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North Carolina Division of Air Quality  

 

 

N.C. EXCEPTIONAL EVENT 

(November 15, 2013)  

The smoke from the Table Rock wildfire in the Linville Gorge Wilderness Area, North Carolina impacted 

measurements of a particulate matter monitor, operated by the North Carolina Division of Air Quality. 

The cover picture shows the Boone monitor. 
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ACRONYMS 

DFR  Division of Forest Resources  

FRM  Federal Reference Method  

GASP  GOES Aerosol Smoke Product  

GIS  Geographic Information Systems  

GOES  Geostationary Operational Environmental Satellite  

HMS  Hazard Mapping Service  

HYSPLIT  Hybrid Single Particle Lagrangian Integrated Trajectory Model  

μg/m
3

 Micrograms per cubic meter 

NAAQS National Ambient Air Quality Standard 

NOAA  National Oceanic and Atmospheric Administration  

NC  North Carolina  

NC DAQ  North Carolina Division of Air Quality  

ORD  Office of Research and Development  

PM2.5  Particulate Matter with an Aerodynamic Diameter of 2.5 microns or less  

% Percent 

RTP  Research Triangle Park  

TEOM  Tapered Elemental Oscillating Microbalance  
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EXECUTIVE SUMMARY  

Overview  

The North Carolina Division of Air Quality (NC DAQ) presents evidence the smoke from the Table Rock 

wildfire in the Linville Gorge Wilderness Area, North Carolina, was responsible for elevating fine particle 

(PM2.5) Federal Reference Method (FRM) monitoring data above the PM2.5 daily standard of 35 

micrograms per cubic meter (μg/m
3

).  As a result the NC DAQ asserts the data in Table 1 should be 

excluded from regulatory decisions. This NC DAQ report details the evidence of the Table Rock wildfire, 

transport of the smoke, and impacts on PM2.5 FRM concentrations with “atypical”, and “but for” 

analyses.  The main points in the report are:  

 The Table Rock Wildfire was approximately 47 kilometers south southwest from the Boone 

PM2.5 FRM monitor. 

 News reports stated that smoke from the Table Rock Wild Fire was observed in Boone on 

November 15, 2013, and the airport reported hazy conditions during the early afternoon 

hours of November 15. 

 During the early afternoon of November 15, 2013, winds at the Boone airport were blowing from 

the south, south southwest and southwest, the direction of the Table Rock Wildfire.  
 Backward trajectories of air using the National Oceanic and Atmospheric Administration 

(NOAA) Hybrid Single Particle Lagrangian Integrated Trajectory Model (HYSPLIT) show air 

masses at the monitoring station the afternoon of November 15, 2013, came from the Table Rock 

Wildfire. 

 The fine particle concentration measured on November 15, 2013, was the highest concentration 

measured at the site during fourth quarter for the last four years, the value is almost three times 

the second highest value measured during the same time period, and there is less than a 1 percent 

chance that a value greater than 20 μg/m
3

 would be measured at that location during 4th quarter. 

 Statistical modeling predicts PM2.5 FRM concentrations below the 24-hour standard of 35 μg/m
3

 

would have been expected on that day based on the meteorology. 

Data Requested for Exclusion  

The data requested for exclusion are listed in Table 1:  

Table 1 NC DAQ PM 2.5 FRM sample affected by the Table Rock Wildfire Incident  

Site 

Name  

Sampling 

Frequency  County   Site Id. Site Latitude  Site Longitude  
Date of 

Exceedance  

FRM‐PM2.5 

(µg m‐
3)  

Boone 1‐in‐3 day  Watauga   37‐189‐0003 36.214586 -81.65548 15‐Nov‐14  59.25  
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EVIDENCE THE EVENT OCCURRED  

The wildfire began on November 12, 2013,1 due to an unknown cause (as of December 4, 2013).2 A 

passerby on Route 181 reported the fire to authorities around 8 am and by afternoon the fire had burned 

40 acres.3 Overnight the fire had spread to 100 acres.4  By November 15, the fire had grown to 1,800 

acres.
5
 The North Carolina Division of Air Quality issued an air quality warning for Alexander, Burke, 

Caldwell, and McDowell Counties on November 15.6  The fire was officially contained on December 4, 

2013, after burning 2,579 acres.7  Figure 1 shows an enlargement of the MODIS active fire detections on 

November 15, 2013, as well as the relative locations of the fire and Boone monitor. 

 
Figure 1: MODIS active fire detections on November 15, 2013.  The fire location is the lower red circle and 

the approximate monitor location is the upper red circle.  The monitor was located approximately 47 

kilometers north northeast of the fire. 

                                                            
1 Wood, Jesse, “’Table Rock Fire’ in Linville Gorge Wilderness Area Spreads to 100 Acres, Zero Percent 

Contained, Expected to Grow,” High Country Press, November 13, 2013, available on the world wide web at 

http://www.hcpress.com/news/table-rock-fire-in-linville-gorge-wilderness-area-spreads-to-100-acres-zero-percent-

contained-expected-to-grow.html, accessed November 14, 2013. 
2 “Table Rock Fire Officially Contained,” The News Herald, Morganton, NC, December 4, 2013. Available on the 

world wide web at http://www.morganton.com/news/table-rock-fire-officially-contained/article_a2dbe41a-5cf0-

11e3-901b-0019bb30f31a.html, accessed May 16, 2014. 
3 Wood, Jesse, ibid 
4 ibid 
5 The Associated Press, “Firefighters make progress on NC mountain fire,” News & Observer, November 15, 2013. 

4 ibid 
5 The Associated Press, “Firefighters make progress on NC mountain fire,” News & Observer, November 15, 2013. 
6 The Assoicated Press, “Air quality advisory issued for western NC,” News & Observer, November 15, 2013. 
7  “Table Rock Fire Officially Contained,”ibid 

http://www.hcpress.com/news/table-rock-fire-in-linville-gorge-wilderness-area-spreads-to-100-acres-zero-percent-contained-expected-to-grow.html
http://www.hcpress.com/news/table-rock-fire-in-linville-gorge-wilderness-area-spreads-to-100-acres-zero-percent-contained-expected-to-grow.html
http://www.morganton.com/news/table-rock-fire-officially-contained/article_a2dbe41a-5cf0-11e3-901b-0019bb30f31a.html
http://www.morganton.com/news/table-rock-fire-officially-contained/article_a2dbe41a-5cf0-11e3-901b-0019bb30f31a.html
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EVIDENCE OF WILDFIRE SMOKE TRANSPORT TO THE SITE  

A summary of the weather in Boone for November 15, 2013, was obtained for station KTNB (the 

Watauga County Hospital) from the weather underground website.8  The data are available in 

APPENDIX C. BOONE, NC, WEATHER HISTORY - NOVEMBER 15, 2013.  The winds were calm 

throughout the morning but started blowing from the south around noon switching to south southwest in 

the early afternoon before becoming calm again in the evening.  During the early afternoon hours when 

the winds were blowing from the south and south southwest, the conditions at the hospital were reported 

as hazy.  Also, the Charlotte Observer reported the presence of smoke in parts of McDowell and Watauga 

Counties on November 15,9 and the Appalachian District Health Department issued an air quality warning 

for Watauga County on November 15.10  

Backward trajectories for the air mass at the Boone monitor from 11 am through 4 pm were modeled 

using the National Oceanic and Atmospheric Administration (NOAA) Hybrid Single Particle Lagrangian 

Integrated Trajectory Model (HYSPLIT).  The model results, shown in Figure 2 through Figure 11, 

clearly show the air masses at the Boone monitoring station the afternoon of November 15, 2013, came 

from the Table Rock Wildfire. 

 

                                                            
8 Weather Underground, “Weather History for Boone, NC, Friday, November 15, 2013,” available on the world 

wide web at 

http://www.wunderground.com/history/airport/KTNB/2013/11/15/DailyHistory.html?req_city=NA&req_state=NA

&req_statename=NA, accessed May 19, 2014. 
9 Lyttle, Steve and Adam Bell, “Wildfire causes air quality alert in 4 N.C. counties,” Charlotte Observer, published 

in Local News, posted Friday, November 15, 2013, available on the world wide web at 

http://www.charlotteobserver.com/2013/11/15/4468246/wildfire-causes-air-quality-alert.html#.U3t3dihacQU, 

accessed May 16, 2014. 
10 “Public Health Advisory: Air Quality Change due to Smoke from Table Rock Fire,” The Appalachian District 

Health Department, November 15, 2013, available on the world wide web at http://www.apphealth.com/public-

health-advisory-air-quality-change-due-smoke-table-rock-fire/, accessed May 20, 2014. 

http://www.wunderground.com/history/airport/KTNB/2013/11/15/DailyHistory.html?req_city=NA&req_state=NA&req_statename=NA
http://www.wunderground.com/history/airport/KTNB/2013/11/15/DailyHistory.html?req_city=NA&req_state=NA&req_statename=NA
http://www.charlotteobserver.com/2013/11/15/4468246/wildfire-causes-air-quality-alert.html#.U3t3dihacQU
http://www.apphealth.com/public-health-advisory-air-quality-change-due-smoke-table-rock-fire/
http://www.apphealth.com/public-health-advisory-air-quality-change-due-smoke-table-rock-fire/
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Figure 2. 8-Hour Backward Trajectories from Boone starting at 1 PM on November 15, 2013.  Continuous monitors at Marion and Hickory read 8.3 

and 11.4 micrograms per cubic meter of fine particle matter, respectively.  The air mass at Boone came from the direction of the Table Rock Wildfire in 

the Linville Gorge Wilderness Area. 
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Figure 3. 8-Hour Backward Trajectories from Boone starting at 2 PM on November 15, 2013.  Continuous monitors at Marion and Hickory read 16.2 

and 10.1 micrograms per cubic meter of fine particle matter, respectively.  The air mass at Boone came from the direction of the Table Rock Wildfire in 

the Linville Gorge Wilderness Area. 
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Figure 4. 8-Hour Backward Trajectories from Boone starting at 3 PM on November 15, 2013.  The continuous monitor at Hickory reported 12.2 

micrograms per cubic meter of fine particles.  The air mass at Boone came from the Table Rock Wildfire in the Linville Gorge Wilderness Area. 
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Figure 5. 8-Hour Backward Trajectories from Boone starting at 4 PM on November 15, 2013.  The continuous monitor at Hickory reported 16.8 

micrograms per cubic meter of fine particles.  The air mass at Boone came from the Table Rock Wildfire in the Linville Gorge Wilderness Area.
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Figure 6. NOAA HYSPLIT Model 6-Hour Backward Trajectories from Boone starting at 11 AM on 

November 15, 2013.  The Table Rock Wildfire was at latitude 35.886 and longitude -81.886. 
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Figure 7.  NOAA HYSPLIT Model 6-Hour Backward Trajectories from Boone starting at 12 PM on 

November 15, 2013. The Table Rock Wildfire was at latitude 35.886 and longitude -81.886. 
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Figure 8. NOAA HYSPLIT Model 6-Hour Backward Trajectories from Boone starting at 1 PM on November 

15, 2013. The Table Rock Wildfire was at latitude 35.886 and longitude -81.886. 
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Figure 9. NOAA HYSPLIT Model 6-Hour Backward Trajectories from Boone starting at 2 PM on November 

15, 2013. The Table Rock Wildfire was at latitude 35.886 and longitude -81.886. 



16 
 

 
Figure 10. NOAA HYSPLIT Model 6-Hour Backward Trajectories from Boone starting at 3 PM on 

November 15, 2013. The Table Rock Wildfire was at latitude 35.886 and longitude -81.886. 
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Figure 11. NOAA HYSPLIT Model 6-Hour Backward Trajectories for Boone at 4 PM on November 15, 2013. 

The Table Rock Wildfire was at latitude 35.886 and longitude -81.886. 
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ATYPICAL ANALYSIS 

All valid concentrations measured at Boone during fourth quarter from 2010 through 2013 were pooled 

and graphed as shown in Figure 12 and Figure 13. Based on the graphs in Figure 12 and Figure 13, the fine 

particle concentration measured at Boone On November 15, 2013, was over twice as high as the next 

highest concentration of 21.83 micrograms per cubic meter measured on December 11, 2010.  The 

median concentration measured during this time frame was 6.3, the 84th percentile concentration was 9.8, 

the 90th percentile concentration was 11.0, and the 95th percentile concentration was 12.3, and the 99th 

percentile was 20.0.  There were seven values higher than the 95th percentile:  59.2 micrograms per cubic 

meter measured on November 15, 2013, 21.8 on December 11, 2010, 14.4 on October 12, 2010, 14.3 on 

November 30, 2013, 13.2 on December 18 and 31, 2010, and 12.4 on October 31, 2013.   

 
Figure 12.  Comparison of Value Measured 

November 15, 2013, with Values Measured in 4
th

 

Quarter for 2010 through 2013 

 

 
Figure 13.  Distribution of Measured Fine Particle 

Concentrations at Boone 

In comparison, at Spruce Pine, also located in the mountains, during the same time period, the 84th 

percentile was 12.3 and the 95th percentile was 14.7.  The value on November 15, 2013, was 17.04.  

Based on this analysis the 59.2 micrograms per cubic meter of fine particle measured at Boone on 

November 15, 2013, is atypical for this location at this time of year.  A list of all of the values measured 

at Boone used in this analysis is provided in APPENDIX B.  BOONE QUARTER 4 PM2.5 

CONCENTRATIONS 2010 - 13. 
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“BUT FOR” TEST” 

The “But For Test” demonstrates there would have been no exceedance or violation of the current 24 hr 

particle pollution standard “but for” smoke emanating from the Table Rock Wildfire into Boone on 

November 15th, 2013.  The “But For Test” NC DAQ used for this demonstration is described below. 

Summary 

In order to demonstrate that “but for” smoke emanating from the Table Rock Wildfire the Boone monitor 

would not have recorded a 24 hr particle pollution exceedance, NC DAQ developed a regression model to 

predict what particle pollution levels would have been without the influence of the fire. This model used 

meteorological observations from surrounding, most-representative, surface weather observing stations 

based on terrain and proximity to the Boone monitor in question. 

The developed regression model, consisting of an array of meteorological variables, explained just over 

half of the variance seen in particle pollution at the Boone monitor from 2008 to 2013. To further 

increase confidence, NC DAQ computed the maximum expected particle pollution level on November 

15
th

, 2013, using a 99 percent probability. The 99
th

 percentile particle pollution value modeled for 

November 15
th

, 2013, at the Boone monitor was 21.47 μg/m
3

 – 64% lower than the observed value of 

59.25 μg/m
3

. These results mean there is at most a 1% probability that the concentrations at Boone 

could have been higher than 21.47 μg/m
3

 based on the observed conditions without influence from the 

smoke emanating from the Table Rock wildfire. 

Data Description 

Meteorological observations were obtained from the State Climate Office of North Carolina from the 

Boone-Watuga Hospital (KTNB) AWOS observing station in Boone, NC, and the Upper Mountain 

Research Stn. (LAUR) ECONet observing station in Laurel Springs, NC. Parameters used in the 

regression model include: 

 TAVG – Daily temperature average 

 TDAVG – Daily dewpoint average 

 WSPD – Daily windspeed average 

 Uwind – Daily u-component of wind 

 RHAVG – Daily relative humidity average 

 RHMIN – Daily minimum relative humidity  

 PRECIP – Daily precipitation 

 PRECIP_Lag1 – Previously daily precipitation 

 SR – Daily solar radiation average 

 Mixing Ratio – Daily mixing ratio average 

Results 

Regression Statistics 

Multiple R 0.520907041 

R Square 0.271344145 

Adjusted R Square 0.260964432 

Standard Error 3.462350634 
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Observations 713 

 

  Coefficients Standard Error t Stat P-value Upper 99.0% 

Intercept 8.984898112 1.208096101 7.437237903 3.01E-13 12.10523017 

TAVG -0.064205131 0.028973901 -2.215964364 0.027014 0.010630133 

TDAVG 0.132098032 0.027035067 4.886173608 1.27E-06 0.201925579 

WSPD -0.162519274 0.038640621 -4.205917709 2.94E-05 -0.062716311 

Uwind -0.028713999 0.065562957 -0.437960704 0.661549 0.140625341 

RHAVG -0.03213426 0.009586123 -3.352164236 0.000845 -0.007374733 

RHMIN -0.022182673 0.009422992 -2.354100822 0.018842 0.00215551 

PRECIP -1.235184108 0.350219309 -3.526887511 0.000448 -0.330619862 

PRECIP_Lag1 -0.822133863 0.295569843 -2.781521464 0.005556 -0.058721038 

SR 0.021229555 0.004998883 4.246859533 2.46E-05 0.034140925 

Mixing Ratio -0.015186292 0.003996866 -3.79954975 0.000158 -0.004862983 

Using the output coefficients, the regression model predicted a 24 hr particle pollution concentration of 

9.50 μg/m
3

 would have occurred on November 15th, 2013. To increase confidence that the standard would 

not have been exceeded, NC DAQ computed the “worst case scenario” or 99th percentile value as well. 

When plugging in the upper 99% coeffiecents, the particle pollution concentration was 21.47 μg/m
3

. 

Based on these results, there is only a 1% probability that levels would have been higher than 21.47 μg/m
3

 

on November 15th, 2013, and lower than 1% probability that levels would have exceeded the National 

Ambient Air Quality Standard. 

11/15/2013 - PM prediction: 9.50 

11/15/2013 - upper 99th percentile: 21.47 
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APPENDIX A TABLE ROCK WILDFIRE ALERTS AND NOTICES 
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APPENDIX B.  BOONE QUARTER 4 PM2.5 CONCENTRATIONS 2010 - 13 

Table B-1. 4th Quarter Concentrations Measured at Boone 2010 to 2013 Listed by Rank 

Date Concentration Rank  Date Concentration Rank 

12/26/2012 1.62 1  12/17/2010 6.29 64 

10/12/2011 1.83 2  11/16/2010 6.33 65 

10/30/2012 1.83 2  12/04/2010 6.35 66 

11/23/2011 1.92 4  10/25/2013 6.38 67 

11/29/2011 1.96 5  10/02/2010 6.46 68 

12/09/2013 2.12 6  10/29/2010 6.46 68 

11/17/2011 2.17 7  10/08/2010 6.54 70 

10/15/2011 2.67 8  12/29/2011 6.58 71 

12/06/2013 2.67 8  10/27/2011 6.75 72 

11/18/2013 2.67 10  12/12/2013 6.92 73 

10/09/2012 2.92 11  10/16/2013 6.96 74 

12/17/2012 2.92 11  11/02/2012 6.96 74 

12/18/2013 3.04 13  11/14/2011 7.00 76 

11/06/2013 3.17 14  10/30/2011 7.08 77 

12/05/2012 3.17 14  10/12/2012 7.12 78 

12/28/2010 3.17 14  12/25/2010 7.29 79 

10/07/2013 3.25 17  12/02/2012 7.33 80 

11/27/2013 3.29 18  10/01/2013 7.37 81 

10/10/2013 3.33 19  12/20/2011 7.37 81 

12/23/2011 3.33 19  12/27/2013 7.38 83 

12/01/2010 3.37 21  11/04/2013 7.46 84 

11/24/2013 3.42 22  10/24/2011 7.62 85 

12/14/2011 3.42 23  10/06/2012 7.63 86 

11/26/2012 3.50 24  11/20/2012 7.67 87 

12/11/2012 3.71 25  11/09/2013 7.79 88 

12/26/2011 3.71 25  12/17/2011 7.96 89 

10/26/2010 3.79 27  11/26/2011 8.00 90 

11/04/2010 3.83 28  11/29/2012 8.00 90 

12/30/2013 3.96 29  12/08/2012 8.08 92 

12/05/2011 4.00 30  12/19/2010 8.25 93 

10/13/2013 4.04 31  11/05/2011 8.43 94 

10/03/2012 4.12 32  10/11/2010 8.46 95 

11/11/2011 4.12 32  11/10/2010 8.54 96 

11/01/2013 4.13 34  12/14/2012 8.58 97 

10/21/2011 4.38 35  12/20/2012 8.87 98 

10/21/2012 4.54 36  10/27/2012 8.96 99 

12/16/2010 4.65 37  11/03/2013 9.00 100 

11/07/2010 4.67 38  10/18/2012 9.54 101 

12/15/2013 4.67 39  10/24/2012 9.54 102 

10/17/2010 4.79 40  10/04/2013 9.71 103 

10/23/2010 4.79 41  11/11/2012 9.75 104 

11/02/2013 4.79 41  11/01/2010 9.79 105 

12/29/2012 4.83 43  10/06/2011 10.08 106 

12/23/2012 4.88 44  11/08/2012 10.25 107 

12/22/2010 5.00 45  11/19/2010 10.25 107 

11/12/2013 5.17 46  11/28/2010 10.46 109 

10/09/2011 5.25 47  11/14/2012 10.58 110 

10/14/2010 5.29 48  10/18/2011 10.79 111 

10/03/2011 5.50 49  11/13/2010 10.87 112 

11/05/2012 5.50 49  11/02/2011 11.00 113 
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Table B-1. 4th Quarter Concentrations Measured at Boone 2010 to 2013 Listed by Rank 

Date Concentration Rank  Date Concentration Rank 

12/24/2013 5.58 51  11/17/2012 11.29 114 

10/24/2013 5.67 52  10/20/2010 11.29 115 

11/20/2011 5.75 53  12/08/2011 11.46 116 

12/11/2011 5.92 54  11/22/2010 11.58 117 

10/09/2010 5.96 55  12/03/2013 12.17 118 

12/02/2011 6.00 56  10/31/2013 12.37 119 

12/12/2010 6.08 57  12/18/2010 13.17 120 

11/25/2010 6.12 58  12/31/2010 13.17 120 

11/21/2013 6.21 59  11/30/2013 14.29 122 

10/15/2012 6.25 60  10/12/2010 14.38 123 

10/10/2010 6.25 61  12/11/2010 21.83 124 

10/26/2013 6.29 62  11/15/2013 59.25 125 

12/21/2013 6.29 62     

Concentrations are in micrograms per cubic meter. 
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APPENDIX C. BOONE, NC, WEATHER HISTORY - NOVEMBER 15, 2013 
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APPENDIX D.  BOONE BUT FOR ANALYSIS DATA & RESULTS 
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APPENDIX E.  PUBLIC COMMENT PROCESS 

The data exclusion request package was posted for public comment on May 27.  A link to the data 

exclusion request package was posted in the public notices event calendar at http://daq.state.nc.us/cgi-

bin/cal.cgi?5+2014:   

 

http://daq.state.nc.us/cgi-bin/cal.cgi?5+2014
http://daq.state.nc.us/cgi-bin/cal.cgi?5+2014
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The link goes to the http://daq.state.nc.us/monitor/projects/exceptional/exceptional_2013.shtml page 

which has a link to the document: 

  

http://daq.state.nc.us/monitor/projects/exceptional/exceptional_2013.shtml
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APPENDIX F.  PUBLIC COMMENTS RECEIVED 

One comment was received: 
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