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matched HPMS estimates of VMT within 1% in the model base year of 2005.  (Home-based work trips were 
separately constrained to a target average value based on the 2000 Census.) 
 
The modeling software program utilizes hourly saturation flow rates that are calculated based on road inventory 
data, roadway type, and the 2000 version of the Highway Capacity Manual (HCM).  Coded speeds by street 
segment are a function of road type and posted speed limits and are based on the Ohio statewide travel time study 
conducted in 2000 (available on the web at http://www.dot.state.oh.us/urban/data/statewid/report.doc ) using the 
“run time” version of speeds without intersection delays.  The model software program internally estimates 
additional travel times for vehicles that stop for traffic control (stop signs and red lights) based on HCM methods 
and modeled traffic patterns.  The traffic assignment RMS (root mean square) error meets FHWA/ODOT 
standards for all specified volume groups.  Modeled VMT for 2005 was roughly 2% different than HPMS 
estimated VMT both overall and for freeways.  Modeled travel times on arterial streets also match quite closely 
the results of WWW’s travel time field studies. 
 
The interagency consultation process, as previously discussed, established the following model years for Wood 
county, WV and Washington County, OH that reflected the most recent correspondence from the U.S. EPA: 
 
Analysis Year 2005 – Baseline Emissions  Analysis Year 2008 – Attainment Year 
Analysis Year 2015 – Interim Year   Analysis Year 2022 – Maintenance Year 
 
EMISSION FACTOR GENERATION 
The MOVES model generated the emission factor files were for base year-2005 and attainment year-2008 
representing the transportation improvement programs implemented in the WWW Region. The model also 
generated emission factors for two future year scenarios 2015 and 2022. 
Table 4 summarizes the settings used in the MOVES run specification file and the MOVES County-Data 
Manager. The subsequent tables provide the specific inputs that are not using the MOVES default values. 
 
 

Table 4 – MOVES Inputs 
RunSpec Parameter Settings 

MOVES Version 2010/08/26 
Scale Custom Domain 
MOVES Modeling Technique Emission Factor Method 

Rates per Distance, Rates per Vehicle 
Time Span Time Aggregation: Hour 

1 Month representing average annual temperatures 
All hours of day selected 
16 speed bins, Weekdays only 

Geographic Bounds Washington OH, Wood WV, Pleasant WV counties 
Vehicles/Equipment All source types, gasoline and diesel  
Road Type All road types including off-network 
Pollutants and Processes NOx, All PM2.5 categories, SO2, Total Energy Consumption 
Strategies None 
General Output Units =  grams, joules and miles 
Output Emissions Time = hour, Location = custom area, on-road emission rates by road 

type and source use type. 
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County Data Manager Sources 
Source Type Population Combination of local and default data 

Local data (Ohio and West Virginia) from motor vehicle registration  
Default data used for source types 51, 52, 53, 61, and 62 
Future year growth rate based on MPO model Household growth rate.

Vehicle Type VMT Combination of local and default data 
HPMSVTypeYear VMT = daily VMT from travel demand model  
monthVMTFraction = default 
dayVMTFraction=default 
hourVMTFraction=local 

I/M Program None 
Fuel Formulation Default 
Fuel Supply Default 
Meteorology Data Local data obtained from NOAA National Climatic Data Center.  Data 

will consist of monthly high and low temperatures and daily relative 
humidity for 2002. 

Ramp Fraction Using the base year travel demand model for VHT fractions. 
Road Type Distribution Use ODOT and WV Division of Highways county summary VMT 

categorized by federal functional classes 
Age Distribution Combination of local and default data. 

Local data (Ohio and West Virginia) from motor vehicle registration 
Default data used for source types 41, 42, 43, 51, 52, 53, 61, and 62 
The same age distribution will be used for all analysis years 

Average Speed Distribution Default 
Alternative Fuel Type Default 
 
 
 
TEMPERATURE AND RELATIVE HUMIDITY 
The single season approach for temperature and relative humidity uses weather data collected by the National 
Oceanic and Atmospheric Administration (NOAA) National Climatic Data Center (NCDC).  The data used in this 
report, taken from the Parkersburg/Wood County Airport, is representative of 12 months in 2009. Data entered 
into a spreadsheet provided by U.S. EPA converted the Mobile6 to get the correct data for the MOVES model. 
Table 5 below contains the average annual hourly temperatures and relative humidity distribution profiles used for 
the WWW region, while Figure X depicts the typical minimum and maximum temperatures by month of year. 
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RAMP FRACTION 
The Vehicles Hour of Travel (VHT) fractions from the travel demand model were used to derive the Ramp 
Fraction values needed for the MOVES model procedures (approximately 16.1% in Washington county Ohio and 
12.5% in Wood county West Virginia). 
 
 
SOURCE TYPE POPULATION 
A combination of local and MOVES default data is the Source Type Population for vehicle classifications. The 
MOVES default values provided the data for vehicle Source Types 51, 52, 53, 61, and 62 while local data from 
Ohio and West Virginia motor vehicle registrations accounted for all other Source Type Populations needed to 
run the MOVES model. Table 6 shows the Source Type Population identifications, the corresponding Source 
Type Name, and the number of vehicles analyzed for Washington County, OH and Wood County, WV.  Analysis 
of the Grant Tax District in Pleasants County WV used the same distribution by source type as Wood County, 
scaled to Census data of total vehicle ownership within the district. 
 

Table 6 

SOURCE TYPE POPULATION FOR YEAR 2005 
 
year  Source Type  Washington Co OH # Wood Co WV # 
2005  11 MotorCycle  4668 2260 
2005  21 Passenger Car  42583 31331 
2005  31 Passenger Truck   21741 30775 
2005  32 Light Commercial Truck  465 4917 
2005  41 Intercity Bus  44 33 
2005  42 Transit Bus   3 18 
2005  43 School Bus   123 137 
2005  51 Refuse truck   25 30 
2005  52 Single Unit Short‐haul Truck   8 1774 
2005  53 Single Unit Long‐haul Truck   98 202 
2005  54 Motor Home   122 129 
2005  61 Combination Short‐haul Truck  472 575 
2005  62 Combination Long‐haul Truck  1183 638 
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VEHICLE AGE DISTRIBUTION 
A grouping of data from Ohio and West Virginia sources along with the MOVES model defaults make up the 
Vehicle Age Distribution. MOVES default values included Vehicle Type ID 41, 42, 51, 52, 53, 61, and 62. Local 
data from Ohio and West Virginia motor vehicle registrations accounted for all other Vehicle Type ID. Table 7 
shows a sample Vehicle Age Distribution By Source Type for Washington County, OH in 2005. 
 
Table 7 
VEHICLE AGE DISTRIBUTION BY SOURCE TYPE FOR WASHINGTON COUNTY, OHIO IN 2005 
 

yearid ageid 11 21  31  32  41  42  43  51  52  53  54  61  62 

2005 0 0.0021 0.0048 0.0045 0.0043 0.0000 0.0000 0.0484 0.0000 0.0000 0.0000 0.0060 0.0018 0.0000 

2005 1 0.0255 0.0178 0.0189 0.0171 0.0000 0.0000 0.0403 0.2500 0.2500 0.2500 0.0276 0.0093 0.0319 

2005 2 0.0577 0.0266 0.0349 0.0321 0.0000 0.0000 0.0565 0.0000 0.0000 0.0000 0.0272 0.0220 0.0361 

2005 3 0.0849 0.0336 0.0451 0.0534 0.0667 0.0000 0.0645 0.0000 0.0000 0.0000 0.0388 0.0288 0.0806 

2005 4 0.0828 0.0367 0.0528 0.0513 0.0000 0.0000 0.0323 0.0000 0.0000 0.0000 0.0392 0.0319 0.0865 

2005 5 0.0862 0.0409 0.0648 0.0363 0.1333 0.0000 0.0806 0.0000 0.0000 0.0000 0.0444 0.0384 0.0949 

2005 6 0.0638 0.0391 0.0643 0.0278 0.0667 0.0000 0.0565 0.0000 0.0000 0.0000 0.0568 0.0419 0.0537 

2005 7 0.0777 0.0434 0.0620 0.0556 0.2667 0.3333 0.0806 0.0000 0.0000 0.0000 0.0504 0.0420 0.0353 

2005 8 0.0594 0.0545 0.0658 0.0235 0.0667 0.0000 0.1129 0.0000 0.0000 0.0000 0.0404 0.0417 0.0428 

2005 9 0.0500 0.0543 0.0606 0.0321 0.0000 0.0000 0.0887 0.0000 0.0000 0.0000 0.0352 0.0474 0.0537 

2005 10 0.0406 0.0644 0.0651 0.0641 0.0000 0.0000 0.0726 0.1250 0.1250 0.1250 0.0380 0.0570 0.0789 

2005 11 0.0336 0.0639 0.0626 0.0406 0.1333 0.6667 0.0161 0.0000 0.0000 0.0000 0.0548 0.0554 0.0621 

2005 12 0.0236 0.0590 0.0566 0.0235 0.1333 0.0000 0.0806 0.1250 0.1250 0.1250 0.0348 0.0459 0.0512 

2005 13 0.0217 0.0547 0.0498 0.0470 0.0000 0.0000 0.0484 0.0000 0.0000 0.0000 0.0348 0.0504 0.0260 

2005 14 0.0206 0.0519 0.0477 0.0449 0.0000 0.0000 0.0081 0.1250 0.1250 0.1250 0.0312 0.0390 0.0411 

2005 15 0.0177 0.0568 0.0479 0.0620 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0272 0.0465 0.0386 

2005 16 0.0121 0.0456 0.0439 0.0833 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0244 0.0505 0.0311 

2005 17 0.0160 0.0426 0.0319 0.0342 0.0000 0.0000 0.0081 0.1250 0.1250 0.1250 0.0224 0.0402 0.0260 

2005 18 0.0092 0.0361 0.0235 0.0299 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0236 0.0381 0.0235 

2005 19 0.0092 0.0326 0.0194 0.0321 0.0000 0.0000 0.0242 0.0000 0.0000 0.0000 0.0168 0.0337 0.0109 

2005 20 0.0094 0.0238 0.0144 0.0406 0.0000 0.0000 0.0161 0.0000 0.0000 0.0000 0.0196 0.0279 0.0067 

2005 21 0.0077 0.0213 0.0145 0.0256 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0196 0.0332 0.0168 

2005 22 0.0085 0.0150 0.0111 0.0449 0.0000 0.0000 0.0161 0.0000 0.0000 0.0000 0.0272 0.0326 0.0151 

2005 23 0.0104 0.0117 0.0104 0.0192 0.0000 0.0000 0.0081 0.0000 0.0000 0.0000 0.0244 0.0237 0.0168 

2005 24 0.0213 0.0088 0.0077 0.0214 0.0667 0.0000 0.0081 0.0000 0.0000 0.0000 0.0176 0.0231 0.0042 

2005 25 0.0177 0.0068 0.0050 0.0128 0.0000 0.0000 0.0081 0.0000 0.0000 0.0000 0.0216 0.0167 0.0092 

2005 26 0.0134 0.0049 0.0030 0.0107 0.0666 0.0000 0.0000 0.0000 0.0000 0.0000 0.0176 0.0125 0.0059 

2005 27 0.0168 0.0027 0.0024 0.0085 0.0000 0.0000 0.0081 0.0000 0.0000 0.0000 0.0176 0.0084 0.0008 

2005 28 0.0213 0.0017 0.0007 0.0043 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0088 0.0064 0.0034 

2005 29 0.0196 0.0020 0.0007 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0108 0.0054 0.0025 

2005 30 0.0595 0.0420 0.0080 0.0169 0.0000 0.0000 0.0160 0.2500 0.2500 0.2500 0.1412 0.0482 0.0137 
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ROAD TYPE DISTRIBUTION 
The ODOT and WV Division of Highway county summary Vehicle Miles Traveled (VMT) data categorized by 
federal functional class for the three county non-attainment areas is the basis for Road Type Distribution Fraction. 
Table 8 illustrates Road Type Distribution. 
 
Table 8 
ROAD TYPE DISTRIBUTION FOR THE WWW REGION 
 
sourceTypeID roadTypeID roadTypeVMTFraction sourceTypeID roadTypeID roadTypeVMTFraction 

11 1 0 51 1 0 
11 2 0.33 51 2 0.33 
11 3 0.34 51 3 0.34 
11 4 0.08 51 4 0.08 
11 5 0.25 51 5 0.25 
21 1 0 52 1 0 
21 2 0.33 52 2 0.33 
21 3 0.34 52 3 0.34 
21 4 0.08 52 4 0.08 
21 5 0.25 52 5 0.25 
31 1 0 53 1 0 
31 2 0.33 53 2 0.33 
31 3 0.34 53 3 0.34 
31 4 0.08 53 4 0.08 
31 5 0.25 53 5 0.25 
32 1 0 54 1 0 
32 2 0.33 54 2 0.33 
32 3 0.34 54 3 0.34 
32 4 0.08 54 4 0.08 
32 5 0.25 54 5 0.25 
41 1 0 61 1 0 
41 2 0.33 61 2 0.33 
41 3 0.34 61 3 0.34 
41 4 0.08 61 4 0.08 
41 5 0.25 61 5 0.25 
42 1 0 62 1 0 
42 2 0.33 62 2 0.33 
42 3 0.34 62 3 0.34 
42 4 0.08 62 4 0.08 
42 5 0.25 62 5 0.25 
43 1 0 roadTypeID roadDesc   

43 2 0.33 2 
Rural Restricted 
Access   

43 3 0.34 3 
Rural Unrestricted 
Access   

43 4 0.08 4 
Urban Restricted 
Access   

43 5 0.25 5 
Urban Unrestricted 
Access   
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POST PROCESSING 
 
Several custom programs created by ODOT staff were used to compute the total emissions. The process uses data 
on daily and directional traffic distributions as well as volume/delay functions from the 2000 Highway Capacity 
Manual (HCM). This process also uses rewritten code focused on newer CUBE Voyager-based model network 
formats and MOVES generated emission factors. 
 
The first step in the process involves running postcms.exe to calculate hourly link volumes based on the 
percentage of the daily volume (travel demand model output) determined by a link’s facility and area type. The 
analysis does not use the link speeds from the travel demand model. Using a link’s volume-to- capacity ratio and 
link group code, a post-process to the model based on HCM methods estimates the link speeds. The second step 
(mmoves.exe) uses a combination of the MOVES emission factors and the hourly link volumes that are output of 
the postcms.exe program. The hourly volumes multiplied by the MOVES emission factor for the corresponding 
hour of day, speed bin, and road type; calculate emissions for every network link for each hour. The final link on 
road vehicle emissions for the area is the sum of all individual link-hour emissions.  The third step, (vehcalm.exe), 
calculates vehicle-based emissions for each source type for each hour of the day. A combination of local and 
default data is the source for the vehicle source type. The final vehicle emissions for each county are the sum of 
all individual hourly emissions for all vehicle types. Since the intrazonal trips are not loaded onto the network, the 
fourth step in the process requires a separate method to account for those trips that use local roads to travel within 
a zone. The intracalm.exe program uses intrazonal trips to estimate VMT using the area in square miles and 
intrazonal trips of each zone. The computer program assumes that the zone is circular and uses the radius of the 
circle as the average trip length for these intrazonal trips. By combining MOVES generated emissions with 
estimated intrazonal VMT, the intrazonal emissions are then calculated.  The emission rates are the same as those 
used to calculate link based emissions.  The final step is to summarize link, vehicle, and intrazonal emissions for 
each county, pollutant, and analyzed year. 
 
More details are provided at 
http://www.dot.state.oh.us/Divisions/Planning/SPR/ModelForecastingUnit/Documents/cmaqr3.PDF 
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