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TECHNICAL 
MEMORANDUM 

 

To:    The NETAC Technical Advisory Committee 

From:   Susan Kemball-Cook and Greg Yarwood 

Date:    June 21, 2007 

Subject:    Impact of Fires on High Ozone Events at the Longview Monitor during May-June, 

2005 

 

 

Introduction 
 

The EPA has promulgated rules to provide guidance on how ambient air quality data are to be 

used to show whether the National Ambient Air Quality Standards (NAAQS) are being met in a 

given area.  EPA rules also stipulate that certain data are not appropriate for comparison to the 

NAAQS and should be excluded from analyses related to attainment.  Data influenced by 

exceptional events are considered inappropriate for comparison to the standards and should be 

removed from regulatory consideration. 

 

The EPA (EPA 2007) defines an exceptional event to be an event that: 

 

• Affects air quality 

• Is not reasonably controllable or preventable 

• Is an event caused by human activity that is unlikely to recur at a particular location or 

a natural event; and 

• Is determined by EPA through the process established in the rule to be an exceptional 

event. 

 

The first two steps in showing that an event may be classified as exceptional are:  

 

• The exceptional event must be demonstrated by reliable and accurate data. 

• There must be a “clear causal relationship” between the NAAQS exceedances and the 

event. 

 

There are additional criteria that must be met, but, in this memo, we will consider only these 

initial two steps as they relate to determining the role of fires, if any, in causing ozone 

exceedances at the Longview monitor during May-June, 2005.  Emissions from fires may include 

NOx, CO, and VOCs, which are precursors to ozone formation (Allen et al. 2002).  Significant 

ozone enhancements relative to background concentrations have been observed in individual 

plumes of boreal forest fires (Forster et al., 2001; McKeen et al., 2002) 
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It is possible that, if there were fires in Northeast Texas on the four high ozone days in May-June 

2005, the smoke plumes from those fires may have contributed to ozone formation at the 

Longview monitor.  Such a plume impact might be classified as an exceptional event, depending 

on the magnitude of the fire impact.  In this memo, we evaluate the possibility that fires may 

have played a role in the 8-hour ozone exceedance events that occurred at Longview during May-

June, 2005. 

 

Method of Evaluation 
 

The four Longview monitor 8-hour ozone exceedance days evaluated were May 22, May 27, 

June 15, and June 22 of 2005.  The first step was to identify fires that occurred on the day of or 

the day immediately before the Longview ozone exceedance.  Once these fires were identified, 

the next task was to determine whether the plumes from these fires could have reached the 

Longview monitor in time to have an effect on the peak 1-hour ozone concentration.  The third 

and final step would be to assess what impact any such plumes might have had on the peak 8-

hour ozone reading at the monitor. 

 

Data 
 

In this section, we describe the datasets used to determine whether plumes from fires may have 

affected the Longview monitor.  Fire location data was obtained from TCEQ.  TCEQ provided 

the Texas Forest Service fire database as well as the fire product from the MODIS TERRA and 

AQUA satellites.   

 

The Texas Forest Service (TFS) data set gives the location and duration of reported wildfires that 

occurred in Texas in 2005, and also shows the number of acres burned.  This data set contains 

fires with a variety of causes such as debris-burning and lightning.  The TFS data does not give 

the time when the fire started or was controlled but does supply the date.   

 

The MODIS fire product shows fire locations determined by satellite-borne detectors. The 

MODerate-resolution Imaging Spectroradiometer (MODIS) instruments fly aboard two polar-

orbiting satellites, TERRA, and AQUA.  These two satellites orbit the Earth, traveling from pole 

to pole while the earth rotates beneath them; a given area of the Earth will have an overpass from 

TERRA and AQUA approximately twice a day. The MODIS instruments detect radiation from 

the earth in the visible and infrared wavelength bands.  Fires emit radiation strongly in the mid-

infrared band, and the MODIS instruments detect fires as thermal anomalies (i.e. hot spots seen 

against a cooler background) at a spatial resolution of about 1 kilometer.  The data processing 

algorithms used in generating the fire product are designed to remove the effects of clouds, 

water, desert boundaries, and sun glint.  MODIS can detect both flaming and smoldering fires 1 

km
2 in size under typical observing conditions. Under very good observing conditions (e.g. fire is 

near nadir, little or no smoke, relatively homogeneous land surface) flaming fires on the order of 

100 m
2
 in size can be detected. The MODIS fire product does not include the fire size, nor the 

exact duration of the fire. 
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The TFS and MODIS data sets generally do not agree on fire locations.  In most cases, a fire will 

appear in one data set, but not the other.  The reason for the disagreement between the data sets is 

being investigated by the TCEQ, and there are several possible causes for the differences.  If a 

fire starts and then is extinguished between satellite overpasses, it will not appear in the MODIS 

dataset. For example, during the days of interest in the May-June 2005 period, the TERRA 

satellite generally made 2 overpasses of the Longview monitor roughly 100 minutes apart 

between 11 am and 2 pm CDT. The AQUA satellite flew over the Longview monitor two or 

three times between 1 pm and 5 pm CDT.  (Overpass times from the NASA Earth Observatory 

Mission Control webpage at http://earthobservatory.nasa.gov/MissionControl/overpass.html.) 

Fires that started and were extinguished between approximately 5 pm CDT and 11 am CDT the 

following day could not be detected by the MODIS instruments.  Fires that are smaller than 1 

km
2
 or are too cool to be clearly differentiated from the background will not be detected by 

MODIS.  Cloud cover or thick smoke may mask fires, and fires that occur beneath a thick tree 

canopy may also escape detection. 

 

Photographic images from the Geostationary Operational Environmental Satellite (GOES)-12 

Satellite are used in this study to detect the presence of smoke plumes in Northeast Texas 

associated with fires.  GOES satellites circle the Earth in its equatorial plane at a speed matching 

that of the Earth's rotation; this allows the satellites to hover over one position on the surface, 

performing continuous monitoring of a wide swath of the globe.  TCEQ maintains an archive of 

GOES imagery of Texas, and supplied the satellite images used in this study.  The GOES-12 

satellite records images in several channels every 30 minutes.  Figure 1 was taken from the 

TCEQ website and shows an example of a fire in East Texas that was detected by the GOES-12 

satellite, and had an impact on the air quality in Houston.   

 

Meteorological data recorded at the CAMS-19 monitor was obtained from the TCEQ website at 

http://www.tceq.state.tx.us/cgi-bin/compliance/monops/monthly_summary. 

 

May 22, 2005 
 
Peak hourly ozone at the Longview monitor occurred at 15:00 (CDT) on May 22 with a value of 

109 ppb.  The MODIS fire product shows no fires in the vicinity of the Longview monitor on 

May 22.  The two fires nearest the Longview monitor recorded by the TFS are a 10 acre, debris-

burning fire in Smith County and a similar fire in Sabine County (10 acres, debris burning).  

Figure 1 shows the locations of these two fires.  The distance between each fire and the 

Longview monitor was calculated. Then a time to travel between the fire location and the 

Longview monitor was estimated by dividing that distance by the mean resultant wind speed at 

the monitor for the 8-hour period leading up to the time of peak 1-hour ozone.  The travel times 

from the Smith and Sabine fires to the Longview monitor were 8 hours and 23 hours, 

respectively.  Next, the range of mean resultant wind directions during the 8 hours before the 

time of the 1-hour ozone maximum was determined.  This gives a conservative estimate of the 

directions from which the wind might have borne pollutants.  The range of possible incoming 

wind directions (61º to 167º) is indicated by red lines emanating from the Longview monitor in 
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Figure 1.  The Smith fire is not within the range of possible wind directions, and so pollutants 

from this fire are highly unlikely to have influenced ozone formation at Longview on May 22.  

Although the Sabine fire does lie within the range of possible wind directions, it lies at a distance 

requiring 23 hours of travel time to arrive at the monitor. Because of the small size of the fire, it 

is likely that emissions from this fire would be too dilute to have an appreciable impact on ozone 

formation at the Longview monitor.  In order to estimate the NOx emissions from this 10 acre 

fire, we conservatively assume that the entire burned area was forest; this means we assume a 

high fuel loading of 39 tons fuel/acre (ECR, 2007) in the burned area.   We use a value of 6.2 

tons NOx/tons fuel (ECR, 2007) which allows us to calculate the total NOx released into the 

atmosphere of 1.2 tons each for the Sabine and Smith fires.  This relatively small amount of NOx 

released far from the monitor is unlikely to contribute to an ozone exceedance. 

 

The satellite data in Figure 3 confirm this conjecture.  Examination of the GOES-12 image at the 

time of peak 1-hour ozone (Figure 3) and the GOES-12 images taken every half hour from 

daybreak until the time of peak ozone (not shown) show no evidence of plumes of smoke in the 

5-county area.  We conclude, therefore, that fires did not appreciably influence ozone formation 

at Longview on May 22, 2005. 

 
 

May 27, 2005 
 

On May 27, the Longview monitor peak 1-hour ozone value of 99 ppb occurred at 13:00.  The 

MODIS fire product shows no fires in the vicinity of the Longview monitor on May 27.  The TFS 

data show that there were three fires in Northeast Texas on this day: one fire in Shelby County 

(15 acres, equipment use), one in Smith County (1 acre, debris burning), and one in Rusk County 

(20 acres, miscellaneous).  Approximate travel times and possible transport directions were 

computed as for May 22.  Although the Rusk County fire is only 4 hours travel time from the 

Longview monitor, the wind direction on this day was not conducive to transport from the fire 

location to the Longview monitor (Figure 4).  The Smith County fire is also located outside the 

red lines indicating possible transport.  The Shelby fire is within the range of wind directions for 

transport to Longview, but lies approximately 16 hours away.  Because this fire burned only 15 

acres (estimated 1.8 tons NOx released), it is likely that pollutants were well-dispersed before 

arriving at Longview, and did not have a significant influence on the peak ozone concentration at 

Longview on May 27.  The GOES-12 image for the time of peak 1-hour ozone (Figure 5) shows 

no evidence of a smoke plume, but is somewhat difficult to read because of the presence of fair 

weather cumulus clouds.  The GOES-12 image from the previous half hour to that shown in 

Figure 5 is presented in Figure 6.  There are fewer clouds in this image, which shows no smoke 

plumes.  GOES-12 images taken every half hour from daybreak until the time of peak ozone (not 

shown) were reviewed, and revealed no evidence of plumes of smoke in the 5-county area.  It is 

therefore unlikely that fires had a significant impact on ozone formation at Longview on May 27, 

2005. 
 
June 15, 2005 
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On June 15, the peak 1-hour ozone concentration at the Longview monitor was 104 ppb at 12:00 

(CDT).  Figure 7 shows that the nearest fire to Longview in the TFS database was located in 

Upshur County (8 acres, equipment use).  Another fire occurred further away in Bowie County (3 

acres, campfire).  The Upshur County fire was calculated to be approximately 10 hours travel 

time from the Longview monitor based on a mean resultant wind speed of 3.5 mph at the monitor 

during the 12 hours before the time of peak 1-hour ozone.  The Bowie County fire was calculated 

to be approximately 22 hours travel time from Longview.  Because the Bowie fire does not 

appear in the TFS database on June 14, it is unlikely that emissions from the Bowie fire could 

have reached the Longview monitor by 12:00 on June 15.   

 

The MODIS fire product shows fires in Fannin and Leon Counties on June 15 (Figure 7).  They 

are at least 22 hours away based on the travel time to Fannin.  Because these fires do not appear 

in the MODIS data set on June 14, it is highly unlikely that pollutants from these fires arrived at 

Longview by the time of peak 1-hour ozone at 12:00. 
 
The GOES-12 image taken on June 15 during the time of peak 1-hour ozone at Longview is 

shown in Figure 8.  The image shows a large cloud shield north of the Texas-Oklahoma border 

and fair weather cumulus to the south of the Longview monitor, but there is no evidence of 

smoke plumes affecting the Longview monitor.  GOES-12 images taken every half hour from 

daybreak until the time of peak ozone (not shown) were reviewed, and revealed no evidence of 

plumes of smoke in the 5-county area. 
 
June 22, 2005 
 
On June 22, the peak 1-hour ozone concentration recorded at the Longview monitor was 97 ppb 

at 14:00 CDT.  TFS fire data show that there were 7 fires in Northeast Texas in June 22.  MODIS 

did not detect any fires in the vicinity of Longview on June 22.  The two fires closest to the 

Longview monitor are a 2 acre debris-burning fire in Upshur County (10 hour travel time to 

Longview), and a 1 acre debris-burning fire in Harrison County (9 hour travel time to Longview). 

These fires are unlikely to have had a significant effect on ozone concentrations at Longview 

because they are small fires located many hours away, and are not within the range of possible 

wind directions for transporting material to the monitor in the 10 hours leading up to the time of 

peak ozone.  None of the other fires that occurred on June 22 are within the range of possible 

wind directions, and are even further away from Longview than the Upshur and Harrison County 

fires (Figure 9). 

 

Because of a hardware failure, TCEQ was unable to provide archived GOES satellite data for 

June 22.  However, data presented in Figure 9 are sufficient to show that it is unlikely that fires 

had a detectable effect on ozone concentrations at Longview on June 22. 
 
 
Summary and Recommendation 
 

In the preceding section of this memo, we have identified fires that occurred on the day of or the 



  Page 6 

 

 

 
Golden Gate Plaza ● 101 Rowland Way ●  Novato, California 94945-5010 USA 

 Tel: (415) 899-0700 ●  Fax: (415) 899-0707 ● www.environcorp.com 
C:\Documents and Settings\Richard McKnight\My Documents\Air Quality\Meeting Packets\2007\6_28_07\fire_impacts_Longview_higho3_2005_062107.doc 

 

day immediately before each Longview ozone exceedance in 2005.  Once these fires were 

identified, we used meteorological data recorded at the Longview monitor and GOES-12 satellite 

imagery to determine that plumes from these fires were unlikely to have reached the Longview 

monitor in time to have an effect on the peak 1-hour ozone concentrations on all four exceedance 

days.  The third and final step in this evaluation would be to assess the size of the impact any 

such plumes might have had on the peak 8-hour ozone reading at the monitor.  However, based 

on the data presented above, this step is not necessary.  We conclude that no fire that was 

detected by MODIS or TFS in Northeast Texas on the four exceedance days in May-June, 2005 

would qualify as an exceptional event that affected the Longview monitor. 
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Figure 1.  GOES-12 visible image of fires in East Texas on April 14, 2005. Image from TCEQ 
website 
http://www.tceq.state.tx.us/assets/public/compliance/monops/air/sigevents/05/event2005-04-
14txse.html 
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Figure 2.  May 22, 2005.  Location of fires in TFS shown by colored circles.  Location of MODIS 
fires indicated by dark blue triangles.  Crosses indicate location of CAMS monitors.  Red lines 
extending outward from Longview monitor show the envelope of possible wind directions during 
the time leading up to the hour of peak ozone.   
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Figure 3.  GOES 12 Satellite Image for May 22.   
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Figure 4.  May 27, 2005.  Location of fires in TFS shown by colored circles.  Location of MODIS 
fires indicated by dark blue triangles.  Crosses indicate location of CAMS monitors.  Red lines 
extending outward from Longview monitor show the envelope of possible wind directions during 
the time leading up to the hour of peak ozone.   
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Figure 5.  May 27, 2005 
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Figure 6.  May 27, 2005 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



  Page 13 

 

 

 
Golden Gate Plaza ● 101 Rowland Way ●  Novato, California 94945-5010 USA 

 Tel: (415) 899-0700 ●  Fax: (415) 899-0707 ● www.environcorp.com 
C:\Documents and Settings\Richard McKnight\My Documents\Air Quality\Meeting Packets\2007\6_28_07\fire_impacts_Longview_higho3_2005_062107.doc 

 

 
 

300 350 400 450 500 550 600
-950

-900

-850

-800

-750

-700

-650

Longview 

Karnack

Tyler
Panola

MODIS

MODIS

Acres Burned

   1  to  6

   6  to  12

   12  to  18

   18  to  24

   24  to  30

10 hours

22 hours

 
Figure 7.  June 15, 2005.  Location of fires in TFS shown by colored circles.  Location of MODIS 
fires indicated by dark blue triangles.  Crosses indicate location of CAMS monitors.  Red lines 
extending outward from Longview monitor show the envelope of possible wind directions during 
the time leading up to the hour of peak ozone.   
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Figure 8.  June 15, 2005 
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Figure 9.  June 22, 2005.  Location of fires in TFS shown by colored circles.  Location of MODIS 
fires indicated by dark blue triangles.  Crosses indicate location of CAMS monitors.  Red lines 
extending outward from Longview monitor show the envelope of possible wind directions during 
the time leading up to the hour of peak ozone. 
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