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1  INTRODUCTION 
 
1.1 Background 
 
In 2000 a panel of air quality experts (expert panel) specializing in primary particulate emissions 
from area sources was convened by the WRAP R&D Forum to identify the best methodology 
currently available for estimating emissions of fugitive windblown and mechanically 
resuspended road dust.  The panel focused on methodologies applicable for regional scale air 
quality modeling, and made recommendations for future research activities to generate improved 
fugitive dust emissions estimation techniques.  This activity resulted in the preparation and 
delivery of two reports by Countess Environmental: 
 

Methodology for Estimating Fugitive Windblown and Mechanically Resuspended Road 
Dust Emissions Applicable for Regional Scale Air Quality Modeling, April 2001. 
 
Recommendations for Estimating Emissions of Fugitive Windblown and Mechanically 
Resuspended Road Dust Applicable for Regional Scale Modeling, September 2001. 

 
In response to the expert panel’s recommendations, in late 2001 the USEPA engaged Midwest 
Research Institute (MRI) to investigate and propose improvements to fugitive dust emissions 
calculation methodologies that involved the following four tasks: 

Task 1. Interim Estimate of Regionally Transportable Fraction of Fugitive Dust Emissions; 
Task 2. National Activity Data on Surface Soil Moisture and Agricultural Crops; 
Task 3. Scoping Study on Feasibility of Improving Activity Datasets for Paved and Unpaved 
Roads; and 
Task 4. Summary of Wind Erosion Estimation Algorithms and Models 

 
In April 2002 Countess Environmental was hired by WGA on behalf of WRAP to (1) reconvene 
the expert panel for the purposes of reviewing draft MRI reports and the empirical method 
developed by Catherine MacDougall for the WRAP Emission Forum for determining fugitive 
dust emissions from wind erosion of vacant land, and (2) prepare a report summarizing the 
panel’s findings including an assessment of the preliminary ground-cover specific transportable 
fractions proposed by MRI.  Due to funding problems MRI has not yet completed Task 4 
addressing wind erosion.  Thus, this report includes a review of MRI documents associated with 
the first three tasks commissioned by the USEPA and the document prepared by Ms. 
MacDougall.  To augment this review, we have also included a list of recently completed and on-
going research projects involving fugitive dust that address the panel’s earlier recommendations 
on research priorities. 
 
1.2 Documents Reviewed by Expert Panel 
 
Tom Pace of the USEPA provided Countess Environmental with four documents prepared by 
MRI for the USEPA and the WRAP Emission Forum provided the MacDougall document.  
These documents were then forwarded to the expert panel for their review.  These five 
documents included: 
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(1)  Regionally Transportable Emissions (Second Revised MRI Draft Report for Task 1, 
prepared for USEPA, March 30, 2002).  Material from this document was subsequently revised 
internally at EPA and served as the basis for the paper presented by Cowherd and Pace at the 
AWMA National Conference held in Baltimore in June 2002 titled “Potential for Airborne Dust 
Removal by Vegetative Groundcover.”  This AWMA paper was not submitted to the panel since 
it contained essentially identical material to that included in MRI’s Task 1 report that had been 
submitted to the panel earlier.  Minor differences between the two documents were compiled by 
Dr. Countess and are presented in Section 2 below. 
 
(2)  Preliminary Estimate of County-level Transport Fraction Using Acreage-weighted County 
Land Cover Characteristics (report prepared by Pace and Cowherd, May 24, 2002). 
 
(3)  Improved Activity Levels for National Emission Inventories of Fugitive Dust from Paved 
and Unpaved Roads (paper by Cowherd, Grelinger, Kies Pace presented at the USEPA 
Emissions Inventory Conference, Atlanta, April 2002).  This paper included the material from 
two MRI draft documents:  Soil Moisture and Crop Calendar (MRI Task 2 Revised Draft 
Report, March 30, 2002) and Paved and Unpaved Roads (MRI Task 3 Revised Draft Report, 
March 30, 2002).  It should be pointed out that USEPA decided to solicit comments on the 
section addressing agricultural crop calendars from the USDA instead of the expert panel. 
 
(4)  Unpaved Roads Activity Levels (Section 3 of MRI Task 3 Revised Draft Report on Paved 
and Unpaved Roads, prepared for USEPA, March 30, 2002). 
 
(5)  Empirical Method for Determining Fugitive Dust Emissions from Wind Erosion of Vacant 
Land (document prepared by MacDougall for WRAP’s Emissions Forum, June 6, 2002). 
 
Section 2 of this report contains the expert panel’s comments on MRI documents addressing 
transport fractions; the panel’s comments on MRI documents addressing soil moisture, paved 
and unpaved roads are included in Section 3; and the panel’s comments on MacDougall’s 
methodology addressing wind erosion are presented in Section 4.  Minor comments on style or 
typographical errors were sent to MRI and MacDougall directly, and are not repeated here.  The 
panel’s major findings and recommendations on transport fractions and on the methodology for 
calculating fugitive dust emissions from wind erosion are presented in Section 5.  Section 6 
contains a list of recently completed and on-going research projects involving fugitive dust that 
address the panel’s earlier research recommendations.  The five documents reviewed by the 
expert panel are reproduced in Appendix A.  An updated bibliography of fugitive dust related 
publications and reports is included in Appendix B. 
 
2  MRI DOCUMENTS ADDRESSING TRANSPORT FRACTIONS 
 
There are three MRI documents that address the fraction of fugitive dust emissions that is 
transported on a regional scale.  They include the Task 1 draft report, an AWMA paper based on 
the Task 1 draft report, and a follow-up report for Task 1 that includes preliminary estimates of 
county-level transport fractions.  Only the Task 1 draft report and the preliminary estimates of 
county-level transport fractions were submitted to the panel for review.  Differences between the 
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Task 1 draft report and the AWMA paper based on the Task 1 draft report were compiled by Dr. 
Countess and are summarized below. 
 
2.1 Regionally Transportable Emissions (Task 1 Report) 
 
2.1.1 General Comments 
 
(1)  The estimation of transportable fractions includes too many assumptions that have not been 
properly documented. 
 
(2)  Transportable fractions are not constant for a given groundcover as Table 5-1 implies; 
transportable fractions are dependent on wind speed and the aerosol generation mechanism.  For 
example, the transportable fractions for fugitive dust due to mechanically resuspended paved and 
unpaved road dust are expected to be lower than that for fugitive dust originating from wind 
erosion. 
 
(3)  The report attempts to find a simple solution to a complex problem by assigning a single 
transportable fraction value to a fugitive dust plume comprised of PM10 particles (or PM2.5 
particles, or coarse particles between PM2.5 and PM10), whereas in reality the plume has a 
broad spectrum of particle sizes.  To utilize MRI’s Microsoft Access database containing Slinn’s 
equations for calculating deposition velocities, one will have to specify the size distribution of 
the plume for different atmospheric residence times.  This means knowing the size distribution of 
the fresh emissions released from the source, and then calculating the change in size distribution 
as a function of time based on the transportable fraction calculated at each step as the plumes 
moves away from the source.  Thus, one will have to calculate the deposition velocity and 
friction velocity for many different particle size bins, ranging from less than 0.1 micron to 10 
microns, and calculate the transportable fraction for each size bin weighted by the number (or 
mass) of particles in that bin.  Perhaps there is a way to simplify the process by assuming that the 
plume be characterized by a parameter that represents a weighted particle size for different 
atmospheric residence times (e.g., mass median diameter) with a single deposition velocity that 
represents a weighted average value for all the different size particles comprising that plume, 
which changes as the plume is constantly being depleted in coarse size particles relative to fine 
size particles. 
 
(4)  MRI’s calculated deposition velocity values are reasonable based on independent cross 
checks conducted by members of the panel.  For some of these comparisons, the agreement was 
good and for others the disagreement could be explained by different mechanisms being 
accounted for in the overall deposition velocity.  According to Dale Gillette, small deposition 
velocities correctly calculated do not invalidate his box model.  The deposition model uses a 
single deposition velocity that can be called an “overall deposition velocity” that applies to all 
the particles generated.  For the situation where part of the particles are removed by a different 
mechanism than the remainder of the particles, the “overall deposition velocity” must be a 
mixture of more than one deposition mechanism.  Dale’s box model shows that there are 
reductions of ground generated particles for still air and for deposition velocities larger than 
about 1 cm/sec (see Figure 3-2, Countess et al., April 2001).  Still air or very small wind speeds 
can account for some of the removal of ground generated dust.  Careful analysis of wind records 
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must be used to find this effect.  The requirement for significant removal of ground-generated 
particles for larger wind speeds requires that the overall deposition velocity be larger than 0.3 
cm/sec (the sedimentation velocity for 10 µm unit density spheres).  The deposition velocity of 
particles is shown in the MRI report to not be much larger than 0.7 cm/sec for 2.5 µm 
aerodynamic size particles and 1.8 cm/sec for 10 µm aerodynamic size particles.  Consequently, 
if Dale’s model is to have any explanatory power for the apparent removal of ground-generated 
dust, it would be for “overall deposition velocities” larger than these values. 
 
2.1.2 Specific Comments on Main Body of the Document 
 
Page 2-1:  Models overestimated PM10 emissions by at least a factor of two rather than almost a 
factor of two as stated in paragraph #1. 
 
Page 3-1:  Beef up section 3 by calculating transportable fraction for different values of Vd, u*, 
and A.  Correct equation #1 by deleting the negative sign in front of the term Vd/Au*; and make 
Gillette’s equation more universal by replacing “unpaved road” with “surface.”  Discuss the 
effect that the parameter A has on transportable fractions. 
 
Page 3-2:  Define leaf area index (LAI) immediately after you introduce the term.  Give the 
reference for NOAA’s HIGH-RADON PROJECT, and include in the list of references.  State 
that the first eight assumptions were made by Slinn (1982) and/or Jacobs (1988).  How valid are 
these first eight assumptions?  Provide rationale for why you believe that these assumptions are 
valid.  State that assumption #9 is your estimate.  Assumption 10 is not valid for trees that drop 
their leaves, or for crops that are harvested; therefore, you need to add several qualifiers to 
assumption #10. 
 
Page 3-3:  How valid are these six assumptions?  Provide rationale for why you believe that 
these assumptions are valid.  For assumptions #5 and #6 you need to either include the equations 
that refer to the two “unknown numerical factors” or reference the equations that appear in 
Appendix A by equation number.  In paragraph #4, give a reference to Gillette’s provisional dry 
deposition velocity values to be used in the “transportable fraction” box model that were 
included in Appendix B of the Countess Environmental Report prepared for the Western 
Governors’ Association (September 2001). 
 
Page 3-4:  Shouldn’t MRI’s values of Vd for a 2.5 micron particle and a wind speed of 0 m/s be 
the same for an eucalyptus forest and for grass?  The values of Vd in Table 3-1 assume a uniform 
vertical distribution of the fugitive dust plume.  Dale also calculated values of Vd for a scenario 
where 75% of the fugitive dust was in the lowest 25% of the box.  Would it be worthwhile to 
address this other scenario?  The Vd values in Table 3-1 are somewhat different than values 
generated using the Multi-layer Model used for CASTNet to estimate deposition velocities for 
sulfate particles in rural areas.  Assuming sulfate particles are roughly 0.5 micron in diameter, 
the CASTNet network has shown the following average deposition velocities (Vd, cm/sec) over 
the history of the program: 
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Season Average Vd Minimum Vd Maximum Vd 
Autumn 0.096 0.004 0.477 
Spring 0.152 0.032 0.341 
Summer 0.136 0.013 0.373 
Winter 0.094 0.012 0.356 

 
The MLM model uses the following input parameters:  wind speed, wind direction, sigma theta, 
temperature, relative humidity, solar radiation, surface wetness, LAI, vegetative species and 
percent green leaf out.  It also accounts for water and temperature stress as well as stomatal 
resistances of the vegetation and deposition to snow surfaces.  These values represent the 
minimum, maximum and average values of average weekly values taken from data calculated on 
an hourly basis.  As you can see from the table above the values are approximately the same as 
those for 2.5 micron particles at wind speeds between 1-10 m/s for a eucalyptus forest and for 
grass.  Thus it is possible that in real world situations the deposition velocity is somewhat higher 
than that calculated using the Slinn methodology.  It is also interesting to note that there is a 
fairly strong seasonal change in deposition velocity values. 
 
Page 3-5:  In paragraph #3, replace “mm” by “µm;” state that deposition velocity was calculated 
for three wind speeds (1.3 m/s, 4.5 m/s, and 13.4 m/s); and give the number of the equation used 
in Appendix A to calculate deposition velocity.  In Figure 3-1, identify in the legend that these 
values refer to the corn height; and use some color other than yellow (this figure in black and 
white wouldn’t be clear).  Last paragraph on page 3-5 should be a separate section titled 3.3  
Friction Velocity; and this section needs to be beefed up. 
 
Page 3-6:  Add a new section titled 3.4  Transportable Fraction.  Calculate transportable fractions 
for different particle sizes using equation #1 and various assumptions for friction velocity and the 
parameter “A.”  Include Dale’s figure 3-2 from the WRAP final report for comparison (see page 
17 of Countess et al., April 2001). 
 
Page 4-1:  Needs a transition between Section 3 and Section 4.  Also, need to state that the 
“limited case” analysis is a conceptual model. 
 
Page 4-2:  Paragraph #3 is confusing.  By saying that the fraction of dust particles collected in 
the forest will be approximately the same as the fraction of the transport air that passes into the 
forest, you are saying that the collection efficiency of particles that make it into the forest is 
100%.  Is this true?. 
 
Page 4-3:  At the top of the page, you need a reference for why a wood fence with 50% porosity 
would have the largest possible stilling zone.  Justify your upper limit estimate of ~90% removal 
fraction in Table 4-1. 
 
Page 4-4:  In Figure 4-1, under Blockage it indicates that the highest blockage is 80%.  In Table 
4-1 the removal fraction for notch flow is estimated to be 90%.  It is unclear whether blockage 
and removal fraction are the same since removal fraction is not defined in the glossary in Figure 
4-1.  If this is the case, then these values need to be reconciled as does the value for porosity in 
Figure 4-1 which is considered the inverse of blockage and has a minimum value of 20%.  Are 
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capture efficiency and capture fraction the same?  Is capture fraction the same as removal 
fraction?  If so it appears that the minimum value for capture fraction would be 10% (i.e., 
blockage = 0).  The relationship of blockage to the capture fraction should be detailed more in 
Figure 4-1 or in the text.  The last line in the definition of “Blockage” is not strictly accurate 
since maximum blockage is 80%, not 100%.  In the definition of “Leaf Area Index” delete the 
word “ground.”  In the definition of “Penetration Fraction” give a reference for the “200 m from 
the source.”  In the definition of “Plume Height” provide the reference for the statement “At 2 m 
and 50 m downwind from the source, the height typically increases to 9 [m] and 12 m, 
respectively…”  In the definition of “Porosity” insert “to” after “normal” and give a reference for 
why the lowest porosity for tall vegetation is estimated to be about 20%. 
 
Page 4-5:  It might be better to indicate that equation 2 is valid for He ≤ Hv since equation 3 
collapses to equation 2 when He equals Hv; and then indicate that equation 3 is valid for He 
greater than Hv.  Regarding equation 3, it appears that the deposition onto the trunks of trees, 
bushes, etc. is being left out.  If LAI = leaf area/canopy footprint area and F = total canopy 
footprint area/ground area, then wouldn’t the product (LAI)(F) be equal to simply the leaf 
area/ground area (i.e., the density of the leaf area if you will)?  In a densely populated forest or 
crop there would also be some deposition to the stalks/trunks.  While not as large as the leaf area 
related deposition it may well be non-trivial.  In addition, where will values for F be obtained?  Is 
there a database for these values?  In the last paragraph insert “approximately three times” in 
front of “ the height of the vegetation.” 
 
Page 4-6:  Figure 4-2, which indicates that the percent PM10 capture efficiency for tall 
vegetation is equivalent to the percent airflow blockage for airflow blockage below 50%, is very 
confusing.  This figure suggests that if obstructions block the airflow by 50% that half the PM10 
particles are captured by the obstacle.  Are there data to back up the graphs in Figure 4-2?  It 
isn’t clear how these graphs were generated, or what the basis is for them?  It appears that the 
graphs are based on best guesses rather than actual data points.  In addition, how do we know 
that it increases up to 50% then decreases and that this relationship is linear?  Doesn’t this 
assume that there are constant steady state emissions that are evenly distributed over the height 
of the vegetation?  If not, isn’t it conceivable that without those assumptions that with a high 
blockage the capture efficiency could go past 50% before the air volume between the top of the 
vegetation and the downwind distance to the vegetation filled with dust and started spilling over 
the top?  Perhaps it would be better to indicate that the scales on both the x- and y-axis are 
relative scales and state that this is figure represents a conceptual model.  What is the basis for 
the maximum blockage being 90%?  Provide full justification why the effective LAI for corn is 
60 rather than 578.  It only changes the P value from 18 to 16.8 percent and moves B from 82 to 
83.2 percent to use the 578 value.  Corn should capture dust very effectively. 
 
Page 4-7:  The values for P in Table 4-2 are shown as percentages while the discussion of them 
in equations 2 and 3 are as fractions.  They should be used consistently as one or the other.  
Include another table (i.e., Table 4-3) showing your calculated deposition velocities and 
transportable fractions for five representative types of vegetation as a function of wind speed 
(e.g., 0 m/s, 1.3 m/s, 4.5 m/s, and 13.4 m/s).  Include this material under a new section 4.4 called 
Transportable Fractions.  Justify why you believe that the optimum value of airflow blockage is 
50%. 
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Page 5-1: Provide justification for your estimates of fraction of fine particles and coarse particles 
removed by different mechanisms included in Table 5-1.  The difference between the 
transportable fraction of fine particles (≤ 2.5 µm) and coarse particles (2.5 µm to 10 µm ) should 
be much more than 0.1.  Shouldn’t TFs be calculated by multiplying individual removal 
fractions, rather than by summing individual removal fractions?  The values in Table 5-1 do not 
match up with the reductions that have typically been required to bring emissions into harmony 
with measured concentrations.  Reduction factors have generally been a blanket value of 0.25 
across the entire country.  Watson and Chow (2000) have indicated that PM10 concentrations 
have dropped to background levels within approximately 200 meters of the source for areas that 
would fall into the land use patterns characterized by the first column in Table 5-1.  This 
indicates that either (1) the transportable fraction is significantly less than that shown in Table 5-
1 for this surface cover category, or (2) that mixing is so strong in the downwind zone that 
effective concentrations are equivalent to background at those distances. 
 
Section 6 (References):  Include references for Jacobs (1988), Countess et al (Sept. 2001), and 
NOAA HIGH RADON PROJECT. 
 
2.1.3 Specific Comments on Appendix A 
 
(1)  Provide a glossary at the beginning of the Appendix. 
 
(2)  Re-number all the equations in increasing order; currently there are several equations 
numbered #1 and equation #5 appears before equation #3. 
 
(3)  Indicate which equation in the Slinn (1982) paper you have imported into Appendix A to 
calculate deposition velocity.  It would help if you adopt the identical symbols as appeared in 
Slinn. 
 
(4)  What is the significance of “**Equation from PM Criteria Document” on page A-1 and 
“**value expected to be between 2 and 5” on page A-4? 
 
(5)  Provide a reference why you can ignore EB for particles greater than 1 µm on page A-2. 
 
2.1.4 Specific Comments on Appendix B 
 
Page B-1:  Include units for Height and Vd.  Is there a common name associated with Ofer?  Is 
there a logical way of presenting the information in Table B-1?  Perhaps switch the first two 
columns and then arrange the rows alphabetically by “Common Name.”  Or, group trees, grasses 
and vegetable crops separately. 
 
Pages B-3 through B-12:  Calculated deposition velocity has too many significant figures. 
 
2.2 Potential for Airborne Dust Removal by Vegetative Groundcover (AWMA paper) 
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This AWMA paper differs from MRI’s Task 1 report on regionally transportable emissions in 
that it deleted the entire discussion on losses due to electrostatic and thermophoretic forces (Task 
1 report, pages 2-1 through 2-2) and calculation of deposition velocities (Task 1 report, pages 3-2 
through 3-6).  For brevity, it also deleted Appendices A (Slinn Calculation Scheme for 
Deposition Velocity) and B (Calculated Deposition Velocities for All BELD Groundcover 
Types, Two Particle Sizes, and Three Wind Speeds) contained in the draft MRI Task 1 report.  
Another important difference between the MRI Task 1 report and the AWMA paper involve the 
proposed values of transportable fractions for four surface cover categories.  As one see from a 
comparison of the two tables presented below (Table 3 from the AWMA paper and Table 5-1 
from the MRI Task 1 report), the proposed transportable fractions for fine particles (PM2.5) in 
the AWMA paper are slightly different than those included in the MRI Task 1 report.  In the 
Task 1 report, MRI refers to losses due to gravitational settling, whereas in the AWMA paper 
this category is referred to as loss due to enhanced gravitational settling above vegetation.  
Another important difference (comparing these two tables) is MRI assumes that the estimated 
losses for the different particle removal mechanism are equal for both fine and coarse particles in 
the AWMA paper, resulting in equal transportable fractions for fine and coarse particles.  
However, the most important point to be made here is that the estimation of transportable 
fractions still rely on too many assumptions that have not been properly documented. 
 
It should be pointed out that the AWMA paper included several important new concepts based 
on on-going discussions between MRI, Tom Pace and Dale Gillette.  The most important 
addition was the discussion on determining the transportable fraction to account for the depletion 
of fugitive dust particles which occurs near the source of emissions while the plume is still close 
to the ground.  The AWMA paper states that the near-source/near-surface depletion of particles 
is composed of two parts: (1) the particles that are removed as they pass within and through 
nearby vegetation (PTV), and (2) the particles that pass over, but close to the top of vegetation 
(POV).  Vertical profiles of horizontal dust flux from mechanically generated fugitive dust 
sources show that most of the dust mass leaving the source is contained in the air layer between 
the surface and a height of 2 m above the surface (Watson and Chow, 2000).  Thus, the enhanced 
deposition of particles that are initially below the height of surrounding vegetation can be quite 
significant.  This paper proposes a simple model to relate these two components (POV and PTV) to 
the overall emissions and account for removal within the vegetation (PTV).  The removal of 
particles that pass over the vegetation (POV) can be determined using Gillette’s algorithm 
(Countess et al., 2001) for regional transport that incorporates a deposition velocity (Vd), and a 
friction velocity (which is based on approach wind speed) and the type of groundcover present.  
Vd is a parameter that characterizes the relative effectiveness of various surface covers in 
removing particles by the cumulative effect of settling, interception, impaction, and diffusion as 
the plume passes above and near the surface of the vegetation.  The Gillette algorithm cannot be 
applied to that portion of the plume that passes through the vegetation (PTV) because it would 
require data which are not currently available. 
 
Tom Pace concludes that “The use of vegetation characteristics to account for particle removal is 
a major breakthrough, and the estimate that essentially all particles are removed - regardless of 
size - is sound, if the vegetation is porous enough to let the flow stream in and if the residence 
time in the vegetation is long enough, which is the situation in and next to most forests; the 
Gillette box model is appropriate for flow over the top of vegetated surfaces (and over sparsely 
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vegetated surfaces as well); more work is needed to "fill in the gap" between these two extremes; 
and as the distance between the source and the vegetation increases, or as the height of the 
vegetation decreases, some of the flow bypasses the vegetation and is then subject to the Gillette 
box model's removal mechanisms.” 
 
2.3 Preliminary Estimate of County-level Transport Fraction Using Acreage-weighted 
County Land Cover Characteristics (Report by Pace and Cowherd) 
 
Page 3; paragraph #2:  This document has reclassified the four surface cover categories 
contained in the two earlier MRI documents addressing transportable fractions into six 
categories:  barren soil and water, agricultural crops, grasses, urban, scrub and sparse vegetation, 
and forested.  Justification for this new classification scheme is needed.  Include the TF value of 
0.7 for Grasses.  What is the weighting for crops based on?  Crop calendars?  Leaf out estimates?  
Perhaps a subdivision of these should be made such as  one that reflects more leafy crops 
(tobacco, soybeans, corn, etc.) versus grain type crops (wheat, rye, etc.) which have significantly 
less leaf area.  Grain crops should be more akin to grass values than corn or soybeans.  County 
level crop acreages are available from the data used to determine agricultural tilling emissions. 
 

Table 5-1. Transportable Fractions for Major Dust Sources (from MRI TASK 1 Report) 
 Surface Cover Category 

 UPR, T, C UPR, T, C UPR, C UPR, C 
Surface Cover Water, 

barren soil 
Short grass 

 

Scattered trees 
and buildings,  

cactus,  
scrub brush, 
agriculture 

Dense Buildings 
 

Forested 
 

Proximity of source to 
impediment  

NA > 25 m > 25 m < 25 m 

Air blockage Free flow of air Some airflow 
restriction 

Moderate airflow 
restricted 

Significant 
blockage 

Height of flow impediment < 0.3 m 
(< 1 ft) 

0.3-3 m 
(1-10 ft) 

3-15 m 
(10-50 ft) 

3-15 m 
(10-50 ft) 

Estimated fraction removed 
by gravitational settling, etc 

0.1 (PM-2.5) 
0.2 (PM-C) 

0.1 (PM-2.5) 
0.2 (PM-C) 

0.1 (PM-2.5) 
0.2 (PM-C) 

0.2 (PM-2.5) 
0.3 (PM-C) 

Estimated fraction removed 
by vegetation and buildings 
thru traditional mechanismsb 

– 0.1 (PM-2.5) 
0.2 (PM-C) 

0.2 (PM-2.5) 
0.3 (PM-C) 

0.3 (PM-2.5) 
0.4 (PM-C) 

Estimated fraction removed 
by vegetation and buildings 
thru other mechanismsc – 

0.2 (PM-2.5) 
0.1 (PM-C) 

0.2 (PM-2.5) 
0.1 (PM-C) 

0.3 (PM-2.5) 
0.1 (PM-C) 

 
PM-2.5 0.9 0.6 0.5 0.2 

 
Transportable 
fraction (TF)d PM-C 0.8 0.5 0.4 0.1 

a  UPR = unpaved road; C = construction; T = tilling 
b  By impaction, inception and diffusion 
c  By electrostatic agglomeration/deposition and thermal deposition (Gieseke 1972, Flagan 2001). 
d  TF is the fraction of a source category’s EI that might leave its grid cell of origin when using a Chemical Transport 
Model (CTM).  The surface cover categories are intentionally broad generalizations of the range of 
microenvironments that might surround particular sources in a county.  To use the transport fractions in a modeling 
inventory, one could multiply the County-level Source category EI by a weighted average of the TFs, depending on 
the fraction of  each type of surface cover within the county 
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This whole section needs more explanation on how these weighted average annual value TF 
values were determined.  What were the assumptions that were made to reach these values.  Are 
the assumptions based on various physical models?  If so, these need to be documented. 
 
Page 3; paragraph #3:  Delete first two sentences since they are redundant. 
 
Page 4; Table 1:  Change “Agricultural” to “Agricultural Crops.” 
 
Page 5; paragraph #1:  Based on the information presented in this report, the national average TF 
is estimated to be approximately 50%.  Since this is not consistent with EPA’s current thinking 
that fugitive dust emissions estimates need to be “divided by a factor of four” to match the actual 
ambient fugitive dust concentrations measured many miles downwind of the fugitive dust 
sources, this report needs to discuss this inconsistency. 
 
Page 5; paragraph #2:  Why not include paved roads as well? 
 
Page 5; References:  Fix the title for the third reference. 
 
Page 6; Figure 1:  The transport fraction of >80% for the agricultural belt in the mid-west is 
higher than the monitored values would indicate. 
 
Table 3.  Transportable Fractions for Major Surface Cover Categories a (from AWMA paper) 
 Surface Cover Category 

     
Surface Cover Water, 

barren soil 
 

Scattered trees,  
Desert scrub, 
short grasses, 

agriculture 

Mixed Urban 
 

Forested 
 

Proximity of source to 
impediment  

NA > 25 m > 25 m < 25 m 

Air blockage Free flow of air Some airflow 
restriction 

Moderate airflow 
restricted 

Significant 
blockage 

Height of flow impediment < 0.3 m 
(< 1 ft) 

0.3-3 m 
(1-10 ft) 

3-15 m 
(10-50 ft) 

3-15 m 
(10-50 ft) 

Estimated fraction removed 
by enhanced gravitational 
settling above vegetation 

0 - 0.05 (PM-2.5) 
0 - 0.05 (PM-C) 

0.1 (PM-2.5) 
0.1 (PM-C) 

0.1 (PM-2.5) 
0.1 (PM-C) 

0.1 (PM-2.5) 
0.1 (PM-C) 

Estimated fraction removed 
by vegetation and buildings 
thru traditional mechanismsb 

– 0.1 (PM-2.5) 
0.1 (PM-C) 

0.3 (PM-2.5) 
0.3 (PM-C) 

0.5 (PM-2.5) 
0.5 (PM-C) 

Estimated fraction removed 
by vegetation and buildings 
thru other mechanismsc – 

0.1 (PM-2.5) 
0.1 (PM-C) 

0.2 (PM-2.5) 
0.2 (PM-C) 

0.3 (PM-2.5) 
0.3 (PM-C) 

 
PM-2.5 0.95 – 1.0 0.7 0.4 0.05 - 0.1 

 
Transportable 
fraction (TF)d      
a  Applies to non wind-generated fugitive dust sources: e.g., roads, construction, agricultural field operations 
b  By impaction, interception, diffusion and enhanced gravitational settling within the vegetation. 
c  By electrostatic agglomeration/deposition and thermal deposition (Gieseke 1972, Flagan 2001). 
d  TF is the fraction of a source category’s EI that might leave its grid cell of origin when using a Chemical 

Transport Model (CTM).  The surface cover categories are intentionally broad generalizations of the range of 
microenvironments that might surround particular sources in a county.  To use the transport fractions in a 
modeling inventory, one could multiply the County-level Source category EI by a weighted average of the TFs, 
depending on the fraction of  each type of surface cover within the county. 
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3  MRI DOCUMENTS ADDRESSING SOIL MOISTURE, PAVED AND UNPAVED 
ROADS 
 
3.1 Improved Activity Levels for National Emission Inventories of Fugitive Dust from Paved 
and Unpaved Roads (USEPA Emissions Inventory Conference paper) 
 
Page 1; paragraph #1:  These parameters are not “activity” data; they are correction parameters 
to the USEPA emission factor. 
 
Page 2; paragraph #6:  This paragraph contains erroneous information.  The MRI report indicates 
that population density (e.g., people per square mile) was used to allocate VMT to the county.  
This is not the case.  Rural population was used to allocate VMT to the county.  To do this, the 
total state rural population was divided into each county’s rural population to estimate the 
fraction of VMT that was allocated to the county. 
 
Page 4; paragraph #1:  Need to know more about the NOAA Climate Prediction Center (CPC) 
database of soil moisture values in order to assess its utility concerning usage in this instance.  
Are these data year by year?  Complete data set or just spot values?  Single valued datasets 
without year to year updates tend not to be very useful, especially in developing emissions 
trends. 
 
Page 4; paragraph #4:  This sounds like a long term climatic average.  This is not especially 
useful for making year to year estimates.  Soil moisture will be strongly dependent on the 
amount of precipitation and the time between rain events. 
 
Page 4; paragraph #5:  Why not use GIS and assign a weighted percentage to each county? 
 
Page 17; Table 6:  How were the winter baseline multiplier values determined? 
 
3.2 Unpaved Roads Activity Levels (Section 3 of MRI Task 3 Report) 
 
3.2.1 General Comments 
 
(1)  Since VMT was allocated to the county based on rural population under the NEI effort and 
MRI is proposing a different algorithm, how different is the actual distribution county by county 
in Kansas where the data came from for the MRI method? 
 
(2)  Why were no other potential algorithms explored?  It looks like a decision was made to use 
what worked in 1974.  Are there possibly better methods/algorithms?  CARB’s methodology 
allocates unpaved road VMT to acres of farm land.  Why wasn’t that relationship examined to 
see if it offered a better correlation? 
 
(3)  Finally, by going away from requesting the data from FHWA, which provides information 
on gravel/soil roadway mileage versus unimproved roadway mileage, if we ever should get a 
sufficient silt data base that shows a significant difference between the silt values of gravel roads 
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and unimproved roads, then we will have lost the ability to provide a greater level of detail in the 
estimation process. 
 
3.2.2 Specific Comments 
 
Page 1; paragraph #3:  The National Emission Inventory (NEI) only uses the Federal Highway 
Administration’s (FHWA) average daily traffic volume (ADT) to determine the vehicle miles 
traveled (VMT) for local functional class roads.  For other functional classes, miles of unpaved 
road at the State level and ADT for non-local functional class unpaved roads at the State level 
were reported in FHWA Annual Highway Statistics and used to determine total unpaved road 
VMT.  The calculated values were cross checked with total VMT estimates for each functional 
class by State to ensure that the total calculated VMT was not more than that reported for both 
paved and unpaved roads; data for paved and unpaved roads is available in FHWA Highway 
Statistics.  The inconsistencies in VMT are the result of the FHWA numbers, not necessarily the 
methodology used in the NEI. 
 
Page 1; paragraph #4:  Values in Table 3-1 were reported in Annual Highway Statistics through 
1992 in Table HM-67.  In 1993 Table HM-67 was condensed to just show ADT values and total 
miles for paved and unpaved roads without a breakdown of the surface material type (e.g., 
gravel/soil or unimproved).  In some cases the more detailed data could be requested.  Starting 
with the 1997 Annual Highway Statistics report, Table HM-67 was no longer published but the 
data could be requested from FHWA. 
 
Page 2; paragraph #4:  Illinois used to keep state-level mileage of unpaved roads at a minimum 
and may have had some VMT data at the county level as well.  Appendix A, containing the 
Kansas traffic count procedures and the table of ADT values for unpaved roads in each county in 
Kansas, was not provided by Tom Pace for the panel to review. 
 
Page 3; paragraph #1:  Why not apportion unpaved roadway mileage by rural land area rather 
than the total area of each county?  You would get a poor apportionment for large counties that 
were predominantly urban. 
 
Page 3; paragraph #2:  Annual Highway Statistics never published unpaved road length by 
county, only by State.  Just because Table HM-57 does not distinguish between unpaved and 
paved roads, is thee any reason not to think that the ADT on various functional class roads is 
different if they are paved versus unpaved? 
 
Page 3; paragraph #4:  Figure 3-1, which shows a regression analysis of the Kansas ADT data, 
was not provided by Tom Pace for the panel to review.  Other states need to be contacted to 
determine if they have VMT on county roads to assist in calibrating this model. 
 
4  MACDOUGALL’S WIND EROSION METHODOLOGY 
 
4.1 Empirical Method for Determining Fugitive Dust Emissions from Wind Erosion of 
Vacant Land (WRAP Emission Forum report by MacDougall) 
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4.1.1 General Comments 
 
The panel identified three major concerns regarding the MacDougall methodology.  First, it 
relies on wind tunnel tests that don't reflect upwind saltation that may tend to extend the time for 
active erosion during the wind event.  Second, a database of soil characteristics must be 
developed across the US and related to the conditions for the various wind erosion tests; the data 
to make this linkage may not exist.  However, if these data do exist, the MacDougall approach 
can work if it's considered an empirical model whose coefficients are adjusted to reflect the 
observed actual duration of erosion events.  Third, the database to implement the model must be 
developed through combining the results of hundreds of tests -- tests that may or may not have 
been done using comparable test parameters. 
 
In general, MacDougall’s method consists of characterizing properties of a target vacant land, 
finding wind and other meteorological descriptors, and then matching these descriptors to wind 
tunnel data.  Panel members were skeptical about using the proposed methodology to determine 
emission factors for fugitive dust caused by wind erosion since wind tunnels do not represent 
actual conditions on the field.  Wind tunnels are more useful for sensitivity analyses rather than 
determination of emission factors (e.g., relative effect of soil stabilizers).  Determining emission 
factors in the manner proposed will result in significant underestimation of windblown dust for 
those cases where saltation plays a role.  Relying solely on wind tunnel data will limit the 
potential problem-solving tools available since wind tunnels have the following shortcomings: 
 
(1)  Limited fetch length; fugitive dust emissions often have a very significant fetch length 
dependence. 
 
(2)  Limitation of loose material on the surface.  Using a wind tunnel causes a rapid depletion of 
all of the loose surface material contained within the tunnel.  However in natural situations loose 
material from upwind continues to be resuspended.  Thus, wind tunnels will underestimate the 
amount of dust emissions. 
 
(3)  Feeding of sand into the tunnel from the outside does not duplicate nature.  That is, inserting 
saltating sand into the tunnel does not necessarily fix the problem of (2) above.  One must refer 
emission factors to the amount of sand fed into the tunnel.  In other words, this technique is only 
good for some problems like measuring the ratio of vertical dust flux to horizontal sand flux (and 
then only with great caution). 
 
(4)  Wind tunnels limit the size of natural roughness that can be measured (i.e., wind tunnels 
must be much larger than the roughness). 
 
(5)  An efficiently run wind tunnel investigation will measure parameters that are important in a 
general sense (e.g., quantifying variables in a computer model) but not in matching a large 
number of possible real-world erosion scenarios. 
 
4.1.2 Specific Comments 
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Step 1:  Categorizing Vacant Land  The first sentence of the last paragraph “not every parcel … 
will necessarily fit into a category that has been wind tunnel tested” is absolutely true.  The 
statement “Depending on the ultimate use of the inventory, it might be best to over or under 
predict the potential a specific land type to emit” needs to be clarified.  For example, there is no 
guarantee that an emission factor developed for one purpose (e.g., emission inventory) will not 
be used for other purposes as well (e.g., regulations). 
 
Step 2:  Identify Wind Tunnel Emission Factors  Spikes are just the emissions of low-threshold 
materials that are present in limited amounts (supply limitation).  As such they may be the only 
fugitive dust that is emitted and definitely should be included. 
 
Step 3:  Develop Meteorological Data Set  It is unlikely that each land parcel could be matched 
with the meteorological data that impacts the parcel.  This would be the role of the computer 
model that uses the data from field or wind tunnel studies. 
 
Step 4:  Determine Land type Reservoirs, Threshold Wind Velocities, Wind and Rainfall Events 
 
Paragraph #2:  It is really difficult to quantify how much disturbance would lead to the amount 
of dust emission. 
 
Paragraph #3:  This paragraph should be recast as follows:  “Threshold velocities and specific 
wind time series are of interest and not definitions of specific erosion events.”  It is more 
important to define threshold velocities than it is to define wind erosion events. 
 
Paragraph #4:  It is more important to specify which surface soil textures respond to rain by 
crusting afterward and which do not.  Many of the textures of the soil textural triangle will form 
crusts after a thorough soil moistening.  The statement “If more than one inch of rain falls and 
there are colder temperatures and/or cloud cover, several days following a rain event should also 
not be considered” is arbitrary.  What is the basis for this?  What is the basis for the following 
two statements:  “In the desert southwest only those days where rain actually falls should 
emissions be set to zero” and “In the pacific northwest, east (not west) of the Cascade 
Mountains, the following two to three days should also not be included in the emissions.” 
 
Step 5:  Develop Emission Inventory Specific Emission Factors  We suggest that this section be 
renamed “Development of models for dust emissions based on field studies and wind tunnel 
data.  One should use field data when available.  For example, the Great Basin APCD has 
considerable field data for Owens Lake.  Probably Washington State University also has 
considerable information from its field studies. 
 
5  EXPERT PANEL’S MAJOR FINDINGS AND RECOMMENDATIONS 
 
5.1 Findings/Recommendations Regarding MRI’s Transportable Fractions 
 
The "end points" of the limiting case analysis by Cowherd and Pace (June 2002) appear to be 
sound in that:  (1) a significant portion of the material emitted within or surrounded by a canopy 
of vegetation (i.e., vegetation significantly higher than the initial release height of the dust 
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emissions) is retained in the vegetation; and (2) relatively much less removal occurs for those 
particles above the vegetation (and in areas with sparse or very short vegetation).  Removal 
above the vegetation can be estimated using the Gillette box model. 
 
The transportable fractions proposed by MRI for different ground cover categories involve many 
assumptions that have not been adequately quantified.  MRI’s estimates for the fraction of 
particles lost by gravitational settling above vegetation appear to be reasonable based on our 
independent calculations using appropriate values for roughness height for different 
groundcovers, friction velocity for typical wind speeds, and deposition velocities for 2.5 µm and 
10 µm particles, and a default value of 0.08 for Gillette’s dimensionless factor A.  However, 
MRI’s assumptions for the fraction of particles lost by impaction, interception, diffusion, 
enhanced gravitational settling within the vegetation, electrostatic agglomeration/deposition and 
thermal deposition are not to be based on hard evidence.  Since losses due to gravitational 
settling above vegetation are low compared to losses by other mechanisms, losses due to these 
other mechanisms need to be quantified in order to reconcile measured ambient fugitive dust 
concentrations with estimates of the impact of freshly generated fugitive dust emissions on these 
ambient concentrations. 
 
The preliminary estimates of acreage-weighted annual average transportable fractions for the 
United States prepared by Cowherd and Pace (May 2002) appear to be high by as much as a 
factor of two based on a comparison between measured ambient fugitive dust concentrations and 
estimates of freshly generated fugitive dust emissions.  Since Environ used these preliminary 
estimates supplied by Tom Pace to adjust the emission estimates for unpaved road dust for a 
WRAP Emissions Forum contract, it is our belief that these adjusted emission estimates will be 
high by as much as a factor of two. 
 
Many deposition mechanisms were included in the deposition velocities calculated by MRI, but 
there are other possible mechanisms whereby the “overall deposition velocities” could be larger 
than the MRI values.  For example, in the case of deposition of unpaved road dust in nearby 
vegetation, it is possible that there is transport of a significant fraction of road dust into volumes 
of still air (i.e., dead space) in the vegetative canopy near the unpaved road where the dust was 
generated.  For example, if we specify that the “dead space” (i.e., volume of air having no mean 
flow) occurs from the ground to a displacement height D equal to 0.7 h, where h is the height of 
the vegetation, then we could hypothesize that all dust drifting into this volume from a nearby 
road would be deposited.  The remainder of the dust having an initial elevation larger than 0.7h 
would have the deposition velocity assignable from the MRI tables based on the work of Slinn 
(1982).  In other words, the deposition would be handled by two steps:  first a removal of a 
fraction of the flux within the dead zone, and for the remainder, deposition losses using the 
deposition velocity values taken from the MRI tables.  This method should be tested rigorously, 
however.  Also, the assignment of a “dead zone” below the displacement height (D) relative to 
the height of the vegetation (h) should be reviewed.  Micrometeorological literature should be 
searched for the best relationships that exist for D as functions of vegetative parameters.  Should 
gaps be found in existing knowledge, then new research should be initiated to find relationships 
that could be used with the existing parameterization for the meso-scale transport models such as 
CMAQ. 
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To quantify the transportable fraction of fugitive dust will require implementing new field 
studies whose major goals is to quantify the overall transportable fraction of fugitive dust of 
different size dust fractions for different ground cover surfaces, for a variety of wind speeds, and 
for both mechanically resuspended dust (paved and unpaved roads, construction, agricultural 
tilling) and dust generated by wind erosion.  Dale Gillette plans to revise his box model and will 
attempt to quantify the amount of deposition within the “stilling zone” of the vegetative canopy; 
this is analogous to particle deposition in the “virtual impaction zone” of a dichotomous PM10 
sampler. 
 
5.2 Findings/Recommendations Regarding MacDougall’s Wind Erosion Methodology 
 
Members of the WRAP fugitive dust expert panel had several concerns regarding Carrie 
MacDougall’s empirical method for determining fugitive dust emissions from wind erosion of 
vacant land.  They concluded that there is a fundamental problem with determining emission 
factors from wind tunnel studies.  In a wind tunnel, the saltating particles are quickly depleted, so 
that the wind tunnel dust produces a burst of dust and then the emissions decay rapidly, usually 
over a period of several minutes.  In certain cases, it is possible to add saltating particles, but one 
must be careful how this is done.  The interpretation of wind tunnel experiments must be done 
carefully.  Usually wind tunnel experiments are useful for conducting sensitivity studies – for 
example, looking at the effects of various soil treatments.  But the wind tunnel does not represent 
well the conditions on the field and so emission factors should not be developed solely from 
wind tunnel studies.  However, wind tunnel experiments are useful for characterizing soil 
erodibility in locations where surface disturbances affect limited land areas at any point in time 
and where sand sized particles that feed the saltation process are available only in limited 
amounts. 
 
Wind tunnels have the following shortcomings: 

•  Limited fetch length of the wind tunnel; saltation driven wind blown fugitive dust 
emissions often have a very significant fetch length dependence; and 

••••  Feeding of sand into the wind tunnel to simulate the effect of saltation does not 
necessarily fix the problem unless the sand feed rate is representative of sand fluxes 
observed during high wind events at the location of interest. 

 
However, having identified the weaknesses of using wind tunnels to derive emission factors for 
wind erosion of vacant lands, there are many instances where this is a suitable method for many 
areas of the country.  For example, for the case of undisturbed vacant land that is not exposed to 
large fluxes of saltating sand, these areas are appropriately treated using the method proposed by 
MacDougall. 
 
The panel’s recommendations include using the following resources in the order given to 
develop fugitive dust emission rates for wind erosion of vacant land: 

1.  Field studies using the USEPA recommended source profiling methodology 
2.  Wind tunnel studies 
3.  Verified computer models 
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One must adapt the information from field studies or wind tunnel studies to specific 
environmental conditions.  An efficient research program will find information that is absolutely 
necessary for an adequate model of the wind erosion phenomenon, and then generalize the 
information in the model so that specific cases can be simulated. 
 
The expert panel previously endorsed Draxler’s approach for estimating fugitive windblown dust 
emissions applicable for regional scale air quality modeling (Countess Environmental, 
September 2001).  It too has some issues associated with implementation and Dale Gillette is 
working to address these.  USEPA is implementing the Draxler approach so it will work in 
CMAQ and SMOKE.  There are enough issues with both the MacDougall methodology and the 
Draxler approach that the panel quite honestly doesn't  know which method will work best until 
implementation is further along.  Since the WRAP Emissions Forum is planning to implement 
the MacDougall approach, we should have the opportunity to compare the two methods.  This 
comparison should be made as soon as possible. 
 
6  PROGRESS ON FUGITIVE DUST EMISSIONS RESEARCH 
 
In 2000 WRAP commissioned Countess Environmental to convene a panel of experts to guide 
further efforts in fugitive dust inventory development and modeling applicable to evaluating 
baseline conditions and progress toward natural visibility conditions for mandatory Class I areas 
in the western United States.  This section of the report provides the first annual update on 
recently completed and on-going research projects that address the WRAP expert panel’s 
research priorities related to regional fugitive dust emissions inventories.  An updated 
bibliography of fugitive dust related publications and reports is presented in Appendix B. 
 
Major discrepancies have been found between the proportion of fugitive dust present in 
emissions inventories and its contribution to suspended particles in air (Chow and Watson, 
2000).  Countess et al. (2001) examined several of the potential causes for these discrepancies 
and concluded that: 

 
Finding #1:  Not all suspendable particles are transported long distances.  Ground level 
emissions of mechanically generated particles are likely to be removed near the source due to 
gravitational settling as well as impaction on nearby obstacles, with large particles having a 
greater removal rate than small particles. 
 
Finding #2:  Net emission rates decrease as the dimensions of the emissions grid cell 
increase.  A portion of suspended particles deposit or impact within the same grid cell in 
which they were suspended.  As the grid size increases, there is more time and space for this 
removal to occur. 
 
Finding #3:  Empirically-derived default emission factors are often used where they don’t 
apply.  Emission factors should be based on physical models rather than statistically 
significant variables and should be consistent for different source types with similar 
suspension mechanisms. 
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Finding #4:  Activities that suspend dust are not sufficiently included in emission models.  
Available data bases containing indicators of suspendable reservoirs, meteorological 
variables and human intervention are not sufficiently identified, evaluated, and exploited. 
 
Finding #5:  Fugitive dust emissions are not continuous processes.  Specific region wide 
events need to be identified in addition to annual and seasonal averages. 
 
Finding #6:  Annual fugitive dust emission inventories are not sufficient.  Seasonal and 
diurnal profiles need to be applied to these averages. 
 
Finding #7:  Better spatial surrogates than those currently in use should be applied to 
estimate fugitive dust reservoirs, locations of dust-generating activities, and temporal 
changes in surface properties and surroundings. 
 
Finding #8:  PM2.5 in suspended dust is poorly characterized.  The PM2.5 fraction often 
behaves differently than the coarse fraction with respect to dispersion and deposition. 
 
Finding #9:  Regional scale air quality models need to integrate meteorological processes 
with the fugitive dust emissions generation processes. 
 
Finding #10:  Disturbed surfaces produce more fugitive dust than undisturbed surfaces.  
Locations and times when surfaces have an available reservoir need to be known. 
 
Finding #11:  Receptor data analysis and source apportionment models can identify excessive 
dust episodes, when they are responsible for the poorest (top 20%) visibility, and whether 
they are of natural or manmade origin for western Class I areas. 

 
Several short-, medium-, and long-term research recommendations were tabulated by Countess 
et al. (2001) that addressed the expert panel’s eleven major findings summarized above.  The 
following sections identify recent research in each of these areas based on: (1) identifying and 
reviewing recent literature published since Watson and Chow (2000) compiled their 
bibliography; (2) contacting researchers known to sponsor or conduct fugitive dust research; and 
(3) soliciting input and from the expert panel.  Many of these recently completed and on-going 
research projects are directly relevant to the WRAP region, being conducted near some of the 
Class I areas.  Others are more generic in nature and illustrate methods that might be adapted to 
address WRAP objectives related to fugitive dust emissions and modeling.  The reader is 
directed to the original article(s) for details on each research project.  The format of the 
following subsections is first the recommendation followed by the relevant studies. 
 
6.1 Particle Transport Research Based on Recommendations Addressing Finding #1 
 
6.1.1 Recommendation 1.1 
 
Conduct PM10 and PM2.5 upwind/downwind experiments at different elevations around 
roadways and exposed surfaces to determine the flux of particles at different heights. 
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US Department of Defense research at Fort Bliss, Texas; Gillies et al. (2001), and 
Veranth et al. (2001).  For more information on these two projects, contact Jack Gillies at 
jackg@dri.edu. 

 
6.1.2 Recommendation 1.2 
 
Determine values for relevant parameters (e.g., barrier height, length, and permeability, as well 
as surface roughness and friction velocity) for different ground covers for different seasons. 
These parameters should then be used in emissions models to estimate how wind speeds are 
attenuated and to derive accurate estimates of deposition velocities that remove particles from 
long-range transport. 
 

Ann Pitchford’s Ph.D. dissertation research at the University of Nevada (2001) 
 
6.1.3 Recommendation 1.3 
 
Make preliminary estimates of deposition velocity and transportable fractions and link to a 
gridded database of land cover across the Western US. 
 

Internal USEPA document “Regionally Transportable Emissions:  Part II” (Pace and 
Cowherd, 2002)  This report includes preliminary estimates of county-level transport 
fraction using acreage-weighted county land cover characteristics and estimates of 
deposition velocities.  EPA is actively working on the development of a database of 
vegetation characteristics (height, leafiness and plant spacing) that will enable them to 
estimate removal in a more objective, qualitative manner in order to improve on the 
preliminary estimates presented in the Part II report. 

 
6.2 Emission Inventory Grid Scaling Research Based on Recommendations Addressing 
Finding #2 
 
6.2.1 Recommendation 2.1 
 
Test the validity of Gillette’s semi-empirical box model in a relatively clean environment where 
fugitive dust from vehicular traffic is a dominant source of PM10. 
 

WESTAR sponsored project.  This project was conducted in conjunction with unpaved 
road dust emission factor measurements being conducted under sponsorship of the U.S. 
Department of Defense at Ft. Bliss, TX, (Gillies et al., 2001; Veranth et al., 2001; 
Etyemezian et al., 2002).  For more information on this WESTAR project, contact Bob 
Lebens at (503) 387-1660 (blebens@westar.org). 

 
6.2.2 Recommendation 2.2 
 
Upgrade the model with more complex and representative submodels to account for deposition 
and diffusion near the surface. 
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No progress has been made on this recommendation. 
 
6.3 Emission Factor Research Based on Recommendations Addressing Finding #3 
 
6.3.1 Recommendation 3.1 
 
Field test the performance of the Wind Erosion Prediction System (WEPS) model for predicting 
PM10 emissions during windblown dust episodes. 
 

No progress has been made on this project. 
 
6.3.2 Recommendation 3.2 
 
Adopt the less data intensive modeling approach of Draxler et al. (2001) for predicting PM10 
emissions during windblown dust episodes.  This method requires a limited amount of a priori 
surface information to estimate the threshold friction velocity and calculate the horizontal flux.  
The proportionality constant for estimating windblown dust emissions from the horizontal flux 
will be needed for specific soils.  As a starting point, an examination of archived data sets that 
include both horizontal soil fluxes and vertical dust fluxes will provide values of this 
proportionality constant for various soils. 
 

The USEPA is implementing the Draxler approach so it will work in CMAQ and 
SMOKE; for more information contact Tom Pace at (919) 541-5634 
(Pace.Tom@epamail.epa.gov). 
 
The WRAP Emissions Forum recently awarded a contract to Environ to determine 
fugitive dust emissions due to wind erosion of vacant land utilizing the methodology 
proposed by Carrie MacDougall.  For more information, contact Ms. MacDougall at 
(702) 383-1276 (MacDougall@cchd.co.clark.nv.us). 

 
6.3.3 Recommendation 3.3 
 
Evaluate alternative forms for EPA’s empirical emission factor equations listed in AP-42, and 
revise these equations in keeping with a mechanistically based physical model in order to 
improve the accuracy of emissions predictions.  This evaluation should include reviewing recent 
emission factor development (exposure profiling) studies.  In addition, the vertical concentration 
distribution measured during exposure profiling studies should be evaluated to determine if the 
data are sufficient to make an assessment of the vertical flux. 
 

MRI was commissioned by the USEPA in 2001 to review and revise if necessary the AP-
42 emission factors for paved and unpaved roads.  For more information, contact Bill 
Kuykendal at kuykendal.bill@epamail.epa.gov). 

 
6.3.4 Recommendation 3.4 
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Acquire information on silt loadings, silt content and moisture content (i.e., the “correction” 
factors utilized by the emission factor equations) at the county or sub-county level for areas 
upwind of Class I areas for different periods throughout the year.  This information should be 
updated regularly. 
 

We assume that individual states and counties are currently working on this 
recommendation. 

 
6.4 Source Activity Research Based on Recommendations Addressing Finding #4 
 
6.4.1 Recommendation 4.1 
 
Acquire information on source activity levels at the county or sub-county level for areas upwind 
of Class I areas for fugitive dust emissions for both windblown dust and mechanically suspended 
road dust for different periods throughout the year, and update this information regularly. 
 

We assume that individual states and counties are currently working on this 
recommendation. 
 
Allison Pollack of Environ has recently developed estimates of fugitive dust emissions 
due to vehicle travel on unpaved roads in the Western US for the WRAP Emission’s 
Forum.  This work included assessment of silt content, vehicle activity (i.e., VMT), and 
removal of fresh emissions by local vegetation. 
 
Sierra Research is currently estimating the VMT for unpaved roads in the San Joaquin 
Valley of California for the SJVAPCD. 

 
6.4.2 Recommendation 4.2 
 
Identify the mechanisms leading to particle reservoir replacement; and quantify the time period 
required for replenishment and the effects of this replenishment process on emission estimates. 
 

We are not aware that any progress has been made on this recommendation. 
 
6.5 Research Based on Recommendations Addressing Finding #5 
 
6.5.1 Recommendation 5.1 
 
Investigate the use of “puff” type dispersion models, that assume emissions are instantaneous 
rather than continuous, with upwind/downwind exposure profiling measurements to back-
calculate source strengths and develop emission factors. 
 

We are not aware that any progress has been made on this recommendation. 
 
6.5.2 Recommendation 5.2 
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Characterize emission rates for short time frames. 
 

We are not aware that any progress has been made on this recommendation. 
 
6.6 Research Based on Recommendations Addressing Finding #6 
 
6.6.1 Recommendation 6.1 
 
Account for emissions on a seasonal basis, for example following the California methodology 
that includes identifying and evaluating agricultural, meteorological, and land use data bases 
for selected Class I areas. 
 

We assume that individual states and counties are currently working on this 
recommendation. 

 
6.6.2 Recommendation 6.2 
 
Adapt nephelometer sampling schedules and wind measurements at selected IMPROVE sites to 
5-minute averages to better detect high concentrations of suspended particles that might arise 
from fugitive dust sources. 
 

We are not aware that any progress has been made on this recommendation. 
 
6.6.3 Recommendation 6.3 
 
Operate continuous particle monitors at 30-minute or shorter time resolution at selected 
IMPROVE sites; examine these data to determine the fraction of a 24-hour sample that is 
contributed by short duration events; and evaluate the magnitude of these events relative to 
longer-term emissions estimates. 
 

We are not aware that any progress has been made on this recommendation. 
 
6.7 Research Based on Recommendations Addressing Finding #7 
 
6.7.1 Recommendation 7.1 
 
Catalog, describe, and evaluate spatial data bases such as soil surveys, digital road maps, 
satellite and other land use data (e.g., BELD data base), meteorological measurements and 
models to interpolate and extrapolate measurements, and traffic demand estimates; determine 
the availability and costs of these data; and identify technical and cost impediments for using 
them to improve fugitive dust inventories. 
 

We are not aware that any progress has been made on this recommendation. 
 
6.7.2 Recommendation 7.2 
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Develop and apply a systematic program to sample representative soils; determine their PM10 
and PM2.5 indices based on the methodology of Carvacho et. al (1996) which uses the ASTM 
wet sieve method rather than the dry sieve method used by EPA (i.e., in AP-42); relate these to 
soil texture properties in soil surveys; and use these to estimate suspendable particle reservoirs 
on open lands. 
 

We are not aware that any progress has been made on this recommendation. 
 
6.7.3 Recommendation 7.3 
 
Develop and apply a practical method to obtain continuous roadway dust loadings (e.g., 
forward-scattering nephelometer); evaluate the potential to apply this method during normal 
driving cycles of park personnel and others in Class I areas; evaluate these data to determine 
statistical distributions of surface loadings; and determine how they change with different 
variables. 
 

Hamden Kuhns of DRI has started to make some progress in this area (Kuhns et al. 
2001). 

 
6.7.4 Recommendation 7.4 
 
Develop and apply a flexible GIS emissions modeling structure that continuously acquires and 
updates spatial surrogates from existing and planned data bases and propagates this new 
information into better estimates of reservoirs, dust-suspending activities, and attenuation 
caused by obstacles near the point of emission. 
 

We are not aware of any progress has been made on this recommendation. 
 
6.8 Fine Particulate Research Based on Recommendations Addressing Finding #8 
 
6.8.1 Recommendation 8.1 
 
Conduct field tests to quantify the vertical PM2.5 flux for fugitive windblown dust and 
mechanically suspended road dust. 
 

We are not aware of any progress that has been made on this recommendation. 
 
6.9 Regional Models Research Based on Recommendations Addressing Finding #9 
 
6.9.1 Recommendation 9.1 
 
Reconcile model predictions with measurements by incorporating an interim method for 
accounting for near source removal of particles into regional models. 
 

There has been no progress on applying dispersion models with vertical fugitive dust 
emissions flux rather than the local-scale horizontal flux as inputs. 
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6.9.2 Recommendation 9.2 
 
Incorporate particle removal estimation methods into regional models as they become available. 
 

We are not aware of any progress that has been made on this recommendation. 
 
6.10 Research on Disturbed Vs Undisturbed Surfaces Based on Recommendations 
Addressing Finding #10 
 
6.10.1 Recommendation 10.1 
 
Catalog existing studies and conduct studies to determine if different surfaces are supply limited 
or supply-unlimited (i.e., unlimited particle reservoir). 
 

The WRAP Emission’s Forum study scheduled in late 2002 to determine fugitive dust 
emissions due to wind erosion utilizing the MacDougall method will address this issue 
(RFP 02WGA121WRAP). 

 
6.10.2 Recommendation 10.2 
 
Conduct studies to determine the effect that different kinds of disturbance have on the 
aerodynamic roughness height of different surfaces. 
 

We are not aware of any progress that has been made on this recommendation. 
 
6.11 Receptor Data Analysis and Source Apportionment Research Based on 
Recommendations Addressing Finding #11 
 
6.11.1 Recommendation 11.1 
 
Examine the IMPROVE data base for evidence of fugitive dust episodes, marker compounds, and 
unique ratios of soil-related elements. 
 

Watson (2002) plotted a time series of concentrations for soil-related elements (Si, Ca, K, 
Al, Fe, Ti) at Yosemite that clearly corresponded to a mid-April, 1998 Chinese dust 
storm episode that was widely reported in the scientific literature.  This analysis could be 
extended to all IMPROVE data from western sites as part of the WRAP enrichments of 
geological elements relative to median ratios or to soil compositions typical of the areas 
in which samplers are located; and determine the extent to which different elemental 
ratios are observed, outside of natural variability, and determine the extent to which these 
are correlated with elevated PM2.5 soil or coarse particle mass concentrations. 

 
6.11.2 Recommendation 11.2 
 
Examine DRUM impactor measurements for soil related species from IMPROVE special studies 
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No progress has been made on this topic. 

 
6.11.3 Recommendation 11.3 
 
Examine nephelometer light scattering data from the IMPROVE network to determine the extent 
to which spikes are observed and whether these can be related to fugitive dust or other sources. 
 

No progress has been made on this topic. 
 
6.11.4 Recommendation 11.4 
 
Critically review previous studies of microscopic, isotopic, organic, and other measurement 
methods with respect to their ability to distinguish among different land forms and fugitive dust 
emitters; and determine which methods can be practically applied to source characterization 
and ambient sampling. 
 

Watson (2002) cited references to articles identifying fugitive dust markers, but these 
were not extensively analyzed in that review.  This literature still needs to updated and 
surveyed. 

 
6.11.5 Recommendation 11.5 
 
Design and implement a systematic source profile measurement program for geological samples 
obtained from open surfaces upwind of Class I areas in the West. 
 

Chow et al. (2002) report composite PM2.5 and PM10 fugitive dust and other source 
profiles measured in western Texas as part of the BRAVO study.  These are being used 
for speciated inventories and receptor modeling as part of that study.  
 
The ARB Fugitive Dust Characterization Study (Ashbaugh et al., 2002, Chow et al., 
2002) obtained samples from 50 agricultural, paved road, construction, and unpaved 
areas in California’s San Joaquin Valley.  PM10 and bulk samples were submitted to 
analyses for elements, ions, and carbon as well as DNA, organic compounds, pesticides, 
and single particles.  Profiles have been constructed for elements, ions, and eight 
IMPROVE carbon fractions.  The carbon fractions do show some differences among 
sources, and phosphorous appears to distinguish cattle feedlots and dairies from other 
geological sources.  The incorporation of other markers into the profiles will be 
conducted as part of CRPAQS data analysis at DRI during 2003. 
 
EPA has initiated a contract with PES to convene an advisory panel to: (1) identify 
source profile data that can be obtained and added to the SPECIATE database; (2) 
recommend improvement of the SPECIATE database to better serve the modeling 
community; and (3) review and comment on the suitability of data collected for inclusion 
in SPECIATE.  Contact Gregory Pagett [GMPagett@mactec.com] for more details on 
this project. 
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6.11.6 Recommendation 11.6 
 
Implement high time resolution methods, preferably ones that are specific to coarse particles, at 
several IMPROVE sites and between these sites and suspected source areas. 
 

A Radiance nephelometer with a smart heater was operated at the Yosemite Turtleback 
dome site during 2000 as part of the Central California Regional PM10/PM2.5 Particulate 
Study (CRPAQS), measuring five minute averages.  These data will be examined as part 
of CRPAQS data analysis to determine when nearby emissions occur, their durations, and 
their contributions to 24-hour averages. 

 
6.11.7 Recommendation 11.7 
 
Characterize the chemical composition of the coarse aerosol fraction collected at selected 
IMPROVE sites and use the chemical mass balance (CMB) receptor model to try to differentiate 
between different fugitive dust source categories. 
 

No progress has been made on this topic. 
 
6.11.8 Recommendation 11.8 
 
Identify and develop methodology for resolving local sources of fugitive dust from distant 
sources. 
 

No progress has been made on this topic. 
 
6.11.9 Recommendation 11.9 
 
Identify and develop methodology for resolving road dust from windblown dust. 
 

No progress has been made on this topic. 
 



APPENDIX A 
 

DOCUMENTS REVIEWED BY FUGITIVE DUST EXPERT PANEL 
 
 
Activity Databases for PM-2.5 Fugitive Dust Inventories, Task 1.  Regionally Transportable 
Emissions, Second Revised Draft Report, prepared by MRI for USEPA, March 30, 2002. 
 
Task 1.  Regionally Transportable Emissions, Part II, Preliminary Estimate of County-level 
Transport Fraction Using Acreage-weighted County Land Cover Characteristics, report 
prepared by Thompson Pace and Chatten Cowherd, May 24, 2002. 
 
Improved Activity Levels for National Emission Inventories of Fugitive Dust from Paved and 
Unpaved Roads, paper by Chatten Cowherd, Mary Ann Grelinger, Courtney Kies and Thompson 
Pace, presented at USEPA Emissions Inventory Conference, Atlanta, April 2002. 
 
Section 3.  Unpaved Roads Activity Levels, from Activity Databases for PM-2.5 Fugitive Dust 
Inventories, Task 3.  Paved and Unpaved Roads, Revised Draft Report, prepared by MRI for 
USEPA, March 30, 2002. 
 
Empirical Method for Determining Fugitive Dust Emissions from Wind Erosion of Vacant Land, 
document prepared by Catherine MacDougall for WRAP’s Emissions Forum, June 6, 2002. 



Vegetation Type Common Name Height (m) LAI vd (cm/s)

B-12MRI-AED\R110130-05-03 Task 1 Rev 2.wpd

Cham Prt-orford cedar 15 4.5 1.571197
Juni Eastern red cedar 15 4.5 1.571197
Meli Chinaberry 15 4.5 1.571197
Alnu European alder 14 4.5 1.5531
Cata Catalpa 13 4.5 1.533931
Moru Mulberry 13 4.5 1.533931
Ostr Hophornbeam 13 4.5 1.533931
Cott Cotton 1.8 256.7 1.520149
Ilex Holly 12 4.5 1.513533
Paul Paulownia 12 4.5 1.513533
Sorg Sorghum 1.2 577.6 1.497667
Aesc Buckeye 11 4.5 1.491706
Coru Dogwood 11 4.5 1.491706
Robi Black locust 11 4.5 1.491706
Sapi Chinese tallow tree 11 4.5 1.491706
Sass Sassafras 11 4.5 1.491706
Toba Tobacco 1.5 256.7 1.45478
Coti Smoke tree 9 4.5 1.442681
Macl Osage orange 9 4.5 1.442681
Sorb Mountain ash 9 4.5 1.442681
Scru Scrub 2 57.8 1.415517
Carp Hornbean 8 4.5 1.414709
Crat Hawthorn 8 4.5 1.414709
Hale Silverbell 8 4.5 1.414709
Plan Water elm 8 4.5 1.414709
Asim Pawpaw 7 4.5 1.383667
Aleu Tung-oil tree 6 4.5 1.348658
Amel Serviceberry 6 4.5 1.348658
Cerc Redbud 6 4.5 1.348658
Scwd Scrub woodland 2 31.2 1.31957
Malu Apple 5 4.5 1.308303
Wetf Wetland forest 20 0.2 1.288912
Whea Wheat 1 192.5 1.26967
Barl Barley 0.8 256.7 1.237106
Vacc Blueberry 2.5 4.5 1.163427
Oats Oats 0.6 256.7 1.14268
Pota Potato 0.6 192.5 1.105982
Hay Hay 1.5 12 1.051489
Rye Rye 1.1 12.8 0.991857
Rice Rice 3 0.2 0.982101
Misc 1 12.8 0.9724
Mscp Misc crops 1 12.8 0.9724
Gras Grass 0.5 57.8 0.930956
Othe Unknown, assume grass 0.5 57.8 0.930956
Alfa Alfalfa 0.8 12.8 0.927677
Pean Peanuts 0.5 12.8 0.836889
Soyb Soybean 0.4 12.8 0.79524
Barr Barren 0 0 0.305658
Uoth other urban 0 0 0.305658
Wate Water 0 0 0.305658
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Introduction 
 
Significant PM emissions are produced by fugitive dust sources such as unpaved roads, 
agricultural field operations and construction activities.  In the 1980’s the EPA technical 
and policy staffs  began to recognize that the estimates of fugitive dust emissions were 
much higher than could be supported by corresponding analyses of ambient samples.  A 
report by the Grand Canyon Visibility Transport Commission (1996) underscored this 
concern.   In the absence of evidence as to why this discrepancy occurred, the EPA 
suggested as an interim measure, a crude adjustment factor be applied to reduce the 
overall fugitive dust estimates when such estimates were used in regional modeling.  This 
approach, simply put, was to divide the dust emissions by four.    
 
Discussion and Methodology 
 
Beginning with a workshop convened by the EPA and Dr John Watson of DRI (Watson 
& Chow, 2000) and continued by the work of a panel of experts convened by the WRAP 
(Countess, 2001), evidence is mounting that vegetative groundcover (e.g., grasses, 
shrubs, trees) bordering these emission sources capture a significant amount of fugitive 
dust within a short distance.  This is due to a combination the following:  1) most of the 
fugitive dust is less than 2m above ground level at the point where their emissions are 
traditionally measured (Watson, Chow and Pace 2001);  2) research on thermal and 
electrostatic effects (Flagan 2001, Gieseke 1972), experience with windbreaks in 
agricultural areas and a large body of anecdotal evidence support the notion that 
vegetative surfaces are very effective at capturing dust.    
 
Thus, it is proposed that much of the fugitive dust emissions will be removed close to the 
source if vegetative cover is nearby.   Removal is by a variety of mechanisms, including 
e.g., impaction, interception, diffusion, electrostatic agglomeration/deposition,  
thermally-driven deposition and enhanced gravitational settling in the stilling zone 
beneath and within the vegetative canopy.   None of these dust removal mechanisms is  
properly represented in the CMAQ or REMSAD atmospheric dispersion models.  As a 
result, the models may overpredict downwind concentrations of soil-related particulate 
matter (PM) and associated visibility impairment, depending on the nature of the 
surrounding groundcover.  
 
The term Transport Fraction (TF) is proposed to describe that fraction of fugitive dust 
emissions that would escape (or bypass) the nearby surface cover and be subject to 
regional transport.  The Transport Fraction is intended to improve upon (and replace) the  
“divide-by-4” approach used in recent years.   
 
The TF estimates herein are based on the assumption that dust removal will be enhanced 
by the presence of taller and more dense vegetation.  Information is not available to 
determine the microenvironment and amount of vegetation around each dust source.  
Thus, we must estimate the TF based on the range of vegetative characteristics within  
each county.   Vegetative characteristics are available at the county level in the BELD 
data base, a compendium of surface cover (mainly vegetation) characteristics used by the 
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BEIS biogenics emission model (Birth & Geron 1995).   BELD contains data on several 
hundred species of vegetation at a 1 km cell size.  For this analysis, county-level 
summaries were used; however, note that CMAQ can access the 1 km dataset to give 
enhanced spatial resolution.  
  
The BELD dataset also includes estimates of height and leaf area index for key species in 
its database.  Typically, grasses are assumed to be 0.5m high , trees (11-38m) and crops 
(0.5 – 1.5m).   The leaf area index (LAI, an indication of leaf density) is also given, but 
the analysis herein only considers differences in particle removal effectiveness due to the 
LAI in a very general way.   Evaluation of available research on the effectiveness of 
various vegetative (and other structures) on dust removal may enable refinement of the 
TF’s in the future.   
 
The surface covers described in BELD were consolidated into 6 groups: Barren / Water, 
Agriculture, Grasses, Urban, Scrub / Sparsely  Wooded & Forested.   The removal 
effectiveness of barren soil and water is assumed to be minimal (TF=0.97).   Crops will 
remove fugitive dust generated by agricultural operations performed after the crop begins 
to grow.   A weighed average annual value TF of 0.85 is assumed for crops.  A mixed 
urban environment (vegetation and structures) is assumed to have an overall TF of 0.4.   
The TF’s for Scrub and sparsely wooded areas and grasslands are both estimated to be 
0.3.   Forests would capture almost all dust because of the stilling zone beneath the forest 
canopy, thus, a very low (0.05) TF is assumed.  Future improvements could (and should) 
be made to account for seasonal differences in the agricultural TF, based on crop 
calendars and tilling practices.   Also, the forest TF should be refined regionally and 
seasonally to account for the diminished dust removal capacity of deciduous trees in the 
wintertime.   
 
Example Calculation 
 
The overall TF for each county is developed by computing a weighted average of the 
vegetation in each county and the TF for that type of vegetation.   The TFs for each 
vegetation type were assigned as follows:   Barren & Water: 97%;  Agricultural: 85%; 
Grasses: 70%; Urban: 40%; Scrub and Sparsely wooded: 30% and Forested: 5%.  
County-level land use was derived from the BELD database.  Table 1 summarizes the 
TF’s and landuse data by category for 2 counties, Oglethorpe Co, GA and Churchill Co, 
NV.  Note that the same exercise could be done at the 1 km grid cell resolution. 
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Table 1  Assumed Transport Fractions by Land Use Category and Fractional Land 
Use by Category for Churchill Co NV and Oglethorpe Co GA  
 

Land Use 
Category 

Barren 
& Water 
(B&W) 

Agricultural Grasses Urban Scrub & Sparse 
Vegetation 

Forested 

TF for Category 0.97 0.85 0.7 0.4 0.3 0.05 
Fractional Land 
Use in Churchill 
Co NV 

0.33 0.03 0.2 0 0.36 0.05 

Fractional Land 
Use in Oglethorpe 
Co GA 

0 0.1 0.14 0 0 0.76 

 
 (Note: Fractional Land Use may not  add to 1.0 due to rounding) 
 
County-wide values of TF are calculated as follows: 
 
TF (Countywide)  =  ∑ TF B&W * B&W County Fractional Land Use + ….. + TF Forest 
* Forest County Fractional land Use 
 
Churchill Co NV 
TF = ∑ 0.97(.33) + .85(.03) + .7(.20) + .4(0) + .3(.36) + .05(.05) 
TF = 0.6 (60% is regionally transportable in Churchill Co NV) 
 
Oglethorpe Co GA 
TF = ∑ 0.97(.0) + .85(.1) + .7(.14) + .4(0) + .3(.0) + .05(.76) 
TF = 0.22 (22% is regionally transportable in Oglethorpe Co GA) 
 
Discussion and Results 
 
The countywide TF relies on several assumptions, each of which will introduce 
uncertainty into the countywide TF estimates.   
 

• The TF for each vegetative type was assigned based on a qualitative 
understanding of the relationship between the vegetation’s particle removal 
effectiveness and the height, plant density and leafyness of the vegetation.  The 
limiting case analysis summarized in Table 3 of Part I constituted the basis of the 
TF’s assigned to each vegetation type.   

• No seasonality was considered when assigning the TF’s for forests and 
agriculture.  The growing season and the crop type for agriculture and the timing 
for leaf emergence on deciduous trees should be considered in the future. 

• This approach assumes that sources are distributed uniformly within a county, i.e., 
in proportion to the acreage assigned to each surface cover type.  Thus, if a county 
is 50% forested, its assumed that 50% of the unpaved roads are in a forested area.  
This may not be true, but there is no database readily accessable to make a more 
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accurate assignment of sources into the various surface cover categories at this 
time.  A 1 km resolution groundcover database is available for use in regional 
modeling systems.  As modeling systems such as CMAQ become linked with 
GIS-based area and mobile source databases, it will be feasible to use this 1 km 
surface cover database to distribute the sources among the surface cover types 
more accurately.    

 
The map in Figure 1 shows how the TF  varies by county across the US.   The variation 
in vegetative groundcover across the US is reflected in the countywide TF’s.  This 
includes,  for example, the effects of (a) the heavily forested areas in the southeast and 
the Pacific NW, (b) the arid areas of the Southwest, and (c) the agricultural breadbaskets 
of the Central US and the San Joaquin Valley in CA.  Note that nationally, the 
countywide TF ranges from 0.05 to 0.97.   The average TF is 0.6 across all counties in the 
Western US (WRAP domain) and 0.45 in the Eastern US.    
 
It is proposed that the TF be applied initially to the following non wind generated fugitive 
dust categories:  unpaved roads, construction and agricultural field operations.  These 
estimates of transport fraction should be considered a first approximation of particle 
removal.  More research is needed to test and refine the assignment of TFs to vegetative 
types.  
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Figure 1.  DRAFT National Map of Fugitive Dust Transport Fraction 
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ABSTRACT 
 
 A review of source activity data sources suggests that a significant deficiency exists in 
the methods for gathering activity data for paved and unpaved roads.  The resultant data 
sets are suspected of being inadequate for proper spatial and temporal representation of 
emission inventories.  This paper presents improved methodologies to construct activity 
datasets for development of fugitive dust emission estimates by county and by month.  The 
required data sets include paved road silt loading, unpaved road silt content, and unpaved 
road moisture content.  This paper demonstrates how the new activity data sets help to 
improve the reliability of emission inventory calculations. 
 
 The silt loading data for paved roads have been divided into baseline contributions 
from ubiquitous sources and hot spot contributions from application of antiskid materials 
and from mud/dirt track-out.  The baseline silt loading is found to be inversely proportional 
to the traffic volume on a paved road.  The amount of antiskid material is related to the 
annual snowfall in a region.   The hotspot contribution from mud/dirt track-out is 
dependent on the number of construction sites and the extent of industrial activities 
involving aggregate handling and transport. 
 
 Fugitive dust emissions from unpaved roads depend on the silt content that in turn is 
related to whether native soil or road aggregate is utilized as the surface material.  The 
moisture content of unpaved roads is related to climatic parameters that influence moisture 
accumulation and moisture loss in the top surface layer.  Moisture loss also is dependent 
on the volume of vehicle traffic because of the enhanced evaporation rate.  Unpaved road 
traffic volume can be predicted on the basis of rural road mileage and rural population 
density. 
 
 
INTRODUCTION 
 
 This paper reports on certain aspects of a project entitled “Activity Databases for 
Fugitive Dust Inventories (EPA Contract No. 68-D-01-002, Work Assignment No. 1-05)” 
being conducted by Midwest Research Institute.  The purpose of this MRI project is to 
gather and analyze source activity data that would improve EPA’s national county-by-
county emission inventory of fugitive dust sources (for both PM-10 and PM-2.5). There is 
substantial evidence that the modeled air quality impacts of these sources substantially 
exceed observed impacts derived from source apportionment of the PM concentration 
levels (Countess et al., 2001).   



 
 Part of the overprediction of the air quality impacts of fugitive dust sources may be 
related to correction parameter values used with the predictive emission factor equations in 
AP-42.  For example, the historical silt loading database for paved roads has placed too 
much emphasis on “worst case” loadings associated with the use of antiskid abrasives for 
snow/ice control. 
 
 With regard to the atmospheric transport, it has been proposed that this problem be 
resolved by separating fugitive dust emissions into two components.  “Transportable” 
emissions are only those particles that are vertically mixed beyond a certain elevation 
above ground level for transport over long distances.  In contrast, particle emissions that 
remain near the surface are quickly depleted by various physical mechanisms, mostly 
associated with ground roughness elements.  Only the “transportable” PM emissions would 
be used for ambient air quality modeling purposes. 
 
 The project is divided into four tasks as described below.  This paper addresses 
aspects of the project (under Task 2 and 3) having to do with activity levels for fugitive 
dust generated by paved and unpaved roads. 
 
 Task 1 addresses enhanced near-source removal mechanisms for airborne fugitive 
dust particles. It is believed that over the first 200 meters or so of travel distance, much of 
the dust from sources such as unpaved roads may be removed by surface vegetation. This 
removal mechanism is not adequately addressed by available atmospheric dispersion 
models, especially those that are designed for assessing regional air quality impacts.  The 
product of this task will be monthly values of estimated fugitive dust deposition velocities 
for each county, based on seasonal conditions and prevailing surface cover for each 
county.  
 
 Task 2 is aimed at developing a monthly soil moisture database that would be 
applicable to a variety of fugitive dust sources (unpaved dirt roads, construction activities, 
open area wind erosion, and agricultural land preparation). This database would also be 
spatially resolved by county. Another part of this task calls for a national crop calendar 
showing the crop acreage grown at the county level and when major agricultural operations 
occur.  This task will not be completed until we receive additional input from USDA. 
 
 Task 3 addresses emission inventory input parameters for paved and unpaved roads. 
For paved roads, an improved methodology is needed for assigning seasonal road surface 
silt loading values by county. This must take into account such factors as increases in 
winter/spring silt loading values due to the application of antiskid abrasives in areas with 
substantial snowfall. For unpaved roads, there is a need for better data on county VMT 
values, which are currently derived by apportioning state totals on the basis of county area 
(rather than population density). 
 
 Task 4 has its purpose to summarize the wind erosion algorithms currently in use by 
researchers in USDA and universities for estimating fine particle emissions from high 
wind events. The applicability of USDA Wind Erosion Prediction System for annual 
county-by-county emission estimates is of particular interest.   
SURFACE MOISTURE CONTENT  



 
 Surface moisture is an important variable in the estimation of fugitive dust emissions 

due to wind, unpaved roads, tilling, land preparation, and other mechanical activities that 
entrain dust from crustal surface materials.  For sources such as unpaved roads, a surface 
moisture is required, but for sources such as agricultural tilling that disturb the surface to a 
greater depth, the soil moisture should apply to the appropriate depth of disturbance.  The 
lack of an available uniform set of soil moisture data for use in emission inventory 
preparation necessitates the evaluation of alternative data bases that can be adapted to 
provide the soil moisture information required.   

 
 The investigation of monthly and county resolved soil moisture data sets and 

methodologies began with a study of current methods for determining soil moisture 
content.  Examples included the Wind Erosion Prediction System (WEPS) model and other 
predictive models that have been used to generate soil moisture datasets. 

 
 Few sources of surface soil moisture data are available that provide monthly values 

for each of the more than 3,000 counties in the U.S.  The Global Soil Moisture Data Bank 
maintained by the Department of Environmental Sciences at Rutgers University is 
currently compiling soil moisture data sets as they are received, but currently the only two 
states in the U.S. that are characterized are Illinois and Iowa.  The USDA-ARS is also 
undertaking measures to produce soil moisture values by using Synthetic Aperture Radar 
(SAR) as a potential means of measuring soil moisture from space or high altitude 
platforms.  NASA is also looking at a similar method to derive soil moisture data by using 
the Electronically Scanned Thinned Array Radiometer (ESTAR).  A recent study 
conducted on a 10,000 km2 area in Oklahoma produced soil moisture percentages that 
account for soil temperature, vegetation type, surface roughness, soil texture, and other 
parameters affecting soil moisture.  These measurement methods may eventually lead to 
methodologies for characterizing monthly soil moisture on a county basis. 

 
CPC Soil Moisture Data 
 
  The most complete set of soil moisture values currently available is that calculated 
by the NOAA Climate Prediction Center (CPC) of the National Centers for Environmental 
Prediction.  The soil moisture is calculated based on the water balance in the soil (Huang, 
et. al. 1996) “to the extent it participates in landsurface processes, that is, usually in the 
upper 1–2 m of soil.”  The components of the model are precipitation, evaporation, runoff, 
and groundwater loss.  The soil moisture over an area A is expressed by the formula: 
 

dW/dt = P(t) – E(t) – R(t) – G(t) 
 
where 
 
  W(t) = the soil water content at time t (mm) 
  P(t) = the mean areal precipitation over area A (mm) 
  E(t) = the mean areal evapotranspiration over area A (mm) 
  R(t) = the net sternflow divergence from area A (mm) 
 G(t) = the net groundwater loss (through deep percolation) from  

 area A (mm) 



 
  The runoff parameter R(t) consists of both surface runoff and subsurface runoff.  
The surface runoff is based on the capacity of the soil to hold water and for the database is 
estimated for Oklahoma soils with a capacity of 760 mm.  The evapotranspiration 
parameter E(t) is calculated by using Thornthwaite’s Method (1948) for determining 
potential evapotranspiration from the observed air temperature and duration of sunlight.  
The CPC database of soil moisture values contains soil moisture values in mm for 344 
climatic divisions in the U.S. for each month beginning in 1932.   
 
  In order to provide soil moisture values that can be applied to an emission inventory, 
measurements of gravimetric soil moisture percentage are needed.  The saturation value of 
760 mm for the Oklahoma soil is assumed to be equivalent to a 47% volumetric water 
content (communication with Huug van den Dool, 2001).  This was verified by comparing 
tables of soil hydraulic parameters grouped by soil textural class (Rawls, et. al. 1982) with 
values given on a volumetric basis.  The saturation levels for the different soil types ranged 
from 0.398 to 0.501 m3/m3.  Assuming that the density of water is 1 g/cm3 and the bulk soil 
density is 1.8 g/cm3, the 47% volumetric water content corresponds to 33% gravimetric 
water content.  This value was again verified by comparison to the saturation level of 
various soil types on a gravimetric basis (Rawls, et. al. 1982). 
 
  The CPC monthly soil moisture values in mm were converted to percent gravimetric 
water content by assuming 0 mm corresponded to 0% moisture by weight and 760 mm 
corresponded to 33% moisture by weight.  A linear interpolation was made between the 
two points to produce a conversion factor of 0.04. 
 
  The yearly soil moisture values were averaged for each national climatic division 
and month to produce a database of average soil moisture values in mm for each month.  
These values were then multiplied by the conversion factor to produce the soil moisture 
content by weight. 
 
  The CPC provides state maps of the state climatic divisions, as seen in Figure 1 for 
Nevada counties.  These maps locate the state climatic divisions relative to the county 
lines.  The latitude and longitude of each of the national climatic divisions is used to relate 
the state climatic divisions to the national climatic divisions.  The county lines do not 
always follow the climatic divisions, so a county was assigned to the climatic division, 
encompassing the highest fraction of the county area. 
 
 As a result of this work, two soil moisture databases were produced.  The first 
database lists the average monthly 1-m soil moisture values (by weight) by state name and 
county name.  The second lists the values by the county FIPS code.  
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 

 
 
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 1.  Nevada State Climatic Divisions Map 
  
 A list of the on-line documents used to create the soil moisture database is listed 
below: 
 
 • Description of soil moisture files: 

ftp://ftp.ncep.noaa.gov/pub/cpc/wd51jh/readme 
 
 • Soil moisture values in mm (1932-2000): 

ftp://ftp.ncep.noaa.gov/pub/cpc/wd51jh/w3100.friendly 
 
 • State climatic divisions showing county lines: 

http://www.cpc.ncep.noaa.gov/products/analysis_monitoring/regional_monito
ring/CLIM_DIVS/states_counties_climate-divisions.html 

 



 • Latitude and longitude of national climatic divisions: 
ftp://ftp.ncep.noaa.gov/pub/cpc/wd51jh/cdlalo.dat 

 
Surface Soil Moisture 
 
 Soil moisture to a depth of 1 m is appropriate for dust-generating activities such as 
soil excavation and may be appropriate for certain agricultural operations such as tilling.  
However, surface moisture to a depth of about 1 cm is more appropriate for vehicle traffic 
on unpaved roads or other unpaved travel surfaces.   
 
 Surface moisture can be increased by natural precipitation or by watering as a dust 
control method.  During daytime hours when most traffic on unpaved surfaces occurs, 
evaporation from the surface (which is enhanced by vehicle traffic) is likely to reduce the 
surface moisture significantly below the value in the subsurface soil or road base material. 
 
 USEPA’s current emission factor for vehicle travel on unpaved roads (EPA, 1995) 
contains a multiplicative term for the residual effects of surface moisture (raised to the -0.3 
power).  However a much stronger (inverse square) dependence on moisture can be used to 
represent the control effectiveness of an unpaved road watering program (USEPA, 1988). 
 
 The soil moisture database developed by Pleim and Xiu (2001) provides information 
on model-predicted surface (1-cm) soil moisture values as well as 1-m soil moisture values 
for 32 km grid cells that encompass the entire U.S.  These results are limited to a 6-week 
observation period (June 15, 1999, to July 26, 1999).  Ratios of 1-cm to 1-m moisture 
values developed by Pleim and Xiu may be useful in adjusting the monthly 1-m soil 
moisture values determined from the NOAA Climate Prediction Center data for 1932 
through 2000. 
 
Unpaved Road Surface Silt and Moisture  
 
 Actual unpaved road surface moisture silt values obtained by MRI during emission 
testing are given in Tables 1 and 2.  The test reports that contain these data are identified 
by Cowherd et al.(2002).  Silt is defined as particles passing a 200-mesh screen upon dry 
sieving.  In the current emission factor for unpaved roads (USEPA, 1995), it appears in a 
multiplicative correction term raised to the 0.8 power. 
 
 These values provide potential ground truth data that might be useful in developing a 
broader spectrum of unpaved road surface moisture values by county and month.  For 
example, the CPC modeled 1-m soil moisture values, after adjustment to modeled 1-cm 
values using the Pleim and Xiu ratios, could be “calibrated” against moisture values for the 
months and locations where the actual measurements were made.   
 
 

 



Table 1.  Measured Surface Silt and Moisture Values for Gravel Roads 
 
East of 97th Meridian 

Location EPA Region Test Date Silt (%) Moisture (%) 

Grandview, MO 7 Nov 95 
Nov 95 
Nov 95 
Dec 95 
Dec 95 

7.2 
6.2 
6.1 
7.6 
8.0 

0.93 
0.65 
0.54 
1.38 
1.12 

Raleigh, NC 4 Apr 96 
Apr 96 
Apr 96 
Apr 96 

4.0 
2.9 
4.3 
3.1 

0.10 
0.10 
0.07 
0.09 

Kansas 7 Aug 81 
Aug 81 
Sep 81 
Sep 81 
Sep 81 

9.5 
9.1 
7.7 
8.6 
9.2 

0.25 
0.30 
0.27 
0.40 
0.37 

Franklin Co., KS 8 Apr 73 
Apr 73 

12.0 
13.0 

3.80 
1.40 

West of 97th Meridian 

La Grande, OR 10 May 91 
May 91 
May 91 
May 91 
May 91 
May 91 
May 91 
May 91 
May 91 
May 91 
May 91 

4.5 
1.0 
0.4 
0.7 
0.4 
1.9 
0.9 
2.4 
0.5 
0.6 
1.6 

1.52 
2.40 
1.73 
1.94 
1.81 
1.61 
1.29 
1.59 
1.50 
1.54 
1.34 

Klamath Falls, OR 10 Jun 91 
Jun 91 
Jun 91 
Jun 91 
Jun 91 
Jun 91 
Jun 91 
Jun 91 
Jun 91 
Jun 91 
Jun 91 

6.5 
4.8 
9.3 

12.6 
5.8 

12.5 
9.4 
9.9 
7.1 

11.8 
7.1 

0.90 
0.88 
0.97 
1.05 
0.63 
0.78 
0.78 
0.42 
0.48 
1.20 
0.38 

Grants Pass, OR 10 Jun 91 
Jun 91 
Jun 91 
Jun 91 

10.8 
11.2 
10.8 
4.9 

0.38 
0.18 
0.14 
0.27 

Colorado 8 Apr 82 5.0 0.26 



Maricopa, AZ 9 Unknown 
Unknown 
Unknown 
Unknown 

7.5 
2.9 

15.2 
0.1 

 

 
 

Table 2.  Measured Surface Silt and Moisture Values for Dirt Roads 
 

East of 97th Meridian 
Location EPA Region Test Date Silt (%) Moisture (%) 

Lake Calumet, IL 5 Aug 87 
Aug 87 
Aug 87 
Aug 87 
Aug 87 
Aug 87 

8.0 
8.3 
10.0 
12.0 
4.8 
4.9 

0.39 
0.99 
0.42 
0.60 
0.70 
1.00 

Missouri 7 Mar 82 
Mar 82 
Mar 82 
Apr 82 

35.1 
16.7 
16.8 
5.8 

3.90 
4.50 
3.20 
3.10 

West of 97th Meridian 

Reno, NV 9 May 96 
May 96 
May 96 
May 96 

7.2 
5.2 
5.9 
6.6 

0.48 
0.44 
0.45 
0.38 

Pinal Co., AZ 9 May 90 11.0 0.20 

Pima Co., AZ 9 May 90 7.4 0.22 

Yuma Co., AZ 9 May 90 4.3 0.17 



Morton Co. and 
Wallace Co., KS 

7 Jun 73 68.0 3.20 

Maricopa,. AZ 9 Unknown 0.8  

Pima, AZ 9 Unknown 
Unknown 
Unknown 
Unknown 
Unknown 

4.4 
4.4 
4.5 
5.7 
6.5 

 

Unknown 
California 

9 Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 

10.6 
7.6 
10.3 
3.4 
10.4 
8.6 
11.1 
10.2 

 

 
 The measured road surface silt and moisture values in Tables 1 and 2 are divided into 

eastern and western locations (relative to the 97th meridian).  In addition, gravel roads are 
separated from dirt roads.  Also shown are the months when the samples were taken. 
 
 
 
 
 Statistical summaries of the components of the road surface material are given in 

Tables 3 and 4.  As expected, on average, the moisture content of roads in the east is higher 
than the moisture content of roads in the west.  Also, the moisture content of dirt roads is 
higher than the moisture content of gravel roads. 
 
 Typically the moisture content on an unpaved road follows a diurnal cycle.  The 

moisture content is highest after nighttime hours, due to low evaporation rates and 
potential condensation.  With the onset of sunlight, natural evaporation rates increase and 
roadway traffic enhances the evaporation rate.  According to a recommended watering 



effectiveness model developed by Cowherd and Kinsey (1986), the rate of decrease in soil 
moisture is proportional to the hourly daytime evaporation rate (Class A pan evaporation) 
and the hourly traffic rate.   
 
 It should be noted that most of the samples collected by MRI as part of unpaved road 

emission factor development were collected during the driest part of the diurnal moisture 
cycle.  The unusually low moisture values obtained on a gravel test road in Raleigh, North 
Carolina, probably reflect the large amount of captive traffic that was created to reduce the 
sampling time necessary to collect quantitative PM-2.5 emission profiles. 
 
 
PAVED ROAD SILT LOADINGS 
 
 Traffic entrained dust from paved roads is a major source of PM emissions in urban 

areas.  During the past 20 years, a considerable number of emission tests have been 
performed to characterize the processes important in the deposition and removal of surface 
dust on paved roads.  These reports have shown that PM emissions are positively 
correlated with the product of the dust loading and the silt content of the road surface 
material, which is referred to as the silt loading (typically in units of g/m2).  According to 
the predictive emission factor equation in USEPA’s emission factor handbook (AP-42), 
PM-10 emissions are proportional to silt loading raised to the 0.65 power (USEPA, 1995).  
The collected data also have shown that the surface silt loading decreases with increasing 
traffic volume, as represented by average daily traffic count (ADT). 
 
 A combination of ubiquitous dust sources and hotspot sources contribute to paved 

road surface silt loadings and resulting fugitive dust emissions from paved roads.  The 
ubiquitous sources include deposition of windblown particles, spillage, litter, deposits from 
undercarriages of cars and trucks, road and tire wear, material blowing off haul trucks and 
transport vehicles, and other sources that deposit small amounts of dust on the roadway. 
 
 Higher loadings are found on some paved roads because of hotspot contributions 

resulting from track-out near construction sites, quarries, junctions of paved roads with 
unpaved roads or parking lots, and unpaved shoulders.  Wash-on is another source of 
hotspot loadings and occurs when road surfaces are flooded with soil-laden water.  Finally, 
unusually high silt loadings occur when sand or other anti-skid abrasives are applied to 
snow- and ice-covered roads to improve vehicle traction. 
 
 

Table 3.  Statistical Summary of Measured Surface Silt Values for Unpaved Roads 
 Ave (%) St. Dev No. of Tests 



Silt East of 97th 
Silt West of 97th 

9.260 
7.415 

6.4.4 
9.347 

26 
53 

Road Type 

Gravel-East 
Dirt-East 
Gravel-West 
Dirt-West 
Unknown-West 

7.398 
12.240 
5.773 
10.130 
9.025 

2.927 
2.826 
4.540 
16.807 
2.550 

16 
10 
31 
14 
8 

Region Number    

Region 4 
Region 5 
Region 7 
Region 8 
Region 9 
Region 10 

3.560 
8.000 
13.240 
5.000 
6.869 
5.702 

0.675 
2.826 
16.576 
0.000 
3.524 
4.406 

4 
6 
13 
1 
25 
26 

Gravel Overall 
Dirt Overall 
All Roads 

6.326 
11.009 

8.0 

4.104 
13.911 
8.494 

46 
24 
79 

Regions 4, 5, 7 
Regions 8, 9 
Region 10 

11.436 
6.797 
5.702 

12.932 
3.472 
4.406 

27 
26 
26 

 



Table 4.  Statistical Summary of Measured Surface Moisture Values 
for Unpaved Roads  

 Ave (%) St. Dev No. of Tests 

Site East of 97th 
Site West of 97th 

1.176 
0.957 

1.330 
0.726 

26 
35 

Road Type 

Gravel-East 
Dirt-East 
Gravel-West 
Dirt-West 

0.736 
1.880 
1.036 
0.693 

0.932 
1.603 
0.617 
1.021 

16 
10 
27 
8 

Region Number    

Region 4 
Region 5 
Region 7 
Region 8 
Region 9 
Region 10 

0.090 
0.683 
1.724 
0.260 
0.334 
1.066 

0.014 
0.267 
1.514 
0.000 
0.133 
0.609 

4 
6 
17 
1 
7 
26 

Gravel Overall 
Dirt Overall 
All Roads 

0.924 
1.352 
1.050 

0.753 
1.469 
1.023 

43 
18 
61 



Regions 4, 5, 7 
Regions 8, 9 
Region 10 

1.251 
0.325 
1.066 

1.361 
0.126 
0.609 

27 
8 
26 

  Hot spot silt loadings have been measured in a number of studies.  A series of field 
sampling tests were conducted  by MRI in the Minneapolis-St. Paul area during the early 
1980's and included the first data collection of hot spot silt loadings near construction sites.  
 Englehart, et al. (1983) defined a point where the increased silt loading on the 

roadway decayed to one standard deviation above the operational background from 
ubiquitous sources.  Enhanced surface loadings associated with active construction sites 
were discernable out to distances of approximately 300 m in either direction from the 
construction site access point.  The study also showed a higher track-out for commercial 
construction projects as compared to residential construction projects, but with the 
residential track-out having an influence on the ambient air quality for a longer period of 
time.  The study noted that track-out quantities varied according to the construction phase, 
with highest values in the middle stages of construction corresponding to higher site 
activity levels. 
 
 Kinsey, et al. (1993) investigated the application of sand and salt to roadways during 

winter conditions of ice and snow for effect on air quality in a field study conducted in 
Duluth, MN.  This study concluded that emission factors were generally higher than those 
predicted by the AP-42 equation, perhaps by as much as a factor of three. 
 
 
 Dirt/mud track-out from construction and demolition activities also was characterized 

in another field study (Raile, 1994).  The field sampling program was conducted on a 
paved arterial road with an average daily traffic volume of  ~10,000 and with track-out 
occurring on a 1200 ft long arterial road segment.  The road was used by heavy trucks to 
enter and exit from a construction site.  During the approximate 3-month duration of the 
study, more than 5,000 heavy trucks and other vehicles left the construction site.  Those 
vehicle passes were supplemented by the normal road traffic of approximately 500,000 
vehicle passes that further crushed and spread the tracked-out material along the arterial 
road.  The study found that mean silt loadings ranged between 2 to 4 g/m2 for uncontrolled 
conditions, although individual measured values ranged from 1.14 to 25.7 g/m2 during the 
testing period. 
 
 An analysis of the effect of sanding on winter baseline emissions in Denver was also 

studied by Cowherd, et al. (1998) based on a comparison of silt loading measurements in 
the fall of 1996 and in the winter of 1997.  These measurements were made at the Core 
Site (Kipling, north of Alameda, with an ADT of about 15,000), on Speer (on both sides of 
the intersection with Colfax) and on Jewell (on both sides of the intersection with 
Sheridan).  By examining the pre-winter baseline silt loading and the winter baseline silt 



loading for roads with wintertime sanding, the fractional increase in emissions was 
projected.  This increase in emissions represented a seasonal condition, without the 
enhanced impacts of individual sanding events during snowstorms. 
 
 In the Denver study, it was found that when sanded roads dry after such winter 

sanding events, the silt loadings (and PM-10 emissions) tend to be at a maximum.  These 
high emission periods extend in time until the silt loading has returned to the winter 
baseline level.  The time needed to return to the baseline condition ranges from only a few 
hours for high-speed limited-access roadways, to a week or more for residential roadways.  
For arterial roadways, which account for a substantial portion of the paved road particulate 
emissions, the time to return to the baseline condition is the order of a few days, depending 
on the amount of sand applied and the length of time for the snow melt on the roadway 
surface. 
 
 The baseline silt loading results from the Denver field study are summarized as 

follows: 
 

Baseline Silt Loading (g/m2)  
 

Denver Road Site Prewinter Winter 

Kipling 0.05 (November 6, 1996) 0.30 (March 15, 1997) 

Jewell 
(East of Sheridan) 

0.10 (November 15, 1996) 0.70 (December 23, 1996) 

Speer 
(South of Colfax) 

0.30 (November 14, 1996) 0.50 (December 22, 1996) 

 
 
 The ratios of winter to prewinter baseline silt loading range from about 2 to 6.  Based 

on the AP-42 emission factor equation, the corresponding range of PM-10 emission ratios 
is approximately 1.5 to 3. 
 
 Muleski, et al. (2000a) conducted field tests of the effectiveness of paved and 

graveled access aprons on mud/dirt track-out locations due to unpaved truck exit routes.   
The tests were conducted with controlled traffic consisting of light-duty vehicles.  
Uncontrolled total loadings ranged from 4.2 ∀  1.9 g/m2 , for a mixture of sand and native 
soil,  to 11.0 ∀  3.8 g/m2 for native soil alone.  A correlation between silt loading (sL) and 
moisture content (M) of the tracked-on soil was obtained: 
 
                                    sL = 0.096 (M) – 0.027       (R2 = 0.702)                                  (1) 
 
 This correlation was based on track-on of sandy soil to a paved road after tracking 

first through a gravel apron designed to remove mud/dirt from vehicle tires.  For moisture 
contents higher than about 8 percent, the gravel apron resulted in no net control, because 



the effect of the apron was more than offset by the increased track-on rate. 
 
 A recent study (Muleski, et al., 2001b) characterized PM emissions from paved roads 

with increased surface loading due to mud/dirt trackout from a large construction site in the 
Kansas City area.  Tests of trackout emissions showed that 1400 ft of roadway was 
affected by trackout.  Six tests gave silt loadings ranging from 0.46 to 6.41 g/m2 at the 
location nearest the construction site.  Approximately 6 g of PM-10 were emitted for every 
vehicle passing over the affected roadway and approximately 0.2 g of PM-2.5 were 
emitted.  In terms of baseline PM-10 emissions, the 1,400 ft of roadway affected by 
trackon was “equivalent” to an additional road length of approximately 6 mi with the 
baseline silt loading, similarly the”equivalent” length for PM-2.5 emissions was slightly 
over 1 mi.  The unexpected low trackout contribution to PM-2.5 emissions is thought to be 
the result of unusually high speed of the traffic on he impacted arterial roadway.  This 
appears to have resulted in less opportunity for grinding the tracked mud/dirt into fine 
particles prior to the emission process. 
 
 The following sections summarize available national, regional and local sets of silt 

loading default values. 
  

National Emissions Inventory (USEPA, 2001){ TC \l2 "} 
 
 In the methodology used for the National Emission Inventory (NEI), paved road silt 

loadings are assigned to each of the twelve functional roadway classifications (six urban 
and six rural) based on the average annual traffic volume of each functional system by 
State.  One of three values is assigned to each of these road classes: 
 

! 1 g/m2 is assigned to local functional class roads 
! 0.2 g/m2 is assigned to other road types that have an ADT less than 5,000 
vehicles/day 
! 0.04 g/m2 is assigned to other road types that have an ADT greater than or 
equal to 5,000 vehicles/day 

 
 The average daily traffic volume (ADT) is calculated by dividing annual VMT by 

State and functional class (from Highway Statistics, Table VM-2) by State specific 
functional class roadway mileage (from Highway Statistics, Table HM-20). 
 
AP-42 (USEPA, 1995) 

 In the AP-42 section on paved road dust emissions, recommended default silt 
loadings (g/m2) are included in Table 13.2.1-2:   
 

! 0.1 g/m2 for roads with ADT greater than or equal to 5000 vehicles/day under 
normal conditions 

! 0.5 g/m2 for roads with ADT greater than or equal to 5000 vehicles/day under 
worst-case conditions 



! 0.4 g/m2 for roads with ADT less than 5000 vehicles/day under normal 
conditions 

! 3 g/m2 for roads with ADT less than 5000 vehicles/day under worst-case 
conditions 

 
The range of silt loading values for normal conditions is 0.01 to 1.0 g/m2 for high 

ADT roads and 0.054 to 6.8 g/m2 for low ADT roads.  For limited access roads, a default 
value of 0.015 g/m2 is recommended.  A default value of 0.2 g/m2 is recommended for 
short periods of time following application of snow/ice controls to limited access roads. 

 
Utah Department of Environmental Quality (2002) 

 
 The Utah DEQ has specified “post-storm” default values for silt loading as follows: 
 
 !  Freeway – 0.124 g/m2  
 !  Arterial – 0.280 g/m2  
 ! Collectors – 0.906 g/m2 
 ! Local streets – 3.402 g/m2 
 

 California Air Resources Board (CARB, 1997){ TC \l2 "} 
 
 Silt loading default values specified by CARB were determined from California 
tests.  They are subdivided by roadway classification as follows: 
 
 !  Freeway – 0.20 g/m2  
 ! Major  – 0.035 g/m2  
 ! Collectors – 0.035 g/m2 
 ! Local streets – 0.320 g/m2 
 ! Local rural  – 1.6 g/m2 
 
{ TC \l2 "} 
 
Clark County Department of Health (2001) 
 
 Clark County, NV observes that “local and collector streets without improved 
shoulders but with a minimum 15-ft wide travel lane would have a loading of 24.7 g/m2 
compared with a silt loading of 1.69 g/m2 or 0.86 g/m2 respectively.  The silt loading for 
roadways with gravel shoulders was 1.34 g/m2 compared to 1.04 g/m2 for minor arterial 
roadways and 0.49 g/m2 for major arterial roadways.” 
 
Summary 
 
 Table 6 presents default silt loading values consolidated from the NEI, AP-42, and 



CARB and organized by applicable range of ADT.  These values are intended to be the 
most widely applicable to the country as a whole, with California values more 
representative of the southwest.  The “worst case” values reflect the contributions of hot 
spot sources.  There is a relatively good consistency between the “normal” default values 
categories in terms of ADT ranges.  Table 5 provides an appropriate starting point for a 
matrix of default silt loadings related to ubiquitous sources. 
 

Table 5.  Default Silt Loading Values Based on ADT (vehicles/day) 
ADT/ 
Source 

Local  
< 500  

Collector 
500 – 10,000 

 
< 5,000  

 
> 5,000  

Major 
> 10,000  

Freeway 
> 10,000  

NEI 1.0 ″ 0.2 0.04     

AP-42 ″ ″ 0.4 (normal) 
3.00 (worst) 

0.1 (normal) 
0.5 (worst) 

    

CARB 0.320 
1.6 (rural) 

0.035     0.035 0.02 

 
It should be noted that according to the AP-42 emission factor equation for paved roads, 
doubling the silt loading increases the emissions by a factor of 1.57. 
 
Recommended Default Silt Loadings  
 
          Table 6 presents recommended default silt loadings for normal baseline conditions 
and for wintertime baseline conditions in areas that experience frozen precipitation with 
periodic application of antiskid material.  The winter baseline is represented as a multiple 
of the non-winter baseline, depending on the ADT value for the road in question.  As 
shown, a multiplier of 4 is applied for low volume roads (< 500 ADT) to obtain a 
wintertime baseline silt loading of 4 X 0.6 = 2.4 g/m2.   
 

 
 

Table 6.  Ubitiguous Silt Loading Default Values with Hot Spot 
Contributions from Anti-Skid Abrasives (g/m2) 

ADT Category < 500 500-5,000 5,000-10,000 > 10,000 

Ubiquitous Baseline g/m2 0.6 0.2 0.06 0.03 
0.015 limited 
access 

Ubitiguous Winter Baseline Multiplier 
during months with frozen 
precipitation 

X4 X3 X2 X1 

Initial peak additive contribution from 
application of antiskid abrasive (g/m2) 

2 2 2 2 



Days to return to baseline conditions 
(assume linear decay) 

7 3 1 0.5 

 
 It is suggested that an additional (but temporary) silt loading contribution of 2 g/m2 
occurs with each application of antiskid abrasive for snow/ice control.  This was 
determined based on a typical application rate of 500 lb per lane mile and an initial silt 
content of 1 % silt content.  Ordinary rock salt and other chemical deicers add little to the 
silt loading, because most of the chemical dissolves during the snow/ice melting process. 
 
 To adjust the baseline silt loadings for mud/dirt trackout, the number of trackout 
points is required.  It is recommended that in calculating PM-10 emissions, six additional 
miles of road be added for each active trackout point from an active construction site, to 
the paved road mileage of the specified category within the county.  In calculating PM-2.5 
emissions, it is recommended that three additional miles of road be added for each trackout 
point from an active construction site.   
 
 It is suggested the number of trackout points for activities other than road and 
building construction areas be related to land use.  For example, in rural farming areas, 
each mile of paved road would have a specified number of trackout points at intersections 
with unpaved roads.  This value could be estimated from the unpaved road density (mi/sq. 
mi.). 
 
DISCLAIMER 
 
      This document has been funded by the USEPA under contract to MRI.  It reflects the 
views of the authors and not necessarily the views of the Agency. 
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Section 3. Unpaved Roads Activity Levels 
 

Estimates of unpaved road emissions require information on the vehicles miles traveled 
(VMT) within an area.  There is a need for better data on county VMT values that are more 
realistic than the values currently derived by apportioning state totals on the basis of county area.  
The need for updated unpaved road VMT estimates was emphasized in a recent evaluation by a 
panel of experts (Countess Environmental 2001). 
 
 Current Methodologies 
 

The purpose of the work in Task 3 is to address the feasibility of developing  improved 
method for estimating VMT for unpaved roads, perhaps using land use indicators.  In order to 
correctly estimate emissions for unpaved roads, county-level information on unpaved road VMT 
(i.e., the product of road mileage, ADT and the number of days in the averaging period) is 
required.  Because there is no national database of this information available at a county-level, a 
number of assumptions are required to produce county-level emission estimates. 
 

The National Emission Inventory (USEPA 2001) currently uses the Federal Highway 
Administration’s (FHWA) average daily traffic volume (ADT) to determine the VMT for 
unpaved roads, but inconsistencies across State boundaries are evident.  The inconsistencies in 
VMT currently used in the NEI require an evaluation of the currently available data sources for 
VMT data and determination if an improved database can be created. 
 

Table 3-1 illustrates the state-level data available for VMT for local functional class 
unpaved roads from the Federal Highway Administration (Countess et al. 2001).  Local 
functional class roads account for the majority of travel on unpaved roads.  As indicated in Table 
3-1 for the state of Alabama, only the mileage by average daily traffic volume (ADT) category is 
available on a state-by-state basis.  VMT is determined by selecting a default value for each 
ADT category.  It is clear that a wide range of estimated emission values is possible, depending 
on assumed default value for ADT within each ADT category. 
 

Table 3-1.  Miles of Local Functional Class Unpaved Roads by ADT Category 
 
 

 
Rural gravel/soil surface 

 
Rural unimproved surface  

State 
 
< 50 

 
50-199 

 
200-499 

 
500+ 

 
< 50 

 
50-199 

 
200-499 

 
500+  

Alabama 
 
1597 

 
9250 

 
500 

 
0 

 
0 

 
0 

 
0 

 
0 

 
 

 
Urban gravel/soil surface 

 
Urban unimproved surface  

 
 
< 200 

 
200-499 

 
500-2K 

 
2000+ 

 
< 200 

 
200-499 

 
500-2K 

 
2000+  

 
 
357 

 
243 

 
239 

 
27 

 
0 

 
0 

 
0 

 
0 

 
California has compiled relatively little data from local traffic surveys on unpaved roads, but 

some new data are anticipated from an ARB-funded study by the University of California, Davis 
(J.E. Morey and D.A. Niemeier).  Patrick Gaffney of the California Air Resources Board (ARB) 
has noted that unpaved road VMT estimates for official California emission inventories assume 
10 VMT per mile per day for non-agricultural roads (i.e., city and county roads, U.S. forests and 



park roads, and BLM/BIA roads) .  For agricultural roads, California uses 175 VMT/ 40 acres 
per day.   The total miles of unpaved roads in each California County is derived from the 
Caltrans document “Assembly of Statistical Reports, 1993.” The California emission inventory 
methodologies for unpaved roads are described at 
http://arbis.arb.ca.gov/emisinv/areasrc/index7.htm. 
 

It is anticipated that useful unpaved road traffic data can be obtained from Clark County, 
Nevada, that uses a geographic information system to develop its emission inventory.  Unpaved 
road survey data were stated to be available from this data system, and the GIS coverage for 
unpaved roads is described at 
http://www.co.clark.nv.us/ceit/gismo/crcomp/metadata/cp319.shtm.  According to Carrie 
MacDougall, Clark County has VMT for every publicly owned road in their jurisdiction, and the 
unpaved road ADT has been shown to be related to population density of a township.   
 

Under a Western Regional Air Partnership (WRAP) contract with ENVIRON, Alison 
Pollack is working to develop unpaved road activity data.  The purpose of this contract is to 
resolve inconsistencies in the estimation of VMT for unpaved roads in the western states.  The 
work has yet to be completed. 
 

Some states such as Kansas perform periodic traffic count surveys on county unpaved roads.  
Appendix A contains the Kansas traffic count procedures and the table of ADT values for 
unpaved roads in each Kansas county.  Kansas data will be discussed later in this report for 
application to other states and counties, assuming survey data from other states can be used for 
validation purposes. 
 
 Proposed Methodology for County-Level ADT 
 

A bottom-up approach is proposed for calculating county-level ADT values for each 
unpaved road classification.  Because county-level ADT data are not published on a national 
level This approach would use county-level data on population or land use to determine unpaved 
road ADT values.  The predictive algorithm would be “calibrated” against county-level data 
available from only a few localities.  The Federal Highway Administration’s annual Highway 
Statistics report publishes state-level unpaved road mileage, as discussed below which could be 
apportioned to the county level for purposes of calculating VMT. 

 
The proposed calculation methodology is similar to that used in the original national 

emission inventory for unpaved roads (Cowherd 1974).  In that study, it was shown that 
statewide traffic counts correlated well with rural population density, as follows: 
 
 ADT = 15 + 2.8   ( p/a ) (2) 
 
where p is the county rural population and a is the county area (sq. mile).  This relationship was 
developed for Kansas, because at that time Kansas was the only state which was found to have 
actual ADT data for unpaved roads.  For this reason and because Kansas was thought to be fairly 
representative of areas of the country with substantial mileage of unpaved roads, the above ADT 
correlation was applied to all of the other counties in the United States.  A relationship between 



rural county population density and unpaved road traffic is also consistent with data from 
Maricopa and Pima Counties in Arizona, which have used population density to scale results 
from a survey area to surrounding areas. Because Kansas county unpaved roadway mileage was 
not found to correlate well with rural population density, the state unpaved road mileage was 
apportioned to counties on the basis of county area. 
 

Highway Statistics 1999 no longer presents total unpaved road length by county, which 
could be used to develop county-level VMTs by multiplying an estimated ADT by county 
vehicle miles. [Prior to 1997, Table HM-67 was published with a state-level distribution of 
unpaved roadway mileage by ADTV category and functional class.]   Table HM-51 of the 1999 
annual report presents the miles of unpaved road by three functional classes and rural and urban 
areas totaled for each State.  Additionally, the miles by average daily traffic volume are 
presented for the different functional classes in Table HM-57.  Unfortunately, this Table HM-57 
does not distinguish between unpaved and paved roads.  Highway Statistics 1999  states that “For 
the most part, travel for the rural minor collector and rural/urban local functional systems is 
calculated by the States using their own procedures and are provided in HPMS on a summary 
basis.  Some States use supplemental traffic counts outside of the HPMS procedures; others 
employ estimating techniques, such as fuel use, to determine travel on these systems.”   
 

The proposed methodology was developed with current Kansas unpaved road survey data 
(measured traffic counts) received from the Kansas Department of Transportation for the 105 
counties in Kansas.  The data originates from the KDOT non-State system road database, and 
includes all unpaved non-corporate rural roads—except for those classified as Type A 
(unimproved).  Type A roadways are stated to have less than 1 ADT, and include unpaved roads 
with low access and mobility typically found in recreation areas that are used mainly in the 
summer time.  The Kansas County unpaved road data are described and presented in Appendix 
A.     

 
A regression analysis of the Kansas ADT data was performed and the data are charted in 

Figure 3-1.  The results of a regression analysis on these data produced the following equation: 
 
 ADT = 36 + 0.49  ( p/a )   (r2 = 0.67) (3) 
 
where p is the rural county population (1990 totals for non-urbanized, farm, and non-farm )  This 
algorithm for estimation of county ADT on unpaved roads needs to be calibrated against 
measured county-level traffic data available from other areas in the United States. 
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This empirical method for determining fugitive dust emissions from wind erosion of 
vacant land relies heavily on emission factors developed using wind tunnels.  The 
availability of wind tunnel results for the types of vacant land being assessed must be 
considered when deciding to use this method for a given application. 
 
Step 1:  Categorizing Vacant Land 
Vacant land within the study area must be categorized based upon the potential of the 
parcels to emit fugitive dust during wind events.  Many wind tunnel studies have been 
conducted in the western United States, and the vacant land descriptions of the wind 
tunnel test areas should be used to categorize the vacant land within the study area.  Wind 
tunnel tests conducted with particle size determinations will be very helpful when 
preparing PM10 or PM2.5 emission inventories. 
 
When categorizing vacant land, it is especially important to evaluate several factors.  
Does the land have vegetation, rocks or other sheltering elements.  Is the soil crust intact 
or disturbed?  Are there periodic activities on the vacant land such as vehicles or plowing 
that will change the land from fairly stable to unstable?  It is also important to categorize 
the vacant land condition based upon the time period of the emission inventory.  For 
example, crop land may be categorized as disturbed soil in a November inventory and as 
having vegetative cover in a July inventory.  Areas with several days of snow cover 
should also be considered.  Vacant land in annual inventories will have to be temporally 
allocated. 
 
Not every parcel of vacant land will necessarily fit into a category that has been wind 
tunnel tested.  For parcels without a specific vacant land type wind tunnel test, 
assumptions will need to be made of the best representative land type and uncertainties 
(e.g. actual emissions likely to be higher) noted.  Depending on the ultimate use of the 
inventory, it might be best to over or under predict the potential a specific land type to 
emit.  
 
Step 2:  Identify Wind Tunnel Emission Factors 
Based upon the vacant land categorization, wind tunnel study results should be reviewed 
and applied appropriately to each category of vacant land.  Emission factor units must be 
converted to be the same units of measure for the entire inventory.  Wind tunnel results 
should be reviewed to determine if “spikes” from the initial portion of the test are 
presented separately or averaged into an hourly factor.  Whenever possible, spikes should 
not be included in an hourly factor.  The spike values should be included only at the 
beginning of each wind event. 
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Step 3:  Develop Meteorological Data Set 
For the area to be studied, hourly average wind speeds, rainfall, and if available peak 
wind gust data should be gathered.  If a study area is particularly large, several different 
meteorological data sets may need to be gathered, and each land parcel matched with the 
meteorological data that impacts that parcel. 
 
Step 4:  Determine Land Type Reservoirs, Threshold Wind Velocities, Wind Events 
and Rainfall Events 
Based upon the wind tunnel study results for each vacant land type, the wind speed when 
emissions were first measured for the vacant land type, should be set as the threshold 
wind speed.  It should be assumed that no fugitive emissions from wind erosion of the 
land occurred when wind speeds did not exceed the thresholds. 
 
Most vacant land does not have an endless reservoir of the fugitive dust, however, land 
that has a high degree of disturbance will continue to emit throughout a wind event.  
Therefore, for each vacant land type, the wind tunnel results should be reviewed and a 
determination made on the length of time the parcel will emit for a give wind event.  It is 
recommended that an assumption be made that parcels with sheltering elements, 
vegetated parcels or parcels with a soil crust will only emit during the first hour of a wind 
event.  Parcels with a relatively high silt component or with frequent disturbance will 
probably continue to emit through a wind event. 
 
What constitutes a wind event must be defined.  Because most threshold wind speeds are 
relatively high, sustained hourly winds of 25 to 30 mph, a wind event may be defined as 
any time period when winds reach the threshold wind velocities separated by at least 24 
hours before a new wind event is defined.  For example, winds reach threshold velocities, 
slow down and three hours later reach threshold velocities, would be defined as one wind 
event.  Winds reaching threshold velocities, slow down and three days later reach 
threshold velocities again, would be defined as two wind events. 
 
Depending on the soils in an area, rain may have a large impact on wind erosion.  
Generally, days with rain should not be included in the inventory.  If more than one inch 
of rain falls and there are colder temperatures and/or cloud cover, several days following 
a rain event should also not be considered.   The soils in the study area should be 
evaluated for their ability to hold moisture.  In the desert southwest only those days 
where rain actually falls should emissions be set to zero.  In the pacific northwest, west of 
the Cascade Mountains, the following two to three days should also not be included in the 
emissions.   
 
Step 5:  Develop Emission Inventory Specific Emission Factors 
Using the reservoir determination, threshold wind speeds, wind event determination and 
rainfall factors determine hours when wind conditions produced emissions from each 
vacant land parcel for the time period of the emission inventory.  Remember that some 
parcels may have no emissions during some time periods, one hour reservoirs during 
some time periods, or emissions throughout an entire wind event during some time 



EmpiricalMethodforWind Erosion.doc 

MACDOUGALL(6/6/02) Page 3  

periods.  Generally, several parcels will have the same wind tunnel emission factor over 
the same time period.  The number of hours wind speeds were in each wind speed 
category should be totaled.  The number of hours can then be multiplied by the wind 
tunnel emission factor and a total emission factor for the time period of the inventory can 
be calculated.   
 
For example, for disturbed vacant land in the desert, sustained hourly winds exceeded 25 
mph (the threshold wind velocity) 31 hours during one year, exceeded 30 mph nine hours 
and exceeded 35 mph one hour.  The wind tunnel emission factors for the land type are 1 
pound/hour/acre at 25 mph, 2 pounds/hour/acre at 30 mph and 3 pounds/hour/acre at 35 
miles per hour.  Each time the winds exceed the threshold wind velocity was a new wind 
event and hours when winds exceeded the velocity but there was rain was not included.  
The resultant emission factor for the year for each acre of disturbed desert land was 52 
(31x1+9x2+1x3) pounds per acre. 
 
Using the same time period, a stable parcel with a limited reservoir emitting only the first 
hour of a wind event would have a much lower emission factor.  If sustained winds 
exceeded 25 mph on 12 days, exceeded 30 mph or 4 days and exceeded 35 mph one day, 
and the emission factors from the wind tunnel study were the same (usually they are 
considerably lower), the resultant emission factor for the year for each acre of stable 
vacant land would be 23 pounds per acre. 
 
Emission factors will vary from time period to time period and from vacant land type to 
vacant land type.  Generally speaking, disturbed lands will have unlimited reservoirs and 
lower threshold wind velocities leading to much higher emissions than stable or sheltered 
parcels with one hour reservoirs.  An emission factor should be developed for each 
vacant land category in the inventory. 
 
Step 6:  Apply Emission Inventory Specific Emission Factors to Vacant Land 
Categories 
Once emission inventory emission factors have been developed, the number of acres in 
each category should be multiplied by the factor and the emissions totaled.  It may be 
useful to develop apply certain factors over shorter time periods and then total the 
emissions over a longer time period.  For example, develop winter factors and summer 
factors and then total them together for the annual inventory. 
 
For large areas, where vacant land categories will change over the duration of an 
inventory or different meteorological data sets will apply, it is advisable to subdivide the 
inventory by time period or area, and then total the inventory at the end. 
 
Available Wind Tunnel Data 
Several wind tunnel studies have been completed.  The results of these studies have been 
published.  The Clark County Department of Air Quality Management, the Great Basin 
Air Pollution Control District, and Washington State University have compiled most of 
these studies. 
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