Road Dust
Source Category Description
The road dust category includes emissions of particulate matter from vehicles driving over paved and unpaved roads. In 2014 the PM25-PRI emissions from paved and unpaved roads were 177,862 tons and 659,625 tons, respectively.
For this source category, the following SCCs are assigned:
	SCC
	SCC Level 1
	SCC Level 2
	SCC Level 3
	SCC Level 4

	2294000000
	Mobile Sources
	Paved Roads
	All Paved Roads
	Total: Fugitives

	2296000000
	Mobile Sources
	Unpaved Roads
	All unpaved Roads
	Total: Fugitives



Overview of Calculations
Emissions from road dust are calculated based on the number of vehicle miles traveled (VMT) on paved or unpaved roads in each county multiplied by an emission factor calculated for each county. Sources of data and calculations for VMT are discussed in section C. The methods for calculating the emissions factors are discussed in section E. The estimation of emissions from road dust is discussed in section G.
[bookmark: _Ref477177316]Activity Data
Generally, VMT on US roads can be obtained from the Federal Highway Administration (FHWA). FHWA categorizes roads into 14 different types based on road function and access; these road types can be found in Table 1. 
[bookmark: _Ref530386207]Table 1. FHWA Road Types
	FHWA Road Type

	Rural Interstate

	Rural Other Freeways and Expressways

	Rural Other Principal Arterial

	Rural Minor Arterial

	Rural Major Collector

	Rural Minor Collector

	Rural Local

	Urban Interstate

	Urban Other Freeways and Expressways

	Urban Other Principal Arterial

	Urban Major Collector

	Urban Minor Collector

	Urban Local

	Urban Minor Arterial



Total VMT in each county in 2017 is provided by FHWA to EPA for use in EPA’s MOtor Vehicle Emission Simulator (MOVES) model to calculate emissions for the mobile sector. The road dust methodology uses these county-level VMT data from FHWA. 
The county-level VMT from FHWA includes total VMT, but it does not provide data how much of that VMT is on paved or unpaved roads. FHWA provides state-level data on the amount of VMT on paved and unpaved roads in 2017 for most road types, with the exception of three: Rural Local, Urban Local, and Rural Minor Collector.[endnoteRef:2] To determine how much of the total VMT is on paved or unpaved roads, the total VMT in each county is multiplied by the ratio of state-level VMT on paved or unpaved roads to total state-level VMT on each road type. [2:  Data provided to Abt Associates by Robert Rozycki, FHWA.] 

	
	(1) 


Where:
	VMTp/u,c,r 	=	Paved or unpaved vehicle miles traveled in county c on FHWA road type r
	VMTt,c,r 	=	Total vehicle miles traveled in county c on FHWA road type r, from equation 1
	VMTp/u,s,r	=	Paved or unpaved vehicle miles traveled in state s on FHWA road type r		

[bookmark: _Ref530229833]Because paved and unpaved VMT data were unavailable from FHWA for 2017 for the Rural Local, Urban Local, and Rural Minor Collector road types, ratios for those road types were developed using state-level results from a 2008 model run from the National Mobile Inventory Model (NMIM), a precursor to MOVES. To account for the fact that some states have paved many of their unpaved roads since 2008, an adjustment factor was developed based on the change in unpaved road length. While FHWA does not provide 2017 data on paved or unpaved VMT for those three road types, it does provide 2016 data on paved and unpaved road length for these road types.[endnoteRef:3] The adjustment factor is based on the change in the ratio of paved or unpaved road length 2016 to the ratio in 2008. Note that 2017 FHWA data on road length was not available at the time these calculations were completed.  [3:  Federal Highway Administration, “Highway Statistics, 2016.” Table HM-51. https://www.fhwa.dot.gov/policyinformation/statistics/2016/] 

	
	(1a)


Where:
	AFp/u,s,r 	=	Adjustment factor for paved or unpaved vehicle miles traveled in state s on FHWA road type r
	Lengthp/u,s,r,2016	=	Paved or unpaved road length in state s for FHWA road type r in 2016
	Lengtht,s,r,2016	=	Total road length in state s for FHWA road type r in 2016
	Lengthp/u,s,r,2008	=	Paved or unpaved road length in state s for FHWA road type r in 2008
	Lengthp/u,s,r,2008	=	Total road length in state s for FHWA road type r in 2008

This adjustment factor is multiplied by the paved or unpaved VMT ratio from NMIM for Rural Local, Urban Local, and Rural Minor Collector roads. 
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Where:
	VMTp/u,c,r 	=	Paved or unpaved vehicle miles traveled in county c on FHWA road type r
	VMTt,c,r 	=	Total vehicle miles traveled in county c on FHWA road type r, from equation 1
	VMTp/u,s,r	=	Paved or unpaved vehicle miles traveled in state s on FHWA road type r (from NMIM)
	VMTt,s,r	=	Total vehicle miles traveled in state s on FHWA road type r 
	AFp/u,s,r	 	=	Adjustment factor for paved or unpaved vehicle miles traveled in state s on FHWA road (from equation 2a)

As an example, if a state paved many of its unpaved roads between 2008 and 2016, then the adjustment factor for unpaved roads would be less than 1, reducing the estimated ratio of unpaved VMT to total VMT (and, therefore, increasing the ratio of paved VMT to total VMT). 
[bookmark: _GoBack]In addition, it is assumed that there is no VMT on unpaved roads for urban road types or in counties with a population density greater than 3,000 people per square mile. For these cases, all VMT is assumed to be on paved roads. 

[bookmark: _Ref477177506]Allocation Procedure 
[bookmark: _Ref477177456]The total VMT used to estimate emissions from road dust is available at the county level. The amount of paved and unpaved VMT in each county is estimated using state-level ratios, as described in section C.

[bookmark: _Ref477187901]Emissions Factors
The emissions factors for both paved and unpaved roads are calculated at the county level using two separate equations from AP-42.[endnoteRef:4] The emissions factor equations for paved and unpaved roads are described in the sections below. For both paved and unpaved roads, it is assumed that there are no condensable PM emissions and that the primary PM emissions are equal to the filterable PM emissions.  [4:  United States Environmental Protection Agency, Office of Air Quality Planning and Standards. Compilation of Air Pollutant Emission Factors, AP-42, Fifth Edition, Volume I: Stationary Point and Area Sources, Sections 13.2.1, Paved Roads, updated January 2011 and 13.2.2, Unpaved Roads. Research Triangle Park, NC, updated November 2006.] 

Paved Roads
The equation for the emission factor for paved roads is based on the road surface silt loading, the average weight of vehicles traveling the road, and a particle size multiplier for PM25 or PM10. 
The road surface silt loading is a function of the average daily traffic volume (ADTV). Table 3 shows the assumed road surface silt loading (g/m2) for each FHWA road type for different ADTV ranges.
[bookmark: _Ref530229137]Table 3. Assumed silt loading by road type (g/m2) based on average daily traffic volume.
	FHWA Road Type
	ADTV Range

	
	0-499
	500-4999
	5000-9999
	10000+

	Rural Interstate
	0.015
	0.015
	0.015
	0.015

	Rural Other Freeways and Expressways
	0.015
	0.015
	0.015
	0.015

	Rural Other Principal Arterial
	0.6
	0.2
	0.06
	0.03

	Rural Minor Arterial
	0.6
	0.2
	0.06
	0.03

	Rural Major Collector
	0.6
	0.2
	0.06
	0.03

	Rural Minor Collector
	0.6
	0.2
	0.06
	0.03

	Rural Local
	0.6
	0.2
	0.06
	0.03

	Urban Interstate
	0.015
	0.015
	0.015
	0.015

	Urban Other Freeways and Expressways
	0.015
	0.015
	0.015
	0.015

	Urban Other Principal Arterial
	0.6
	0.2
	0.06
	0.03

	Urban Minor Arterial
	0.6
	0.2
	0.06
	0.03

	Urban Major Collector
	0.6
	0.2
	0.06
	0.03

	Urban Minor Collector
	0.6
	0.2
	0.06
	0.03

	Urban Local
	0.6
	0.2
	0.06
	0.03


	Source: AP-42, Section 13.2.1, Table 13.2.1-2

The ADTV is calculated based on state-level VMT on paved roads divided by the state-level road length of that road type, from FHWA3 multiplied by 365 days.
	
	(2) 



Where:
	ADTVp,s,r	=	Average daily traffic volume on paved roads in state s on road type r
	VMTp,s,r	=	Vehicle miles traveled on paved roads in state s on road type r
	Lengthp,s,r	=	Length of paved roads in state s for road type r

The paved road emissions factor is also a function of the average weight of vehicles traveling on each road type in each county. Data from EPA’s MOVES model includes the estimated VMT on each road type in each county from each of the vehicle types listed in Table 4. The VMT from each vehicle type and the estimated mass of each vehicle type are used to develop a weighted average of the weight of vehicles traveling over each road type in each county. The weighted average is based on the sum of the VMT for each vehicle type and road type in each county, divided by the total VMT across all vehicle types for each road type in each county, multiplied by the estimated mass for each vehicle type.
	
	(3) 



Where:
	Wc,r	=	Weighted average weight of vehicles traveling over road type r in county c
	mv	=	Estimated mass of vehicle type v, from Table 3
	VMTc,r,v	=	Vehicle miles traveled by vehicle type v on road type r in county c, from MOVES
	VMTc,r	=	Vehicle miles traveled across all vehicle types on road type r in county c, from MOVES
	
[bookmark: _Ref530230521]Table 4. Estimated mass of vehicles included in MOVES.
	MOVES Vehicle Type
	Estimated Mass (tons)

	Motorcycle
	0.3

	Passenger Car
	1.5

	Passenger Truck
	1.9

	Light Commercial Truck
	2.1

	Intercity Bus
	19.6

	Transit Bus
	16.6

	School Bus
	9.1

	Refuse Truck
	23.1

	Single Unit Short-haul Truck
	8.5

	Single Unit Long-haul Truck
	7.0

	Motor Home
	7.5

	Combination Short-haul Truck
	23.0

	Combination Long-haul Truck
	24.6


Source: EPA MOVES SourceUseTypePhysics Table, provided to Abt Associates by David Brzezinski, EPA OTAQ

The emission factor for emissions from dust from paved roads is also a function of a particle size multiplier, to determine the emissions from either PM10 or PM25 (Table 4).
[bookmark: _Ref530277865]Table 4. Particle size multiplier for paved roads.
	Pollutant
	Particle Size Multiplier (g/VMT)

	PM10
	1

	PM25
	0.25


				Source: AP-42, Section 13.2.1, Table 13.2.1-1
The emission factor for road dust from paved roads comes from AP-42 and is based on multiplying the particle size multiplier, the silt loading content, and the average weight of vehicles. 
	

	(4) 


Where:
	EFp,c,r,PM10/PM25	=	Emission factor for either PM10 or PM25 for paved roads on road type r in county c, (g/VMT)
	kPM10/PM25	=	Particle size multiplier for either PM10 or PM25, from Table 4, (g/VMT)
	sLc,r	=	Road surface silt loading from road type r in county c, (g/m2)
	Wc,r	=	Average weight of vehicles traveling over road type r in county c, (tons)
	
Unpaved Roads
The emission factor for unpaved roads is from AP-42 and is based on a particle size multiplier; the surface material silt content; the mean vehicle speed; the surface material moisture content; and an emission factor for vehicle fleet exhaust, brake wear, and tire wear.
The particle size multiplier and the emission factor for exhaust, brake wear, and tire wear are taken from AP-42 and are shown in Table 5.
[bookmark: _Ref530278815]Table 5. Particle size multiplier and emission factor for exhaust, break wear, and tire wear for unpaved roads.
	Constant
	PM25
	PM10

	Particle size multiplier
	0.18
	1.8

	Emission factor for exhaust, break wear, and tire wear
	0.00036
	0.00047


	Source: AP-42, Section 13.2.2, Tables 13.2.2-2 and 13.2.2-4
Average State-level unpaved road silt content values, developed as part of the 1985 NAPAP Inventory, were obtained from the Illinois State Water Survey.[endnoteRef:5] Silt contents of over 200 unpaved roads from over 30 States were obtained. Average silt contents of unpaved roads were calculated for each sate that had three or more samples for that State. For States that did not have three or more samples, the average for all samples from all States was used as a default value. The silt content values are by State, and identifies if the values were based on a sample average or default value. The values for each state are shown in Table 6. [5:  W. Barnard, G. Stensland, and D. Gatz. 1987. Illinois State Water Survey, “Evaluation of Potential Improvements in the Estimation of Unpaved Road Fugitive Emission Inventories,” paper 87-58.1, presented at the 80th Annual Meeting of the APCA. New York, New York. June 21-26, 1987.] 





[bookmark: _Ref530279414]Table 6 Surface material silt content values (%) for unpaved roads in each state.
2

	State 
	Surface Material Silt Content (%)

	AL
	3.9

	AK
	3.8

	AZ
	3

	AR
	3.9

	CA
	2.6

	CO
	1.5

	CT
	3.9

	DE
	3.9

	DC
	3.9

	FL
	3.9

	GA
	3.9

	HI
	3.8

	ID
	3.9

	IL
	2.6

	IN
	2.6

	IA
	2.5

	KS
	3.9

	KY
	3.9

	LA
	3.9

	ME
	3.9

	MD
	3.9

	MA
	3.9

	MI
	2.6

	MN
	2.7

	MS
	3.9

	MO
	6.5

	MT
	6.6

	NE
	4.2

	NV
	1.7

	NH
	3.9

	NJ
	3.9

	NM
	4.3

	NY
	4.7

	NC
	5.1

	ND
	3.9

	OH
	3.1

	OK
	4.4

	OR
	7.2

	PA
	3.3

	RI
	3.9

	SC
	3.9

	SD
	3.1

	TN
	2

	TX
	5.6

	UT
	3.9

	VT
	3.9

	VA
	3.2

	WA
	3.9

	WV
	3.9

	WI
	4.2

	WY
	7.1





Table 7 lists the speeds modeled on the unpaved roads by roadway class. These speeds were determined based on the average speeds modeled for on-road emission calculations and weighted to determine a single average speed for each of the roadway classes.  The roadway class “Urban collector” with an average speed of 20 mph was split into two sub-categories, “Urban major collector” and “Urban minor collector”, to correspond to the roadway types found in the 2017 VMT data. Other FHWA road types not listed in Table 7 are assumed to have no VMT on unpaved roads. Although for the EPA emissions estimates it was assumed that there is no urban unpaved VMT, the speeds in Table 7 for urban road types are presented in the event an SLT program wishes to use them to estimate unpaved emissions on urban road types.
[bookmark: _Ref530279792]Table 7. Speeds modeled by roadway type on Unpaved Roads.
	FHWA Road Type
	Average Speed (mph)

	Rural Minor Arterial
	39

	Rural Major Collector
	34

	Rural Minor Collector
	30

	Rural Local
	30

	Urban Other Principal Arterial
	20

	Urban Minor Arterial
	20

	Urban Major Collector
	20

	Urban Minor Collector
	20

	Urban Local
	20



A report by Cowherd et al.[endnoteRef:6] estimates a range of 0.3% to 1.1% for surface material moisture content. EPA used expert judgment to assign surface material moisture content values to counties based on regional patterns of soil moisture and precipitation.  [6:  Cowherd, C., M.A. Grelinger, C. Kies, and T.G. Pace. 2002. Improved Activity Levels for National Emission Inventories of Fugitive Dust from Paved and Unpaved Roads. Presentation at 11th International Emission Inventory Conference. Atlanta, Georgia, April 15-18, 2002.] 

The equation for the emission factor for emissions from unpaved road dust is shown below.
	
	(5) 


Where:
	EFu,c,r, PM25/PM10	=	Emission factor for either PM10 or PM25 for unpaved roads on road type r in county c, (lb/VMT)
	kPM25	=	Particle size multiplier for either PM10 or PM25, from Table 5
	silts	=	Surface material silt content (%) for unpaved roads in state s, from Table 6
	speedr	=	Average speed traveled (mph) on road type r
	Mc	=	Average surface material moisture content (%) in county c
	CPM25/PM10	=	Emission factor for 1980’s vehicle fleet exhaust, brake wear, and tire wear (lb/VMT)


Controls
Controls were applied for both paved and unpaved road dust emissions for counties in nonattainment for PM10.
[bookmark: _Ref530283493]Paved road dust controls were applied by county to urban and rural roads in serious PM10 nonattainment areas and to urban roads in moderate PM10 nonattainment areas. The assumed control measure is vacuum sweeping of paved roads twice per month. A control efficiency of 79 percent was assumed for this control measure.[endnoteRef:7] The assumed rule penetration varies by roadway class and PM10 nonattainment area classification (serious or moderate).7 The rule penetration rates are shown in Table 8. Rule effectiveness was assumed to be 100% for all counties where this control was applied. [7:  E.H. Pechan & Associates, Inc. 1995. “Phase II Regional Particulate Strategies; Task 4: Particulate Control Technology Characterization,” draft report prepared for U.S. Environmental Protection Agency, Office of Policy, Planning and Evaluation. Washington, DC. ] 

Note that the controls were applied at the county/roadway class level, and the controls differ by roadway class. No controls were applied to interstate or principal arterial roadways because these road surfaces typically do not have vacuum sweeping. In the excel spreadsheet, the total emissions for all roadway classes were summed to the county level. Therefore, the emissions at the county level can represent several different control efficiency and rule penetration levels, and may include both controlled and uncontrolled emissions in the composite value.
[bookmark: _Ref530283706]Table 8. Penetration rate of paved road vacuum sweeping for control of dust emissions from paved roads.
	PM10 Nonattainment Status
	Roadway Class
	Vacuum Sweeping Penetration Rate

	Moderate
	Urban Freeway & Expressway
	0.67

	Moderate
	Urban Minor Arterial
	0.67

	Moderate
	Urban Collector
	0.64

	Moderate
	Urban Local
	0.88

	Serious
	Rural Minor Arterial
	0.71

	Serious
	Rural Major Collector
	0.83

	Serious
	Rural Minor Collector
	0.59

	Serious
	Rural Local
	0.35

	Serious
	Urban Freeway & Expressway
	0.67

	Serious
	Urban Minor Arterial
	0.67

	Serious
	Urban Collector
	0.64

	Serious
	Urban Local
	0.88


For rural unpaved roads in serious PM10 nonattainment areas, it was assumed that chemical stabilization was applied, with a control efficiency of 75 percent and a rule penetration of 50 percent. In counties currently at maintenance status, controls were assumed based on the severity (moderate or serious) of their prior nonattainment status.  Some counties had multiple partial areas with differing levels of nonattainment.  In these cases, controls were assumed to be applied based on the most serious level of nonattainment found within a given county.
In addition, for both paved and unpaved roads, after controls were applied, a meteorological adjustment was applied. The meteorological adjustment accounts for the fact that roads will be wet after it rains, containing residual moisture, and resulting in significantly lower dust emissions. The county-level meteorological adjustment factors were developed by EPA based on the ratio of the unadjusted  2017 modelled emissions to the adjusted emissions in each county after the emissions were processed with meteorological inputs, to create the SMOKE flat files. The county-level meteorological adjustment is a number between 0 and 1 that is multiplied by the estimated emissions.
[bookmark: _Ref477177564]Emissions
The emissions from paved and unpaved road dust are calculated by multiplying the VMT for each road type in each county for paved or unpaved roads by the corresponding emission factor. Emissions are then summed across road types to determine the total PM10 or PM25 emissions from paved or unpaved roads in each county.
	
	(6) 


Where:
	Ep/u,c,PM25/PM10	=	Emissions of either PM10 or PM25 from paved or unpaved roads in county c
	VMTp/u,c,r 	=	Paved or unpaved vehicle miles traveled in county c on FHWA road type r
	EFp/u,c,r,PM25/PM10	=	Emission factor for either PM10 or PM25 for paved or unpaved roads on road type r in county c, (lb/VMT)
	CEc	=	Control efficiency for county c
	Metc	=	Meteorological adjustment for county c

Point Source Subtraction
There are no point source-specific SCCs for road dust; therefore point source subtraction is not performed for this category.
Sample Calculations 
Table 9 shows the sample calculations for PM25-PRI emissions from paved and unpaved road dust on rural local roads in Autauga County, Alabama. The steps shown in the table below are repeated for all road types and summed to the county level to determine the total PM25 and PM10 emissions in each county from paved and unpaved roads. 


[bookmark: _Ref477187560]Table 9. Sample calculations for PM25-PRI emissions from paved and unpaved road dust on rural local roads in Autauga County, Alabama.
	Eq. #
	Equation
	Values for Autauga County, AL
	Result

	1a
	
	
	Adjustment factor of 0.96 to be multiplied by unpaved VMT ratio for rural local roads

	1b
	
	
	8.6 million unpaved VMT on rural local roads in Autauga County

	2
	
	
	564 miles average daily traffic volume on rural local roads

	3
	
	
	This is repeated and summed across all vehicle types. The weighted average for Autauga County is 3.4 tons.

	4
	
	
	0.2 g PM25/ VMT on paved rural local roads in Autauga County 

	5
	
	
	0.05 lb PM25/ VMT on unpaved rural local roads in Autauga County

	 6
	
	


	10.2 million g PM25-PRI (11 tons) from paved rural local roads in Autauga County.

288,100 lbs. PM25-PRI (144 tons) from unpaved rural local roads in Autauga County.




Changes from 2014v2 Methodology
The largest change from the methodology used to calculate the 2014v2 NEI emissions from road dust is the method used to determine the VMT on paved and unpaved roads in each county. Both the methods for the 2014v2 and 2017 NEI used the 2008 NMIM run as the starting point for estimating the ratio of VMT on paved or unpaved roads. However, in 2014v2, the estimated VMT on unpaved roads were redistributed within Census regions, to smooth out sharp differences in emissions across state lines. This redistribution is not done for the 2017 NEI. 
Similarly, in the 2014v2 NEI, emissions from unpaved roads were also redistributed within states based on proportion of rural population. The goal of this redistribution was to move emissions from unpaved roads out of cities into rural areas where unpaved roads are more likely to occur. This redistribution is not done for the 2017 NEI. Moreover, for the 2017 NEI, it is assumed that urban road types do not have emissions from unpaved roads. This assumption was not made for the 2014v2 NEI.
There was one adjustment to the method used to estimate the emission factor for unpaved roads. In the 2014v2 NEI, a default surface material moisture content of 0.5% was applied for all counties. In the 2017 NEI, counties are assigned surface material moisture contents of either 0.3% or 1.1%, depending on regional patterns of soil moisture and precipitation. There were no changes to the method used to estimate the emission factor for paved roads. 
Puerto Rico and U.S. Virgin Islands Emissions Calculations
Since insufficient data exist to calculate emissions for the counties in Puerto Rico and the US Virgin Islands, emissions are based on two proxy counties in Florida: 12011, Broward County for Puerto Rico and 12087, Monroe County for the US Virgin Islands. The total emissions in tons for these two Florida counties are divided by their respective populations creating a tons per capita emissions factor.  For each Puerto Rico and US Virgin Island county, the tons per capita emissions factor is multiplied by the county population (from the same year as the inventory’s activity data) which served as the activity data. In these cases, the throughput (activity data) unit and the emissions denominator unit are “EACH”.
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