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Executive Summary 
 

In 2005, Congress identified a need to account for events that result in exceedances of the National 

Ambient Air Quality Standards (NAAQS) that are exceptional in nature1 (e.g., not expected to reoccur or 

caused by acts of nature beyond man-made controls). In response, EPA promulgated the Exceptional 

Events Rule (EER) to address exceptional events in 40 CFR Parts 50 and 51 on March 22, 2007 (72 FR 

13560). On May 2, 2011, in an attempt to clarify this rule, EPA released draft guidance documents on the 

implementation of the EER to State, tribal and local air agencies for review. The EER allows for states 

and tribes to ñflagò air quality monitoring data as an exceptional event and exclude those data from use in 

determinations with respect to exceedances or violations of the NAAQS, if EPA concurs with the 

demonstration submitted by the flagging agency. 

 

EPAôs June 2012, Draft Guidance on the Preparation of Demonstrations in Support of Requests to 

Exclude Ambient Air Quality Data Affected by High Winds under the Exceptional Events Rule states, 

ñthe EPA will accept a threshold of a sustained wind of 25 mph for areas in the west provided the 

agencies support this as the level at which they expect stable surfaces (i.e., controlled anthropogenic and 

undisturbed natural surfaces) to be overwhelmedéò.  In addition, in Colorado it has been shown that 

wind speeds of 30 mph or greater and gusts of 40 mph or greater can cause blowing dust. For this blowing 

dust event, it has been assumed that sustained winds of 30 mph and higher or wind gusts of 40 mph and 

higher can cause blowing dust in the San Luis Valley of south-central Colorado. 

 

Due to the semi-arid nature of parts of the state, Colorado is highly susceptible to windblown dust events.  

These events are often captured by various air quality monitoring equipment throughout the state, 

sometimes resulting in exceedances or violations of the 24-hour PM10 NAAQS.  This document contains 

detailed information about the large regional windblown dust event that occurred on December 1, 2011.  

The Colorado Department of Public Health and Environment (CDPHE) Air Pollution Control Division 

(APCD) has prepared this report for the U.S. Environmental Protection Agency (EPA) to demonstrate that 

the elevated PM10 concentrations were caused by a natural event.  

 

On December 1 of 2011, a powerful late autumn storm system caused an exceedance of the twenty-four 

hour PM10 standard at both sampling stations in Alamosa, Colorado.  The Alamosa Municipal Building 

monitor recorded a concentration of 635 µg/ m
3
 while the Adams State College monitor reported a 

concentration of 440 µg/ m
3
.  These elevated readings and the locations of the two monitors are plotted on 

a map of the Greater Alamosa area in Figure 1.  The exceedances in Alamosa were the result of intense 

surface winds produced by a very tight pressure gradient in the wake of a passing cold front.  The surface 

winds were predominantly out of an easterly direction and moved over the dry soils of the eastern San 

Luis Valley producing significant blowing dust.  
 

 

A summary of data from all those sites affected by the event is presented in Table 4 of the report. The 

approximate percentile value that the December 1, 2011, sample represents for each site for their unique 

historical data sets, for the month of the event (every sample in any December), and for the year of the 

event.  All percentile calculations presented in this section were made using the entire dataset, including 

known high wind events.  There is no difference between the two datasets (with and without high wind 

events) in regards to percentile calculations.  Percentile calculations for both sites affected by the event 

are 99.9 percentile and are presented in Table 5 of the report. 

 

                                                           
1
  Section 319 of the Clear Air Act (CAA), as amended by section 6013 of the Safe Accountable Flexible Efficient-

Transportation Equity Act: A Legacy for Users (SAFE-TEA-LU of 2005, required EPA to propose the Federal 

Exceptional Events Rule (EER) no later than March 1, 2006. 
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Observations of sustained wind speeds and gust speeds at or above the blowing dust thresholds and 

reduced visibilities on December 1, 2011, at weather stations in the San Luis Valley of south-central 

Colorado show that a dust storm event occurred under northeast to easterly flow in the wake of a cold 

front.  The observations contribute to the body of evidence that shows that dust originating to the 

northeast and east of Alamosa caused the PM10 exceedances at the monitoring sites in question. 

 

EPAós June 2012 Draft Guidance on the Preparation of Demonstrations in Support of Requests to 

Exclude Ambient Air Quality Data Affected by High Winds under the Exceptional Events Rule states 

ñthe EPA will accept a threshold of a sustained wind of 25 mph for areas in the west provided the 

agencies support this as the level at which they expect stable surfaces (i.e., controlled anthropogenic and 

undisturbed natural surfaces) to be overwhelmed...ò  In addition, in both eastern and western Colorado it 

has been shown that wind speeds of 30 mph or greater and gusts of 40 mph or greater can cause blowing 

dust (see reference for the Technical Support Document for the January 19, 2009 Lamar Exceptional 

Event and Appendix A - Grand Junction, Colorado, Blowing Dust Climatology at the end of this 

document). For this blowing dust event, it has been assumed that sustained winds of 25 mph and higher or 

wind gusts of 40 mph and higher can cause blowing dust in the San Luis Valley. 

  

The Pueblo National Weather Service (NWS) forecast office issues weather information and alerts for 

south-central Colorado, including the San Luis Valley.  The Area Forecast Discussion from the evening 

before the blowing dust event is presented in Appendix B.  The highlighted text from this product clearly 

states that winds well in excess of the blowing dust criteria (established earlier in this paper) would be a 

threat to the San Luis Valley on December 1, 2011.  Additionally, the Colorado Department of Public 

Health and Environment (CDPHE) issued a Blowing Dust Advisory for the San Luis Valley on December 

1.  This advisory can also be found in Appendix B.  Text products and advisories issued by the NWS and 

CDPHE show that very strong winds and areas of blowing dust were anticipated in the San Luis Valley 

on December 1.   

 

Figure 11 shows the total precipitation in inches for Colorado during November 2011.  Notice that south-

central parts of the state, particularly the San Luis Valley where Alamosa is centrally located, generally 

received less than 0.4 inches of precipitation in the 30 days prior to December 1, 2011.  Based on 

previous research 0.5 to 0.6 inches of precipitation has been found to be the approximate threshold, below 

which, blowing dust exceedances in Colorado are more likely to occur when combined with high winds. 

 

Furthermore, the Drought Monitor report for Colorado as of 5:00 AM MST November 29, 2011 (Figure 

12) reveals that severe drought conditions were being experienced in south-central Colorado before and 

during the dust event described here.  This report included the San Luis Valley counties of Costilla, 

Alamosa and southern parts of Saguache.  According to the National Drought Mitigation Center, the 

definition of a severe drought includes, ñCrop or pasture losses likelyò, which would imply high rates of 

erosion and an increase in vulnerability to particulate suspension (see the following link for more 

information on drought severity classification from the National Drought Mitigation Center:  

http://droughtmonitor.unl.edu/AboutUs/ClassificationScheme.aspx).  30-day precipitation and Drought 

Monitor reports indicate that soils in the San Luis Valley of south-central Colorado were dry enough to 

produce blowing dust when winds were above the thresholds for blowing dust. 

 

GASP and MODIS satellite imagery reveal that a dust storm was taking place in the San Luis Valley of 

south-central Colorado during the morning of December 1, 2011.  The drought-stricken and largely 

undeveloped eastern half of the San Luis Valley was the source region for the blowing dust that produced 

the PM10 exceedance in Alamosa. 

 

http://www.epa.gov/ttn/analysis/docs/HWDE_Strategy_final.pdf
http://www.epa.gov/ttn/analysis/docs/HWDE_Strategy_final.pdf
http://droughtmonitor.unl.edu/AboutUs/ClassificationScheme.aspx
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NOAA HYSPLIT backward trajectories in tandem with MODIS imagery provide clear supporting 

evidence that air transported from the arid, dust-prone sections of the eastern San Luis Valley caused or 

significantly contributed to the PM10 exceedances measured in Alamosa on December 1, 2011. 

 

This part of the eastern San Luis Valley with enhanced frictional velocity values is also the same area 

where 30-day precipitation totals were below 0.5 inches (Figure 11) and which back trajectories from 

Figure 16 identify as a source region for air transported into Alamosa.  Blowing dust will typically only 

occur where friction velocities are high and soils are dry and not protected by vegetation, forest cover, 

boulders, rocks, etc.  This is an accurate description of much of the terrain in the eastern San Luis Valley 

as shown in Figure 19.  Therefore, it appears very likely that undisturbed soils in the arid eastern San Luis 

Valley were a large contributor to the blowing dust that occurred in Alamosa. 

   

The elevated friction velocities shown in Figure 20 and Figure 21, the data on soil moisture conditions 

presented elsewhere in this report and the prevalence of winds above blowing dust thresholds prove that 

this dust storm was a natural event that was not reasonably controllable or preventable. 

 

APCD is requesting concurrence on exclusion of the PM10 values from Alamosa-Adams State 

College (08-003-0001), Alamosa-Municipal Building (08-003-0003) on December 1, 2011.  
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1.0 Exceptional Events Rule Requirements 
 

In addition to the technical requirements that are contained within the EER, procedural requirements must 

also be met in order for EPA to concur with the flagged air quality monitoring data. This section of the 

report lays out the requirements of the EER and discusses how the APCD addressed those requirements.  

 

1.1 Procedural Criteria  
This section presents a review of the procedural requirements of the EER as required by 40 CFR 50.14 

(Treatment of Air Quality Monitoring Data Influenced by Exceptional Events) and explains how APCD 

fulfills them.  

 

The Federal EER requirements include public notification that an event was occurring, the placement of 

informational flags on data in EPAôs Air Quality System (AQS), submission of initial event description, 

the documentation that the public comment process was followed, and the submittal of a demonstration 

supporting the exceptional events flag. APCD has addressed all of these procedural and documentation 

requirements.  

 

Public notification that event was occurring (40 CFR 50.14(c)(1)(i))  

APCD issued Blowing Dust Advisories for the San Luis Valley advising citizens of the potential for high 

wind/dust events on December 1, 2011. The advisory that was issued on December 1, 2011, can be 

viewed at :  http://www.colorado.gov/airquality/forecast_archive.aspx?seeddate=12%2f01%2f2011 and is 

included in Appendix B.  

 

Place informational flag on data in AQS (40 CFR 50.14(c)(2)(ii))  

APCD and other applicable agencies in Colorado submit data into EPAôs AQS. Data from both filter-

based and continuous monitors operated in Colorado are submitted to AQS.  

 

When APCD and/or another agency operating monitors in Colorado suspects that data may be influenced 

by an exceptional event, APCD and/or the other operating agency expedites analysis of the filters 

collected from the potentially-affected filter-based air monitoring instruments, quality assures the results 

and submits the data into AQS. APCD and/or other operating agencies also submit data from continuous 

monitors into AQS after quality assurance is complete.  

 

If APCD and/or the applicable operating agency have determined a potential exists that the sample value 

has been influenced by an exceptional event, a preliminary flag is submitted for the measurement when 

the data is uploaded to AQS. The data are not official until they are certified by May 1st of the year 

following the calendar year in which the data were collected (40 CFR 58.15(a)(2)). The presence of the 

flag can be confirmed in AQS.  

 

Notify EPA of intent to flag through submission of initial event description by July 1 of calendar year 

following event (40 CFR 50.14(c)(2)(iii))  

In early 2011, APCD and EPA Region 8 staff agreed that the notification of the intent to flag data as an 

exceptional event would be done by submitting data to AQS with the proper flags and the initial event 

descriptions.  This was deemed acceptable, since Region 8 staff routinely pull the data to review for 

completeness and other analyses. 

 

On December 1, 2011 two sample values greater than 150 ɛg/m
3
 were taken at the two sites in Alamosa, 

Colorado during the high wind event that occurred that day.  These were the monitors located in Alamosa 

at Adams State College (SLAMS), Alamosa at the Municipal Building (SLAMS).  All of these monitors 

are operated by APCD in partnership with local operators. 
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Document that the public comment process was followed for event documentation (40 CFR  

50.14(c)(3)(iv))  

APCD posted this report on the Air Pollution Control Divisionôs webpage for public review. APCD 

opened a 30-day public comment period on October 29, 2014. A copy of the public notice certification, 

along with any comments received, will be submitted to EPA, consistent with the requirements of 40 CFR 

50.14(c)(3)(iv). See Appendix D for a copy of the affidavit of public notice.  

 

Submit demonstration supporting exceptional event flag (40 CFR 50.14(a)(1-2))  

At the close of the comment period, and after APCD has had the opportunity to consider any comments 

submitted on this document, APCD will submit this document, along with any comments received (if 

applicable), and APCDôs responses to those comments to EPA Region VIII headquarters in Denver, 

Colorado. The deadline for the submittal of this demonstration package is December 31, 2014.  

 

1.2 Documentation Requirements 
Section 50.14(c)(3)(iv) of the EER states that in order to justify excluding air quality monitoring data, 

evidence must be provided for the following elements:  

 

a. The event satisfies the criteria set forth in 40 CFR 501(j) that:  

(1) the event affected air quality,  

(2) the event was not reasonably controllable or preventable, and  

(3) the event was caused by human activity unlikely to recur in a particular location or 

was a natural event; 

b. There is a clear causal relationship between the measurement under consideration and the 

event;  

c. The event is associated with a measured concentration in excess of normal historical 

fluctuations; and  

d. There would have been no exceedance or violation but for the event. 
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2.0 Meteorological analysis of the December 1, 2011, blowing 

dust event and PM10 exceedance ï Conceptual Model and 

Wind Statistics 
 

On December 1 of 2011, a powerful late autumn storm system caused an exceedance of the twenty-four 

hour PM10 standard in Alamosa, Colorado.  The Alamosa Municipal Building monitor recorded a 

concentration of 635 µg/m
3
 while the Adams State College monitor reported a concentration of 440 

µg/m
3
.  These elevated readings and the locations of the two monitors are plotted on a map of the Greater 

Alamosa area in Figure 1.  The exceedances in Alamosa were the result of intense surface winds produced 

by a very tight pressure gradient in the wake of a passing cold front.  The surface winds were 

predominantly out of an easterly direction and moved over the dry soils of the eastern San Luis Valley 

producing significant blowing dust.  
 

 

EPAôs June 2012, Draft Guidance on the Preparation of Demonstrations in Support of Requests to 

Exclude Ambient Air Quality Data Affected by High Winds under the Exceptional Events Rule states,ñthe 

EPA will accept a threshold of a sustained wind of 25 mph for areas in the west provided the agencies 

support this as the level at which they expect stable surfaces (i.e., controlled anthropogenic and 

undisturbed natural surfaces) to be overwhelmedéò.  In addition, in Colorado it has been shown that 

wind speeds of 30 mph or greater and gusts of 40 mph or greater can cause blowing dust.  For this 

blowing dust event, it has been assumed that sustained winds of 30 mph and higher or wind gusts of 40 

mph and higher can cause blowing dust in the San Luis Valley of south-central Colorado. 
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Figure 1:  24-hour PM 10 concentrations for December 1, 2011 

(data source:  http://webapps.datafed.net/datafed.aspx?dataset=AQS_D&parameter=pm10) 
 

The surface weather associated with the storm system of December 1, 2011, is presented in Figure 2 
through Figure 5; the surface analyses for 11 PM MST November 30 and 5 AM, 11 AM and 5 PM MST 

December 1, respectively.  Significant surface features during this period of time included a cold front 

that swept across south-central Colorado.  Additionally, an intense area of surface low pressure was 

located in western Colorado along this cold front.  Simultaneously a strong high pressure system was 

building into the Western High Plains of eastern Montana and Wyoming along with the western Dakotas.  

This caused a surface ridge to strengthen over eastern Colorado.  The interaction between the intense low 

pressure in western Colorado and building high pressure in eastern Colorado produced a very tight 

pressure gradient in central parts of the state.  This tight pressure gradient spawned the high winds which 

produced blowing dust in the San Luis Valley of south-central Colorado.  

  

http://webapps.datafed.net/datafed.aspx?dataset=AQS_D&parameter=pm10
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Figure 2:  Surface Analysis for 06Z December 1, 2011, or 11 PM MST November 30, 2011 

(source:  http://nomads.ncdc.noaa.gov/ncep/NCEP) 

 

 
Figure 3:  Surface Analysis for 12Z December 1, 2011, or 5 AM MST December 1, 2011 

(source:  http://nomads.ncdc.noaa.gov/ncep/NCEP) 

http://nomads.ncdc.noaa.gov/ncep/NCEP
http://nomads.ncdc.noaa.gov/ncep/NCEP
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Figure 4:  Surface Analysis for 18Z December 1, 2011, or 11 AM MST December 1, 2011 

(source:  http://nomads.ncdc.noaa.gov/ncep/NCEP) 

 

 
Figure 5: Surface Analysis for 00Z December 2, 2011, or 5 PM MST December 1, 2011 

(source:  http://nomads.ncdc.noaa.gov/ncep/NCEP) 

http://nomads.ncdc.noaa.gov/ncep/NCEP
http://nomads.ncdc.noaa.gov/ncep/NCEP
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Figure 6 through Figure 9 present regional surface maps for 11 PM MST November 30 and 5 AM, 11 

AM and 2 PM MST December 1, 2011, respectively.  These maps provide a more detailed view of 

synoptic weather conditions in the San Luis Valley before and during the blowing dust episode.  They 

also display individual station observations which greatly aid in reconstructing the events that led to the 

PM10 exceedances recorded in Alamosa.  

 

On the map in Figure 6, a cold front can be observed approaching south-central Colorado from the north 

and northeast.  This cold front passes through the region by 5 AM MST as shown in Figure 7.  Note from 

Figure 7 the atmospheric pressure readings for La Junta in southeast Colorado and Farmington in 

northeast New Mexico (both circled in red).  In La Junta, the barometric pressure displays as 208.  This 

converts to 1020.8 millibars (mb).  Meanwhile in Farmington the barometric pressure reads 085, or 

1008.5 mb, producing a pressure gradient between the two stations of 12.3 mb.  Wind speed is directly 

proportional to the pressure gradient.  Hence, a higher pressure gradient will produce stronger winds (see 

the following link for additional information on pressure gradient and its relationship to wind speed from 

the National Oceanic and Atmospheric Administration (NOAA):  

http://www.srh.noaa.gov/jetstream/synoptic/wind.htm).   

 

Six hours later at 11 AM MST (Figure 8) the pressure gradient had increased significantly to 20.4 mb 

between La Junta and Farmington.  This was due to high pressure strengthening over eastern Colorado 

while a deep area of low pressure remained firmly entrenched across western Colorado and the Desert 

Southwest.  This building pressure gradient is plainly evident by the tightening of isobars located in 

south-central Colorado.  Correspondingly the winds increased across the San Luis Valley.  The Alamosa 

observation station (circled in red) can be observed in Figure 8 reporting a sustained wind speed of 30 

knots (with each barb denoting 10 knots) and the weather symbol of infinity (Ð) colored pink.  The 

infinity sign is the weather symbol for haze.  Haze is often reported during dust storms, and in dry and 

windy conditions haze typically refers to blowing dust (see the following link for the description of haze 

published by the National Oceanic and Atmospheric Administration (NOAA):  

http://www.crh.noaa.gov/lmk/?n=general_glossary ).  The tight surface pressure gradient, very gusty 

winds and the observation of haze would persist for Alamosa three hours later at 2 PM MST (Figure 9) 

before conditions gradually improved during the mid afternoon hours.   

 

These regional surface weather maps show evidence of blowing dust and winds above the threshold 

speeds for blowing dust in the San Luis Valley of south-central Colorado on December 1, 2011. 

  

http://www.srh.noaa.gov/jetstream/synoptic/wind.htm
http://www.crh.noaa.gov/lmk/?n=general_glossary%20%20


 15 

 

Figure 6:  Southwest U.S. Regional Surface Analysis for 06Z December 1, 2011, or 11 PM MST 

November 30, 2011 

(data source:  http://nomads.ncdc.noaa.gov/ncep/NCEP)  
 

 
Figure 7:  Southwest U.S. Regional Surface Analysis for 12Z December 1, 2011, or 5 AM MST 

December 1, 2011 

(data source: http://nomads.ncdc.noaa.gov/ncep/NCEP) 

http://nomads.ncdc.noaa.gov/ncep/NCEP
http://nomads.ncdc.noaa.gov/ncep/NCEP
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Figure 8:  Southwest U.S. Regional Surface Analysis for 18Z December 1, 2011, or 11 AM MST 

December 1, 2011 

(data source: http://nomads.ncdc.noaa.gov/ncep/NCEP) 
 

 

Figure 9:  Southwest U.S. Regional Surface Analysis for 21Z December 1, 2011, or 2 PM MST 

December 1, 2011 

http://nomads.ncdc.noaa.gov/ncep/NCEP
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(data source: http://nomads.ncdc.noaa.gov/ncep/NCEP) 

To expand on the data from these regional weather maps, hourly surface observations were gathered from 

each of the reporting stations within the San Luis Valley.  Figure 10 provides a reference map containing 

the location of each station utilized for this analysis along with the local topography.  Table 1 lists 

weather observations for the PM10 exceedance location of Alamosa.  Observations that are 

climatologically consistent with blowing dust conditions are highlighted in yellow.  Table 2 and Table 3 

contain the surface observations from the other two weather stations in the San Luis Valley that logged 

observations on December 1, 2011.  These two stations are Sand Dunes and Hooper, respectively.  

 

The tables reveal that Alamosa experienced several hours of reduced visibility along with sustained wind 

speeds and gusts at or above the thresholds for blowing dust established earlier in this paper.  Meanwhile 

Sand Dunes reported many hours of wind gusts above the threshold for blowing dust and sustained wind 

speeds slightly below the threshold.  It should be noted that the complete lack of haze and reduced 

visibility observations at Sand Dunes and Hooper can be attributed to the fact that the Sand Dunes station 

is a RAWS (Remote Automatic Weather Station) while the Hooper station is a CWOP (Citizen Weather 

Observer Program).  Consequently, neither station consistently reports observable weather or visibility.    

 

Observations of sustained wind speeds and gust speeds at or above the blowing dust thresholds and 

reduced visibilities on December 1, 2011, at weather stations in the San Luis Valley of south-central 

Colorado show that a dust storm event occurred under northeast to easterly flow in the wake of a cold 

front.  The observations contribute to the body of evidence that shows that dust originating to the 

northeast and east of Alamosa caused the PM10 exceedances at the monitoring sites in question. 

  

http://nomads.ncdc.noaa.gov/ncep/NCEP
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Figure 10:  San Luis Valley weather observation stations 
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Table 1:  Weather observations for Alamosa, Colorado, on December 1, 2011 

(data source:  http://www.met.utah.edu/mesowest/)  
  

Time 

MST 

December 

1 

Temperature 

Degrees F 

Relative 

Humidity 

in % 

Wind 

Speed 

in 

mph 

Wind 

Gust 

in mph 

Wind 

Direction 

in 

Degrees Weather 

Visibility 

in miles 

0:52 36 38 17 24 110 

 

10 

1:52 36 40 21 27 110 

 

10 

2:52 35 43 15 

 

110 

 

10 

3:52 33 49 13 

 

90 

 

10 

4:52 32 54 23 32 100 

 

10 

5:52 31 58 22 35 110 

 

10 

6:52 30 55 29 37 110 

 

9 

7:52 31 53 10 20 50 

 

9 

8:08 32 51 15 25 70 haze 2 

8:16 32 47 15 28 60 haze 1.25 

8:33 34 44 23 32 70 haze 1.25 

8:47 34 44 23 35 70 haze 3 

8:52 35 41 27 36 80 haze 3 

9:09 36 41 25 38 100 haze 5 

9:26 34 51 10 22 280 

 

7 

9:52 35 47 12 18 290 

 

10 

10:08 37 44 10 

 

310 

 

10 

10:47 39 33 14 35 90 haze 5 

10:52 39 32 32 37 100 haze 6 

11:52 38 32 33 46 100 haze 4 

12:04 39 30 30 47 100 haze 4 

12:24 39 30 32 46 100 haze 3 

12:52 36 34 36 53 100 haze 4 

13:38 34 37 31 51 100 haze 5 

13:52 34 35 32 47 100 haze 6 

14:52 32 37 35 44 110 

 

8 

15:52 30 41 28 36 100 

 

10 

16:52 27 48 23 35 110 

 

10 

17:52 27 46 13 

 

70 

 

10 

18:52 24 54 8 

 

280 

 

10 

19:52 22 60 9 

 

320 

 

10 

20:52 22 60 8 

 

330 

 

10 

21:52 20 67 12 

 

330 

 

10 

22:52 16 73 6 

 

310 

 

10 

23:52 15 73 4 

 

310 

 

10 
  

http://www.met.utah.edu/mesowest/
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Table 2:  Weather observations for Sand Dunes, Colorado, on December 1, 2011 

(data source:  http://www.met.utah.edu/mesowest/)  
 

Time 

MST 

December 

1 

Temperature 

Degrees F 

Relative 

Humidity 

in % 

Wind 

Speed 

in mph 

Wind 

Gust in 

mph 

Wind 

Direction 

in 

Degrees Weather 

Visibility 

in miles 

0:44 34 31 14 25 95 

  1:44 33 37 16 30 95 

  2:44 32 35 14 34 103 

  3:44 28 50 17 32 89 

  4:44 30 51 19 37 100 

  5:44 29 55 22 39 103 

  6:44 26 59 20 45 97 

  7:44 25 57 22 45 105 

  8:44 25 58 26 45 116 

  9:44 25 61 24 44 119 

  10:44 26 59 22 47 106 

  11:44 27 57 23 43 111 

  12:44 26 54 27 46 115 

  13:44 26 51 22 48 111 

  14:44 24 53 23 48 113 

  15:44 23 50 22 46 106 

  16:44 21 52 18 46 102 

  17:44 21 54 18 41 99 

  18:44 19 57 15 40 86 

  19:44 18 61 18 38 90 

  20:44 18 57 13 31 59 

  21:44 18 56 10 29 87 

  22:44 18 55 6 26 86 

    

http://www.met.utah.edu/mesowest/
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Table 3:  Weather observations for Hooper, Colorado, on December 1, 2011 

(data source:  http://www.met.utah.edu/mesowest/)  
 

Time 

MST 

December 

1 

Temperature 

Degrees F 

Relative 

Humidity 

in % 

Wind 

Speed 

in mph 

Wind 

Gust in 

mph 

Wind 

Direction 

in 

Degrees Weather 

Visibility 

in miles 

8:52 30 60 24 34 84 

  9:52 30 59 22 34 82 

  10:52 32 54 21 30 80 

  11:52 35 48 24 34 84 

  12:52 32 50 23 34 78 

  13:52 31 49 22 35 78 

  14:52 30 50 20 30 92 

  15:52 27 52 21 29 83 

  16:52 24 58 18 28 62 

  17:52 24 59 16 26 73 

  18:52 24 57 14 23 73 

  19:52 20 67 7 10 39 

  20:52 18 72 5 8 23 

  21:52 16 76 1 4 33 

  22:52 13 75 0 1 33 

  23:52 10 82 0 0 

     

http://www.met.utah.edu/mesowest/
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The Pueblo National Weather Service (NWS) forecast office issues weather information and alerts for 

south-central Colorado, including the San Luis Valley.  The Area Forecast Discussion from the evening 

before the blowing dust event is presented in Appendix B.  The highlighted text from this product clearly 

states that winds well in excess of the blowing dust criteria (established earlier in this paper) would be a 

threat to the San Luis Valley on December 1, 2011.  Additionally, the Colorado Department of Public 

Health and Environment (CDPHE) issued a Blowing Dust Advisory for the San Luis Valley on December 

1, 2011.  This advisory can also be found in Appendix B.   

 

Text products and advisories issued by the NWS and CDPHE show that very strong winds and areas of 

blowing dust were anticipated in the San Luis Valley on December 1, 2011.   

 

Figure 11 shows the total precipitation in inches for Colorado during November 2011.  Notice that south-

central parts of the state, particularly the San Luis Valley where Alamosa is centrally located, generally 

received less than 0.4 inches of precipitation in the 30 days prior to December 1, 2011.  Based on 

previous research 0.5 to 0.6 inches of precipitation has been found to be the approximate threshold, below 

which, blowing dust exceedances in Colorado are more likely to occur when combined with high winds. 

 

Furthermore, the Drought Monitor report for Colorado as of 5:00 AM MST November 29, 2011 (Figure 

12) reveals that severe drought conditions were being experienced in south-central Colorado two days 

before the December 1 dust event.  This included the San Luis Valley counties of Costilla, Alamosa and 

southern parts of Saguache.  According to the National Drought Mitigation Center, the definition of a 

severe drought includes, ñCrop or pasture losses likelyò, which would imply high rates of erosion and an 

increase in vulnerability to particulate suspension (see the following link for more information on drought 

severity classification from the National Drought Mitigation Center:  

http://droughtmonitor.unl.edu/AboutUs/ClassificationScheme.aspx).   

 

30-day precipitation and Drought Monitor reports indicate that soils in the San Luis Valley of south-

central Colorado were dry enough to produce blowing dust when winds were above the thresholds for 

blowing dust on December 1, 2011. 

 

  

http://droughtmonitor.unl.edu/AboutUs/ClassificationScheme.aspx
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Figure 11:  Total precipitation in inches for Colorado, November 2011 

(source:  http://prism.nacse.org/recent/). 
 

 

 
Figure 12:  Drought conditions for Colorado at 5 AM MST November 29, 2011 

(source:  http://droughtmonitor.unl.edu/MapsAndData/MapArchive.aspx) 

 

 

  

http://prism.nacse.org/recent/
http://droughtmonitor.unl.edu/archive.html
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Figure 13 and Figure 14 show the GASP (GOES Aerosol Smoke Product) West Aerosol Optical Depth 

image at 7:45 AM and 8:00 AM MST respectively on December 1, 2011.  Aerosol Optical Depth (AOD) 

is a measure of the degree to which aerosols prevent the transmission of light (see the following link for 

additional information on GASP:  http://www.star.nesdis.noaa.gov/smcd/emb/aerosols/products_geo.php).  In 

Figure 13, a cluster of moderate to high-moderate AOD values of 0.4 - 0.7 can be observed in south-

central Colorado.  Fifteen minutes later these elevated AOD values spread northward in Figure 14 to the 

approximate location of Alamosa.   This corresponds in both location and time to observations of 

deteriorating visibility and haze in Alamosa between 7:52 and 8:08 AM MST (Table 1). 

 

Approximately four hours later at 11:50 AM MST (1850Z), the MODIS Terra satellite image (Figure 15) 

zoomed on south-central Colorado reveals plumes of dust stretching from northeast to southwest in 

Costilla and Conejos counties located in the southern part of the San Luis Valley.  Unfortunately the 

northern half of the valley, including Alamosa, is obscured by cloud cover.  However it should be noted 

that at the approximate time of this image, Alamosa was reporting sustained winds out of an easterly 

direction of 33 mph with gusts to 46 mph and visibility reduced to 4 miles due to haze (11:52 AM MST, 

Table 1).  This lends support to the argument that dust was being transported from eastern parts of the San 

Luis Valley westward into Alamosa on December 1, 2011. 

   

GASP and MODIS satellite imagery reveal that a dust storm was taking place in the San Luis Valley of 

south-central Colorado during the morning of December 1, 2011.  The drought-stricken and largely 

undeveloped eastern half of the San Luis Valley was the source region for the blowing dust that 

produced the PM10 exceedance in Alamosa. 

  

http://www.star.nesdis.noaa.gov/smcd/emb/aerosols/products_geo.php
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Figure 13:  GASP West Aerosol Optical Depth image, EPA Region 6 at 7:45 AM MST December 1 

(1445 Z December 1), 2011 

 (source:  http://www.star.nesdis.noaa.gov/smcd/spb/aq/index.php?product_id=2) 

 

 

Figure 14:  GASP West Aerosol Optical Depth image, EPA Region 6 at 8:00 AM MST December 1 

(1500Z December 1), 2011 

(source:  http://www.star.nesdis.noaa.gov/smcd/spb/aq/index.php?product_id=2) 

http://www.star.nesdis.noaa.gov/smcd/spb/aq/index.php?product_id=2
http://www.star.nesdis.noaa.gov/smcd/spb/aq/index.php?product_id=2
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Figure 15:  MODIS Terra satellite image of south-central Colorado at approximately 11:50 AM 

MST (1850Z) on December 1, 2011 

(source:  http://ge.ssec.wisc.edu/modis-today/index.php). 

 

Figure 16 shows the NOAA HYSPLIT 1-hour backward trajectories (Draxler and Rolph, 2012) for 

Alamosa for a duration of 6 hours (8 AM MST to 2 PM MST December 1, 2011. See the following link 

for more information on HYSPLIT from the NOAA Air Resources Laboratory:  

http://ready.arl.noaa.gov/HYSPLIT.php).  This time period encompasses the vast majority of reduced 

visibility  observations in Alamosa from Table 1.  The trajectory analysis clearly shows the transport of air 

nearly unidirectional from areas on the eastern side of the San Luis Valley where ñSevereò drought 

conditions were being experienced, according to Figure 12.       

 

 

http://ge.ssec.wisc.edu/modis-today/index.php
http://ready.arl.noaa.gov/HYSPLIT.php
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Figure 16:  NOAA HYSPLIT NAM12 1 -hour back tr ajectories for Alamosa, CO for 8 AM MST (15 

Z) December 1, 2011, to 2 PM MST (21Z) December 1, 2011 

(source: http://ready.arl.noaa.gov/HYSPLIT.php) 

  

http://ready.arl.noaa.gov/HYSPLIT.php
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By overlaying these backward trajectories on MODIS imagery, we can get a better sense of the source 

area of the air transported into Alamosa on December 1.  Figure 17 shows the MODIS aqua image of 

November 30, 2011 at 12:45 PM MST (one day before the dust event of December 1) with overlain 

trajectories from Figure 16.  Many of the 1-hour trajectories originate near the top of Blanca Peak, 

suggesting the possibility that a Bora wind may have locally enhanced the winds in the San Luis Valley 

(for more information on Bora winds in Colorado:  http://www.crh.noaa.gov/bou/?n=winterwxwinds). 

 

Figure 18 is the same MODIS aqua image as Figure 17, but in False Color.   This image reveals several 

distinct areas of a brown to reddish hue to the east and northeast of Alamosa in eastern parts of the San 

Luis Valley; the same areas that Figure 17 identifies as a major source of the air that was transported into 

Alamosa the following day.  The MODIS imagery of Figure 18 is also consistent with land cover 

classifications of the San Luis Valley as shown in Figure 19 where widespread areas of bare 

rock/sand/clay are found in the eastern half of the valley.  Blowing dust is more likely to originate in areas 

of exposed soil or sand without vegetation cover, which is clearly an accurate description of the source 

area of the air transported into Alamosa on December 1, 2011.   

  

NOAA HYSPLIT backward trajectories in tandem with MODIS imagery provide clear supporting 

evidence that air transported from the arid, dust-prone sections of the eastern San Luis Valley caused 

or significantly contributed to the PM10 exceedances measured in Alamosa on December 1, 2011. 

 

 

 

 
Figure 17:  NOAA HYSPLIT 2 -hour back trajectories for Alamosa, CO for 6 AM MST December 

1, 2011, to 8 AM MST (15Z) December 1, 2011, overlain on the MODIS Aqua satellite image of 

south-central Colorado on November 30, 2011 at approximately 12:45 PM MST (1945Z) 

(sources:  http://ready.arl.noaa.gov/HYSPLIT.php and http://ge.ssec.wisc.edu/modis-today/index.php)    
 

http://www.crh.noaa.gov/bou/?n=winterwxwinds
http://ready.arl.noaa.gov/HYSPLIT.php
http://ge.ssec.wisc.edu/modis-today/index.php
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Figure 18:  MODIS Aqua false color satellite image of south-central Colorado at approximately 

12:45 PM MST (1945Z) on November 30, 2011 

(source:  http://ge.ssec.wisc.edu/modis-today/index.php) 

http://ge.ssec.wisc.edu/modis-today/index.php
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Figure 19:  San Luis Valley land cover classification map 

(source:  http://www.fws.gov/alamosa/SLV.html) 

http://www.fws.gov/alamosa/SLV.html
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In a 1997 paper, ñFactors controlling threshold friction velocity in semiarid and arid areas of the United 

Statesȱ (Marticorena et al., 1997), the authors characterized the erodibility of both disturbed and 

undisturbed desert soil types. The threshold friction velocity, which is described in detail in the 

Marticorena paper, is a measure for conditions necessary for blowing dust.  This value is higher for 

undisturbed soils and lower for disturbed soils.  

 

Friction velocities have been calculated for 8 AM and 11 AM MST December 1, 2011, using the 12 km 

NAM (North American Mesoscale Model). These friction velocities are presented in Figure 20 and Figure 

21, respectively.  According to data presented by Marticorena et al. (1997), even undisturbed desert soils 

normally resistant to wind erosion will be susceptible to emission of blowing dust when threshold friction 

velocities are in the 1.0 to 2.0 meters per second range.  In Figure 20 a distinct section of the eastern San 

Luis Valley shows friction velocities of 1.00 to 1.25 meters per second just minutes before Alamosa 

reported haze and highly obscured visibilities of 1.25 to 2.00 statute miles (Table 1).  Three hours later in 

Figure 21 parts of the eastern San Luis Valley upwind of Alamosa saw an increase in frictional velocity to 

nearly 1.50 meters per second.    

 

This part of the eastern San Luis Valley with enhanced frictional velocity values is also the same area 

where 30-day precipitation totals were below 0.5 inches (Figure 11) and which back trajectories from 

Figure 16 identify as a source region for air transported into Alamosa.  Note that blowing dust will 

typically only occur where friction velocities are high and soils are dry and not protected by vegetation, 

forest cover, boulders, rocks, etc.  This is an accurate description of much of the terrain in the eastern San 

Luis Valley as shown in Figure 19.  Therefore, it appears very likely that undisturbed soils in the arid 

eastern San Luis Valley were a large contributor to the blowing dust that occurred in Alamosa. 

   

The elevated friction velocities shown in Figure 20 and Figure 21, the data on soil moisture conditions 

presented elsewhere in this report and the prevalence of winds above blowing dust thresholds prove 

that this dust storm on December 1, 2011, was a natural event that was not reasonably controllable or 

preventable. 
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Figure 20:  12 km NAM friction v elocities in meters/second at 8 AM MST (15Z) December 1, 2011. 

(data source:  http://nomads.ncdc.noaa.gov/data.php?name=access#hires_weather_datasets) 
 

 
Figure 21:  12 km NAM friction velocities in meters/second at 11 AM MST (18Z) December 1, 2011 

(data source:  http://nomads.ncdc.noaa.gov/data.php?name=access#hires_weather_datasets) 
 

http://nomads.ncdc.noaa.gov/data.php?name=access%23hires_weather_datasets
http://nomads.ncdc.noaa.gov/data.php?name=access%23hires_weather_datasets
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Figure 22:  Friction velocities in meters/second from the NOAA NCEP North American Model with 

12 kilometer grid spacing at 00Z May 23, 2010 (5 PM MST May 22, 2010) 

 
Figure 23:  Friction velocities in meters/second from the NOAA NCEP North American Model with 

12 kilometer grid spacing at 18Z May 23, 2010 (11 AM MST May 23, 2010) 
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3.0 Evidence-Ambient Air Monitoring Data and Statistics 
 
On December 1, 2011, a strong cold front moved across Colorado.  During this event, samples in excess 

of 150 mg/m
3
 NAAQS for PM10 were recorded at Alamosa - Adams State College (Alamosa ASC, 440 

mg/m
3
) and Alamosa Municipal (Alamosa Muni, 635 mg/m

3
). The elevated PM10 readings in Alamosa 

resulted from blowing dust associated with strong, gusty winds behind the passage of the front.  The 

winds transported blowing dust into Alamosa from eastern parts of the San Luis Valley. 

 

3.1 Historical Fluctuations of PM10 Concentrations in Alamosa and Lamar  

 

This evaluation of PM10 monitoring data for sites affected by the December 1, 2011, event was made 

using valid samples from PM10 samplers in Alamosa from 2006 through 2011, APCD has been 

monitoring PM10 concentrations in these areas since 1985.  The overall data summary for the affected 

sites is presented in Table 4, with all data values being presented in mg/m
3
. 

 

Table 4: December 1, 2011, Event Data Summary 

Evaluation Alamosa 
ASC 

Alamosa 
Muni 

12/01/2011 440 635 

Mean 22.3 28.6 

Median 18 23.5 

Mode 14 19 

St. Dev. 25.2 28.4 

Variance 633.1 807.7 

Minimum 1 1 

Maximum 473 635 

Count 1904 1824 

 

A snapshot summary of data from all those sites affected by the event is presented in Table 4. The 

approximate percentile value that the December 1, 2011, sample represents for each site for their unique 

historical data sets, for the month of the event (every sample in any December), and for the year of the 

event.  All percentile calculations presented in this section were made using the entire dataset, including 

known high wind events.  There is no difference between the two datasets (with and without high wind 

events) in regards to percentile calculations.  Percentile calculations for both sites affected by the event 

are presented in Table 5. 

 

Table 5:  December 1, 2011, Site Percentile (All Affected Sites) 

Evaluation Alamosa ASC Alamosa Muni 

12/1/2011 440 635 

Overall 99.9% Max Value 

All December Max Value Max Value 

2011 Max Value Max Value 

 

 

Of those samples in excess of 150 mg/m
3
 both are the maximum value from either site for any December, 

the largest sample at both sites in 2011, and is the largest sample in this dataset for Alamosa Muni.  The 
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overall magnitude of the samples suggests that there was a common contribution to each sample from 

other than local sources. 

 

Those data sets for sites with samples for which exclusion is being requested are further summarized by 

month.  As with previous exceptional events submittals from the state, these summaries the data presents 

no obvious óseasonô; PM10 levels at any particular site in Colorado do not necessarily fluctuate by season.  

Of greater importance affecting day-to-day, typical PM10 concentrations are local sources, e.g. road 

sanding and sweeping, local burning from agriculture and residential heating, vehicle contributions via 

road dust, unpaved lots or roads, etc.  While the historic monthly mean values for the affected sites can be 

higher during the winter and spring months there is little month-to-month variation.  Additionally, some 

of the sites exhibit monthly medians over these periods (winter and early spring) that are generally lower 

than other months of the year.  This time frame (winter and early spring) is that which is most likely to 

experience the meteorological and dry soil conditions necessary for this type of event and are discussed 

elsewhere in this document.  Although the maximum values for these months (winter and early spring) 

are the highest in the data set the ótypicalô data (i.e. day-to-day, reflective of local conditions) are similar 

or lower than the same ótypicalô data for the rest of the year.  The summary data for the month of 

December (all samples in any December from 2006-2011) and for 2011 for Alamosa ASC and Alamosa 

Muni are presented in Table 6. 
 

Table 6: December 1, 2011, PM10 Evaluation by Month and Year 

 Alamosa ASC Alamosa Muni 

 December 2011 December 2011 

Mean 25.6 25.5 34.9 37.9 

Median 23 20 31 30 

Mode 18 17 27 20 

St. Dev. 13 31.6 17.3 44.1 

Variance 169.3 999.7 298.9 1947.6 

Minimum 3 5 1 7 

Maximum 66 440 86 635 

Count 153 327 140 303 

 

 

Alamosa ASC ï 08-003-0001 

The PM10 sample on December 1, 2011, at Alamosa ASC of 440 mg/m
3
 is the largest sample recorded 

among all December samples, is the largest sample of all 2011 data, and is greater than the 99
th
 percentile 

value (97 mg/m
3
) for the entire dataset.  Overall, this sample is the second largest sample in the entire data 

set.  The single sample greater than the event sample is associated with a high wind event.  There are 

1904 samples in this dataset.  The sample of December 1, 2011, clearly exceeds the typical samples for 

this site. 

 

Figure 24 through Figure 27 graphically characterize the Alamosa ASC PM10 data.  The first, Figure 24, 

is a simple time series; every sample in this dataset (2006 ï 2011) greater than 150 mg/m
3
 is identified.  

Note the overwhelming number of samples occupying the lower end of the graph; an interested reader can 

count the number of samples greater than 100 mg/m
3
.  Of the 1904 samples in this data set less than 1% 

are greater than 100 mg/m
3
. 
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Figure 24: Alamosa Adams State College PM10 Time Series 

 

 

Figure 25 is a simple histogram, demonstrating the overwhelming weight of samples on the low end of 

the curve.  This range of data can be considered typical, representing contributions from local sources. 

Over 60% of the samples in this data set are less than 20 mg/m
3
.  Even in the highly variable month of 

winter and early spring over 90% of the samples are less than 50 mg/m
3
.  Clearly the sample of December 

1, 2011, exceeds what is typical for this site. 
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Figure 25:  Alamosa Adams State College PM10 Histogram 

 

 

The monthly box-whisker plot in Figure 26 highlights the consistency of the majority of data from month 

to month.  Note the greater variability (wider inner-quartile range) and greater range of the data through 

the winter and early spring months thatôs accompanied by typically greater monthly maxima.  Recall, this 

time period experiences a greater number of days with meteorological conditions similar to those 

experienced on December 1, 2011.  Although these high values affect the variability and central tendency 

(average) of the dataset they arenôt representative of what is typical at the site.  

 

 
Figure 26:  Alamosa Adams State College PM10 Box-whisper Plot 

 








































































