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INTRODUCTION 
 
The objective of the development of the Non-Motorized Demand Model (Trip Model) was to 
produce a decision tool that would allow planners and engineers to determine the real need for 
walking and biking facilities within the Nashville region.  At the macro level, this is a regional 
bike and pedestrian model that incorporates the entirety of the transportation planning area of 
the Nashville region.  The whole Nashville Area MPO area (Davidson, Rutherford, Williamson, 
Wilson, Sumner, and portions of Robertson and Maury Counties) is included in the Trip Model.  
Aside  from  the  scope of  the model’s  planning  area,  however,  the Trip Model  is  very much a 
microscopic model, producing a parcel-level analysis fit for walking and biking trips. 
 
The Trip Model tool uses a parcel’s demographic information and proximity to other land uses to 
predict how many walking and/or cycling trips a parcel will likely generate under ideal 
conditions. This information can be used to help understand the propensity for non-motorized 
transportation activity in an area and to help predict where transportation investments will have 
the greatest impact. 
 
The Trip Model developed for this project differs from other currently available modeling 
procedures in several ways. Substantial differences are described as follows: 
 
Parcel-Level Analysis 
The Trip Model uses land use, demographic, and proximity data for every parcel in the study 
area to predict the trip making characteristics of each individual parcel. While this increases the 
data requirements and processing time, it also produces more accurate and more meaningful 
trip generation results. Most procedures, when used, make trip predictions on the TAZ-level (the 
same scale used for vehicle and freight trip models). Since most bicyclists are comfortable 
riding less than 3 miles and most pedestrians are comfortable walking less than 0.25 miles, it is 
more beneficial to perform the analysis on a smaller scale.  Where TAZs are any larger than 
approximately 0.25 square miles (160 acres), the accuracy of these walking and biking trips 
becomes severely compromised.  
 
Availability for Data Add-On 
The Trip Model is based on data from national and local sources, such as the 2001 National 
Household Transportation Survey, US Census Data, and the Nashville MTA On-Board Survey 
done in 2006. As other land use, demographic, or other pertinent data becomes available, the 
trip generation drivers can be modified to incorporate this data or to produce new trip types.  
 
An example of this would be if a national study found that socioeconomic considerations have a 
measureable impact on the number of walking trips generated by a household. Given the 
qualitative data from the study and the corresponding local socioeconomic data, the Trip Model 
could be modified to calculate its trip predictions on this new information.    
 
Varied Trip Types 
Some procedures use generalized trip types that mimic those used in traditional vehicle travel 
demand models (home-based work, home-based other, non-home based). The Trip Model 
instead uses eight specific trip types for walking and five trip types for cycling.  The trip types 
are discussed in further detail in the following text. 
 
Variable Reporting 
Aside from an increased level of detail, estimating generated trips at a parcel level allows 
flexibility in reporting walking and cycling trips. Trips can be reported on the parcel level, but 
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may be more useful reported by larger areas such as blocks or neighborhoods. Trips can also 
be aggregated to a street network to allow a roadway segment analysis of non-motorized trips.   
 
Some major aspects of the Trip Model developed for this project include: 
 

 The model predicts one-way, daily walking or biking trips from every parcel in the study 
area. It can be logically assumed that every generated trip has a return trip, so that these 
numbers could be multiplied times two to obtain total daily trips. However, the effects of 
trip chaining are not accounted for. 

 Eight different types of walking trips are estimated and five different types of bike trips 
are estimated. These are: walk to school, walk to recreate, walk to shop, walk to work, 
walk to errand, walk to transit, walk from transit, walk from parking, bike to school, bike 
to recreate, bike to shop, bike to work, and bike to errand. 

 The origin of the trip takes preeminence over the destination in the model. Households 
are the most common trip origins, but trips also originate from workplaces and transit 
stops. Although trips are attributed only to the originating parcel, there must be a suitable 
destination in proximity for the trip to occur. In other words, the model requires both an 
origin and a destination to generate a trip, but the trip is attributed to its origin. 

 The trip model assumes ideal bike and pedestrian conditions. This includes 
uninterrupted connectivity of facilities at regular intervals that are in good condition. This 
assumption may be close to actual conditions in urban downtown settings, but is far from 
the reality in suburban and rural areas. This aspect contrasts the trip model with the LOS 
analysis, which considers the actual condition of the facility, but does not account for its 
usage.   

 
HOW THE TRIP MODEL WORKS 
 
To estimate the walking or cycling trips for a parcel, several things must be known about that 
parcel; namely, its household count, employment, and the shortest distance to the nearest 
school, recreational facility, retail area, and transit stop. Also, some information relative to its 
proximity to employment in the study area and whether any substantial public parking exists is 
important. 
  
Once the distance relationships to other land uses are known, the effect of distance on making 
the walk or bike trip is quantified. This is done using a series of distance impedance curve 
equations developed by RPM from data in the National Household Travel Survey. The closer 
the land use, the more likely that the trip will be made by walking or cycling. Each parcel in the 
study area, then, has an impedance probability for every walking and biking trip type. The 
impedance probability is one factor in the total trip generation process. 
 
Next, employment and population attributes are used in a series of trip type equations. These 
equations follow the general formula shown below: 
 

(No. households in the parcel)1 x (type-specific factor series) x (impedance probability) 
                                                
1 This is the common equation form for trip types with households as the origin. Several trips types do not 
use the number of households as a determinant and would therefore have a different equation form.  
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The first two terms in the equation quantify the number of non-motorized trips that are likely to 
occur  based  on  national  averages  and  assumptions  regarding  each  parcel’s  trip  making 
characteristics, without respect to how far the walking or cycling trip would be. The last term, the 
impedance probability as described above, accounts for the inverse relationship that distance 
has on these trips.  
 
The result of the equation for each trip type is the expected number of walking and cycling trips 
by type. These trips can be reported individually by trip type. However, these trips are also 
summed to obtain the total number of one-way walking and cycling trips on a typical 
work/school day. 
 
SPECIFIC CONSIDERATIONS BY TRIP TYPE 
 
Travel to School: Only applied to residential parcels. Uses U.S. Census data to determine 
numbers of school-age children by parcel. Uses a proximity factor to scale down trips because 
not all children attend the school they live closest to. 
 
Travel to Recreation: Only applied to residential parcels. Uses national data to factor the 
number of recreational trips made as a proportion of all trips made. Recreation trips are only 
made in the model if the household is in proximity to a park. In reality, many recreational trips 
have destinations other than a park, or have no destination at all, making these difficult to 
predict. 
 
Travel to Shop: Only applied to residential parcels. Uses national data to factor the number of 
shopping (including personal service such as a haircut) trips made as a proportion of all trips 
made. Uses a proximity factor to scale down trips because not all shopping trips are made to 
the retail area closest to home. 
 
Travel to Work: Only applied to residential parcels. Uses national data to factor the number of 
work trips made as a proportion of all trips made. Proximity to employment density used to 
estimate likelihood of trips. Uses a proximity factor to scale up trips to account for desirability to 
live close to work. Number of travel to work trips found to be very low because of employment 
density method. 
 
Travel to Errand: Estimation of errand-type trips from work to other commercial uses. Only 
applied to workplace parcels where retail exists within ½ mile. Uses national data to factor the 
number of errand trips made as a proportion of all trips made. Proximity of employment to retail 
sales and services used to estimate likelihood of trips. 
 
Walk to Transit: The first of two transit walking trips, this one estimates trips from home to the 
transit stop. Only applied to households within 1 mile of a transit stop. Uses national data to 
factor the number of all trips made using transit as a proportion of all trips made using other 
modes. Proximity of households to transit stops used to estimate likelihood of trips. The 
impedance curve for this trip was developed using the Nashville MTA On-Board Survey.  
 
Walk from Transit: The second of two transit walking trips, this one estimates trips from the 
transit stop to a final destination (based on employment). This is the only destination-based trip 
type and is only applied to employment sites within 1 mile of a transit stop. Uses the number of 
boarding trips from the Walk to Transit trip type listed above. Proximity of employment to transit 
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stops and the relative amount of employment at each site used to estimate likelihood of these 
trips. 
 
Walk from Parking: Only applied to major public surface parking lots and parking garages in 
urban areas (Nashville, Murfreesboro, and Franklin). Assumes that walk trips will originate from 
all parked vehicles. Uses parking space turnover and garage occupancy factors to scale up and 
down trips, respectively.  
 
Note that the last three trip types are only applicable for walking trips and were not determined 
for cycle trips. The Nashville MTA On-Board Survey, which was conducted in 2006, found that 
over 87% of all transit trips were made after walking to the bus stop as opposed to only 0.5% 
being made after cycling to the bus stop. Therefore, Bike to Transit was not derived in model. 
Likewise, there is not expected to be a significant number of weekday bike trips made after 
driving to a parking lot, other than perhaps at a greenway trailhead, park, or similar area.  
 
APPLICATION OF THE TRIP MODEL IN THE NASHVILLE MPO AREA 
 
Although the Trip Model procedures were not developed specifically for the Nashville Area 
MPO, customization of the trip generation driver formulas for this project is specific to Nashville 
and the MPO’s seven counties. Several data for each parcel are needed to run the Trip Model. 
These are shown in the chart below. 
 

Data Required Field Name Description 

County name County 
Can be Davidson, Maury, Robertson, Rutherford, 
Sumner, Williamson, or Rutherford. A missing county 
name will not allow the Trip Model to run for that parcel. 

Households H Number of households in the parcel 
Employees J Number of employees working in the parcel 
Employment density, 1.5 mile J_1_5 Number of jobs within a 1.5 mile radius of the parcel 
Employment density, 3 mile J_3 Number of jobs within a 3 mile radius of the parcel 

Parking P Number of parking spaces in the parcel (only 
applicable for garages, large surface lots) 

Distance to recreation D_r Minimum straight-line distance to the nearest 
recreation facility (miles) 

Distance to shopping D_s Minimum straight-line distance to the nearest shopping 
area (miles) 

Distance to school D_L Minimum straight-line distance to the nearest school 
(miles) 

Distance to transit D_T Minimum straight-line distance to the nearest transit 
stop (miles) 

   
Given these data, the county-specific walk and bike trips can be calculated by using the 
supplied equations “Walk Trip Eqn.cal” and “Bike Trip Eqn.cal”, respectively. The field names as 
shown in the table above are referenced by these two trip equations. Therefore, model users 
may have to modify existing field names or modify the field names used by these trip equations. 
This can be done easily using a find-and-replace method. 
 


