ozone NAAQS included Crittenden County, Arkansas and
Shelby County, Tennessee in their entireties. Tennessee has recommended a different boundary for the
2008 ozone NAAQS for their portion of this Area. Arkansas recommended the same as the previous
boundary for their portion of this Area. In addition, there is current infrastructure for meeting the
transportation conformity requirements in Shelby County and the urbanized portions of DeSoto County
and Crittenden County since both the Memphis Urban area and West Memphis MPO are currently
implementing these requirements for the 1997 8-hour ozone standard.
Even though, DeSoto and Crittenden Counties do not have violating monitors for the 2008 ozone
NAAQS based on air quality data from 2008-2010, our analysis suggest that both are likely contributing
to the violation in Shelby County due to potential population-based emissions from mobile sources
(VMT) and area source, meteorology and population growth.

Conclusion
Based on the assessment of the factors described above, EPA has preliminarily concluded that the
following counties should be included as part of the intended Memphis nonattainment area because they
are either violating the 2008 ozone NAAQS or contributing to a violation in a nearby area: Crittenden
County, Arkansas, and Shelby County, Tennessee in their entireties, and the portion of DeSoto County
that is included in the Memphis MPO boundary. Two of these counties (i.e., Crittenden County,
Arkansas and Shelby County, Tennessee) are included in the Memphis nonattainment area for the 1997
ozone NAAQS. One of the air quality monitors in Shelby County indicates violation of the 2008 ozone
NAAQS based on 2010 DVs, therefore this county is preliminarily included in the nonattainment area.
Crittenden County, Arkansas, and DeSoto County, Mississippi are nearby counties that do not have
monitors indicating a violation of the standard based on 2010 DVs. However, EPA has preliminarily
concluded that these counties (or portions thereof) contribute to the ozone concentrations in violation of
the 2008 ozone NAAQS through population-based emissions from mobile and area sources (e.g.,
vehicles and other small area sources) and county VMT.
Source category emissions data indicate that mobile sources and area sources are the primary
contributors to ozone formation in the Memphis CBSA. Thus, population-based emissions such as total
population or population growth, and precursor emission transport would indicate a county with
contribution in the Memphis Area.
The population in DeSoto County, Mississippi has grown steadily from 2000-2010 (particularly the
northern portion) with a 48 percent increase, even though it only makes up 12 percent of the total
population in the CBSA. The County also has the CBSA’s second highest VMT. More than 30 percent
of the County’s NOx and VOC emissions are from mobile sources and over 40 percent from area
11

sources. In addition, meteorology suggests that DeSoto County is likely contributing to the violation in
Shelby County due to potential southerly transport of mobile and area emissions.
Shelby County, Tennessee dominates the CBSA in terms of urbanization, precursor emission
contribution and transport which indicate population-based emission (mobile and area sources)
contribution to its own violating monitor. Although the County population growth was less than 5
percent from 2000-2010, it is densely populated with 70 percent of the CBSA population and five times
DeSoto County’s population. Shelby County makes up over 60 percent of the Area’s NOx and VOC
emissions. The County’s has over 30 percent of the County’s NOx and VOC emission coming from
mobile sources and point sources. Meteorological analysis also indicates that Shelby County is
contributing to its own violation as well as other monitors in the Memphis CBSA.
Crittenden County, Arkansas makes up less than 5 percent of the CBSA population with less than a 1
percent population growth from 2000-2010. Crittenden County is mostly rural with the least
urbanization compared to Shelby and DeSoto Counties. The County contributes less than 10 percent of
the CBSA NOx and VOC precursor emissions. However, Crittenden County has over 40 percent of its
NOx emission deriving from area sources which is considered a primary contributor to the formation of
ozone in the Memphis area. EPA is proposing to include all of Crittenden County in the 2008 ozone
Memphis nonattainment area because the county was included in its entirety in the 1997 ozone Memphis
nonattainment area and because Arkansas recommended inclusion of the county in its entirety.
The remaining Tennessee (Tipton, Fayette) and Mississippi (Marshal, Tate, and Tunica) counties all
have low population and urbanization, and precursor emission contribution and transport suggesting
negligible contribution to the violating county. With the exception of those counties that comprise the
Memphis, TN-MS-AR 1997 8-hour ozone boundary and the portion of DeSoto County, Mississippi
discussed in this TSD for inclusion, EPA preliminarily concludes that the remainder of the counties in
the CBSA do not contribute to the violations at the monitors in the CBSA and therefore are not being
considered as part of the nonattainment area.
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ATTACHMENTS

Figure 2. Memphis Ozone and Ozone Precursor Monitoring Network, with Population Density.
Figure 3. Population Density Change Percentage Between 2000 and 2010 Census for Memphis Ozone
and Ozone Precursor Monitoring Network.
Figure 4. Overlay of 24-hour HYSPLIT back trajectories of all 75 ppb exceedances at the Frayser
monitor for the 2008-2010 period.
Figure 5. NOAA HYSPLIT MODEL 72-Hour Back Trajectory Frayser Exceedances (2006-10).
Figure 6. NOAA HYSPLIT MODEL 24-Hour Back Trajectory Frayser Exceedances (2006-10).
Figure 7. NOAA HYSPLIT MODEL 24-Hour Back Trajectory Frayser Exceedances (2006-10) - Zoom
View.
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Figure 2. Memphis Ozone and Ozone Precursor Monitoring Network, with Population Density
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Figure 3. Population Density Change Percentage Between 2000 and 2010 Census
for Memphis Ozone and Ozone Precursor Monitoring Network
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Figure 4 - Overlay of 24-hour HYSPLIT back trajectories of all 75 ppb exceedances
at the Frayser monitor for the 2008-2010 period.
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Figure 5. NOAA HYSPLIT MODEL 72-Hour Back Trajectory Frayser Exceedances (2006-10)
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Figure 6. NOAA HYSPLIT MODEL 24-Hour Back Trajectory Frayser Exceedances (2006-10)
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Figure 7. NOAA HYSPLIT MODEL 24-Hour Back Trajectory Frayser
Exceedances (2006-10) - Zoom View
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Appendix 2: Mississippi Department of
Environmental Quality, Neel-Schaffer, Inc.: On-Road
Mobile-Source Emissions Forecast For Desoto
County, Mississippi (2010 to 2020)
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ĂŶĚsĞŚŝĐůĞͲ,ŽƵƌƐŽĨĞůĂǇŝŶ^ŚĞůďǇŽƵŶƚǇĂŶĚĞ^ŽƚŽŽƵŶƚǇ͙͙͙͙͙͙͙͙͙͙͙͘͘͘͘ ϱ
ϰ͘ ϮϬϭϬƐƚŝŵĂƚĞĚĂŶĚϮϬϮϬWƌŽũĞĐƚĞĚWĞĂŬͲ,ŽƵƌKŶͲZŽĂĚDŽďŝůĞͲ^ŽƵƌĐĞ
ŵŝƐƐŝŽŶƐďǇŽƵŶƚǇ͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͘͘͘ϳ

&/'hZ
ϭ͘ DĞŵƉŚŝƐWƌŽƉŽƐĞĚEŽŶĂƚƚĂŝŶŵĞŶƚƌĞĂŽƵŶƚŝĞƐ͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͘ Ϯ
Ϯ͘ ϮϬϭϬƐƚŝŵĂƚĞĚĂŶĚϮϬϮϬWƌŽũĞĐƚĞĚWĞĂŬͲ,ŽƵƌKŶͲZŽĂĚDŽďŝůĞͲ^ŽƵƌĐĞŵŝƐƐŝŽŶƐ
ďǇŽƵŶƚǇĨŽƌWƌŽƉŽƐĞĚDĞŵƉŚŝƐEŽŶĂƚƚĂŝŶŵĞŶƚƌĞĂ͗KǆŝĚĞƐŽĨEŝƚƌŽŐĞŶ
;EKǆͿ;'ƌĂŵƐͿ͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͘͘͘͘ϴ
ϯ͘ ϮϬϭϬƐƚŝŵĂƚĞĚĂŶĚϮϬϮϬWƌŽũĞĐƚĞĚWĞĂŬͲ,ŽƵƌKŶͲZŽĂĚDŽďŝůĞͲ^ŽƵƌĐĞŵŝƐƐŝŽŶƐ
ďǇŽƵŶƚǇĨŽƌWƌŽƉŽƐĞĚDĞŵƉŚŝƐEŽŶĂƚƚĂŝŶŵĞŶƚƌĞĂ͗sŽůĂƚŝůĞKƌŐĂŶŝĐ
ŽŵƉŽƵŶĚƐ;sKͿ;'ƌĂŵƐͿ͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͘͘͘͘ϵ

WWE/^
ͲDKs^ϮϬϭϬ/ŶƉƵƚ&ŝůĞƐ
ͲEŽƚĞƐŽŶDKs^ϮϬϭϬDŽĚĞů/ŶƉƵƚƐ
Ͳ^ƵŵŵĂƌǇZĞƉŽƌƚƐ͗ŵŝƐƐŝŽŶƐDŽĚĞůŝŶŐZĞƐƵůƚƐ

ŝ


KEͲZKDK/>Ͳ^KhZD/^^/KE^&KZ^d&KZ^KdKKhEdz͕
D/^^/^^/WW/͗ϮϬϭϬdKϮϬϮϬ

ϭ͘ ĂĐŬŐƌŽƵŶĚĂŶĚWƵƌƉŽƐĞ
ƚƚŚĞƌĞƋƵĞƐƚŽĨƚŚĞDŝƐƐŝƐƐŝƉƉŝĞƉĂƌƚŵĞŶƚŽĨŶǀŝƌŽŶŵĞŶƚĂůYƵĂůŝƚǇ;DYͿ͕EĞĞůͲ^ĐŚĂĨĨĞƌ͕/ŶĐ͘;E^/Ϳ
ƵŶĚĞƌƚŽŽŬ Ă ĨŽƌĞĐĂƐƚ ŽĨ ŽŶͲƌŽĂĚ ŵŽďŝůĞͲƐŽƵƌĐĞ ĞŵŝƐƐŝŽŶƐ ĨŽƌ Ğ^ŽƚŽ ŽƵŶƚǇ͕ DŝƐƐŝƐƐŝƉƉŝ ĂŶĚ ƚǁŽ
ĂĚũĂĐĞŶƚĐŽƵŶƚŝĞƐŝŶƚŚĞDĞŵƉŚŝƐDĞƚƌŽƉŽůŝƚĂŶƌĞĂĨŽƌƚŚĞǇĞĂƌϮϬϮϬ͘dŚĞŽƚŚĞƌĐŽƵŶƚŝĞƐŝŶĐůƵĚĞĚŝŶ
ƚŚĞĨŽƌĞĐĂƐƚǁĞƌĞ^ŚĞůďǇŽƵŶƚǇ͕dĞŶŶĞƐƐĞĞĂŶĚƌŝƚƚĞŶĚĞŶŽƵŶƚǇ͕ƌŬĂŶƐĂƐ;ƐĞĞ&ŝŐƵƌĞϭͿ͘dŚĞh͘^͘
ŶǀŝƌŽŶŵĞŶƚĂůWƌŽƚĞĐƚŝŽŶŐĞŶĐǇ;WͿŚĂƐƌĞĐŽŵŵĞŶĚĞĚƚŚĂƚƚŚĞDĞŵƉŚŝƐEŽŶĂƚƚĂŝŶŵĞŶƚƌĞĂ͕ǁŝƚŚ
ƌĞƐƉĞĐƚƚŽƚŚĞϮϬϬϴƐƚĂŶĚĂƌĚĨŽƌŽǌŽŶĞĞƐƚĂďůŝƐŚĞĚƵŶĚĞƌƚŚĞEĂƚŝŽŶĂůŵďŝĞŶƚŝƌYƵĂůŝƚǇ^ƚĂŶĚĂƌĚƐ
;EY^Ϳ͕ďĞĞǆƉĂŶĚĞĚƚŽŝŶĐůƵĚĞĂƉŽƌƚŝŽŶŽĨĞ^ŽƚŽŽƵŶƚǇŝŶĂĚĚŝƚŝŽŶƚŽĂůůŽĨƚŚĞŽƚŚĞƌƚǁŽĐŽƵŶƚŝĞƐ͘
dŚĞƉŽƌƚŝŽŶŽĨĞ^ŽƚŽŽƵŶƚǇƌĞĐŽŵŵĞŶĚĞĚĨŽƌŝŶĐůƵƐŝŽŶŝŶƚŚĞŶŽŶĂƚƚĂŝŶŵĞŶƚĂƌĞĂŝƐƚŚĂƚǁŚŝĐŚůŝĞƐ
ǁŝƚŚŝŶƚŚĞDĞŵƉŚŝƐDĞƚƌŽƉŽůŝƚĂŶWůĂŶŶŝŶŐKƌŐĂŶŝǌĂƚŝŽŶ;DWKͿƐƚƵĚǇĂƌĞĂďŽƵŶĚĂƌǇĂƐŝƚĞǆŝƐƚĞĚƉƌŝŽƌ
ƚŽ ĂĚŽƉƚŝŽŶ ŽĨ ƚŚĞ ϮϬϯϬ >ŽŶŐͲZĂŶŐĞ dƌĂŶƐƉŽƌƚĂƚŝŽŶ WůĂŶ͘  ;dŚĞ ƵƉĚĂƚĞĚ ƌĞŐŝŽŶĂů ƚƌĂŶƐƉŽƌƚĂƚŝŽŶ ƉůĂŶ
ĞǆƉĂŶĚĞĚ ƚŚĞ ƐƚƵĚǇ ĂƌĞĂ ƚŽ ŝŶĐůƵĚĞ Ăůů ŽĨ Ğ^ŽƚŽ ŽƵŶƚǇ͘Ϳ  dŚŝƐ ŶŽƌƚŚĞƌŶ ƉŽƌƚŝŽŶ ŽĨ Ğ^ŽƚŽ ŽƵŶƚǇ͕
ůŽĐĂƚĞĚ ŝŵŵĞĚŝĂƚĞůǇ ƐŽƵƚŚ ŽĨ DĞŵƉŚŝƐ ĂŶĚ ^ŚĞůďǇ ŽƵŶƚǇ͕ ŝŶĐůƵĚĞƐ ƚŚĞ ŵƵŶŝĐŝƉĂůŝƚŝĞƐ ŽĨ ^ŽƵƚŚĂǀĞŶ͕
,ŽƌŶ>ĂŬĞ͕KůŝǀĞƌĂŶĐŚ͕tĂůůƐĂŶĚ,ĞƌŶĂŶĚŽ͘
KŶͲƌŽĂĚ ŵŽďŝůĞͲƐŽƵƌĐĞ ĞŵŝƐƐŝŽŶƐ ǁĞƌĞŵŽĚĞůĞĚ Ăƚ ƚŚĞ ĐŽƵŶƚǇ ůĞǀĞů ƵƐŝŶŐ ƚŚĞ DKs^ϮϬϭϬ ƐŽĨƚǁĂƌĞ
ĚĞǀĞůŽƉĞĚ ďǇ W ĨŽƌ ƵƐĞ ŝŶ ƚŚĞ ƉƌĞƉĂƌĂƚŝŽŶ ŽĨ ^ƚĂƚĞ /ŵƉůĞŵĞŶƚĂƚŝŽŶ WůĂŶƐ ĂŶĚ dƌĂŶƐƉŽƌƚĂƚŝŽŶͲŝƌ
YƵĂůŝƚǇ ŽŶĨŽƌŵŝƚǇ ĚŽĐƵŵĞŶƚƐ͘  ŵŝƐƐŝŽŶƐ ŵŽĚĞůŝŶŐ ǁĂƐ ůŝŵŝƚĞĚ ƚŽ ƚŚĞ ĐƌŝƚĞƌŝĂ ƉŽůůƵƚĂŶƚƐ ĐŽŵŵŽŶůǇ
ƌĞĨĞƌƌĞĚƚŽĂƐŽǌŽŶĞƉƌĞĐƵƌƐŽƌƐʹŽǆŝĚĞƐŽĨŶŝƚƌŽŐĞŶ;EKǆͿĂŶĚǀŽůĂƚŝůĞŽƌŐĂŶŝĐĐŽŵƉŽƵŶĚƐ;sKͿʹƐŝŶĐĞ
ŝƚ ŝƐ ƚŚĞŝƌ ŝŶƚĞƌĂĐƚŝŽŶ ŝŶ ƚŚĞ ƉƌĞƐĞŶĐĞ ŽĨ ƐƵŶůŝŐŚƚ ƚŚĂƚ ƉƌŽĚƵĐĞƐ ŐƌŽƵŶĚͲůĞǀĞů ŽǌŽŶĞ͘  dŚĞ ϮϬϬϴ ŽǌŽŶĞ
ƐƚĂŶĚĂƌĚŝƐŵĞƚ͞ǁŚĞŶƚŚĞĂŶŶƵĂůĨŽƵƌƚŚͲŚŝŐŚĞƐƚĚĂŝůǇŵĂǆŝŵƵŵϴͲŚŽƵƌĐŽŶĐĞŶƚƌĂƚŝŽŶ͕ĂǀĞƌĂŐĞĚŽǀĞƌϯ
ǇĞĂƌƐ ŝƐ ϳϱ ƉƉď ƉĂƌƚƐ ƉĞƌ ďŝůůŝŽŶ Žƌ ůĞƐƐ͟ ;h͘ ^͘ ŶǀŝƌŽŶŵĞŶƚĂů WƌŽƚĞĐƚŝŽŶ ŐĞŶĐǇ͕ ͞DŝƐƐŝƐƐŝƉƉŝ ƌĞĂ
ĞƐŝŐŶĂƚŝŽŶƐĨŽƌƚŚĞϮϬϬϴKǌŽŶĞEĂƚŝŽŶĂůŵďŝĞŶƚŝƌYƵĂůŝƚǇ^ƚĂŶĚĂƌĚƐ͟Ϳ͘dŚĞĨŽůůŽǁŝŶŐŽǌŽŶĞůĞǀĞůƐ
ǁĞƌĞƌĞĐŽƌĚĞĚĨŽƌƚŚĞƚŚƌĞĞĐŽƵŶƚŝĞƐƌĞĐŽŵŵĞŶĚĞĚĨŽƌŝŶĐůƵƐŝŽŶŝŶƚŚĞDĞŵƉŚŝƐEŽŶĂƚƚĂŝŶŵĞŶƚƌĞĂ
ĚƵƌŝŶŐƚŚĞƚŚƌĞĞͲǇĞĂƌƉĞƌŝŽĚĨƌŽŵϮϬϬϴƚŚƌŽƵŐŚϮϬϭϬ͗
ƌŝƚƚĞŶĚĞŶŽƵŶƚǇ

ͲͲ

ϳϰƉƉď

Ğ^ŽƚŽŽƵŶƚǇ 

ͲͲ

ϳϯƉƉď

^ŚĞůďǇŽƵŶƚǇ 

ͲͲ

ϳϲƉƉď

tŚŝůĞƚŚĞǀĂůƵĞĨŽƌƌŝƚƚĞŶĚĞŶŽƵŶƚǇĨĂůůƐďĞůŽǁƚŚĞϳϱƉƉďƚŚƌĞƐŚŽůĚ͕WĞůĞĐƚĞĚƚŽƌĞĐŽŵŵĞŶĚƚŚĞ
ĐŽƵŶƚǇ͛Ɛ ŝŶĐůƵƐŝŽŶ ŝŶ ƚŚĞ ŶŽŶĂƚƚĂŝŶŵĞŶƚ ĂƌĞĂ͕ ůĂƌŐĞůǇ ďĞĐĂƵƐĞ ŝƚ ǁĂƐ ƉƌĞǀŝŽƵƐůǇ ŝŶĐůƵĚĞĚ ĂŶĚ ďĞĐĂƵƐĞ
ƚŚĞ ^ƚĂƚĞŽĨ ƌŬĂŶƐĂƐ ƌĞĐŽŵŵĞŶĚĞĚ ŝƚƐ ĚĞƐŝŐŶĂƚŝŽŶ͘  Ğ^ŽƚŽ ŽƵŶƚǇ ŝƐ Ă ĚŝĨĨĞƌĞŶƚ ƐƚŽƌǇ͗ tŚŝůĞ ĨĂůůŝŶŐ
ĞǀĞŶĨĂƌƚŚĞƌďĞůŽǁƚŚĞŽǌŽŶĞƚŚƌĞƐŚŽůĚ͕ŝƚǁĂƐŶĞŝƚŚĞƌŝŶĐůƵĚĞĚŝŶƚŚĞŶŽŶĂƚƚĂŝŶŵĞŶƚĂƌĞĂŝŶƚŚĞƉĂƐƚ
ŶŽƌƌĞĐŽŵŵĞŶĚĞĚĨŽƌŝŶĐůƵƐŝŽŶŶŽǁďǇƚŚĞ^ƚĂƚĞŽĨDŝƐƐŝƐƐŝƉƉŝ͘EĞǀĞƌƚŚĞůĞƐƐ͕ĂĨƚĞƌĂŶĂůǇǌŝŶŐŽƚŚĞƌ
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DDW,/^WZKWK^EKEdd/EDEdZKhEd/^

!

ĨĂĐƚŽƌƐ;ŝ͘Ğ͕͘ƉŽƉƵůĂƚŝŽŶĚĞŶƐŝƚǇĂŶĚĚĞŐƌĞĞŽĨƵƌďĂŶŝǌĂƚŝŽŶ͕ƚƌĂĨĨŝĐĐŽŶĚŝƚŝŽŶƐĂŶĚĐŽŵŵƵƚŝŶŐƉĂƚƚĞƌŶƐ͕
ŵĞƚĞŽƌŽůŽŐŝĐĂů ĐŽŶĚŝƚŝŽŶƐ͕ ŐĞŽŐƌĂƉŚǇ ĂŶĚ ƚŽƉŽŐƌĂƉŚǇ͕ ĂŶĚ ũƵƌŝƐĚŝĐƚŝŽŶĂů ĐŽŶƐŝĚĞƌĂƚŝŽŶƐͿ͕ W ĚĞĐŝĚĞĚ
ƚŽƌĞĐŽŵŵĞŶĚĞƐŽƚŽďĞŝŶĐůƵĚĞĚŽŶƚŚĞŐƌŽƵŶĚƐƚŚĂƚŝƚĐŽŶƚƌŝďƵƚĞƐƚŽƚŚĞǀŝŽůĂƚŝŽŶ;ŚŽǁĞǀĞƌƐůŝŐŚƚͿŝŶ
^ŚĞůďǇŽƵŶƚǇ͘
dŚĞƉƵƌƉŽƐĞŽĨƚŚĞĂŶĂůǇƐŝƐƵŶĚĞƌƚĂŬĞŶĨŽƌDYǁĂƐƚŽĚĞƚĞƌŵŝŶĞŚŽǁƚŚĞƐĞŵĂƌŐŝŶĂůŽǌŽŶĞůĞǀĞůƐ
ĂƌĞůŝŬĞůǇƚŽďĞĂĨĨĞĐƚĞĚďǇƐƚƌĞĞƚĂŶĚŚŝŐŚǁĂǇǀĞŚŝĐůĞĞŵŝƐƐŝŽŶƐĚƵƌŝŶŐƚŚĞƉĞƌŝŽĚďĞƚǁĞĞŶϮϬϭϬĂŶĚ
ƚŚĞ ǇĞĂƌ ϮϬϮϬ͘  ĞĨŽƌĞ ĞǆĂŵŝŶŝŶŐ ƚŚĞ ƌĞƐƵůƚƐ ŽĨ ƚŚĂƚ ĂŶĂůǇƐŝƐ ŝƚ ǁŝůů ďĞ ƵƐĞĨƵů ƚŽ ĐŽŶƐŝĚĞƌ ƚŚĞ ůĂƌŐĞƌ
ƉŝĐƚƵƌĞ͕ŝŶĐůƵĚŝŶŐƚŚĞĐŽŶƚƌŝďƵƚŝŽŶŽĨŽŶͲƌŽĂĚŵŽďŝůĞͲƐŽƵƌĐĞĞŵŝƐƐŝŽŶƐƚŽƚŚĞŽǀĞƌĂůůůĞǀĞůŽĨŽǌŽŶĞŝŶ
ƚŚĞƚŚƌĞĞͲĐŽƵŶƚǇĂƌĞĂ͕ƉƌŽũĞĐƚĞĚƉŽƉƵůĂƚŝŽŶŐƌŽǁƚŚĂŶĚƚŚĞƚƌĂǀĞůĨŽƌĞĐĂƐƚĨŽƌƚŚĞƌĞŐŝŽŶ͘
Ϯ͘ ϮϬϬϴŵŝƐƐŝŽŶƐ^ƵŵŵĂƌǇ
dŚĞ ϮϬϬϴ W ĞŵŝƐƐŝŽŶƐ ƐƵŵŵĂƌǇ ŝŶĚŝĐĂƚĞƐ ƚŽƚĂů ŽǆŝĚĞƐ ŽĨ ŶŝƚƌŽŐĞŶ ĨƌŽŵ Ăůů ƐŽƵƌĐĞƐ ĂŵŽƵŶƚŝŶŐ ƚŽ
ϰϴ͕ϲϰϲ ƚŽŶƐ ŝŶ ƚŚĞ ƚŚƌĞĞͲĐŽƵŶƚǇ ĂƌĞĂ ;ƐĞĞ dĂďůĞ ϭͿ͘  ƌŝƚƚĞŶĚĞŶ ŽƵŶƚǇ ĂŶĚ Ğ^ŽƚŽ ŽƵŶƚǇ ƚŽŐĞƚŚĞƌ
ĂĐĐŽƵŶƚĞĚĨŽƌϵ͕ϭϮϳƚŽŶƐŽƌůĞƐƐƚŚĂŶϭϵƉĞƌĐĞŶƚŽĨEKǆĞŵŝƐƐŝŽŶƐĨƌŽŵĂůůƐŽƵƌĐĞƐ͕ǁŚĞƚŚĞƌŵŽďŝůĞŽƌ
ƐƚĂƚŝŽŶĂƌǇ͘  ^ŚĞůďǇ ŽƵŶƚǇ ĂůŽŶĞ ĂĐĐŽƵŶƚĞĚ ĨŽƌ ŽǀĞƌ ϯϵ͕ϱϬϬ ƚŽŶƐ Žƌ ŵŽƌĞ ƚŚĂŶ ϴϭ ƉĞƌĐĞŶƚ ŽĨ ƚŚĞ
ĂƌĞĂǁŝĚĞ ƚŽƚĂů͘  KŶͲƌŽĂĚ ŵŽďŝůĞͲƐŽƵƌĐĞ ĞŵŝƐƐŝŽŶƐ ŐĞŶĞƌĂƚĞĚ ďǇ ŵŽƚŽƌ ǀĞŚŝĐůĞƐ ĂŵŽƵŶƚĞĚ ƚŽ ϭϴ͕ϰϭϱ
ƚŽŶƐĂŶĚƌĞƉƌĞƐĞŶƚĞĚϯϳ͘ϵƉĞƌĐĞŶƚŽĨĂůůEKǆŽƵƚƉƵƚŝŶƚŚĞĂƌĞĂ͘EĞĂƌůǇϭϬƉĞƌĐĞŶƚŽĨƚŚĞƚŚƌĞĞͲĐŽƵŶƚǇ
ƚŽƚĂů ǁĂƐ ĂƚƚƌŝďƵƚĂďůĞ ƚŽ ǀĞŚŝĐůĞƐ ŽŶ ƌŝƚƚĞŶĚĞŶ ŽƵŶƚǇ ƌŽĂĚƐ͕ ŵŽƌĞ ƚŚĂŶ ϭϱ ƉĞƌĐĞŶƚ ƚŽ ǀĞŚŝĐůĞƐ ŽŶ
Ğ^ŽƚŽŽƵŶƚǇƐƚƌĞĞƚƐĂŶĚŚŝŐŚǁĂǇƐ͘dŚĞďĂůĂŶĐĞʹϭϯ͕ϲϵϬƚŽŶƐŽƌϳϰ͘ϯƉĞƌĐĞŶƚʹǁĂƐĂƐƐŽĐŝĂƚĞĚǁŝƚŚ
ƚƌĂĨĨŝĐŝŶ^ŚĞůďǇŽƵŶƚǇ͘

dĂďůĞϭ͗
ϮϬϬϴDDW,/^WZKWK^EKEdd/EDEdZ
Ky/^K&E/dZK'EEsK>d/>KZ'E/KDWKhE^D/^^/KE^zKhEdz;dKE^Ϳ


KhEdz
ƌŝƚƚĞŶĚĞŶZ
Ğ^ŽƚŽD^
^ŚĞůďǇdE
dKd>

KhEdz
ƌŝƚƚĞŶĚĞŶZ
Ğ^ŽƚŽD^
^ŚĞůďǇdE
dKd>


EKǆ
;>>^KhZ^Ϳ
ϰ͕Ϭϰϳ
ϱ͕ϬϴϬ
ϯϵ͕ϱϭϵ


WdK&dKd>
;>>^KhZ^Ϳ
ϴ͘ϯϮ
ϭϬ͘ϰϰ
ϴϭ͘Ϯϰ


EKǆ
;KEͲZKDK/>Ϳ
ϭ͕ϴϮϳ
Ϯ͕ϴϵϴ
ϭϯ͕ϲϵϬ


WdK&dKd>
;KEͲZKDK/>Ϳ
ϵ͘ϵϮ
ϭϱ͘ϳϰ
ϳϰ͘ϯϰ

ϰϴ͕ϲϰϲ

ϭϬϬ͘ϬϬ

ϭϴ͕ϰϭϱ

ϭϬϬ͘ϬϬ


sK
;>>^KhZ^Ϳ
ϯ͕ϴϬϱ
ϱ͕ϮϮϮ
Ϯϳ͕ϵϮϵ


WdK&dKd>
;>>^KhZ^Ϳ
ϭϬ͘ϯϬ
ϭϰ͘ϭϯ
ϳϱ͘ϱϳ


sK
;KEͲZKDK/>Ϳ
ϭ͕ϭϴϵ
ϭ͕ϳϲϮ
ϵ͕ϵϯϯ


WdK&dKd>
;KEͲZKDK/>Ϳ
ϵ͘Ϯϯ
ϭϯ͘ϲϴ
ϳϳ͘ϭϬ

ϯϲ͕ϵϱϲ

ϭϬϬ͘ϬϬ

ϭϮ͕ϴϴϰ

ϭϬϬ͘ϬϬ

^ŽƵƌĐĞ͗h͘^͘ŶǀŝƌŽŶŵĞŶƚĂůWƌŽƚĞĐƚŝŽŶŐĞŶĐǇ͕͞^ƚĂƚĞĂŶĚŽƵŶƚǇŵŝƐƐŝŽŶ^ƵŵŵĂƌŝĞƐ͟;ŽŶůŝŶĞĚĂƚĂƌĞƐŽƵƌĐĞͿ͘






ϯ


dŚĞŶƵŵďĞƌƐĨŽƌǀŽůĂƚŝůĞŽƌŐĂŶŝĐĐŽŵƉŽƵŶĚƐǁĞƌĞĐŽŵƉĂƌĂďůĞ͘KĨƚŚĞƚŽƚĂůƚŽŶŶĂŐĞĨƌŽŵĂůůƐŽƵƌĐĞƐ
;ϯϲ͕ϵϱϲͿ͕ŶĞĂƌůǇϮϴ͕ϬϬϬƚŽŶƐ͕ŽƌďĞƚƚĞƌƚŚĂŶϳϱƉĞƌĐĞŶƚ͕ǁĞƌĞĂƚƚƌŝďƵƚĂďůĞƚŽƐŽƵƌĐĞƐŝŶ^ŚĞůďǇŽƵŶƚǇ͘
dŚĞƌĞŵĂŝŶĚĞƌ͕ĂŵŽƵŶƚŝŶŐƚŽůĞƐƐƚŚĂŶϮϱƉĞƌĐĞŶƚŽĨƚŚĞƚŽƚĂů͕ǁĂƐƐƉůŝƚďĞƚǁĞĞŶƌŝƚƚĞŶĚĞŶĂŶĚĞ^ŽƚŽ
ĐŽƵŶƚŝĞƐ͘  KŶͲƌŽĂĚ ŵŽďŝůĞͲƐŽƵƌĐĞ ĞŵŝƐƐŝŽŶƐ ƚŽƚĂůĞĚ ϭϮ͕ϴϴϰ ƚŽŶƐ Žƌ ϯϰ͘ϵ ƉĞƌĐĞŶƚ ŽĨ Ăůů sK͘  KĨ ƚŚĂƚ
ƚŽƚĂů͕ŵŽƌĞƚŚĂŶϵ͕ϵϬϬƚŽŶƐǁĞƌĞĂƚƚƌŝďƵƚĂďůĞƚŽǀĞŚŝĐůĞƐŽƉĞƌĂƚŝŶŐŝŶ^ŚĞůďǇŽƵŶƚǇ͘dŚĂƚƌĞƉƌĞƐĞŶƚƐ
ŵŽƌĞ ƚŚĂŶ ϳϳ ƉĞƌĐĞŶƚ ŽĨ ŽŶͲƌŽĂĚ ŵŽďŝůĞͲƐŽƵƌĐĞ sK ĞŵŝƐƐŝŽŶƐ͕ ĐŽŵƉĂƌĞĚ ƚŽ Ă ůŝƚƚůĞ ŵŽƌĞ ƚŚĂŶ ŶŝŶĞ
ƉĞƌĐĞŶƚŝŶƌŝƚƚĞŶĚĞŶŽƵŶƚǇĂŶĚϭϯ͘ϳƉĞƌĐĞŶƚŝŶĞ^ŽƚŽŽƵŶƚǇ͘
ϯ͘ WŽƉƵůĂƚŝŽŶ&ŽƌĞĐĂƐƚ
DƵĐŚŽĨƚŚĞƉŽƉƵůĂƚŝŽŶŐƌŽǁƚŚŝŶƚŚĞDĞŵƉŚŝƐĂƌĞĂŝŶƌĞĐĞŶƚǇĞĂƌƐŚĂƐƚĂŬĞŶƉůĂĐĞŝŶĞ^ŽƚŽŽƵŶƚǇ͕
ĂŶĚ W ĂƉƉĂƌĞŶƚůǇ ŝŶĨĞƌƐ ĨƌŽŵ ƚŚŝƐ ƚŚĂƚ ĞŵŝƐƐŝŽŶƐ ŝŶ ƚŚĞ DŝƐƐŝƐƐŝƉƉŝ ĐŽƵŶƚǇ ǁŝůů ĨŝŐƵƌĞ ŵŽƌĞ
ƉƌŽŵŝŶĞŶƚůǇŝŶĂŝƌƋƵĂůŝƚǇĐĂůĐƵůĂƚŝŽŶƐĨŽƌƚŚĞŵĞƚƌŽƉŽůŝƚĂŶĂƌĞĂŝŶƚŚĞĨƵƚƵƌĞ͘WŽƉƵůĂƚŝŽŶŝŶƚŚĞƚŚƌĞĞͲ
ĐŽƵŶƚǇĂƌĞĂŝŶĐƌĞĂƐĞĚďǇŽŶůǇĞŝŐŚƚƉĞƌĐĞŶƚďĞƚǁĞĞŶϮϬϬϬĂŶĚϮϬϭϬ͕ďƵƚƚŚĞŶƵŵďĞƌŽĨƉĞŽƉůĞůŝǀŝŶŐŝŶ
Ğ^ŽƚŽŽƵŶƚǇŐƌĞǁďǇϱϬƉĞƌĐĞŶƚ;ƐĞĞdĂďůĞϮͿ͘dŚĞƌĞǁĂƐĂůŵŽƐƚŶŽĐŚĂŶŐĞŝŶƌŝƚƚĞŶĚĞŶŽƵŶƚǇ͕ĂŶĚ
ŐƌŽǁƚŚ ŝŶ ^ŚĞůďǇ ŽƵŶƚǇ ǁĂƐ ƐůƵŐŐŝƐŚ͘  dŚĞ DĞŵƉŚŝƐ DWK ŚĂƐ ƉƌŽũĞĐƚĞĚ ƚŚĂƚ ƐƚƌŽŶŐ ŐƌŽǁƚŚ ǁŝůů
ĐŽŶƚŝŶƵĞŝŶĞ^ŽƚŽŽƵŶƚǇ͕ǁŝƚŚƉŽƉƵůĂƚŝŽŶŝŶĐƌĞĂƐŝŶŐďǇĂŶŽƚŚĞƌϰϰƉĞƌĐĞŶƚďĞƚǁĞĞŶϮϬϭϬĂŶĚϮϬϮϬ͘
/ŶĐƌĞĂƐĞĚ ƉŽƉƵůĂƚŝŽŶ ŐƌŽǁƚŚ ŝƐ ƉƌŽũĞĐƚĞĚ ĨŽƌ ƌŝƚƚĞŶĚĞŶ ŽƵŶƚǇ͕ ďƵƚ ǀĞƌǇ ůŝƚƚůĞ ĐŚĂŶŐĞ ŝƐ ĞǆƉĞĐƚĞĚ ŝŶ
^ŚĞůďǇŽƵŶƚǇ͘dŚĞƌĞƐƵůƚŽĨƚŚŝƐƚƌĞŶĚǁŽƵůĚďĞƚŚĂƚƚŚĞ^ŚĞůďǇŽƵŶƚǇƐŚĂƌĞŽĨƚŽƚĂůƉŽƉƵůĂƚŝŽŶŝŶƚŚĞ
ƚŚƌĞĞͲĐŽƵŶƚǇĂƌĞĂǁŽƵůĚĚĞĐůŝŶĞĨƌŽŵϴϱƉĞƌĐĞŶƚŝŶ ϮϬϬϬƚŽϳϱƉĞƌĐĞŶƚŝŶϮϬϮϬ͘dŚĞĞ^ŽƚŽŽƵŶƚǇ
ƐŚĂƌĞǁŽƵůĚŝŶĐƌĞĂƐĞĨƌŽŵϭϬƚŽŶĞĂƌůǇϭϵƉĞƌĐĞŶƚ͘
ϰ͘ WƌŽũĞĐƚĞĚdƌĂĨĨŝĐ

dŚĞ ǁĂǇ ŝŶ ǁŚŝĐŚ ƚŚĞƐĞ ĚĞŵŽŐƌĂƉŚŝĐ ƚƌĞŶĚƐ ĂĨĨĞĐƚ ƚŚĞ ĚŝƐƚƌŝďƵƚŝŽŶ ŽĨƚƌĂĨĨŝĐ ŝŶ ƚŚĞ ƌĞŐŝŽŶǁŝůů ŚĂǀĞĂ
ƐŝŐŶŝĨŝĐĂŶƚŝŵƉĂĐƚŽŶĞŵŝƐƐŝŽŶůĞǀĞůƐŝŶŝŶĚŝǀŝĚƵĂůĐŽƵŶƚŝĞƐ͘ĂƐĞĚŽŶŽƵƚƉƵƚĨƌŽŵƚŚĞDĞŵƉŚŝƐDWK
ƚƌĂǀĞůĚĞŵĂŶĚĨŽƌĞĐĂƐƚŝŶŐŵŽĚĞů͕ǀĞŚŝĐůĞƐƚƌĂǀĞůŝŶŐŽŶƐƚƌĞĞƚƐĂŶĚŚŝŐŚǁĂǇƐŝŶ^ŚĞůďǇŽƵŶƚǇĚƵƌŝŶŐƚŚĞ
ďĂƐĞ ǇĞĂƌ ;ϮϬϬϰͿ ůŽŐŐĞĚ ũƵƐƚ ŽǀĞƌ Ϯϭ͕ϰϱϵ͕ϬϬϬ ǀĞŚŝĐůĞͲŵŝůĞƐ ƚƌĂǀĞůĞĚ ;sDdͿ ŽŶ Ă ƚǇƉŝĐĂů ǁĞĞŬĚĂǇ ;ƐĞĞ
dĂďůĞϯͿ͘dŚĂƚƌĞƉƌĞƐĞŶƚĞĚĂƉƉƌŽǆŝŵĂƚĞůǇϲϳϲ͕ϬϬϬǀĞŚŝĐůĞͲŚŽƵƌƐƚƌĂǀĞůĞĚ;s,dͿŽĨǁŚŝĐŚƐŽŵĞϭϴϴ͕ϬϬϬ͕
ŽƌŶĞĂƌůǇϮϴƉĞƌĐĞŶƚ͕ǁĞƌĞǀĞŚŝĐůĞͲŚŽƵƌƐŽĨĚĞůĂǇ;s,ͿƌĞƐƵůƚŝŶŐĨƌŽŵƚƌĂĨĨŝĐĐŽŶŐĞƐƚŝŽŶ͘;ĞůĂǇŝƐƚŚĞ
ĚŝĨĨĞƌĞŶĐĞ ŝŶ ƚƌĂǀĞů ƚŝŵĞ ďĞƚǁĞĞŶ ƚŚĂƚ ǁŚŝĐŚ ǁŽƵůĚ ďĞ ƌĞƋƵŝƌĞĚ ƚŽ ŵĂŬĞ Ă ƚƌŝƉ ƵŶĚĞƌ ĐŽŶĚŝƚŝŽŶƐ ŽĨ
ƵŶŝŵƉĞĚĞĚĨůŽǁĂŶĚƚŚĞƚŝŵĞƌĞƋƵŝƌĞĚƚŽŵĂŬĞƚŚĞƐĂŵĞƚƌŝƉƵŶĚĞƌƚŚĞůĞƐƐƚŚĂŶŽƉƚŝŵĂůĐŽŶĚŝƚŝŽŶƐ
ƌĞƐƵůƚŝŶŐ ĨƌŽŵ ĐŽŶŐĞƐƚŝŽŶ͘Ϳ  dŚĞƐĞ ĨŝŐƵƌĞƐ ĚǁĂƌĨ ƚŚŽƐĞ ĨŽƌ Ğ^ŽƚŽ ŽƵŶƚǇ͗ ϯ͕ϯϱϴ͕ϭϲϬ ǀĞŚŝĐůĞͲŵŝůĞƐ
ƚƌĂǀĞůĞĚ͕ ϴϮ͕ϰϭϴ ǀĞŚŝĐůĞͲŚŽƵƌƐ ƚƌĂǀĞůĞĚ ĂŶĚ ŽŶůǇ ϭϱ͕ϲϳϴ ŚŽƵƌƐ ŽĨ ĚĞůĂǇ͘  EŽ ĚĂƚĂ ĂƌĞ ĂǀĂŝůĂďůĞ ĨŽƌ
ƌŝƚƚĞŶĚĞŶŽƵŶƚǇ͕ƐŝŶĐĞŝƚŝƐŶŽƚŝŶĐůƵĚĞĚŝŶƚŚĞDĞŵƉŚŝƐDWKŵŽĚĞůĂƌĞĂ͘

dŚĞ ƐƵďƐƚĂŶƚŝĂů ŐƌŽǁƚŚ ƉƌŽũĞĐƚĞĚ ĨŽƌ Ğ^ŽƚŽ ŽƵŶƚǇ ĚƵƌŝŶŐ ƚŚĞ ĐƵƌƌĞŶƚ ĚĞĐĂĚĞ ǁŝůů ŶŽƚ ƌĞĚƵĐĞ ƚŚĞ
ĂďƐŽůƵƚĞĚŝĨĨĞƌĞŶĐĞŝŶǀĞŚŝĐůĞͲŵŝůĞƐĂŶĚǀĞŚŝĐůĞͲŚŽƵƌƐďƵƚǁŝůůĂĨĨĞĐƚƚŚĞƌĞůĂƚŝǀĞĚŝƐƚƌŝďƵƚŝŽŶƐŽŵĞǁŚĂƚ͘
ĂƐĞĚ ŽŶ ƚŚĞ ĨŝŐƵƌĞƐ ŶŽƚĞĚ ŝŶ ƚŚĞ ƉƌĞĐĞĚŝŶŐ ƉĂƌĂŐƌĂƉŚ͕ ƚƌĂĨĨŝĐ ŝŶ Ğ^ŽƚŽ ŽƵŶƚǇ ĂĐĐŽƵŶƚĞĚ ĨŽƌ
ĂƉƉƌŽǆŝŵĂƚĞůǇϭϯ͘ϱƉĞƌĐĞŶƚŽĨǀĞŚŝĐůĞͲŵŝůĞƐŝŶϮϬϬϰ͕ϭϬ͘ϵƉĞƌĐĞŶƚŽĨǀĞŚŝĐůĞͲŚŽƵƌƐĂŶĚϳ͘ϳƉĞƌĐĞŶƚŽĨ
ĚĞůĂǇ ŝŶ ƚŚĞ ƚǁŽͲĐŽƵŶƚǇ ĂƌĞĂ͘  ,ŽǁĞǀĞƌ͕ sDd ŝƐ ƉƌŽũĞĐƚĞĚ ƚŽ ŝŶĐƌĞĂƐĞ ďǇ ŶĞĂƌůǇ ϴϬ ƉĞƌĐĞŶƚ ďĞƚǁĞĞŶ
ϮϬϬϰĂŶĚϮϬϮϬ͕s,dďǇŵŽƌĞƚŚĂŶϴϬƉĞƌĐĞŶƚĂŶĚs,ďǇŽǀĞƌϭϮϬƉĞƌĐĞŶƚ͘

ϰ


KhEdz
ƌŝƚƚĞŶĚĞŶ
Ğ^ŽƚŽ
^ŚĞůďǇ

dĂďůĞϮ͗
DDW,/^WZKWK^EKEdd/EDEdZWKWh>d/KEzKhEdz͗
ϮϬϬϬͲϮϬϮϬ;WZK:dͿ

ϮϬϬϬWKWh>d/KE
WZEdK&dKd>
ϱϬ͕ϴϲϲ
ϰ͘ϴϮ
ϭϬϳ͕ϭϵϵ
ϭϬ͘ϭϲ
ϴϵϳ͕ϰϳϮ
ϴϱ͘Ϭϯ

dKd>
KhEdz
ƌŝƚƚĞŶĚĞŶ
Ğ^ŽƚŽ
^ŚĞůďǇ

ϭ͕Ϭϱϱ͕ϱϯϳ
ϮϬϭϬWKWh>d/KE
ϱϬ͕ϵϬϮ
ϭϲϭ͕ϮϱϮ
ϵϮϳ͕ϲϰϰ

ϭϬϬ͘ϬϬ
WZEdK&dKd>
ϰ͘ϰϳ
ϭϰ͘ϭϱ
ϴϭ͘ϯϵ

dKd>
KhEdz
ƌŝƚƚĞŶĚĞŶ
Ğ^ŽƚŽ
^ŚĞůďǇ

ϭ͕ϭϯϵ͕ϳϵϴ
ϮϬϬϬͲϮϬϭϬWKWh>d/KE,E'
ϯϲ
ϱϰ͕Ϭϱϯ
ϯϬ͕ϭϳϮ

ϭϬϬ͘ϬϬ
WZEd,E'
Ϭ͘Ϭϳ
ϱϬ͘ϰϮ
ϯ͘ϯϲ

dKd>
KhEdz
ƌŝƚƚĞŶĚĞŶ
Ğ^ŽƚŽ
^ŚĞůďǇ

ϴϰ͕Ϯϲϭ
ϮϬϮϬWZK:dWKWh>d/KE
ϱϳ͕ϲϭϳ
ϮϯϮ͕ϲϳϴ
ϵϰϱ͕ϱϰϵ

ϳ͘ϵϴ
WZEdK&dKd>
ϰ͘ϲϲ
ϭϴ͘ϴϯ
ϳϲ͘ϱϭ

dKd>
KhEdz
ƌŝƚƚĞŶĚĞŶ
Ğ^ŽƚŽ
^ŚĞůďǇ

ϭ͕Ϯϯϱ͕ϴϰϰ
ϮϬϭϬͲϮϬϮϬWKWh>d/KE,E'
ϲ͕ϳϭϱ
ϳϭ͕ϰϮϲ
ϭϳ͕ϵϬϱ

ϭϬϬ͘ϬϬ
WZEd,E'
ϭϯ͘ϭϵ
ϰϰ͘Ϯϵ
ϭ͘ϵϯ

ϵϲ͕Ϭϰϲ

ϴ͘ϰϯ

dKd>

^ŽƵƌĐĞ͗h͘^͘ĞŶƐƵƐƵƌĞĂƵ͕͞ĞŶƐƵƐϮϬϬϬĞŵŽŐƌĂƉŚŝĐWƌŽĨŝůĞƐ͟ĂŶĚ͞ϮϬϭϬĞŶƐƵƐ/ŶƚĞƌĂĐƚŝǀĞWŽƉƵůĂƚŝŽŶ^ĞĂƌĐŚ͟
;ŽŶůŝŶĞ ĚĂƚĂ ƌĞƐŽƵƌĐĞƐͿ͖ DĞŵƉŚŝƐ DĞƚƌŽƉŽůŝƚĂŶ WůĂŶŶŝŶŐ KƌŐĂŶŝǌĂƚŝŽŶ ;ϮϬϭϭͿ͗ ϮϬϮϬ ƉŽƉƵůĂƚŝŽŶ ƉƌŽũĞĐƚŝŽŶƐ ĨƌŽŵ
ƌĞŐŝŽŶĂůƚƌĂǀĞůĚĞŵĂŶĚĨŽƌĞĐĂƐƚŝŶŐŵŽĚĞůĚĞǀĞůŽƉĞĚĨŽƌϮϬϰϬ>ŽŶŐͲZĂŶŐĞdƌĂŶƐƉŽƌƚĂƚŝŽŶWůĂŶ͘

ϱ͘ ŵŝƐƐŝŽŶƐDŽĚĞů/ŶƉƵƚƐ
/Ŷ ŽƌĚĞƌ ƚŽ ƉƌŽũĞĐƚ ŚŽǁ ƚŚĞƐĞ ĐŚĂŶŐĞƐ ŝŶ ƉŽƉƵůĂƚŝŽŶ ĂŶĚ ƚƌĂĨĨŝĐ ĂƌĞ ůŝŬĞůǇ ƚŽ ĂĨĨĞĐƚ ĨƵƚƵƌĞ ŽŶͲƌŽĂĚ
ŵŽďŝůĞͲƐŽƵƌĐĞĞŵŝƐƐŝŽŶƐĂƐƐŽĐŝĂƚĞĚǁŝƚŚƚŚĞĨŽƌŵĂƚŝŽŶŽĨŽǌŽŶĞ͕ƚŚĞWDKs^ϮϬϭϬŵŽĚĞůǁĂƐƵƐĞĚ
ƚŽŐĞŶĞƌĂƚĞƉĞĂŬͲŚŽƵƌĞŵŝƐƐŝŽŶƐĨŽƌŽǆŝĚĞƐŽĨŶŝƚƌŽŐĞŶĂŶĚǀŽůĂƚŝůĞŽƌŐĂŶŝĐĐŽŵƉŽƵŶĚƐĨŽƌĞĂĐŚŽĨƚŚĞ
ƚŚƌĞĞĐŽƵŶƚŝĞƐƉƌŽƉŽƐĞĚĨŽƌŶŽŶĂƚƚĂŝŶŵĞŶƚƐƚĂƚƵƐ͘/ŶƉƵƚƐƚŽƚŚĞĞŵŝƐƐŝŽŶƐŵŽĚĞůŝŶĐůƵĚĞĂŶŶƵĂůsDd
ďǇƚǇƉĞŽĨǀĞŚŝĐůĞĂƐĚĞĨŝŶĞĚďǇƚŚĞ&ĞĚĞƌĂů,ŝŐŚǁĂǇĚŵŝŶŝƐƚƌĂƚŝŽŶ͛Ɛ,ŝŐŚǁĂǇWĞƌĨŽƌŵĂŶĐĞDŽŶŝƚŽƌŝŶŐ
^ǇƐƚĞŵ ;,WD^Ϳ͖ ƚŚĞ ĚŝƐƚƌŝďƵƚŝŽŶ ŽĨ sDd ďǇ ŵŽŶƚŚ͕ ĚĂǇ ĂŶĚ ŚŽƵƌ͖ ƚŚĞ ĚŝƐƚƌŝďƵƚŝŽŶ ŽĨ sDd ďǇ ƚǇƉĞ ŽĨ
ƌŽĂĚ͖ƚŚĞĚŝƐƚƌŝďƵƚŝŽŶŽĨǀĞŚŝĐůĞƐďǇƚǇƉĞŽĨǀĞŚŝĐůĞ͖ƚŚĞĚŝƐƚƌŝďƵƚŝŽŶŽĨǀĞŚŝĐůĞƐďǇĂŐĞ͖ƚŚĞĚŝƐƚƌŝďƵƚŝŽŶ
ϱ


dĂďůĞϯ͗
ϮϬϬϰ^d/DdEϮϬϮϬWZK:ds,/>ͲD/>^Es,/>Ͳ,KhZ^K&dZs>
Es,/>Ͳ,KhZ^K&>z/E^,>zKhEdzE^KdKKhEdz

zZ
ϮϬϬϰ
ϮϬϬϰ
ϮϬϮϬ
ϮϬϮϬ
ϮϬϬϰͲϮϬϮϬ
ϮϬϬϰͲϮϬϮϬ
ϮϬϬϰͲϮϬϮϬ
ϮϬϬϰͲϮϬϮϬ

KhEdz
^ŚĞůďǇŽƵŶƚǇƐƚŝŵĂƚĞĚ
Ğ^ŽƚŽŽƵŶƚǇƐƚŝŵĂƚĞĚ
^ŚĞůďǇŽƵŶƚǇWƌŽũĞĐƚĞĚ
Ğ^ŽƚŽŽƵŶƚǇWƌŽũĞĐƚĞĚ
^ŚĞůďǇŽƵŶƚǇďƐŽůƵƚĞŚĂŶŐĞ
Ğ^ŽƚŽŽƵŶƚǇďƐŽůƵƚĞŚĂŶŐĞ
^ŚĞůďǇŽƵŶƚǇWĞƌĐĞŶƚŚĂŶŐĞ
Ğ^ŽƚŽŽƵŶƚǇWĞƌĐĞŶƚŚĂŶŐĞ

sDd
Ϯϭ͕ϰϱϵ͕ϬϬϳ
ϯ͕ϯϱϴ͕ϭϲϬ
Ϯϲ͕Ϯϴϰ͕ϳϰϮ
ϱ͕ϵϵϲ͕ϵϰϯ
ϰ͕ϴϮϱ͕ϳϯϱ
Ϯ͕ϲϯϴ͕ϳϴϯ
ϮϮ͘ϰϵ
ϳϴ͘ϱϴ

s,d
ϲϳϲ͕ϭϱϰ
ϴϮ͕ϰϭϴ
ϳϳϴ͕ϳϴϯ
ϭϱϬ͕ϴϬϲ
ϭϬϮ͕ϲϮϵ
ϲϴ͕ϯϴϴ
ϭϱ͘ϭϴ
ϴϮ͘ϵϴ

s,
ϭϴϴ͕ϰϵϱ
ϭϱ͕ϲϳϴ
Ϯϭϲ͕ϬϲϮ
ϯϱ͕Ϭϵϴ
Ϯϳ͕ϱϲϳ
ϭϵ͕ϰϮϬ
ϭϰ͘ϲϮ
ϭϮϯ͘ϴϳ

^ŽƵƌĐĞ͗DĞŵƉŚŝƐDĞƚƌŽƉŽůŝƚĂŶWůĂŶŶŝŶŐKƌŐĂŶŝǌĂƚŝŽŶ;ϮϬϭϭͿ͗^ƵŵŵĂƌǇŽƵƚƉƵƚĚĂƚĂĨƌŽŵƌĞŐŝŽŶĂůƚƌĂǀĞů
ĚĞŵĂŶĚĨŽƌĞĐĂƐƚŝŶŐŵŽĚĞů͘









ŽĨǀĞŚŝĐůĞƐďǇĂǀĞƌĂŐĞŽƉĞƌĂƚŝŶŐƐƉĞĞĚ͖ĨƵĞůƐƵƉƉůǇĂŶĚĨƵĞůĨŽƌŵƵůĂƚŝŽŶ͖ĂŶĚďĂƐŝĐŵĞƚĞŽƌŽůŽŐŝĐĂůĚĂƚĂ
;ĂǀĞƌĂŐĞ ƚĞŵƉĞƌĂƚƵƌĞ ĂŶĚ ƌĞůĂƚŝǀĞ ŚƵŵŝĚŝƚǇͿ͘  WƌŝŶƚŽƵƚƐ ŽĨ ƚŚĞ ĂĐƚƵĂů ŝŶƉƵƚ ĨŝůĞƐ ŵĂǇ ďĞ ĨŽƵŶĚ ŝŶ
ƉƉĞŶĚŝǆ ͘  EŽƚĞƐ ŽŶ ƚŚĞ ĚĞǀĞůŽƉŵĞŶƚ ŽĨ ƚŚŽƐĞ ĨŝůĞƐ ǁŝůů ďĞ ĨŽƵŶĚ ŝŶ ƉƉĞŶĚŝǆ ͘  ĂƚĂ ĨƌŽŵ ƚŚĞ
DĞŵƉŚŝƐDWKŵŽĚĞůǁĞƌĞƵƐĞĚƚŽĐĂůĐƵůĂƚĞĂǀĞƌĂŐĞƐƉĞĞĚƐĨŽƌϮϬϭϬĂŶĚϮϬϮϬĨŽƌĞ^ŽƚŽĂŶĚ^ŚĞůďǇ
ĐŽƵŶƚŝĞƐ͘  dŚĞ ǀĂůƵĞƐ ĨŽƌ Ğ^ŽƚŽ ŽƵŶƚǇ ǁĞƌĞ ĂůƐŽ ƵƐĞĚ ĨŽƌ ƌŝƚƚĞŶĚĞŶ ŽƵŶƚǇ͕ ƐŝŶĐĞ ŶŽ ŵŽĚĞů ĚĂƚĂ
ǁĞƌĞĂǀĂŝůĂďůĞĨŽƌƚŚĞƌŬĂŶƐĂƐĐŽƵŶƚǇ͘ĂƚĂĨƌŽŵƚŚĞWƉƵďůŝĐĂƚŝŽŶĚŽĐƵŵĞŶƚŝŶŐĚĞǀĞůŽƉŵĞŶƚŽĨ
ƚŚĞ ĞŵŝƐƐŝŽŶƐŵŽĚĞů ;DKs^ϮϬϭϬ ,ŝŐŚǁĂǇ sĞŚŝĐůĞWŽƉƵůĂƚŝŽŶ ĂŶĚ ĐƚŝǀŝƚǇ ĂƚĂ͕ h͘ ^͘ ŶǀŝƌŽŶŵĞŶƚĂů
WƌŽƚĞĐƚŝŽŶŐĞŶĐǇ͕EŽǀĞŵďĞƌϮϬϭϬͿǁĞƌĞƵƐĞĚĨŽƌƚŚĞĚŝƐƚƌŝďƵƚŝŽŶŽĨsDdďǇŚŽƵƌ͕ĚĂǇĂŶĚŵŽŶƚŚŽĨ
ƚŚĞǇĞĂƌ͕ǀĞŚŝĐůĞƚǇƉĞ͕ĂŐĞŽĨǀĞŚŝĐůĞĂŶĚƚǇƉĞŽĨƌŽĂĚĨŽƌĂůůƚŚƌĞĞĐŽƵŶƚŝĞƐ͘sDdĂŶĚǀĞŚŝĐůĞĨůĞĞƚĚĂƚĂ
ǁĞƌĞďĂƐĞĚŽŶ,WD^ĂŶĚŽƚŚĞƌĂǀĂŝůĂďůĞĚĂƚĂĨŽƌϮϬϭϬ͕ĂŶĚďŽƚŚŽƵƚƉƵƚĂŶĚŝŶƉƵƚĚĂƚĂĨƌŽŵƚŚĞƚƌĂǀĞů
ĚĞŵĂŶĚ ĨŽƌĞĐĂƐƚŝŶŐ ŵŽĚĞů ǁĞƌĞ ƵƐĞĚ ĨŽƌ ƉƌŽũĞĐƚŝŶŐ ǀĞŚŝĐůĞ ŵŝůĞƐ ĂŶĚ ǀĞŚŝĐůĞƐ ŝŶ ĨƵƚƵƌĞ ǇĞĂƌƐ͘  &ƵĞů
ƐƵƉƉůǇ ĂŶĚ ĨŽƌŵƵůĂƚŝŽŶ ĚĂƚĂ ǁĞƌĞ ĞǆƉŽƌƚĞĚ ĨƌŽŵ ƚŚĞ DKs^ϮϬϭϬ ŵŽĚĞů ŝƚƐĞůĨ ĂŶĚ ƌĞƉƌĞƐĞŶƚ
ĐŽŶĚŝƚŝŽŶƐĂƐƐŽĐŝĂƚĞĚǁŝƚŚĨƵĞůƐƚĂŶĚĂƌĚƐĂŶĚĨƵĞů ĞĨĨŝĐŝĞŶĐǇƌĞƋƵŝƌĞŵĞŶƚƐŵĂŶĚĂƚĞĚďǇWŶŽǁĂŶĚ
ĨŽƌƚŚĞĨƵƚƵƌĞ͘DĞƚĞŽƌŽůŽŐŝĐĂůĚĂƚĂǁĞƌĞƚĂŬĞŶĨƌŽŵĂŶWĚĂƚĂďĂƐĞƉƌŽǀŝĚŝŶŐĂǀĞƌĂŐĞƚĞŵƉĞƌĂƚƵƌĞ
ĂŶĚƌĞůĂƚŝǀĞŚƵŵŝĚŝƚǇďǇŵŽŶƚŚĂŶĚŚŽƵƌĐŽůůĞĐƚĞĚŽǀĞƌĂƉĞƌŝŽĚŽĨϯϬǇĞĂƌƐďǇƚŚĞEĂƚŝŽŶĂůKĐĞĂŶŝĐ
ĂŶĚƚŵŽƐƉŚĞƌŝĐĚŵŝŶŝƐƚƌĂƚŝŽŶ͘
ϲ͘ ŵŝƐƐŝŽŶƐDŽĚĞůKƵƚƉƵƚƐ
/ŶŽƌĚĞƌƚŽĞƐƚĂďůŝƐŚĂďĂƐŝƐĨŽƌĐŽŵƉĂƌŝƐŽŶ͕ĞŵŝƐƐŝŽŶƐǁĞƌĞŐĞŶĞƌĂƚĞĚĨŽƌĂĚĞƐŝŐŶĂƚĞĚŽŶĞͲŚŽƵƌƉĞƌŝŽĚ
ĨƌŽŵϯ͗ϬϬƉ͘ŵ͘ƵŶƚŝůϰ͗ϬϬƉ͘ŵ͘ŽŶĂǁĞĞŬĚĂǇĂĨƚĞƌŶŽŽŶŝŶ:ƵůǇĨŽƌďŽƚŚǇĞĂƌƐ͕ϮϬϭϬĂŶĚϮϬϮϬ͘ŐŐƌĞŐĂƚĞ
ĞŵŝƐƐŝŽŶƐĨŽƌĞĂĐŚŽĨƚŚĞĐƌŝƚĞƌŝĂƉŽůůƵƚĂŶƚƐ͕ƵŶĚĞƌƚŚĞĐŽŶĚŝƚŝŽŶƐĂƐƐŽĐŝĂƚĞĚǁŝƚŚĞĂĐŚĂůƚĞƌŶĂƚŝǀĞ͕ĂƌĞ
ƉƌĞƐĞŶƚĞĚ ŝŶ dĂďůĞ ϰ͘  /ƚ ǁŝůů ŝŵŵĞĚŝĂƚĞůǇ ďĞ ŶŽƚĞĚ ƚŚĂƚ ƉƌŽũĞĐƚĞĚ ĨƵƚƵƌĞ ĞŵŝƐƐŝŽŶƐ ĂƌĞ ƐŝŐŶŝĨŝĐĂŶƚůǇ
ůŽǁĞƌ ƚŚĂŶ ƚŚŽƐĞ ĂƐƐŽĐŝĂƚĞĚ ǁŝƚŚ ƚŚĞ ƌĞĐĞŶƚ ƉĂƐƚ͘  KǆŝĚĞƐ ŽĨ ŶŝƚƌŽŐĞŶ ĂƌĞ ƌĞĚƵĐĞĚ ďǇ ŵŽƌĞ ƚŚĂŶ ϲϯ
ƉĞƌĐĞŶƚ ŽǀĞƌ ƚŚĞ ϭϬͲǇĞĂƌ ƉĞƌŝŽĚ͕ ĂŶĚ ǀŽůĂƚŝůĞ ŽƌŐĂŶŝĐ ĐŽŵƉŽƵŶĚƐ ĂƌĞ ƌĞĚƵĐĞĚ ďǇ ϱϲ ƉĞƌĐĞŶƚ͘  dŚĞƐĞ
ĚƌĂŵĂƚŝĐƌĞĚƵĐƚŝŽŶƐŝŶŽŶͲƌŽĂĚŵŽďŝůĞͲƐŽƵƌĐĞĞŵŝƐƐŝŽŶƐĂƌĞĂƚƚƌŝďƵƚĂďůĞƚŽŚŝŐŚĞƌĨƵĞůƐƚĂŶĚĂƌĚƐĂŶĚ
ϲ


dĂďůĞϰ͗
ϮϬϭϬ^d/DdEϮϬϮϬWZK:dW<Ͳ,KhZKEͲZKDK/>Ͳ^KhZD/^^/KE^zKhEdz





ϮϬϭϬƐƚŝŵĂƚĞĚKǆŝĚĞƐŽĨEŝƚƌŽŐĞŶ;EKǆͿĂŶĚsŽůĂƚŝůĞKƌŐĂŶŝĐŽŵƉŽƵŶĚƐ;sKͿ

ϭͲ,KhZ;'ZD^Ϳ
WZEdK&dKd>
KhEdz
EKǆ
sK
EKǆ
sK
ƌŝƚƚĞŶĚĞŶ
Ϯϭϭ͕ϮϮϳ
ϲϱ͕ϯϭϴ
ϲ͘ϭϰ
ϴ͘ϲϴ
Ğ^ŽƚŽ
ϲϴϰ͕ϴϱϬ
ϭϵϰ͕ϱϬϵ
ϭϵ͘ϵϬ
Ϯϱ͘ϴϱ
^ŚĞůďǇ
Ϯ͕ϱϰϲ͕ϭϬϬ
ϰϵϮ͕ϳϮϮ
ϳϯ͘ϵϳ
ϲϱ͘ϰϳ
dKd>

ϯ͕ϰϰϮ͕ϭϳϳ

ϳϱϮ͕ϱϰϵ

ϭϬϬ͘ϬϬ

ϭϬϬ͘ϬϬ






ϮϬϮϬWƌŽũĞĐƚĞĚKǆŝĚĞƐŽĨEŝƚƌŽŐĞŶ;EKǆͿĂŶĚsŽůĂƚŝůĞKƌŐĂŶŝĐŽŵƉŽƵŶĚƐ;sKͿ

ϭͲ,KhZ;'ZD^Ϳ
WZEdK&dKd>
KhEdz
EKǆ
sK
EKǆ
sK
ƌŝƚƚĞŶĚĞŶ
ϳϮ͕ϲϬϲ
Ϯϳ͕ϭϳϮ
ϱ͘ϴϮ
ϴ͘Ϯϰ
Ğ^ŽƚŽ
Ϯϰϵ͕ϲϰϵ
ϴϳ͕ϬϱϬ
ϮϬ͘ϬϮ
Ϯϲ͘ϰϬ
^ŚĞůďǇ
ϵϮϰ͕ϴϭϵ
Ϯϭϱ͕ϱϬϴ
ϳϰ͘ϭϲ
ϲϱ͘ϯϲ
dKd>

ϭ͕Ϯϰϳ͕Ϭϳϰ

ϯϮϵ͕ϳϯϬ

ϭϬϬ͘ϬϬ

ϭϬϬ͘ϬϬ

ϮϬϭϬƚŽϮϬϮϬWƌŽũĞĐƚĞĚŚĂŶŐĞŝŶKǆŝĚĞƐŽĨEŝƚƌŽŐĞŶ;EKǆͿĂŶĚsŽůĂƚŝůĞKƌŐĂŶŝĐŽŵƉŽƵŶĚƐ;sKͿ

 


ϭͲ,KhZ;'ZD^Ϳ
WZEd,E'
KhEdz
EKǆ
sK
EKǆ
sK
ƌŝƚƚĞŶĚĞŶ
Ͳϭϯϴ͕ϲϮϭ
Ͳϯϴ͕ϭϰϲ
Ͳϲϱ͘ϲϯ
Ͳϱϴ͘ϰϬ
Ğ^ŽƚŽ
Ͳϰϯϱ͕ϮϬϭ
ͲϭϬϳ͕ϰϱϵ
Ͳϲϯ͘ϱϱ
Ͳϱϱ͘Ϯϱ
^ŚĞůďǇ
Ͳϭ͕ϲϮϭ͕Ϯϴϭ
ͲϮϳϳ͕Ϯϭϰ
Ͳϲϯ͘ϲϴ
Ͳϱϲ͘Ϯϲ
dKd>

ͲϮ͕ϭϵϱ͕ϭϬϯ

ͲϰϮϮ͕ϴϭϵ

Ͳϲϯ͘ϳϳ

Ͳϱϲ͘ϭϴ


ĨƵĞů ĞĨĨŝĐŝĞŶĐǇ ƌĞƋƵŝƌĞŵĞŶƚƐ ĂůƌĞĂĚǇ ƐĐŚĞĚƵůĞĚ Žƌ ĂŶƚŝĐŝƉĂƚĞĚ ƚŽ ƚĂŬĞ ĞĨĨĞĐƚ ŝŶ ϮϬϭϮ ĂŶĚ ƐƵďƐĞƋƵĞŶƚ
ǇĞĂƌƐ͘dŚĞƉƌĞǀŝŽƵƐůǇŶŽƚĞĚŝŶĐƌĞĂƐĞŝŶƚŚĞĂŐŐƌĞŐĂƚĞĂŵŽƵŶƚŽĨƚƌĂǀĞů͕ŵĞĂƐƵƌĞĚŝŶŵŝůĞƐ;sDdͿĂŶĚ
ŚŽƵƌƐ ;s,dͿ͕ ŝƐŵŽƌĞ ƚŚĂŶ ŽĨĨƐĞƚ ďǇƚŚĞ ĚĞĐƌĞĂƐĞ ŝŶĞŵŝƐƐŝŽŶƐ ŐĞŶĞƌĂƚĞĚ ƉĞƌŵŝůĞŽƌ ŚŽƵƌ͘  ^ƵŵŵĂƌǇ
ƌĞƉŽƌƚƐ͕ĐŽŶƚĂŝŶŝŶŐƚŚĞŽƵƚƉƵƚĚĂƚĂĨŽƌĞĂĐŚŽĨƚŚĞƚŚƌĞĞƐƚƵĚǇĂƌĞĂĐŽƵŶƚŝĞƐ͕ŵĂǇďĞĨŽƵŶĚŝŶƉƉĞŶĚŝǆ
͘
ϳ͘ ŽŶĐůƵƐŝŽŶ
dŚĞ ƌĞƐƵůƚƐ ŽĨ ƚŚĞ ĞŵŝƐƐŝŽŶƐ ŵŽĚĞůŝŶŐ ĞĨĨŽƌƚ ĂƌĞ ŐƌĂƉŚŝĐĂůůǇ ƌĞƉƌĞƐĞŶƚĞĚ ŝŶ ĨŝŐƵƌĞƐ Ϯ ĂŶĚ ϯ͘  dŚĞƐĞ
ƉŽƌƚƌĂǇ ƚŚĞ ǀĞƌǇ ƐƵďƐƚĂŶƚŝĂů ĚĞĐƌĞĂƐĞƐ ŝŶ ĞŵŝƐƐŝŽŶƐ ƉƌŽũĞĐƚĞĚ ĨŽƌ ďŽƚŚ ƉŽůůƵƚĂŶƚƐ ŵŽĚĞůĞĚ͘  Ɛ ŶŽƚĞĚ
ĞĂƌůŝĞƌ͕ŽŶͲƌŽĂĚŵŽďŝůĞƐŽƵƌĐĞƐĂĐĐŽƵŶƚĨŽƌĂƐƵďƐƚĂŶƚŝĂůƐŚĂƌĞŽĨƚŽƚĂůŽǌŽŶĞƉƌĞĐƵƌƐŽƌŽƵƚƉƵƚŝŶƚŚĞ
ƚŚƌĞĞͲĐŽƵŶƚǇĂƌĞĂ͗ĂƉƉƌŽǆŝŵĂƚĞůǇϯϱƉĞƌĐĞŶƚŽĨĂůůEKǆĞŵŝƐƐŝŽŶƐĂŶĚϯϴƉĞƌĐĞŶƚŽĨĂůůsKĞŵŝƐƐŝŽŶƐ͘
'ŝǀĞŶ ƚŚĞ ĨĂĐƚ ƚŚĂƚ ĐƵƌƌĞŶƚ ŽǌŽŶĞ ůĞǀĞůƐ ŝŶ ƚŚĞ ƚŚƌĞĞ ĐŽƵŶƚŝĞƐ ƉƌŽƉŽƐĞĚ ĨŽƌ ŝŶĐůƵƐŝŽŶ ŝŶ ƚŚĞ DĞŵƉŚŝƐ
EŽŶĂƚƚĂŝŶŵĞŶƚ ƌĞĂ ĂƌĞ ĞŝƚŚĞƌ ƐůŝŐŚƚůǇ ĂďŽǀĞ Žƌ ƐůŝŐŚƚůǇ ďĞůŽǁ ƚŚĞ EY^ ƚŚƌĞƐŚŽůĚ ůĞǀĞů ;ϳϱ ƉƉďͿ ŝƚ
ϳ


ƐĞĞŵƐ ƌĞĂƐŽŶĂďůĞ ƚŽ ƐƵŐŐĞƐƚ ƚŚĂƚ ƚŚĞ ƉƌŽũĞĐƚĞĚ ƌĞĚƵĐƚŝŽŶƐ ŝŶ ƚƌĂĨĨŝĐͲƌĞůĂƚĞĚ EKǆ ĂŶĚ sK ĞŵŝƐƐŝŽŶƐ
ĐŽƵůĚŐƌĞĂƚůǇĞŶŚĂŶĐĞĞĨĨŽƌƚƐƚŽŵĂŝŶƚĂŝŶŽƌĂĐŚŝĞǀĞĂƚƚĂŝŶŵĞŶƚƐƚĂƚƵƐŝŶƚŚĞǇĞĂƌƐĂŚĞĂĚ͘

ϴ


Ϭ

ϱϬϬ͕ϬϬϬ

ϭ͕ϬϬϬ͕ϬϬϬ

ϭ͕ϱϬϬ͕ϬϬϬ

Ϯ͕ϬϬϬ͕ϬϬϬ

Ϯ͕ϱϬϬ͕ϬϬϬ

ϯ͕ϬϬϬ͕ϬϬϬ

ƌŝƚƚĞŶĚĞŶϮϬϭϬ

Ğ^ŽƚŽϮϬϭϬ

^ŚĞůďǇϮϬϭϬ

ƌŝƚƚĞŶĚĞŶϮϬϮϬ

Ğ^ŽƚŽϮϬϮϬ

^ŚĞůďǇϮϬϮϬ

&ŝŐƵƌĞϮ͗
ϮϬϭϬ^d/DdEϮϬϮϬWZK:dW<Ͳ,KhZKEͲZKDK/>Ͳ^KhZD/^^/KE^zKhEdz
&KZ WZKWK^DDW,/^EKEdd/EDEdZ͗Ky/^ K&E/dZK'E;EKǆͿ;'ZD^Ϳ

Ϭ

ϱϬ͕ϬϬϬ

ϭϬϬ͕ϬϬϬ

ϭϱϬ͕ϬϬϬ

ϮϬϬ͕ϬϬϬ

ϮϱϬ͕ϬϬϬ

ϯϬϬ͕ϬϬϬ

ϯϱϬ͕ϬϬϬ

ϰϬϬ͕ϬϬϬ

ϰϱϬ͕ϬϬϬ

ϱϬϬ͕ϬϬϬ

ƌŝƚƚĞŶĚĞŶϮϬϭϬ

Ğ^ŽƚŽϮϬϭϬ

^ŚĞůďǇϮϬϭϬ

ƌŝƚƚĞŶĚĞŶϮϬϮϬ

Ğ^ŽƚŽϮϬϮϬ

^ŚĞůďǇϮϬϮϬ

&ŝŐƵƌĞϯ͗
ϮϬϭϬ^d/DdEϮϬϮϬWZK:dW<Ͳ,KhZKEͲZKDK/>Ͳ^KhZD/^^/KE^zKhEdz
&KZWZKWK^DDW,/^EKEdd/EDEdZ͗sK>d/> KZ'E/KDWKhE^;sK;'ZD^Ϳ

Appendix 3: Idle Reduction Policies in
DeSoto County
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DeSoto County Anti-Idling Program
Proposal
The purpose of the DeSoto County Anti-Idling Program is to protect public health and the
environment in DeSoto County by voluntarily restricting the amount of time that county
and municipal non-emergency vehicles, school buses, and commercial vehicles idle.
Vehicles that require unavoidable idling to provide a service or function would be
exempt.
The DeSoto County Anti-Idling Program is a unique collaborative effort to reduce
vehicle emissions while conserving fuel and lessen vehicle wear and tear. Any current
anti-idling policies in the county or municipalities could be integrated into the DeSoto
County Anti-Idling Program. The Mississippi Department of Environmental Quality will
partner in this program and provide any assistance needed. Additionally, EPA is actively
promoting anti-idling programs and will collaborate with this program.
Background
The United States Environmental Protection Agency sets National Ambient Air Quality
Standards (NAAQS) for the protection and well being of human health and the
environment. DeSoto County is currently designated as attainment of all Environmental
Protection Agency’s NAAQS. However, efforts must be made for DeSoto County to
continue to enjoy good air quality.
Vehicle emissions have a significant impact on human health and our environment.
Vehicle emissions contain nitrogen oxides and volatile organics compounds which
contribute to ozone formation as well as fine particulates. Vehicles contribute one third
of the nitrogen oxides and one fourth of the volatile organics emissions in Mississippi.
Reducing emissions from vehicles are important to assure NAAQS continue to be met.
Limiting the amount of time in which vehicles idle is one of the tools to lower emissions.
A vehicle can use up to one gallon per hour when idling and produce up to 135 grams per
hour of nitrogen oxides and 6.5 grams per hour of volatile organics.
An anti-idling program would provide an easy, cost-effective policy to assist in
maintaining the air quality of DeSoto County and to reduce the exposure of people to the
potential health impacts of vehicle emissions. It would also reduce fuel consumption and
vehicle wear and tear which would create a cost savings for the county and
municipalities. EPA is actively promoting anti-idling programs.
Goal
The goal is for all county and municipal governments, school bus fleets, and commercial
fleets participating in the DeSoto County Anti-Idling Program to voluntarily adopt a
policy restricting non-emergency vehicles from unnecessary idling. Vehicles that require
unavoidable idling to provide a service or function would be exempt.
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DeSoto County Anti-Idling Policy
1.0

Purpose:
DeSoto County, Mississippi is committed to reducing unnecessary county
and municipal vehicle/equipment idling as a means of reducing air
pollution and fuel expense.
The purpose of this policy is to establish guidelines for unnecessary idling
of county and municipal vehicles and equipment. Limiting idling times
reduces air pollution and contributes to healthier work environments and
the efficient use of county/municipality resources.

2.0

Scope:
This policy applies to all staff operating vehicles and equipment owned or
leased by DeSoto County and the municipalities within the county.

3.0

Definitions:
3.1

Idling:
the operation of a vehicle or equipment while they are not in motion and
not being used to operate auxiliary equipment that is essential to the
operation of the vehicle or equipment.

3.2

Fuels:
includes all vehicles or equipment that run on fossil fuels which include
gasoline, diesel, propane, hydrogen, and natural gas.

3.3

4.0

Vehicles:

any self-propelled mechanized equipment that is used for transporting
persons or commodities on public roads utilizing fossil fuels.
Procedures:
4.1

Manufacturer’s Guidelines (Recommendations):
Always follow the manufacturer’s guidelines and recommendations for
idling unless otherwise specified.

4.2

Initial Warm-Up:
Idle times up to three (3) minutes are allowed for vehicles during their
initial shift warm up and at subsequent times when the vehicle is being
restarted after a prolonged period of shut down that results in vehicle
conditions similar to those prior to initial shift warm up.

4.3

Operation of Equipment in the Field:
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4.3.1

Gasoline and Alternative Fuel Vehicles
No operator shall idle the engine of a gasoline-fueled vehicle in
excess of one (1) minute if the vehicle is stopped for a foreseeable
period of time. Operators making multiple or frequent stops that
require their vehicle to be stationary for time periods of several
minutes may idle up to three (3) minutes in such circumstances.

4.3.2

Diesel-Fueled Vehicles/Equipment
No operator shall idle the engine of a diesel-fueled vehicle in
excess of three (3) minutes if the vehicle is stopped for a
foreseeable period of time. Diesel-fueled vehicles/equipment
should only be turned off after enough time has passed to allow the
proper circulation and cooling of the engine oil, coolant, and turbo
chargers, not to exceed three (3) minutes.

4.3.3
5.0

When engines must be left running for any reason, the operator
must remain with the vehicle.

Exceptions:
This policy does not apply to the following vehicles, equipment, or situations.
Operators must use their own discretion in certain situations.
5.1

Emergency vehicles and equipment are exempted while engaged in
operational activities such as fire, police, or ambulance services.

5.2

Vehicles assisting in an emergency activity are exempt.

5.3

Where engine power is necessary for an associated power need such as,
but not limited to, electrical power, compressed air, and various power
take-off devices such as auxiliary hydraulics.

5.4

Vehicles may idle for the purpose of defogging, defrosting, or deicing
windows. Idling must end when fog, frost, or ice conditions have been
eliminated. When window ice or frost conditions are present, attempts to
remove snow, ice, or frost from the windows with a scraper must be
attempted before idling.

5.5

This policy does not apply to vehicles being serviced or inspected.

5.6

Where safety may be compromised by shutting down the engine,
vehicles/equipment may idle at the discretion of the operator.
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CITY OF OLIVE BRANCH
Engine and Equipment Idling Policy
January 23, 2006
Idling of fleet vehicles and equipment contributes to poor air quality,
consumes fuel unnecessarily, and is harmful to engines. It is the
responsibility of all city personnel to operate fleet equipment in an
environmentally and economically sound manner.

City fleet vehicles and equipment shall not be parked with their engine
operating for more than five minutes unless it is essential for
performance of work. When engines must be left operating, for any
reason other than public safety concerns, the operator must remain
with the vehicle/equipment. Violators are subject to disciplinary action.
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The City of Southaven
Anti-Idling Policy
October 16, 2007
1.0 Purpose:
The City of Southaven, Mississippi is committed to reducing unnecessary
municipal vehicle/equipment idling as a means of reducing air pollution and fuel
expense.
The purpose of this policy is to establish guidelines for unnecessary idling of
county and municipal vehicles and equipment. Limiting idling times reduces air
pollution and contributes to healthier work environments and the efficient use of
county/municipality resources.
2.0 Scope:
This policy applies to all staff operating vehicles and equipment owned or leased
by the City of Southaven only.
3.0 Definitions:
3.1 Idling:
the operation of a vehicle or equipment while they are not in motion and not being
used to operate auxiliary equipment that is essential to the operation of the vehicle
or equipment.
3.2 Fuels:
includes all vehicles or equipment that run on fossil fuels which include gasoline,
diesel, propane, hydrogen, and natural gas.
3.3 Vehicles:
any self-propelled mechanized equipment that is used for transporting persons or
commodities on public roads utilizing fossil fuels.
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Appendix 4: DeSoto County Report Card
and Table of Air Outreach Events
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DeSoto County Report Card
EPA Region 4 staff and MDEQ – Air Division Staff held an Air Quality Workshop in
Hernando, MS on June 20, 2007. The purpose of the meeting was to provide information
and tools to DeSoto County citizens and officials to lower emissions across the county.
Local citizens, elected officials, and MDEQ went above and beyond the
recommendations given at the workshop. Currently, there is momentum in DeSoto
County to continue steps to reduce Ozone precursor emissions. By continuing to focus
resources toward outreach and ozone action planning, MDEQ can continue the efforts to
reduce emissions.
DeSoto County Air Quality Workshop
Meeting Date: June 20, 2007
Attendees: EPA – Region 4, MDEQ, DeSoto County Officials, Local Elected Officials,
and Public
EPA Recommendations
Ozone Action Program

Outreach

Idle Reduction

Diesel Emission Reduction
Projects

MDEQ / DeSoto County Responses
DeSoto County Ozone Action Group
• The DeSoto Planning Commission began the Ozone
Action Group to engage public and private groups in
finding emission reductions and providing public
outreach.
DeSoto County Ozone Action Group
• The DeSoto Planning Commission began the Ozone
Action Group to engage public and private groups in
finding emission reductions and providing public
outreach. This group meets regularly and brainstorms
creative approaches and outreach ideas to reduce
emissions.
• MDEQ, DeSoto County Ozone Action Group, and the
DeSoto County Planning Commission have engaged in
numerous outreach events throughout the county. A
puppet show was also developed as an additional
outreach tool for schools and public outreach.
DeSoto County Anti-Idling Program
• DeSoto County and all municipalities within the county
adopted idle reduction policies and procedures for all
county and municipal fleets.
MS School Bus Retrofit Project
• MDEQ retrofitted 93 DeSoto County school buses with
diesel oxidation catalysts. In the surrounding counties,
MDEQ retrofitted an additional 57 buses with DOCs.

Additional Projects and Efforts:
• All open burning is banned on Ozone Action Days. Open Burning is banned on all days
in Hernando.
• Texas Gas Transmission voluntarily added permit conditions to reduce the load on
several compressor engines to 90%. This reduction creates a 50% NOx reduction from
those engines.
Page 1 of 2
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•
•

•

•

•

MDEQ and DeSoto County have had additional outreach to companies to develop Ozone
Action Plans.
DeSoto County has adopted a Greenways Master to create and enhance a comprehensive
network of greenways, conservation trails, and natural areas. The county employs a
County Greenways Coordinator to grow the greenways network within DeSoto County to
preserve natural amenities, waterways, and environmental systems. The greenway system
will connect our citizens with a variety of outdoor recreational opportunities and
encourage the use of alternative modes of transportation including bicycle, pedestrian,
canoe and kayak, and horseback to improve and maintain our air quality and the health of
our citizens.
In 2011, DeSoto County received Two Globe certification from the Green Building
Initiative as a result of upgrades to existing County-owned buildings to meet energy
efficiency standards and reduce. Green Globes certified/rated buildings, like the DeSoto
County Administration building, are committed to using less energy, conserving water
resources, emitting fewer pollutants, and providing a healthier indoor environment for
occupants.
There are currently nine MDEQ Diesel Emission Reduction Projects reflecting 35 pieces
of diesel equipment in and around DeSoto County. Private companies have spent over
$106,000 of their own money on these projects. MDEQ received 28 application in
January 2012 for the 2011/2012 state grant
MDOT has spent over $1 million in Safe Routes to School, sidewalks and bike path
improvements in DeSoto County and conducted an I-69 Corridor Alternatives Analysis to
study preferred mass transit options for DeSoto County.

Page 2 of 2
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Table of Air Outreach Events
Date
April 2009
April 21, 2009
April 24, 2009
May 2009
June 17, 2009
June 23, 2009
July 15, 2009
September 11, 2009
September 23, 2009
September 25 to
October 4, 2009
October 2, 2009
November 2009
January 30, 2010
April 17, 2010
April 22, 2010
April 24, 2010
May 2010
May 1, 2010
June 23, 2010
September 2010
September 22, 2010
October 15, 2010
October 16, 2010
March 19, 2011
April 16, 2011
April 30, 2011
May 2011
May 2011
August 2011
September 14, 2011
October 2011
October, 2011
October, 7 2011
November 2011

Event
Safe & Healthy Schools Summit
Great Green Expo-Keesler AFB
DeSoto County Outdoor Day-Olive Branch
MS Asthma Coalition
MS Association of Supervisors-Gulf Cost
Convention Center-Biloxi
Agri-Science Summer Campers-Career
Development Center, Jackson, MS
MS Municipal League-Gulf Coast Convention
Center-Biloxi
Mississippi Asthma Summit
Arkabutla Day - DeSoto County

Estimated
Attendance
150
400
250
85
1,700
20
1,700
125
700

Mid South State Fair - DeSoto County

1,000

Renewable Energy Day - Agriculture Museum
MDA Greening Local Communities
Statewide (4 events)
Moss Point Going Green Rally
Waterfest - Reservoir
Earth Day at the Navy Battalion - Gulfport
Health Fair - Clinton
MS Asthma Coalition
Moss Point Outreach Event
Jackson Career Development Center Agriscience
Mississippi Asthma Summit
Arkabutla Day - DeSoto County
Odyssey Day - Biloxi
Romp on the River - Tunica
North Mississippi Green Festival
Waterfest - Reservoir
Earth Day - Hernando
MS Asthma Coalition
MS Department of Health Presentation
Center for Advance Vehicle Systems
Arkabutla Day - DeSoto County
State Port Leadership Group
DeSoto County Board of Supervisors
Renewable Energy Day - Agricultural Museum
State Port Leadership Group

400
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400
200
300
500
350
75
200
20
125
950
100
5000
500
300
625
75
25
100
950
30
25
400
30

Mississippi Department of Environmental Quality
February 2012

