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TRAVEL MODELING: 
A travel demand model (TDM) is the traditional forecasting tool used to examine potential changes in 
future travel patterns.  The road networks within them include all planned federal-aid projects as well as any 
regionally significant projects found in the TIP and LRTP expected to be open for traffic by the end of each 
respective analysis year.  All projects identified in the LRTP having an impact on travel time and/or vehicle 
carrying capacity regardless of funding source were included in the air quality analysis.  Trip generation figures 
by zone, with some exceptions, are assumed to change linearly with time between 2000 and the Plan Horizon year 
of 2035. 
 
The Wheeling area travel demand model network covers about 1500 miles of streets and highways in the 3-county 
area including all collector and arterial streets, and has been validated to observed traffic for year 2000. Land use 
data comes from the Census, ES202 employment reporting, and local vehicle registrations.  A trip generation 
model was borrowed from another urban area and adjusted as needed for local land use data.  The hourly 
distribution of trips by trip purpose and direction are constrained to match the hourly distribution of traffic counts.  
Trip distribution also begins with a trip-length distribution by purpose borrowed from another urban area and 
adjusted to ensure modeled VMT matched HPMS estimates of VMT within 1% in the model base year of 2000.  
(Home-based work trips were separately constrained to a target average value based on the 2000 Census.) 
 
The 3-county major street network used in the modeling was developed from the local planning agency’s digital 
street network (originating from the U.S. Geological Survey).  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.  
Overall modeled VMT for 2000 was less than 1% different than HPMS estimated VMT.  Freeways (federal 
functional class codes 1, 11, and 12) were within 2% of estimated VMT. 
 
The interagency consultation process, as previously discussed, established the following model years for Ohio and 
Marshall counties, WV and Belmont 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 Belomar 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. 
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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 Belmont OH, Ohio WV, Marshall 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. 
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 
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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 Wheeling Airport collection center, 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 Belomar region. 
 
 
Table 5 
AVERAGE TEMPERATURE AND RELATIVE HUMIDITY DATA 
 
Time of Day  Average Temperature  Average Relative Humidity (%)

Midnight  47.2 79.7
1 AM  46.1 67.1
2 AM  45.2 80.7
3 AM  44.6 82.9
4 AM  44.1 83.8
5 AM  43.6 84.1
6 AM  43.1 82.6
7 AM  43.5 79.6
8 AM  45.9 74.8
9 AM  49.6 70.1

10 AM  53.5 65.7
11 AM  56.8 62.0
12 PM  59.7 59.8
1 PM  61.3 58.2
2 PM  61.9 57.4
3 PM  62.0 57.3
4 PM  61.6 58.3
5 PM  60.5 61.2
6 PM  58.6 65.3
7 PM  56.2 69.2
8 PM  53.7 66.1
9 PM  51.6 74.3

10 PM  50.1 75.7
11 PM  48.6 78.1

 
 
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 4% in Belmont county Ohio, 8% in 
Ohio county West Virginia, and 3% in Marshall county West Virginia). 
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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 Belmont County, OH and Ohio/Marshall County, WV 
combined. 
 

Table 6 

SOURCE TYPE POPULATION FOR YEAR 2005 
 
year  Source Type  Belmont # Marshall co # Ohio co # 
2005  11 MotorCycle  4724 937 1149 
2005  21 Passenger Car  48706 9650 17852 
2005  31 Passenger Truck   22592 9946 14061 
2005  32 Light Commercial Truck  602 1755 2285 
2005  41 Intercity Bus  58 5 16 
2005  42 Transit Bus   2 3 9 
2005  43 School Bus   127 99 51 
2005  51 Refuse truck   35 8 14 
2005  52 Single Unit Short‐haul Truck   14 461 818 
2005  53 Single Unit Long‐haul Truck   55 53 93 
2005  54 Motor Home   165 21 48 
2005  61 Combination Short‐haul Truck  786 78 245 
2005  62 Combination Long‐haul Truck  984 86 272 
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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 Belmont County, OH in 2005. 
 
Table 7 
VEHICLE AGE DISTRIBUTION BY SOURCE TYPE FOR BELMONT COUNTY, OHIO IN 2005 
 
yearid ageid 11 21  31  32  41  42  43  51  52  53  54  61  62 

2005 0 0.003 0.004 0.006 0.010 0.000 0.000 0.023 0.000 0.000 0.000 0.003 0.003 0.011 

2005 1 0.025 0.020 0.022 0.028 0.053 0.000 0.031 0.000 0.000 0.000 0.018 0.012 0.033 

2005 2 0.052 0.033 0.047 0.069 0.026 0.000 0.047 0.000 0.000 0.000 0.033 0.024 0.018 

2005 3 0.068 0.039 0.051 0.066 0.026 0.000 0.055 0.286 0.286 0.286 0.039 0.028 0.096 

2005 4 0.085 0.042 0.061 0.068 0.316 0.000 0.047 0.000 0.000 0.000 0.030 0.037 0.079 

2005 5 0.083 0.048 0.076 0.025 0.079 0.000 0.016 0.000 0.000 0.000 0.037 0.049 0.064 

2005 6 0.068 0.047 0.066 0.015 0.053 0.000 0.063 0.000 0.000 0.000 0.041 0.047 0.030 

2005 7 0.079 0.048 0.065 0.045 0.000 0.000 0.070 0.214 0.214 0.214 0.028 0.047 0.038 

2005 8 0.064 0.057 0.068 0.048 0.079 0.000 0.070 0.000 0.000 0.000 0.033 0.043 0.033 

2005 9 0.051 0.054 0.056 0.035 0.053 0.000 0.070 0.000 0.000 0.000 0.034 0.043 0.052 

2005 10 0.042 0.062 0.063 0.069 0.026 0.000 0.063 0.000 0.000 0.000 0.043 0.057 0.085 

2005 11 0.032 0.060 0.056 0.041 0.105 0.000 0.086 0.000 0.000 0.000 0.043 0.051 0.083 

2005 12 0.027 0.056 0.054 0.055 0.053 0.000 0.141 0.000 0.000 0.000 0.035 0.045 0.080 

2005 13 0.020 0.055 0.045 0.030 0.000 0.000 0.078 0.000 0.000 0.000 0.024 0.045 0.041 

2005 14 0.020 0.050 0.041 0.031 0.000 0.000 0.008 0.071 0.071 0.071 0.020 0.038 0.053 

2005 15 0.014 0.051 0.048 0.055 0.026 0.000 0.047 0.071 0.071 0.071 0.032 0.048 0.053 

2005 16 0.015 0.043 0.043 0.040 0.000 0.500 0.000 0.071 0.071 0.071 0.027 0.051 0.027 

2005 17 0.012 0.038 0.031 0.028 0.000 0.000 0.008 0.071 0.071 0.071 0.025 0.035 0.011 

2005 18 0.012 0.034 0.020 0.036 0.026 0.000 0.000 0.000 0.000 0.000 0.028 0.030 0.029 

2005 19 0.009 0.031 0.017 0.031 0.000 0.500 0.031 0.000 0.000 0.000 0.020 0.033 0.005 

2005 20 0.007 0.022 0.013 0.028 0.026 0.000 0.000 0.071 0.071 0.071 0.014 0.028 0.006 

2005 21 0.008 0.019 0.012 0.025 0.000 0.000 0.023 0.000 0.000 0.000 0.029 0.029 0.017 

2005 22 0.006 0.015 0.009 0.033 0.000 0.000 0.000 0.071 0.071 0.071 0.024 0.032 0.015 

2005 23 0.010 0.010 0.008 0.018 0.000 0.000 0.016 0.000 0.000 0.000 0.025 0.021 0.015 

2005 24 0.018 0.007 0.006 0.018 0.027 0.000 0.008 0.072 0.072 0.072 0.024 0.023 0.005 

2005 25 0.019 0.006 0.005 0.008 0.000 0.000 0.000 0.000 0.000 0.000 0.022 0.016 0.006 

2005 26 0.014 0.006 0.004 0.010 0.000 0.000 0.000 0.000 0.000 0.000 0.022 0.014 0.008 

2005 27 0.016 0.002 0.002 0.013 0.000 0.000 0.000 0.000 0.000 0.000 0.017 0.008 0.003 

2005 28 0.017 0.001 0.001 0.002 0.026 0.000 0.000 0.000 0.000 0.000 0.013 0.007 0.000 

2005 29 0.018 0.002 0.001 0.007 0.000 0.000 0.000 0.000 0.000 0.000 0.014 0.007 0.000 

2005 30 0.088 0.038 0.006 0.014 0.000 0.000 0.000 0.000 0.000 0.000 0.201 0.054 0.006 
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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 BELOMAR REGION 
sourceTypeID roadTypeID roadTypeVMTFraction sourceTypeID roadTypeID roadTypeVMTFraction 

11 1 0 51 1 0
11 2 0.25 51 2 0.25
11 3 0.24 51 3 0.24
11 4 0.18 51 4 0.18
11 5 0.33 51 5 0.33
21 1 0 52 1 0
21 2 0.25 52 2 0.25
21 3 0.24 52 3 0.24
21 4 0.18 52 4 0.18
21 5 0.33 52 5 0.33
31 1 0 53 1 0
31 2 0.25 53 2 0.25
31 3 0.24 53 3 0.24
31 4 0.18 53 4 0.18
31 5 0.33 53 5 0.33
32 1 0 54 1 0
32 2 0.25 54 2 0.25
32 3 0.24 54 3 0.24
32 4 0.18 54 4 0.18
32 5 0.33 54 5 0.33
41 1 0 61 1 0
41 2 0.25 61 2 0.25
41 3 0.24 61 3 0.24
41 4 0.18 61 4 0.18
41 5 0.33 61 5 0.33
42 1 0 62 1 0
42 2 0.25 62 2 0.25
42 3 0.24 62 3 0.24
42 4 0.18 62 4 0.18
42 5 0.33 62 5 0.33
43 1 0 roadTypeID roadDesc   
43 2 0.25 2 Rural Restricted Access   

43 3 0.24 3 
Rural Unrestricted 
Access   

43 4 0.18 4 Urban Restricted Access   

43 5 0.33 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 more up to date volume/delay functions from the 2000 
Highway Capacity Manual (HCM). This process also uses rewritten code able to handle the newer 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 volumeto- 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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INTERAGENCY CONSULTATION DOCUMENTATION 

 
 
 
 
 
 
 
 
 
 
 
 
 


