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Introduction 
 

The United States Environmental Protection Agency (EPA) established a new standard 
for fine particulate matter (PM2.5) in July 1997.  The new standard was tied up in litigation, but 
recently cleared all legal hurdles.   EPA has instructed the States to submit their 
recommendations for nonattainment boundaries for any monitors violating the PM2.5 standard by 
February 15, 2004.  EPA will then provide comments back to the States by July 2004.  These 
written comments from EPA begin a 120-day period during which the States and EPA can work 
out any issues on the nonattainment boundaries.  EPA will make the final decision on boundaries 
by December 15, 2004.  This decision on PM2.5 nonattainment areas will subsequently be 
published in the Federal Register and codified in 40 CFR 81. 
 
Background 
 

The Clean Air Act (CAA) requires EPA to designate areas as attainment or 
nonattainment following the promulgation of a new national ambient air quality standard 
(NAAQS).  The nonattainment boundaries are to be based on the data collected at the ambient air 
monitoring stations.  The State and local air programs operate the monitoring sites.  The data is 
quality assured, and then submitted to EPA where it becomes part of a national database.  The 
CAA requires that the monitoring data be evaluated to determine which monitors meet the 
standard and which monitors violate the standard.  

For the PM2.5 annual standard, three years worth of data for each monitor is evaluated and 
the 3-year average of the annual arithmetic mean is determined.  The resulting average is then 
compared to the standard. The three-year average is referred to as the design value (DV).  EPA 
set the PM2.5 annual standard at 15µg/m3.  North Carolina has evaluated the monitoring data for 
the State for the most recent three-year period of 2001-2003, and has determined that only 2 
monitors currently violate the PM2.5 standard.  Figure 1 shows the statewide 2001-2003 design 
values for the North Carolina PM2.5 monitoring network.  All monitoring data is from October 
2000 through September 2003 except for Catawba, Davidson, Forsyth, McDowell, and 
Mecklenburg Counties - these data are for January 2001 through December 2003. 

   
 

 Figure 1. Statewide 2001-2003 PM2.5 Design Values 
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Summary of Recommendation 
 

North Carolina is firm in its belief that the entire Metropolitan Statistical Area (MSA) is 
not an appropriate boundary for the PM2.5 nonattainment boundaries.  As mentioned in Secretary 
Ross’s letter of February 17, 2004, the Office of Management and Budget cautions against the 
use of the MSA boundary for nonstatistical purposes.  North Carolina continues to believe that 
MSA boundaries are not appropriate for the nonattainment areas in North Carolina.  Table 1 is 
North Carolina’s recommendation of areas classified as either nonattainment or attainment under 
the PM2.5 standard.   

Based on the most recent data available, there are only two monitors in North Carolina 
that are in violation of the PM2.5 standard.  The State of North Carolina’s recommendation for the 
nonattainment designation for the PM2.5 standard is shown in Figure 2.  A full county designation 
is recommended for Davidson County and a partial county designation is recommended for 
Catawba County.  The partial county designation in Catawba County represents the Catawba 
County portion of the Unifour metropolitan planning organization (MPO) boundary.  Due to 
Federal and State controls there have been significant downward trend of NOx and SO2 
emissions from utilities around the region as shown in Figure 3.  North Carolina has observed a 
downward trend in PM2.5 levels over the same time period.  North Carolina believes that the 
federal and state rules already in place, and the proposed IAQR will result in attainment of the 
PM2.5 standard at these two sites.   

North Carolina held three public involvement meetings in Hickory, Winston-Salem, and 
Charlotte to gather the input of local officials and citizens in the areas affected.  A public 
comment period was available until December 31, 2003; the comments received are included in 
the document as Appendix A. 

 
Table 1.  North Carolina’s Recommendations on Boundaries  

for PM2.5 Nonattainment Areas 
 

Designated Area Designation 
 Type 

Greensboro-Winston-Salem-High Point Area: 
Alamance County 
Davidson County 
Forsyth County 
Guilford County 
Caswell County 
Davie County 
Randolph County 
Rockingham County 
 
Hickory-Newton-Conover Area: 
Alexander County  
Burke County 
Caldwell County 
Catawba County 

Unifour MPO Boundary 
 
Rest of State 

 
Attainment 

Nonattainment 
Attainment 
Attainment 
Attainment 
Attainment 
Attainment 
Attainment 
 
 
Attainment 
Attainment 
Attainment 

Nonattainment 
 
 
Attainment 



 

 3

 

 

Figure 3.  Statewide Emissions Summary
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Criteria Used to Formulate Recommendation 
In the April 1, 2003 memorandum entitled, “Designations for the Fine Particle National 

Ambient Air Quality Standards”, EPA established criteria for States that chose to propose 
smaller nonattainment boundaries, including partial counties, than those matching the C/MSA.  
Tables 2 and 4 address these criteria for the two counties with violating monitors within North 
Carolina for which the recommendation is less than the MSA or county boundary. 

 
Criterion 1:  Emissions in areas potentially included versus excluded from the nonattainment 
area – North Carolina used the percent of NOx and SO2 emissions that the county contributes to 
the area’s total NOx and SO2 emissions in 2002 for this criterion.  Maps showing the location of 
the Title V NOx, Title V VOC, and Title V SO2 sources in the State compared to the 
recommendation PM2.5 non-attainment areas are provided as Figures 5 and 7.  More detailed 
emissions from the VISTAS 2002 base case data for each area is included as Appendix B. 
 
Criterion 2:  Air quality in potentially included versus excluded areas monitoring data represents 
the three year average of averaged annual mean concentrations.  The PM2.5 design values for 
areas being recommended as nonattainment are from the 2001-2003 data.   
 
Criterion 3:  Population density and degree of urbanization including commercial development in 
included versus excluded areas – North Carolina used the 2000 population density by county and 
for the areas proposed to be excluded from the non-attainment boundary.  The 2000 Population 
and land area data are from the 2000 Census and future year projections are from the NC Office 
of State Budgets and Management, State Demographics Unit.   
 
Criterion 4:  Traffic and commuting patterns – North Carolina evaluated VMT and commuting 
patterns.  The percent of workers commuting from the partial or recommended attainment county 
into the core-urbanized counties in each area is presented. 
 
Criterion 5:  Expected growth (including extent, pattern and rate of growth) – North Carolina 
evaluated the 2007 population density and this information is presented in the table for the 
county and the portion recommended as attainment.  Future year population projections are from 
the NC Office of State Budget and Management, State Demographics Unit. 
 
Criterion 6:  Meteorology (weather/transport patterns) – North Carolina addressed the typical 
source region that impacts the downwind monitors where the State is recommending a partial 
county for nonattainment.  The back trajectory analysis for Catawba and Davidson counties is 
included in Appendix C and should be referenced for further information.   
 
Criterion 7: Geography/Topography (mountain ranges or other air basin boundaries) – The only 
area where this criterion is important is in the Hickory-Morganton area where it abuts the 
mountains. 
 
Criterion 8:  Jurisdictional boundaries (e.g., counties, air districts, reservations, etc.) – North 
Carolina considered the MPO boundaries in Catawba County and the county boundary for 
Davidson County.  The MPO boundary was logical due to the area being in the process of 
completing a regional model and plan and reflects North Carolina’s recommendation for the 8-
hour ozone nonattainment boundary in Catawba County.   
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Criterion 9:  Level of control of emission sources – North Carolina believes this criterion is 
important to understanding the impact of certain counties and their sources on future non-
attainment.  Most of the sources within our State are in the process of being controlled, so 
evaluating the expected NOx and SO2 reductions, 34% and 37% respectively, between 2001 and 
2010 is important to capture the downward trend in emissions.  This information is captured in 
Figure 3.  The data for Figure 3 was extracted from the 2001 and 2010 emissions summaries 
made available in EPA’s technical support document for the proposed Interstate Air Quality 
Rule.  
 
Additional considerations: Regional emission reductions (e.g., NOx SIP call or other enforceable 
regional strategies) – North Carolina considered the impact of the NOx SIP call and the Clean 
Smokestacks legislation when determining the boundary recommendations.  A full description of 
the Federal, State, and Local controls is provided in Appendix D. 
 

Greensboro/Winston-Salem/High Point Area 
 
As displayed in Figure 4, there is only one monitor in the Greensboro/Winston-Salem/High Point 
area that is in violation of the PM2.5 annual standard located in Davidson County.  The 
surrounding counties that have monitors are all attaining the standard.  In the most recent OMB 
area definitions Davidson County, is the sole county in the Lexington-Thomasville, NC 
Micropolitan Statistical Area.  The monitor is in close proximity to Interstate 85 and Highway 52 
and could be influenced by heavy-duty diesel vehicles (HDDV) that use these corridors.  The 
federal HDDV regulation in combination with the low sulfur diesel will help reduce this source 
category’s emissions.  
 

 

Figure 4.  PM2.5 monitors in the Triad area  
and their 3 year design values in µg/m3. 
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 Figure 5.  Title V Sources in Davidson County 
Within the PM2.5 Nonattainment Boundary 
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Table 2.  Greensboro/Winston-Salem/High Point Area Recommendation Criteria Used for Nonattainment Designation. 
Criteria: 1 2 3 5  4 6 8  

Emissions 
(% of MSA) 

Population Density
(persons/sq.mile) 

County NOx SO2 

2001-
2003  

PM2.5  DV 
(µg/m3) 2000 2007 

Location of 
Emissions 
Sources 

Commuting 
patterns 

(%)1  Meteorology  
Jurisdictional
boundaries 

Regional 
emissions 
reductions 

 
Davidson 

 
12% 2% 15.8 267 292 

All Title V 
sources are 
within the 

recommended 
boundary. 

5.5% to Guilford 
6.5% to Forsyth 

Summertime:  Southwesterly winds and recirculation 
patterns dominate.  Main urban areas of influence 
include Charlotte, the Triad, and Hickory. 
Wintertime:  More northerly and stronger northwesterly 
winds observed than during the summer.  High PM2.5 is 
generally observed prior to frontal passages when high 
pressure is in control or during strong nocturnal low-level 
temperature inversions. 
Year-round:  Trajectories indicate influence from nearby 
states. 

Full County 
Boundary 

NOx SIP 
Call and 

CSA 

Alamance 8% 1% 13.8 304 345 
All Title V 

sources are 
outside the 
boundary. 

2.4% to Guilford 
0.2% to Forsyth 

Summertime:  Westerly and southwesterly winds and 
recirculation patterns dominate.  Main urban areas of 
influence include the Triad and possibly the Triangle. 
Wintertime:  More northerly winds observed than during 
the summer.  High PM2.5 is generally observed prior to 
frontal passages when high pressure is in control or 
during strong nocturnal low-level temperature 
inversions. 

Attainment 
 

NOx SIP 
Call and 

CSA 

Davie 6% 0% N/A 131 151 
All Title V 

sources are 
outside the 
boundary. 

3.1% to Forsyth
0.2% to Guilford 

Summertime:  Southwesterly winds and recirculation 
patterns dominate.  Main urban areas of influence 
include Charlotte, the Triad and Hickory. 
Wintertime:  More northerly and stronger northwesterly 
winds observed than during the summer.  High PM2.5 is 
generally observed prior to frontal passages when high 
pressure is in control or during strong nocturnal low-level 
temperature inversions. 

Attainment 
 

NOx SIP 
Call and 

CSA 

Forsyth 20% 7% 14.6 747 819 
All Title V 

sources are 
outside the 
boundary. 

6.1% to Guilford 
70.1% to Forsyth 

Summertime:  Southwesterly winds and recirculation 
patterns dominate.  Main urban areas of influence 
include the Triad (recirculation) and Charlotte 
(southwest).  High PM2.5 generally observed during 
prolonged stagnation under high pressure. 
Wintertime:  More northerly and stronger northwesterly 
winds observed than during the summer.  High PM2.5 is 
generally observed prior to frontal passages when high 
pressure is in control or during strong nocturnal low-level 
temperature inversions. 

Attainment 
 

NOx SIP 
Call and 

CSA 

                                                           
1 The percentage of residents commuting from the respective county to the two core Triad counties, Guilford and Forsyth. 
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Table 2.  Greensboro/Winston-Salem/High Point Area Recommendation Criteria Used for Nonattainment Designation. 
Criteria: 1 2 3 5  4 6 8  

Emissions 
(% of MSA) 

Population Density
(persons/sq.mile) 

County NOx SO2 

2001-
2003  

PM2.5  DV 
(µg/m3) 2000 2007 

Location of 
Emissions 
Sources 

Commuting 
patterns 

(%)1  Meteorology  
Jurisdictional
boundaries 

Regional 
emissions 
reductions 

Guilford 26% 5% 13.3 648 730 
All Title V 

sources are 
outside the 
boundary. 

69.6% to 
Guilford 

4.5% to Forsyth 

Summertime:  Southwesterly winds and recirculation 
patterns dominate.  The main urban area of influence is 
the Triad (recirculation). 
Wintertime:  More northerly and stronger northwesterly 
winds observed than during the summer.  High PM2.5 is 
generally observed prior to frontal passages when high 
pressure is in control or during strong nocturnal low-level 
temperature inversions. 

Attainment 
 

NOx SIP 
Call and 

CSA 

Randolph 9% 1% N/A 166 188 
All Title V 

sources are 
outside the 
boundary. 

0.4% to Forsyth
7.5% to Guilford 

Summertime:  Southwesterly winds and recirculation 
patterns dominate.  The main urban area of influence is 
the Triad (recirculation). 
Wintertime:  More northerly and stronger northwesterly 
winds observed than during the summer.  High PM2.5 is 
generally observed prior to frontal passages when high 
pressure is in control or during strong nocturnal low-level 
temperature inversions. 

Attainment 
 

NOx SIP 
Call and 

CSA 

Stokes 16% 83% N/A 99 110 
All Title V 

sources are 
outside the 
boundary. 

6.0% to Forsyth
0.6% to Guilford 

Summertime:  Southwesterly winds and recirculation 
patterns dominate.  The main urban area of influence is 
the Triad (recirculation). 
Wintertime:  More northerly and stronger northwesterly 
winds observed than during the summer.  High PM2.5 is 
generally observed prior to frontal passages when high 
pressure is in control or during strong nocturnal low-level 
temperature inversions. 

Attainment 
 

NOx SIP 
Call and 

CSA 

Yadkin 3% 1% N/A 108 121 
All Title V 

sources are 
outside the 
boundary. 

3.2% to Forsyth
0.1% to Guilford 

Summertime:  Southwesterly winds and recirculation 
patterns dominate.  The main urban area of influence is 
the Triad (recirculation). 
Wintertime:  More northerly and stronger northwesterly 
winds observed than during the summer.  High PM2.5 is 
generally observed prior to frontal passages when high 
pressure is in control or during strong nocturnal low-level 
temperature inversions. 

Attainment 
 

NOx SIP 
Call and 

CSA 
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 Hickory/Morganton MSA 
 
As displayed in Figure 7, there is only one monitor in the Hickory/Morganton area that is in 
violation of the PM2.5 annual standard located in Catawba County.  The shaded area shows the 
fine particulate forecast area for Hickory.  The surrounding counties that have monitors are all 
attaining.  The monitor is in close proximity to Highway 321, a major thoroughfare for the 
mountain region, and could be influenced by heavy-duty diesel vehicles (HDDV) that use these 
corridors.  The federal HDDV regulation in combination with the low sulfur diesel will help 
reduce this source category’s emissions. Rail traffic could also be an influence on this monitor as 
it is located between the Norfolk-Southern Railroad mainline and the Caldwell County Railroad 
shortline.   
 
 
 
 

 
Figure 6.  PM2.5 monitors in the Hickory area  

and their 3 year design values in µg/m3.   
 

For seven quarters the DAQ operated a second monitor (Hickory 051) in the Hickory area 
approximately 10 miles southwest of the current Hickory PM 2.5 site (Hickory 041).  This 
monitor, Hickory 051, was further removed from a major highway than Hickory 041.  The 
numbers shown in Table 3 display a strong correlation between the two monitors with the one 
further back from the roads having consistently lower concentrations.  The exception would be 
the first quarter of operation that could have resulted from startup issues at this site.  This 
location was at a rescue squad and DAQ was not able to continue to use the location. 
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The average difference between the monitors is 1.89 µg/m3, with Hickory 051 being 1.89 
µg/m3 lower than Hickory 041 over these seven quarters.  If NCDAQ had been able to monitor 
at this location for three years, it is believed that this monitor would be showing attainment of the 
standard.  North Carolina believes that these data show a strong regional component to the PM2.5 
values, but also a strong local component as well for the Hickory site.  The data also argues for a 
partial county designation for Catawba County and to leave the other MSA counties out of the 
PM2.5 nonattainment boundary. 

 
Table 3.  Comparison of PM2.5 Monitor Data in Hickory 

Site AIRS ID 1Q.2000 2Q.2000 3Q.2000 4Q.2000 1Q.2001 2Q.2001 3Q.2001 4Q.2001 1Q.2002 

Hickory 3703500041 16.14 16.58 18.9 20.09 15.3 16.61 18.83 13.16 13.25 

Hickory 3403500051 N/A 17.97 17.94 17.02 10.23 15.3 17.9 9.88 N/A 

 Difference  -1.39 0.96 3.07 5.07 1.31 0.93 3.28  

 
Figure 7.  Title V Sources in Catawba County

Within the PM2.5 Nonattainment Boundary 
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Table 4.  Hickory Area Recommendation Criteria used for Nonattainment Designation. 
Criteria: 1 2 3 5  4 6 7 8  

NOx 
Emissions 
(% of MSA) 

Population 
Density 

(persons/sq.mile)1 
County NOx SO2 

2001-
2003  

PM2.5  DV 
(µg/m3) 2000 2007 

Location of 
Emissions 
Sources 

Commuting 
patterns 

(%)2  Meteorology  

Geography/
topography 

issues 
Jurisdictional 
boundaries 

Regional 
emissions 
reductions 

Catawba3 57% 96% 15.5 354 
139 

398 
156 

All Title V 
sources except 
Marshall Steam 
Station are 
within 
boundary.  

N/A 

Summertime:  Southwesterly winds and recirculation 
patterns dominate.  Main urban areas of influence 
include Hickory and the Triad (recirculation) and 
Charlotte (southwest).  High PM2.5 generally 
observed during prolonged stagnation under high 
pressure. 
Wintertime:  More northerly and stronger 
northwesterly winds observed than during the 
summer.  High PM2.5 is generally observed prior to 
frontal passages when high pressure is in control or 
during strong nocturnal low-level temperature 
inversions.  
Year-round:  Trajectories indicate influence from 
nearby states. 

None 
Recommended 

boundary follows 
MPO boundary. 

NOx SIP 
Call and 
CSA  

Alexander 5% 1% N/A 129 146 

All Title V 
sources are 
outside the 
recommended 
boundary 

6.0% to 
Catawba 
(Lowest 
VMT in 
MSA) 

Summertime:  Westerly and southwesterly winds and 
recirculation patterns dominate.  Main urban areas of 
influence include Hickry, the Triad and Charlotte. 
Wintertime:  More northerly and stronger 
northwesterly winds observed than during the 
summer.  High PM2.5 is generally observed prior to 
frontal passages when high pressure is in control or 
during strong nocturnal low-level temperature 
inversions. 

None Attainment 
 

NOx SIP 
Call and 
CSA  

Burke 23% 2% N/A 176 193 

All Title V 
sources are 
outside the 
recommended 
boundary 

8.8% to 
Catawba 

Summertime:  Same as Alexander 
Wintertime:  Same as Alexander 

Mountain 
range along 
western part 
of county. 

Attainment 
 

NOx SIP 
Call and 
CSA  

Caldwell 15% 1% N/A 164 172 

All Title V 
sources are 
outside the 
recommended 
boundary 

8.5% to 
Catawba 

Summertime: Same as Alexander 
Wintertime:  Same as Alexander 

Mountain 
range along 
western part 
of county. 

Attainment 
 

NOx SIP 
Call and 
CSA  

                                                           
1 Entire county density is in bold and the recommended attainment portion density is in italics. 
2  The percentage of residents commuting from the respective county to Catawba County.   
3 Only nonattainment area designation. 
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In addition to operating the FRM (federal reference method) monitors, North Carolina 
also operates several speciated trends monitors.  This speciated data provides information on the 
emissions sources that may need to be controlled in order for all monitors to attain the standard.  
For example, sulfate and organic carbon are particularly important components, as the two 
comprise the majority of contribution to overall PM2.5 mass.  The Hickory speciation data is 
presented below in Figure 8.  The speciated monitor, recently placed at the Lexington monitor 
location in Davidson County, does not have enough data to present.  

 
   

Figure 8.  Hickory Area Speciation Data
Date(s):  1/3/2003 - 12/11/2003
Average Concentration (µg/m³)
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Appendix B 
 

2002 Base case Emissions 



Appendix B  Table 1. VISTAS 2002 Base Case Emissions for the Unifour Area 
UNIFOUR               

SO2 Point Area Nonroad Mobile Total   NOx Point Area Nonroad Mobile Total  
Alexander 40 252 9 186.6 488.0 1%  Alexander 16 30 155 4610.9 4811.9 5% 
Burke 381 336 40 855.2 1613.0 2%  Burke 287 165 665 21738.1 22855.0 23% 
Caldwell 29 432 54 560.4 1075.4 1%  Caldwell 427 172 670 13863.9 15132.8 15% 
Catawba 82337 899 105 1409.3 84750.3 96%  Catawba 19692 388 1637 34927.3 56643.6 57% 
     87926.8        99443.3  
               

CO Point Area Nonroad Mobile Total   NH3 Point Area Nonroad Mobile Total  
Alexander 11 1225 1292 29214.6 31742.8 5%  Alexander 0 1262 0 162.9 1424.8 24% 
Burke 904 2953 4744 150355.1 158956.1 27%  Burke 4 450 1 788.4 1243.0 21% 
Caldwell 489 3220 5134 95438.2 104281.2 18%  Caldwell 0 458 1 522.8 981.7 17% 
Catawba 1815 6051 14067 267536.5 289469.7 50%  Catawba 15 811 1 1440.4 2267.5 38% 
     584449.9        5917.0  
               

PM2.5 Point Area Nonroad Mobile Total   VOC Point Area Nonroad Mobile Total  
Alexander 8 435 8 103.8 555.1 5%  Alexander 414 2290 88 2504.2 5296.0 7% 
Burke 332 1049 30 458.3 1870.1 17%  Burke 1195 3900 396 3993.1 9484.6 13% 
Caldwell 326 1021 41 298.7 1686.3 15%  Caldwell 5937 4307 478 8452.3 19174.0 25% 
Catawba 4436 1945 83 698.1 7162.2 64%  Catawba 5796 10159 1033 24287.8 41275.8 55% 
     11273.7        75230.5  
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Appendix B  Table 2. VISTAS 2002 Base Case Emissions for the Triad Area 
TRIAD               

SO2 Point Area Nonroad Mobile Total   NOx Point Area Nonroad Mobile Total  
Alamance 157 483 67 1045 1752.2 1%  Alamance 235 576 981 25712 27504.0 8% 
Davidson 647 428 109 1343 2527.0 2%  Davidson 4510 323 1586 33642 40061.4 12% 
Davie 16 90 15 395 516.2 0%  Davie 66 40 196 19527 19829.3 6% 
Forsyth 4344 1317 168 2563 8392.5 7%  Forsyth 2313 978 2090 62133 67514.4 20% 
Guilford 495 1519 385 3381 5780.3 5%  Guilford 591 2120 4462 82064 89237.0 26% 
Randolph 136 476 66 1132 1810.6 1%  Randolph 136 297 963 28283 29678.4 9% 
Stokes 103200 204 21 344 103768.5 83%  Stokes 44927 47 267 8462 53702.6 16% 
Yadkin 9 204 18 432 663.9 1%  Yadkin 10 33 205 11251 11498.7 3% 
     125211.2        339025.8  
               

CO Point Area Nonroad Mobile Total   NH3 Point Area Nonroad Mobile Total  
Alamance 232 4343 8817 205536 218928.4 11%  Alamance 33 866 1 1105 2004.7 10% 
Davidson 1203 5661 9360 234573 250796.3 13%  Davidson 8 648 1 1251 1907.4 10% 
Davie 61 1968 2153 68882 73063.0 4%  Davie 2 396 0 340 737.8 4% 
Forsyth 792 7725 26546 430015 465077.5 23%  Forsyth 17 581 2 2690 3290.0 17% 
Guilford 500 11255 55140 570662 637556.7 32%  Guilford 15 1064 4 3576 4658.0 24% 
Randolph 161 6073 8171 196909 211314.3 11%  Randolph 0 4133 1 1053 5186.6 26% 
Stokes 1359 1778 2420 54003 59560.5 3%  Stokes 8 343 0 296 647.0 3% 
Yadkin 5 2485 1977 73084 77550.7 4%  Yadkin 0 972 0 371 1343.8 7% 
     1993847.3        19775.2  
               

PM2.5 Point Area Nonroad Mobile Total   VOC Point Area Nonroad Mobile Total  
Alamance 192 1459 53 501 2204.1 9%  Alamance 477 4823 572 18431 24301.9 10% 
Davidson 516 1765 74 715 3070.1 13%  Davidson 4657 7758 684 19416 32514.7 14% 
Davie 81 518 13 221 833.2 3%  Davie 485 1944 285 4808 7521.3 3% 
Forsyth 198 3168 144 1236 4746.2 20%  Forsyth 3496 10175 1632 39993 55295.8 23% 
Guilford 295 4129 599 1621 6643.5 28%  Guilford 5396 18091 3470 53667 80624.0 34% 
Randolph 287 1532 52 603 2473.5 10%  Randolph 1335 6061 524 16347 24267.4 10% 
Stokes 2126 625 17 192 2960.3 12%  Stokes 198 1161 204 4395 5957.9 3% 
Yadkin 9 714 17 243 983.1 4%  Yadkin 82 1232 123 5284 6721.3 3% 
     23913.9       237204.3 
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NH3 Emission Sources in the Triad Area
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Wind Trajectory Analysis for Hickory and Lexington Monitors 
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1. Introduction 
 
The purpose of this analysis is to access the source regions, in particular according to state boundaries, which 
contribute significantly to elevated daily Fine Particulate Matter (PM2.5) levels in North Carolina.  The North 
Carolina Division of Air Quality (NC DAQ) has identified a specific need to know the regions, specifically 
according to state boundaries, which contribute significantly to primary and secondary PM2.5 in North Carolina.  The 
Environmental Protection Agency (EPA) has established standards for PM2.5 at 15 µg/m3 for the annual standard and 
65 µg/m3 for the 24-hour standard.   
 
2. Methodology 
 
An analysis of the National Oceanic and Atmospheric Administration Air Resource Laboratory (NOAA ARL) 
HYbrid Single-Particle Lagrangian Integrated Trajectory (HYSPLIT; Draxler and Rolph, 2003) model back 
trajectories was performed in order to access the sources that contribute to elevated PM2.5 levels in North Carolina.  
An analysis of observed 24-hour average PM2.5 values throughout from North Carolina’s PM2.5 monitor network 
determined that the two monitors with the highest annual PM2.5 values in North Carolina are located in Catawba and 
Davidson Counties.  The monitors located in these counties are Federal Reference Method (FRM) monitors and 
sample PM2.5 every three days.  Because these monitors had the two highest annual-average PM2.5 values, the 
monitors located in these two counties were chosen as the endpoints for the HYSPLIT back trajectories.  The 
specific location of Catawba County monitor is 35.73°N, 81.36°W, while the Davidson County monitor is located at 
35.81°N, 80.26°W. 
  
PM2.5 data from January 1, 1999 through June 30, 2002 was analyzed to identify days when the 24-hour average 
PM2.5 value was greater than or equal to 27.9 µg/m3.  This concentration was chosen since it represents the midpoint 
of the yellow AQI range (15.5µg/m3 – 40.4µg/m3) for PM2.5, and conversations with EPA representatives have 
indicated that values above this point could pose a significant health risk.  From the three and half years of available 
PM2.5 data from those two monitors, there were a total of 41 days from the Catawba County monitor and 32 days 
from the Davidson County monitor where the 24-hour average PM2.5 value was greater than or equal to 27.9 µg/m3.  
The dates and observed 24-hour average PM2.5 of these days are shown in Table 1. 
 
For the days indicated above, HYSPLIT back trajectories were run.  Thirty-six hour back trajectories ending at 
17UTC, noon Eastern Daylight Time, were run separately for each monitor using the model vertical velocity option.  
The trajectories were run at three separate heights, specifically 10, 300 and 1000 meters above ground level (AGL).  
The 10 and 300-meter trajectory levels are heights of lower level circulations, while the 1000-meter trajectory level 
represents the top of the mixed layer and is generally a transport level.  The choice of these levels is based on the 
experience of NC DAQ meteorologists, who use the HYSPLIT model trajectories as a routine part of their ozone 
and PM2.5 forecast process.  17UTC (Noon EDT) was chosen as the ending time of the trajectories because it 
represents a time when significant mixing of the boundary and residual layers has occurred, but significant 
contributions from local-secondary production has not occurred. 
  
3. Results 
 
Table 1 shows the results of the analysis of the back trajectories.  Columns 4 and 5 in Table 1 identify the primary 
and secondary source regions.  The primary source region identifies the most significant region(s) contributing to the 
PM2.5 in that county on that day, as determined by the meteorologists.  The secondary source region identifies a 
region(s) that, while is not a primary contributor, does appear to contribute to a significant portion of the PM2.5 on 
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that day.  Note that while there is always a primary source identified for a given day, there may not be secondary 
source identified. 
 
Figures 1-4 show composites of the back trajectories originating from the Catawba County site at 10, 300, and 1000 
meters AGL for those days when PM2.5 concentrations were high.  Note that the trajectories are relatively short, 
indicating regional stagnation and recirculation.  Figures 5-8 show similar composites for the Davidson County site. 
 
Analysis of the HYSPLIT back trajectories showed that on the majority of the days the primary source region of the 
back trajectory was North Carolina.  Table 2 shows the distribution of both primary and secondary source regions 
for the trajectories for both Catawba and Davidson counties.  Of the 41 days for which back trajectories were run for 
the Catawba County monitor, 31 (76%) of them were considered to have North Carolina as the primary source 
region (Figure 9).  Tennessee and Virginia were considered to be primary sources on 9 (22%) and 6 (15%) days, 
respectively.  Significant secondary sources were South Carolina, Tennessee, and Georgia, which contributed on 9 
(22%), 8 (20%), and 7 (17%) days respectively (Figure 10).  Figure 11 shows the percent of the days in which each 
region was identified as either a primary or secondary source, or both. 
 
There were 27 (66%) days when North Carolina was identified to be the only primary source region, while there 
were 4 (10 %) days when North Carolina and another state(s) was identified to be the source region, and 10 (24%) 
days when North Carolina was not identified as part of the source region.  This result is significant, since it indicates 
that nearly 35 percent of the days when PM2.5 was greater than or equal to 27.9 µg/m3, back-trajectory analysis 
indicates transport from neighboring states, in particular Tennessee, Virginia, Georgia and South Carolina.  
 
For the Davidson county monitor, 26 (81%) of the 31 days for which the trajectories were run indicated 
North Carolina as the primary source (Table 2, Figure 12). Note that there was one day for which a 
trajectory could not be run due to missing data.  Other significant primary sources were Virginia, with 7 
(23%) days, and South Carolina and Tennessee, each with 4 (13%) days.  Significant secondary sources 
were South Carolina, Tennessee, and Virginia, each with 5 (16%) days, and Ohio with 4 (13%) days 
(Figure 13).  Of the 31 days for which the back trajectories were run, 17 (55%) of them indicated North 
Carolina as the only primary source region, while on 14 (45%) days trajectories indicated another state as 
the primary source region.  As with the Catawba County analysis, there were a significant percentage of 
days when trajectory analysis indicates transport from neighboring states on days when PM2.5 was greater 
than or equal to 27.9 µg/m3.  The percent of days in which each region contributed as a primary or 
secondary source (or both), is shown in Figure 14. 
 
Another interesting analysis is examining the 24-hour average PM2.5 value and the associated primary source region.  
The trajectories run for each monitor were divided into an upper third, a middle third, and a lower third based on the 
observed PM2.5 concentration.  For the Catawba County monitor the upper third consists of a PM2.5 range between 
32.8 and 54.7 µg/m3, the middle third from 30.0 and 32.7 µg/m3, and the lower third from 28.1 to 29.6 µg/m3.  Note 
that there are 14 days included in the upper and middle thirds, and only 13 days included in the bottom third (Tables 
3-5). 
 
For the upper third of the days for the Catawba County monitor site, North Carolina was the primary source on 10 
days, followed by Tennessee and Virginia with 2 days each.  South Carolina, Tennessee, Virginia and Georgia are 
common secondary source regions.  For total days (primary and secondary combined), North Carolina was identified 
on 10 days, followed by Tennessee on 5 days and South Carolina, Virginia, and Georgia each on 3 days. The results 
for the middle and lower third of the days are similar to those for the upper third.  The same analysis for the 
Davidson County monitor site yields similar results.  Note also that 11 days are included in the upper and middle 
thirds, while only 10 days are included in the bottom third. 
 
Another analysis that was performed using the back trajectories was to quantify the residence time that the 
trajectories spent in each state, other than North Carolina. This was accomplished by analyzing each trajectory 
individually and recording the amount of time the trajectory spent in each individual state.  Since trajectories were 
run at multiple heights, to avoid double counting, only the maximum time that all trajectory heights spent in any one 
state are reported.  Obviously, since the end points of the trajectories are within North Carolina, some time for each 
trajectory must be spent in North Carolina.  The results of the analysis for Davidson and Catawba counties are 
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shown in Tables 6 and 7 respectively.  Note that this analysis contains seven events in 2002 for Catawba County and 
four events in 2002 for Davidson County that are not included in the previous analysis of the trajectories. 
 
For Catawba County, the maximum number of hours the trajectories spent in another state for all events was 258 in 
Tennessee (recall that an event is a day where the PM2.5 concentration exceeded 27.9 µg/m3 at the monitor in that 
county).  This represents 15.6 percent of the total trajectory time (36 hours/event * 46 events = 1656), with an 
average of 18.4 hours per event.  The average represents the average hours the trajectory spent in each state for only 
those events where the trajectory spent at least some amount of time in the state (zero hour events are not included in 
the average).  Other results include 207 hours (12.5% of total) for South Carolina, with an average of 18.8 hours per 
event, and 201 hours (12.1% of total) for Kentucky, with an average of 14.4 hours per event. 
 
For Davidson County, the maximum number of hours the trajectories spent in another state for all events was 278 in 
South Carolina.  This was 22.7 percent of the total trajectory time (36 hours/event * 34 days), with an average of 
19.9 hours spent in South Carolina for each event.  Virginia had a total of 275 hours (22.5% of total) with an average 
of 14.5 hours per event.  Tennessee had a total of 166 hours (13.6 % of total) with an average of 15.1 hours per 
event. 
   
4. Discussion 
  
Analysis of HYSPLIT back trajectories from two PM2.5 monitor locations in North Carolina on days when 24-hour 
average PM2.5 levels were 27.9 µg/m3 or greater indicates that while North Carolina is the primary source region for 
the majority of those days, states neighboring and near North Carolina (including Kentucky, West Virginia, and 
Ohio) were shown through the trajectory analysis to be potential sources of transported pollution.  Back trajectories 
run from points in Catawba and Davidson Counties in North Carolina show a significant percentage of days for 
which neighboring states could be considered primary sources for transported pollution. Significant secondary states 
include South Carolina, Tennessee, and Virginia.  Other states with slightly fewer days when back trajectories 
indicated potential transport include Georgia, Kentucky, and the Ohio Valley.   
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County Date PM 2.5 Primary Secondary Notes

Davidson 1/1/2000 46.8 NC (Millenium Celebration) Low: NC (calm conditions) and CLT; Mid and Upper: Upstate SC and GA

Davidson 8/13/1999 44.8 NC / SC Low: NC and Eastern SC; Mid: SC and NC; Upper: NC and Upstate SC

Davidson 6/21/2001 41.6 NC Central SC Low and Mid: NC and Central SC; Upper: NC, Northeast TN and SW Virginia (minor)

Davidson 7/23/1999 40.5 E. KY, SW. VA Ohio Valley Low and Mid: SW Virginia and E. KY; Upper: long transport from Ohio Valley

Davidson 1/5/2002 39.2 NC / TN Low: NC and NE TN; Mid: NC and Eastern TN; Upper: TN

Davidson 7/17/1999 38.9 NC Central SC Low: NC (CLT); Mid: NC and SC; Upper: NC and SW Virginia

Davidson 12/11/2000 38.7 Missing Data

Davidson 10/21/2000 37.7 SW. VA / E. TN NC Low: NC and Upstate SC; Mid: Eastern TN: Upper: SW VA and Eastern TN

Davidson 7/18/2001 37.7 NC / SC SE. TN / N. GA Low: SC and some NC; Mid: NC and Northern GA; Upper: NC, Eastern TN, N. GA

Davidson 7/5/1999 36.6 NC Eastern TN (significant) Low: All in NC; Mid: Origin in NE TN; Upper: Crosses KY, WV, VA

Davidson 6/2/2000 34.9 NC Eastern TN Missing Data

Davidson 6/29/2000 34.1 NC / N. GA / N. SC Aloft from Ohio Valley Low: NC, SC, and GA; Mid: NC and GA (ATL); Upper: Ohio Valley

Davidson 8/7/1999 33.8 NC SW. VA Low: NC; Mid: NC and SW VA; Upper: NC (CLT)

Davidson 7/2/2000 32.7 NC (CLT) North Central SC Low: Completely in NC; Mid: NC and Upstate SC; Upper: NC and Upstate SC

Davidson 8/28/1999 32.1 NC SW. VA (less sig) Low: NC; Mid: NC and SW VA; Upper NC and SW VA

Davidson 11/11/1999 31.8 TN Low, Mid, and Upper: Long transport from Tennessee

Davidson 8/16/2000 31.2 NC / VA Ohio Valley Missing Data

Davidson 8/19/1999 31.1 NC / VA Ohio Valley Low: NC, VA, and WV; Mid: Eastern VA; Upper: NC, SW VA, and Ohio Valley

Davidson 10/27/2000 31.1 VA Low, Mid, and Upper: Virginia

Davidson 1/21/1999 31.0 NC (CLT, I-85) Upstate SC Low: All in NC; Mid and Upper: long transport from the west

Davidson 11/8/2000 30.7 NC Low: Short over NC; Mid and Upper: Long transport from the south (SC, GA, FL)

Davidson 7/20/1999 30.6 NE. TN, SW. VA, NC Low: NC and Upstate SC; Mid: E. TN and NC Upper: VA, KY, and TN

Davidson 8/16/1999 30.1 NC Low, Mid, and Upper: All completely in NC (short trajectories)

Davidson 6/11/1999 29.8 NC (PP, I-40) Tidewater of VA (minimal) Low, Mid, and Upper all over NC and originate in the Atlantic

Davidson 2/9/2000 29.4 NC I-95 Virginia Low: NC and VA; Mid: NC and VA; Upper: NC (over the mountains)

Davidson 5/30/1999 29.1 NC (CLT) NC Low, Mid, and Upper all in NC and very northern SC

Davidson 8/8/2001 29.0 Ohio Valley WV / VA / NC Low: NC and SW VA; Mid: VA and WV; Upper: VA, WV and Ohio Valley

Davidson 10/30/1999 28.5 NC Missing Data

Davidson 8/17/2001 28.5 NC / SC GA (ATL) Low: NC (CLT) and SC; Mid: Mostly SC, some NC; Upper: NC and GA (ATL)

Davidson 7/8/1999 28.4 NC Upstate SC, Eastern TN (3rd) Low: NC; Mid: Upstate SC; Upper: NE Tennessee

Davidson 10/18/2000 28.0 NC Eastern TN Low: Completely in NC; Mid: Completely in NC; Upper: long transport from TN

Davidson 8/14/2001 27.9 NC / VA WV Low: NC and SW VA; Mid: NC, Central VA, and WV; Upper: VA, WV, and Ohio Valley

Table 1. Days when observed PM2.5 values in Catawba and Davidson Counties was above 27.8 ug/m3. Indicated in the table is the county, date, PM2.5 observed value, the primary and secondary sources as determined
by the NC DAQ meteorologists, and any notes made by the meteorologists concerning that days trajectories. Purple shading indicates observed values greater than 39.9 ug/m3, red shading between 35.0 ug/m3 and 39.9
ug/m3, orange shading between 30.0 ug/m3 to 34.9 ug/m3, yellow shading between 27.9 ug/m3 and 29.9 ug/m3. Blue shading indicates known fire events in North Carolina. On days with missing EDAS data, surface
maps were used to determine the source region(s).



County Date PM 2.5 Primary Secondary Notes

Catawba 11/2/2000 54.7 NC (Fire Event) Ohio Valley Low and Mid: Completely in NC; Upper: Long transport from the Ohio Valley
Catawba 11/8/2000 50.1 NC (Fire Event) SC / E. GA / FL (minor) Low, Mid, and Upper: Short trajectories in NC, then long transport from the south
Catawba 1/21/1999 41.0 NC Upstate, North Central GA Low: all in NC; Mid: NC, Upstate SC, and N. GA; Upper: long transport from the southwest
Catawba 6/21/2001 40.0 NC SC (minor) Low: NC and Upstate SC; Mid: Completely NC; Upper: All NC except for couple hours in TN
Catawba 10/21/2000 38.0 NC N. SC and E. TN Low: NC and Upstate SC; Mid: Eastern TN and N. GA; Upper: Central TN and Northern MS
Catawba 10/27/2000 36.7 SW. VA / WV Southern Ohio Valley Low: SW VA and Eastern KY; Mid and Upper: SW VA, Western WV, Southern Ohio Valley
Catawba 7/23/1999 36.1 NE. TN / OV / SW. VA Low and Mid: Northern TN; Upper: long transport from the northwest
Catawba 8/7/2000 34.2 NC Eastern TN, GA (ATL) Low and Mid: NC and Northern GA; Upper: Eastern TN and Northern GA
Catawba 3/31/1999 30.0 NC Northern SC Low: NC; Mid: NC, minor SC and VA; Upper; Upstate SC
Catawba 2/9/2000 33.5 NC Eastern TN, Northern GA Low: NC and very minor VA; Mid: NC and very minor SC; Upper: NC, E. TN, and N. GA
Catawba 6/5/1999 33.2 NC Low, Mid, and Upper: NC (CLT and Triad)
Catawba 8/7/1999 33.1 NC SW. VA Low and Mid: Mostly NC, few hours in SW VA; Upper: Mostly in NC, few hours in NE TN
Catawba 1/1/2000 33.0 Millenium Low, Mid, and Upper: NC and transport from the west
Catawba 2/21/2001 32.8 Eastern TN Northern GA Low: Eastern TN and Northern GA; Mid: NE TN, SW VA (minor), and TN; Upper: TN and KY
Catawba 7/8/2000 32.7 NC Low and Mid: Completely in NC; Upper: NC and Upstate SC (minor, mostly NC)
Catawba 7/17/1999 32.3 NC Upstate SC Low and Mid: NC and Upstate SC; Upper: All in NC
Catawba 8/2/2001 32.0 NC Low, Mid, and Upper: Trajectories completely in NC
Catawba 6/8/1999 31.7 NE. TN / SW. VA / KY Low: NE TN and SW VA; Mid and Upper: NE TN, SW VA, KY;
Catawba 8/16/1999 31.1 NC Low and Mid: Completely in NC; Upper: NC and Upstate SC (CLT area)
Catawba 8/13/1999 31.0 NC SC Low: Completely in NC; Mid: NC and Upstate SC (CLT); Upper: NC
Catawba 6/2/2000 31.0 Eastern TN N. GA and NC missing data
Catawba 7/20/1999 30.9 NC / E. TN Low: Completely in NC; Mid and Upper: Eastern TN
Catawba 5/3/2000 30.8 NC VA and SC Low: majority NC and VA; Mid: NC (half), VA (half); Upper: mostly NC, minor SC
Catawba 7/23/2000 30.6 NC Low, Mid, and Upper: Completely in NC
Catawba 9/7/2001 30.4 NC NE. TN Low and Mid: Completely in NC; Upper: NC and NE Tennessee
Catawba 8/26/2001 30.2 NC Eastern TN and SC (minor) Low: Completely in NC; Mid: Mostly in NC, few hours in Upstate SC; Upper: Eastern TN
Catawba 1/30/1999 30.0 NC Low, Mid, and Upper: NC and VA (few hours);
Catawba 2/17/1999 30.0 NC / N. GA / Upstate SC missing data
Catawba 8/19/1999 29.6 Ohio Valley / SW. VA Low: NC, SW VA, and WV; Mid: NC, VA, and WV; Upper: NC, NE TN, SW VA, and E. KY
Catawba 7/2/2000 29.4 NC SC Low: NC (CLT); Mid: NC and Upstate SC; Upper: NC and Central SC
Catawba 7/18/2001 29.3 NC SE. TN and N. GA Low: NC and Northern GA; Mid and Upper: Southeast TN and Northest MS
Catawba 7/5/2000 29.1 Eastern and Central TN Low, Mid, and Upper: Transport from Central and Eastern Tennessee
Catawba 11/18/2001 29.0 NC VA / Ohio Valley (upper) Low and Mid: NC and VA; Upper: SW VA, KY, and Southern Ohio Valley
Catawba 8/10/1999 28.4 NC E. TN Low and Mid: All in NC; Upper: transport from KY and TN
Catawba 6/4/2002 28.4 SC NC Low: Upstate SC and NC; Mid: SC and NC; Upper: SC and NC
Catawba 7/5/1999 28.2 NE. TN SW. VA / KY Low: NE TN; Mid: NE TN and SW VA; Upper: SW VA and KY
Catawba 6/11/2000 28.2 NC / NE. TN / SC Low and Mid: Majority Upstate SC, some NC; Upper: NC and some NE TN and Upstate SC
Catawba 8/16/2000 28.2 NE. TN / SW. VA KY missing data
Catawba 10/18/2000 28.2 NC NE and Central TN Low: Completely in NC; Mid and Upper: Eastern and Central TN
Catawba 8/4/1999 28.1 NC / VA Low, Mid, and Upper: NC and SW VA
Catawba 9/31/01 28.1 NC SW. VA and E. KY Low and Mid: Completely in NC; Upper: SW VA and SE KY

Table 1 Continued



 
 
 
 
 
 
Table 2. Number of days that the HYSPLIT back trajectories indicated a region as a primary or secondary 
source for locations in Catawba and Davidson Counties in North Carolina. 

 

Catawba County Davidson County 
State/Area Primary  

(days) 
Secondary 

(days) 
Total 
(days)  State/Area Primary 

(days) 
Secondary 

(days) 
Total 
(days) 

         

North 
Carolina 31 2 33 North 

Carolina 26 2 28 
South 

Carolina 3 9 12 South 
Carolina 4 5 9 

Tennessee 9 8 17 Tennessee 4 5 9 
Virginia 6 5 11 Virginia 7 5 12 
Georgia 1 7 8 Georgia 1 2 3 

Kentucky 1 3 4 Kentucky 1 0 1 
Ohio Valley 2 3 5 Ohio Valley 1 4 5 

         

NC Only 27   NC Only 17   
NC + Other 4   NC + Other 9   

No NC 10   No NC 5   

 
 
 
Table 3.  Number of days in the highest one-third of 24-hour average PM2.5 values for all days for which 
HYSPLIT trajectories were run.  Specific PM2.5 values were 32.8 – 54.7 µg/m3 for Catawba County and 
34.9 – 46.8 µg/m3 for Davidson County. 
 

Catawba County – Upper Third Davidson County – Upper Third 
State/Area Primary  

(days) 
Secondary 

(days) 
Total 
(days) State/Area Primary 

(days) 
Secondary 

(days) 
Total 
(days) 

         

North 
Carolina 10 0 10 North 

Carolina 8 1 9 
South 

Carolina 0 3 3 South 
Carolina 2 2 4 

Tennessee 2 3 5 Tennessee 2 3 5 
Virginia 2 1 3 Virginia 2 0 2 
Georgia 0 3 3 Georgia 0 1 1 

Kentucky 0 0 0 Kentucky 1 0 1 
Ohio Valley 1 1 2 Ohio Valley 0 1 1 

 
 
 
 
 
 
 



 
 
 
 
 
Table 4.  Number of days in the middle one-third of 24-hour average PM2.5 values for all days for which 
HYSPLIT trajectories were run.  Specific PM2.5 values were 30.0 – 32.8 µg/m3 for Catawba County and 
30.6 – 34.1 µg/m3 for Davidson County. 
 

Catawba County – Middle Third Davidson County – Middle Third 
State/Area Primary  

(days) 
Secondary 

(days) 
Total 
(days)  State/Area Primary 

(days) 
Secondary 

(days) 
Total 
(days) 

         

North 
Carolina 10 0 10  North 

Carolina 9 0 9 
South 

Carolina 1 4 5  South 
Carolina 1 2 3 

Tennessee 3 2 5  Tennessee 2 0 2 
Virginia 2 1 3  Virginia 4 2 6 
Georgia 1 0 1  Georgia 1 0 1 

Kentucky 1 0 1  Kentucky 0 0 0 
Ohio Valley 1 0 1  Ohio Valley 0 3 3 

 
 
Table 5.  Number of days in the lowest one-third of 24-hour average PM2.5 values for all days for which 
HYSPLIT trajectories were run.  Specific PM2.5 values were 28.1 – 29.6 µg/m3 for Catawba County and 
27.9 – 30.1 µg/m3 for Davidson County. 

 

Catawba County – Lower Third Davidson County – Lower Third 
State/Area Primary  

(days) 
Secondary 

(days) 
Total 
(days)  State/Area Primary 

(days) 
Secondary 

(days) 
Total 
(days) 

         

North 
Carolina 8 1 9  North 

Carolina 9 2 11 
South 

Carolina 2 1 3  South 
Carolina 1 1 2 

Tennessee 4 3 7  Tennessee 0 1 1 
Virginia 3 3 6  Virginia 1 3 4 
Georgia 0 1 1  Georgia 0 1 1 

Kentucky 0 2 2  Kentucky 0 0 0 
Ohio Valley 1 1 2  Ohio Valley 1 0 1 

 
 
 
 
 
 
 
 
 
 
 



Table 6.  Total number of hours back trajectories spent in states other than North Carolina for all events for 
the Davidson County PM2.5 monitor.  Hours are based on the maximum of all trajectory heights, and 
therefore do not double count.  Percent of total hours based on maximum hours of all events (1224 hours).  
Average hours based on average of each event, excluding zero hour events. 
 

Davidson County 
Date PM2.5 SC (hrs) GA (hrs) TN (hrs) VA (hrs) KT (hrs) WV (hrs) OH (hrs) MAX

1/21/1999 31.0 12 8           36 
5/30/1999 29.1 20             36 
6/11/1999 29.8               36 
7/5/1999 36.6       6 16 12   36 
7/8/1999 28.4 23 10 20         36 
7/17/1999 38.9 22     22       36 
7/20/1999 30.6     22 12 11     36 
7/23/1999 40.5     18 13   7 4 36 
8/7/1999 33.8       7       36 
8/13/1999 44.8 23             36 
8/16/1999 30.1               36 
8/19/1999 31.1       28   13 8 36 
8/28/1999 32.1       25       36 

11/11/1999 31.8   15 9         36 
1/17/2000 N/A               36 
2/9/2000 29.4       13       36 
6/2/2000 34.9               36 
6/29/2000 34.1 10 16   6 18   6 36 
7/2/2000 32.7 21             36 

10/18/2000 28.0     25         36 
10/21/2000 37.7 16 9 10 6 6     36 
10/27/2000 31.1       34       36 
11/8/2000 30.7 14 9           36 

12/11/2000 38.7       12       36 
6/21/2001 41.6 28   10 3 3     36 
7/18/2001 37.7 29 11 14         36 
8/8/2001 29.0       20 14 18   36 
8/14/2001 27.9       20   11   36 
8/17/2001 28.5 17 16           36 
1/5/2002 39.2     20   4     36 
7/1/2002 31.1 23     18       36 
7/16/2002 33.1       6   12 12 36 
8/12/2002 36.9 20   12 19       36 
12/7/2002 43.7     6 5 9     36 

          

Total Hours  278 94 166 275 81 73 30 1224
% of Total  22.7 7.7 13.6 22.5 6.6 6.0 2.5  
Avg. Hours  19.9 11.8 15.1 14.5 10.1 12.2 7.5  

 
 
 



Table 7. As in Table 6, except for Catawba County. 
 

Catawba County 
Date PM2.5 SC (hrs) GA (hrs) TN (hrs) VA (hrs) KT (hrs) WV (hrs) OH (hrs) MAX
1/21/1999 31.0 12 10           36 
1/30/1999 30.0       10   3   36 
3/31/1999 30.0 9     6       36 
5/30/1999 29.1               36 

6/8/1999 31.7       7 25     36 
7/5/1999 28.2     25 15 21     36 

7/17/1999 32.3 20             36 
7/20/1999 30.9     28         36 
7/23/1999 36.1     30   12     36 

8/4/1999 28.1       17   2   36 
8/7/1999 33.1               36 

8/10/1999 28.4     10   26     36 
8/13/1999 31.0 31             36 
8/16/1999 31.1               36 
8/19/1999 29.0       6 12 16   36 

1/1/2000 33.0               36 
2/9/2000 33.5 6 15 12 4       36 
5/3/2000 30.8 4     21 7     36 
6/2/2000 31.0               36 

6/11/2000 28.2 25             36 
7/2/2000 29.4 24             36 
7/5/2000 29.1     34         36 
7/8/2000 32.7               36 

7/23/2000 30.6               36 
8/7/2000 34.2   26 6         36 

8/16/2000 28.2               36 
10/18/2000 28.2     31   6     36 
10/21/2000 38.0   19 13 3 6     36 
10/27/2000 36.7       13 13 10 12 36 

11/2/2000 54.7               36 
11/8/2000 50.1               36 
2/21/2001 32.8   6 9   13     36 
6/21/2001 40.0 20             36 
7/18/2001 29.3   16 10         36 

8/2/2001 32.0               36 
8/26/2001 30.2     34         36 

9/7/2001 30.4     10         36 
9/13/2001 28.1       6 26     36 

11/18/2001 29.0       12   15 5 36 
6/4/2002 28.4 31             36 
7/1/2002 33.5 25     9 16     36 
7/7/2002 28.3       8       36 

7/16/2002 33.5       11   15 15 36 
8/3/2002 30.0               36 

8/12/2002 40.7       20 8     36 
12/7/2002 29.2     6   10     36 

12/31/2002 28.9 12 19           36 
Total Hours  207 92 258 168 201 61 32 1656
% of Total  12.5 5.6 15.6 10.1 12.1 3.7 1.9  
Avg. Hours  18.8 15.3 18.4 10.5 14.4 10.2 10.7  



FIG 1.  36-hour back trajectories at 10 meters (red), 300 meters (blue) and 1000 meters (green) from the Catawba County site for 
days when the PM2.5 concentration was high.



FIG 2.  36-hour back trajectories at 10 meters from the Catawba County site for days when the PM2.5 concentration was high.



FIG 3.  36-hour back trajectories at 300 meters from the Catawba County site for days when the PM2.5 concentration was high.



FIG 4.  36-hour back trajectories at 1000 meters from the Catawba County site for days when the PM2.5 concentration was high.



FIG 5.  As in Figure 1, except for Davidson County.



FIG 6.  As in Figure 2, except for Davidson County.



FIG 7.  As in Figure 3, except for Davidson County.



FIG 8.  As in Figure 4, except for Davidson County.



Catawba County - Primary PM2.5 Sources
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FIG 9. Percent of the days for which HYSPLIT back trajectories were run for the Catawba County PM2.5 monitor for which each 
region was determined to be a primary source.  Dark Blue: North Carolina; Burgundy: South Carolina; Yellow: Tennessee; Light 
Blue: Virginia; Orange: Georgia; Pink: Kentucky; Green: Ohio Valley.



FIG 10. Percent of the days for which HYSPLIT back trajectories were run for the Catawba County PM2.5 monitor for which 
each region was determined to be a secondary source.  Dark Blue: North Carolina; Burgundy: South Carolina; Yellow: 
Tennessee; Light Blue: Virginia; Orange: Georgia; Pink: Kentucky; Green: Ohio Valley.
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FIG 11. Percent of the days for which HYSPLIT back trajectories were run for the Catawba County PM2.5 monitor for which 
each region was determined to be a primary source, secondary source, or both.  Dark Blue: North Carolina; Burgundy: South 
Carolina; Yellow: Tennessee; Light Blue: Virginia; Orange: Georgia; Pink: Kentucky; Green: Ohio Valley.
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Davidson County - Primary PM2.5 Sources
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FIG 12. Percent of the days for which HYSPLIT back trajectories were run for the Davidson County PM2.5 monitor for which 
each region was determined to be a primary source.  Dark Blue: North Carolina; Burgundy: South Carolina; Yellow: Tennessee; 
Light Blue: Virginia; Orange: Georgia; Pink: Kentucky; Green: Ohio Valley.



FIG 13. Percent of the days for which HYSPLIT back trajectories were run for the Davidson County PM2.5 monitor for which 
each region was determined to be a secondary source.  Dark Blue: North Carolina; Burgundy: South Carolina; Yellow: 
Tennessee; Light Blue: Virginia; Orange: Georgia; Pink: Kentucky; Green: Ohio Valley.
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FIG 14. Percent of the days for which HYSPLIT back trajectories were run for the Davidson County PM2.5 monitor for which 
each region was determined to be a primary source, secondary source, or both.  Dark Blue: North Carolina; Burgundy: South 
Carolina; Yellow: Tennessee; Light Blue: Virginia; Orange: Georgia; Pink: Kentucky; Green: Ohio Valley.
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Appendix D 
Federal, State, and Local Control Strategies
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Federal and State Initiatives to Help Reduce PM2.5  
 

Because of concerns for the health impact of fine particulate matter, EPA has 
developed several national control programs to address one of the major contributors to 
the problem, mobile sources.  Below is a summary of the Heavy Duty Engine Standards 
and the Low-Sulfur Diesel Fuel Program as promulgated by EPA.  DAQ has estimated 
the benefits of these national programs out to 2015 and has calculated a reduction of 
approximately 45 percent in mobile sources NOx emissions by that time. 
 
Heavy Duty Engine Standards 

• The rule requires on-board diagnostic (OBD) systems for engines between 8,500 
and 14,000 pounds to be phased-in, beginning in 2005.  These systems will 
identify the failure of emissions control system components. 

• Vehicles less than 14,000 pounds gross vehicle weight rating are subject to 
emission standards and testing similar to the current program for light-duty 
vehicles and light-duty trucks. 

• Heavy duty diesel engines will be required to meet 0.01 grams PM per brake-
horsepower-hour in the 2007 model year. 

• Heavy duty gasoline engines will be subject to the same 0.01 grams PM per 
brake-horsepower-hour based on a phase-in requiring 50 percent compliance in 
the 2008 model year and 100 percent compliance in the 2009 model year. 

• EPA estimates the benefits of this program in conjunction with the low sulfur 
diesel program to be a 90 percent reduction from 2000 PM levels from heavy duty 
engines nationwide. 

• EPA estimates that by 2030 (when the heavy-duty fleet is completely replaced 
and the low sulfur diesel fuel program is fully implemented) that the annual 
emissions of PM will be reduced by 109,000 tons. 

 
Low-Sulfur Diesel Fuel 

• Refiners will be required to reduce the sulfur content of their fuels from 500 ppm 
to 15 ppm beginning June 1, 2006. 

• Terminals will be required to meet the 15 ppm sulfur standard as of July 15, 2006. 
• Retail stations and fleets will be subject to the 15 ppm standard effective 

September 1, 2006. 
 

State Initiatives 
 

In addition to the federal efforts to control PM, the State has adopted the Clean 
Smokestacks Act, committed $250,000 to a Clean School Bus initiative in 2004, and 
received a grant from EPA to pilot truck stop electrification.  Each of these State 
initiatives is summarized below. 
 
Clean Smokestacks Act (CSA) 

• CSA requires significant actual NOx and SO2 emissions reductions year round 
from coal-fired power plants in North Carolina. The act differs from federal rules, 
which applies only seasonal NOx controls and allow utilities to buy pollution 
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credits from other states instead of cutting air pollution from power plants in the 
state.  No trading is allowed outside of NC in the CSA. 

• North Carolina's utilities must reduce actual emissions of nitrogen oxides (NOx) 
from 245,000 tons in 1998 to 56,000 tons by 2009 (77% reduction).  Utilities also 
must reduce actual sulfur dioxide (SO2) emissions from 489,000 tons in 1998 to 
250,000 tons by 2009 (49% reduction) and to 130,000 tons by 2013 (73% 
reduction). This represents about a one-third reduction of the total NOx emissions 
and a one-half reduction of the total SO2 emissions from all sources in North 
Carolina. 

• Air pollution has reduced visibility in the Smoky Mountains from 93 miles to 
between 24 and 36 miles (National Park Service report, "Clearing the Air at Great 
Smoky Mountains National Park", September 1999). The act will help North 
Carolina reach its goal of improving visibility in the mountains and from other 
scenic vistas in North Carolina by reducing pollution from North Carolina sources 
that contribute to the problem. Because air pollutants from sources in other states 
significantly contribute to our mountain air quality problem, the act states an 
intention of using all means available to achieve air quality improvements in those 
states as well. 

Clean Air Bill 
 

The Clean Air Bill, passed in 1999, is aimed at reducing motor vehicle emissions 
across North Carolina.  The bill: 

• Establishes statewide goals for cutting emissions of nitrogen oxides, the major 
ozone-forming pollutant in North Carolina, and for reducing the growth of vehicle 
miles traveled in the state.  

• Sets goals for the purchase of low-emission vehicles for the state motor fleet, and 
encourage the purchase of such vehicles for buses used by public school and 
transportation systems.   

OBDII Emissions Inspection Program 
• Requires 1996 and newer vehicles to receive an emissions inspection in 48 

counties across the State (previously only 9 counties had an emissions inspection 
program).  The program is currently being phased in according to the following 
schedule: 

• July 1, 2003 – Cabarrus, Durham, Forsyth, Gaston, Guilford, Lincoln, 
Mecklenburg, Orange, and Wake. 

• July 1, 2003 - Catawba, Cumberland, Davidson, Iredell, Johnston, and 
Rowan.  

• Jan. 1, 2004 - Alamance, Chatham, Franklin, Lee, Lincoln, Moore, 
Randolph, and Stanly.  

• July 1, 2004 - Buncombe, Cleveland, Granville, Harnett, and Rockingham.  
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• Jan. 1, 2005 - Edgecombe, Lenoir, Nash, Pitt, Robeson, Wayne, and 
Wilson.  

• July 1, 2005 - Burke, Caldwell, Haywood, Henderson, Rutherford, Stokes, 
Surry, and Wilkes.  

• Jan. 1, 2006 - Brunswick, Carteret, Craven, New Hanover, and Onslow.  

• The inspection will address all emissions from motor vehicles including NOx, 
VOCs, and CO (the previous program only addressed VOC and CO emissions). 

• OBDII can reduce NOx emissions by an average of 9 percent in 2010 and VOC 
emissions by 10 percent for the same year. 

 

Clean School Bus Initiative/Mobile Source Emission Reduction Grants 

North Carolina submitted a grant application for $1 million to EPA to participate in the 
Clean School Bus USA Program.  As part of that grant, North Carolina committed 
$250,000 in matching funds to retrofit as many buses as possible.  The grant was not 
awarded; however, North Carolina is committed to this project and will move forward 
through the State Mobile Source Emission Reduction Grant Process.  The current focus 
for the grants are Clean School Buses and therefore grant applications for schools will be 
given more weight. 

• The Mobile Source Emission Reduction Grant Process funds approximately 
$800,000 annually. 

• The grants will be awarded in March 2004. 

• The emission benefits from this grant process will vary based on the technology 
used by the grantee.  EPA estimates that the suggested technologies can reduce 
PM emissions between 10 and 90 percent. 

Truck Stop Electrification Grant 

• In 2003, North Carolina along with South Carolina and Georgia received a $1.5 
million grant to install 150 electrified truck stop parking spaces in the 3 states.  
This grant is a pilot project that will help to demonstrate to the trucking industry 
the ease of implementation of such a program that could be used nationwide. 

• North Carolina will have 50 parking spaces converted to electricity.  The 
estimated emission reductions for North Carolina is one ton per year (tpy) of 
particulate matter, 20 tpy NOx, 2 tpy VOC, 16 tpy CO, and 2,225 tpy CO2. 

PM2.5  Forecasting 
 Air quality forecasts are an essential part of North Carolina's strategy for reducing 
particle and ozone pollution.  The Forsyth County Environmental Affairs Department 
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(FCEAD) has issued year-round particle forecasts since 2000 for the Triad area.  FCEAD 
will include Davidson County in the Triad forecast region by May 1, 2004.  A TEOM 
(tapered element oscillating microbalance) has been located in Davidson County to aid in 
the forecasting.  The N.C. Division of Air Quality (DAQ) meteorologists issue a daily 
particle forecast for the Charlotte area and will add the Hickory area to the forecasting 
region by May 1, 2004.   Meteorologists issue the daily particle forecasts at 3 p.m. for the 
following day. The color-coded forecasts predict whether particle levels are likely to be 
good (green), moderate (yellow), unhealthy for sensitive groups (orange), unhealthy 
(red), or very unhealthy (purple). On high particle days, the forecasts advise people to 
protect their health by avoiding strenuous exercise and suggest ways to reduce pollution, 
such as driving less, conserving energy, and stopping outdoor burning. The ozone and 
particle forecasts are part of the DAQ Air Awareness Program, which aims to increase 
public awareness about air pollution, its causes, and ways to prevent it. In addition to 
forecasts, the Air Awareness program sends notifications to news media and air 
coalitions in the forecast areas. Coalition members volunteer to help to disseminate the 
message and help to reduce emissions through voluntary actions. 

 




