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Abstract 

Transportation policy evaluation involves identifying and measuring the benefits and costs of a proposed 

investment.  This paper evaluates the socio-economic impacts of investing in fixed route bus service in 

Jackson County, NC.  Traffic conditions along NC-107, which is the main north-south arterial that runs 

from downtown Sylva to Cullowhee, have deteriorated substantially over the past two decades.  These 

conditions have been brought on by commercial and residential development and an expanding  

Western Carolina University student body.  Without any significant investment in alternative parallel 

routes or traffic demand management strategies, many segments of this roadway are currently at or 

near engineered capacity throughout peak and mid-day hours.  This evaluation defines, quantifies, and, 

where applicable, values the costs and benefits of a fixed route transit investment over the status quo 

throughout a 10 year time period (2010-2020).  The results reveal that several factors influence the 

success of transit within the region.  From an economic perspective, the most critical determinants of 

success are service consumption levels, optimal route design, and the potential changes in variable costs 

of travel like the real price of fuel.  Recognition of long term social benefits like reduced congestion and 

air pollution levels and well coordinated land use policies that support sustainable community growth 

can also have a significant effect on the feasibility of the investment.     
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I.  INTRODUCTION 

 

 The main objective of this report is to evaluate fixed route bus service in Jackson County, North 

Carolina.  Traffic conditions along the main north-south arterial NC-107, that runs from downtown Sylva 

to Cullowhee have deteriorated substantially over the past two decades.  While historically, the 

economy of Jackson County had been driven by the agricultural and manufacturing sectors, in the past 

three decades these sectors have contracted and the economy has transitioned to one of retail trade 

and educational, recreational, and health services (Jackson, 2006).  From 1997-2002, 21% of agricultural 

land was converted into retail, commercial, and residential space (Jackson, 2006).  Much of this 

commercial and residential development has occurred along the NC-107 corridor, and without any 

significant investment in alternative parallel routes or traffic demand management strategies, many 

segments of this roadway are currently at or near engineered capacity throughout many hours during 

the day. 

In the 1990’s, concerns over congestion and roadway safety compelled local officials to contact 

NCDOT for recommendations on maintaining the existing roadway network and developing plans to 

support future regional growth.  In 2000, NCDOT began developing a feasibility study for the “Southern 

Loop”, a new highway that would connect US 23/441 south of Dillsboro to US 23/74 east of Sylva 

(NCDOT, 2010).  The purpose of the new multi-lane highway was to allow traffic to bypass the central 

corridor and provide congestion relief along NC-107 and US 23 Business.  In 2003, the project was added 

to the State Transportation Improvement Plan (STIP).  By September of that year, the town boards of 

Webster, Dillsboro, and Sylva passed official resolutions opposing the “Southern Loop” highway, but the 

project was pursued nonetheless (Hooper, 2003).  In 2008, under the recommendations of the 

Southwestern Rural Planning Organization (RPO), the western section of the bypass was removed from 
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the STIP, leaving only the eastern portion – renamed the “NC-Connector”, which is currently in the “In 

development” phase (NCDOT, 2010). 

While the planning efforts underway for the NC-Connector could provide potential long term 

benefits to the region in congestion relief throughout the NC-107 Corridor, it is not considered in this 

evaluation process.  This determination is based on several factors.  First, the planning and construction 

period required to implement the roadway project is well beyond the planning period required to 

implement a fixed route transit service.  While in the development phase, final construction of the NC-

Connector may not be complete for another 5-10 years1.  The capital and construction period for a 

transit system of the size and scope being evaluated for this region could be less than one year (TCRP78, 

2002).    

 Likewise, the bus service is focused exclusively on the NC-107 corridor between Cullowhee and 

Sylva (with extensions to Harris Regional Hospital via US 23 Business and the towns of Webster and 

Dillsboro).  While the presence of transit within the corridor may provide benefits (in reduced travel 

times and user costs) to all individuals traveling throughout the planning area, this evaluation focuses on 

the benefits to local travelers (or with trips that begin and end within the corridor).  The impacts of the 

NC-Connector will be more regional and the benefits and costs associated with that investment cannot 

be accurately measured against a localized transit alternative.    

Most importantly, this is a sketch plan designed to inform local officials of the potential socio-

economic benefits (and costs) of a transit investment.  More sophisticated travel demand models are 

required to accurately model trip generation, distribution, mode choice, and traffic assignment.  The 

resources and engineering capabilities required to do this for a major roadway project are beyond the 

scope of this project.     

                                                           
1
 The “in-development” process includes defining the project, preliminary design, environmental studies, design 

construction plans, property purchase, construction bids, contracts, and construction.   
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While the objective of this report is to evaluate bus transit within the planning area as described 

above, the issues framing that objective are several-fold.  The first, and the most significant, is to 

address the congestion issues throughout the NC-107 corridor between Sylva and Cullowhee.  As stated 

earlier, this area has seen deteriorating roadway conditions over the past decade brought on by 

residential and commercial development.  Traffic volumes along several segments of the roadway have 

increased by roughly 3%2 annually between 2002 and 2008 (NCDOT, 2008).  The county projects that the 

population within the region will continue to increase at a rate of 12% in the next ten years - from 

38,920 in 2010 to 43,630 in 2020 (Jackson, 2006).  Under these conditions, congestion will inevitably 

transform from a peak hour nuisance to a routine occurrence in the coming years without any significant 

investment in infrastructure, travel demand management, or changes in land use policy.  

In order to calculate the local benefits of transit within the region, the project will be compared 

against a base case scenario.  This alternative will represent the conditions that will prevail if no other 

improvements are made to the existing roadway network.  This strategy may not create the most 

realistic alternative, but it provides a useful reference point against which the incremental benefits and 

costs of the transit service can be measured.  In the base case, traffic projections along the existing 

roadway will continue to increase by 3% annually given the estimates from the AADT report and the 

projected increase in population.  

A second objective is to address the mobility options for members within the region.  The 

development that has occurred over the past several decades has further isolated land uses, brought 

about in part, by planning practices that favor automobile travel.  Individuals may find it difficult to 

perform daily activities without relying on their automobile.  Providing community members with an 

alternative mode of travel may provide significant perceived and unperceived benefits to the 

community as a whole.  This report does not evaluate the kinds of land use and zoning plans (like mixed 

                                                           
2
 Average Annual Daily Traffic counts for six NC-107 segments were collected from 2002-2008.  Detailed AADT for 

the 6 segments are provided in Table B.3. 
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use development, reducing minimum parking requirements, etc) that influence the success of transit 

within a region, but it should be noted that these types of planning activities could further increase the 

feasibility of a transit investment if local transportation decisions are integrated with local land use 

policies. 

This report is organized into 3 sections: Methods, Results, and Conclusions.  The Methods 

section outlines the approach taken to evaluate transit service and the data used to evaluate the 

project.  This section is divided into 3 sub-sections based on the issues that I have determined are the 

most relevant in evaluating public transportation within Jackson County:   

 Population and demographic characteristics – the success of public transportation is 

often predicated on minimum population densities and urban spatial characteristics 

(ITE, 1989).  This section identifies the planning area and the population and 

demographic features framing the planning area using GIS software.   

 Transit Demand Projections – Demand for transportation services is a critical 

determinant of transit service success.  This section identifies the methods used to 

determine demand for transit within the region and provide local officials with 

estimates of service consumption given certain levels of transit supply.  Demand 

projections are estimated using a meta-analysis of transit demand elasticities and 

cross-sectional data from the FTA National Transit Database. 

 Impacts – This section develops the methodology used to calculate the benefits and 

costs of transit to the region.  Each impact category is defined, quantified, and valued in 

order to measure the net benefits (or costs) of transit over the status quo.   

 

 The Results section provides estimates of the discounted stream of net benefits (or costs) from 

the local perspective.  Sensitivity analyses were performed on variables that are likely to change over 
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space and time.  These estimates will provide local officials with information regarding the Net Present 

Value (NPV) of the investment under several different potential conditions.  The Conclusions section 

discusses the results of the evaluation and provide recommendations to local elected official, the RPO, 

and concerned citizens.    
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II. METHODS 
 

 

II-1 GIS MAPPING  

 

 An important consideration when evaluating fixed route transit is whether a community has the 

appropriate population densities and land use patterns to support and sustain the network.  “A Toolbox 

for Alleviating Traffic Congestion”, published by the Institute of Transportation Engineers, provides some 

basic guidelines for implementing fixed route transit service depending on the spatial configuration of 

land uses and minimum population densities (ITE, 1989).  Density of development plays a critical role in 

the success of transit within a corridor or region.  High population densities, like those found in urban 

areas, are known to lead to increased transit ridership (Kockelman, 1997).  Likewise, the spatial 

distribution of land uses affects the types of trips individuals make at different times throughout the day 

(work trips vs. shopping trips).  The ITE report provides some basic guidelines that are used when 

assessing bus service as a cost effective solution to a region’s growth and roadway congestion.  These 

guidelines represent general observations and not steadfast rules.  It may be the case, from a policy 

perspective, that supplying transit services below these demand thresholds is possible and desirable, 

depending on local conditions.     

 Minimum to intermediate level of local bus services (20 – 40 daily bus trips in each direction or 1 

bus per hour/half hour) – this level of bus service is often provided in residential areas with 4-7 

dwelling units per acre or 3,000 to 6,000 persons per square mile (ITE, 1989).    

 

 Figure A.1 (Appendix A) provides estimates of population densities within Jackson County3.  

While the majority of census blocks within Jackson County have population densities less than 300 

                                                           
3
 Projections for 2010 are based on 2000 US Census Bureau data. A 1.07% annual population increase was applied 

to each census group.  Projections are in NAD 83 State Plane NC.      
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persons per square mile, the area defined throughout the NC-107 corridor from Sylva to Cullowhee 

reveals much greater densities than the county average.  Figure A.2 (Appendix A) defines the study area 

that is used as the basis for this corridor analysis.  The planning area boundaries were created by tracing 

the length of NC-107 from Sylva to Western Carolina University using GIS software, as well as Main St, 

Webster Rd, US 23 Business, and Skyland Drive.  A 1/2 mile buffer was applied to each roadway.  This is 

a basic transit guideline that is often applied as:  a ¼ mile for bus transit and ½ mile for rail (Cervero, 

1996).  For the purposes of this evaluation, the ½ buffer represents the maximum an individual is willing 

to walk to reach a transit stop (Bafna, 2009).   Figure A.2 conveys that there are several blocks within 

the Sylva area that have population densities in the range of 750 – 4,000 persons per square mile.  The 

area defined around Western Carolina University reveals population densities in the range of 1500 – 

6000.   

A second consideration is the work shed characteristics within the region.  Figure A.3 - 4 

(Appendix A) provide estimates of the number and distribution of workers within the planning area 

defined above.  These estimates were based on 2007 employment data from the US Census Bureau and 

the LED on the Map Origin-Destination Database4.  The first figure is a home shed profile of where 

workers are employed who also live within the planning area.  The map shows the distribution of total 

jobs within the region as of the second quarter of 2007.  A majority of these individuals work in the 

downtown Sylva area and along US-23 Business.    The second figure provides a worker shed profile that 

estimates the total number of jobs within the planning area as of 2007.  The highest density of 

employment is found in Cullowhee and Western Carolina University and downtown Sylva to Harris 

Regional Hospital.  Based on the information gathered for this planning area there are an estimated 700 

workers who both live and are employed within a .5 mile radius of the NC-107 planning area.  Likewise, 

there are roughly 2,900 total jobs within the same defined region.        

                                                           
4
 Led on the Map is produced by the US Census Bureau in cooperation with states under the Local Employment 

Dynamics (LED) partnership.  Information was obtained in a shapefile format and converted into a geodatabase. 
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One final consideration and one that may prove to be the most significant predictor of transit 

consumption within the region is the presence of Western Carolina University.  Total enrollment at WCU 

for the 2010 academic year was roughly 9,400 students (Tate, 2009).  Of that total, the Transportation 

Planning Branch of the NCDOT calculated that roughly 6900 students were living near or within the 

study area defined above as of 20085.  Demand projections for use of the bus system by university 

students will be difficult to determine, but it is clear that the number and density of students living 

within the corridor are quite significant, and could potentially contribute to major reductions in agency 

costs and travel time savings throughout the lifetime of the project.  The population and demographic 

characteristics of the region are qualitative measures that, while below certain thresholds used in transit 

planning, are within a reasonable range to evaluate a fixed route system within the corridor. 

 

II.2 DEMAND ELASTICITIES AND CROSS-SECTIONAL ANALYSIS  

Demand for transit is predicated on several factors; the real and perceived costs of the transit 

network, the costs of alternative modes (autos), average income, and some measure of service quality 

(Holmgren, 2007).  Without prior data on fixed route transit within the region, initial projections of 

transit demand are calculated in 2 ways:   a cross-sectional analysis of other transit operators within the 

Southeastern region of the US and demand projections based on a meta-analysis of transit elasticities 

from the transportation literature.  These estimates are also cross-referenced for validity with the 

population and demographic information developed in Section II.1.      

 My cross sectional analysis is conducted using information from the Federal Transit 

Administration (FTA) national transit database (NTD).  All transit agencies and operators who receive 

grants from the FTA are required to submit data to the NTD – information reported by more than 600 

                                                           
5
 The Transportation Planning Branch estimates were developed at the Traffic Analysis Zone (TAZ).  These zones 

can be significantly different than census blocks, but in the Cullowhee area, they are similar.   
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transit agencies within the United States.  The data is analyzed and compiled into reports published by 

the FTA and made available for public use (FTA, 2009). 

 The peers were selected using 3 key criteria; 1) basic population information – service area 

densities, 2) geographic information – South and Southeast regional service, and 3) service attributes – 

vehicle hours and operating expenses.  8 agencies were identified for the year 2008 and are reported 

below in Table II.1.  While these agencies represent regional networks whose service attributes and 

spatial configuration are of a larger scale than the system being evaluated in this report, they represent 

the transit networks (within the NTD) that most accurately satisfy the key criteria referred to above – 

fixed route bus networks that provide service to population areas of less than 100,000 people, 

population densities less than 4,000 persons/square mile, and operate in the southeastern United 

States.           

 

 
Table II.1 Cross Sectional Analysis using 8 Agencies operating in areas with Population < 100,000 
 
Cross Sectional SE 
 Bus Networks 

Service Area 
Population 

Service Area 
Population Density 
(persons/sq mile) 

Vehicle Hours 
per Year 

Wheeling, WV 61,725 2,286 56,532 
Danville, VA  48,411 1,936 17,894 
High Point, NC  94,973 1,826 30,362 
Albany, GA  79,939 4,702 33,425 
Jackson, TN  61,772 1,211 42,222 
Spartanburg, SC  70,000 1,750 22,424 
Alexandria, LA  60,171 2,148 34,474 
Fort Smith, AR  80,268 1,114 23,854 

 

 

    Economists frequently use the concept of elasticity to describe how individual behavior and 

choice is influenced by changes in price and level of service.  The elasticity is a measure of how the 

quantity demanded changes in response to a percentage change in price or service (and also in the price 

of substitutes).  While they are inexact approximations, they can be very helpful in determining 
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aggregate and disaggregate responses in the transportation market, in both the short and long term.  

There have been many studies conducted over the past several decades that have identified and 

quantified several predictors of transit demand; including own price, vehicle miles traveled, income, 

price of gas, and service level elasticities (Holmgren, 2007).  

 The use of demand elasticities for bus transport is an important initial tool in calculating the 

expected demand for transit within the Jackson County region and will, perhaps, provide guidance in 

measuring reasonable expectations of service capacity and delivery when evaluating the potential for 

bus service within the corridor.   

 Low elasticities imply relatively ineffective levers for influencing demand.  That is, the nearer to 

0 (in absolute terms) an elasticity is with respect to a specific variable, the less likely a change in that 

variable will have a significant impact on demand.  For example, the rule of thumb (Curtin-Simpson Rule) 

in the transit realm for several decades was that the fare elasticity of demand for bus service was -.31 

(Goodwin, 1991).  That is to say, traditionally a 1% increase in bus fare was met with a .31% decrease in 

ridership.   Since demand changes with a lower percentage than the percentage change in fare, the 

demand is said to be inelastic.  Demand can be further disaggregated by calculating fare elasticities at 

peak and off peak hours.  Oum and Water (2000) investigated fare elasticities in this context and found; 

peak (-.0) and off peak (-1.08 to -1.54).  The intuition of these estimates makes sense.  Alternatives to 

public transport become more attractive during less congested periods than during peak hours, when 

individuals have less control over their travel decisions.  This concept explains the policy of charging 

higher fares during peak hours; where additional revenues can be received without significantly 

affecting actual ridership.  Understanding the relationship between changes in variables that influence 

individual travel demand and actual changes in ridership is critical when developing realistic 

expectations of demand for a proposed transportation project. 
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 I began my analysis by identifying the key indicators that influence demand for bus transit from 

the literature over the past few decades.  I identified several comprehensive studies that have 

attempted to calculate elasticities for public transit demand throughout the United States and 

aggregated the results to create more statistically meaningful estimates to evaluate in this analysis.  

Goodwin (2002) and Oum and Water (1992) have calculated empirical estimates of direct and cross 

elasticities that further the research undertaken prior to 1990, and Holmgren (2007) and Hensher (2008) 

have developed meta-analyses on estimates of public transport elasticities that incorporate other 

variables, aside from fare and service elasticities.  The results of these meta-analyses are provided below 

in Table II.2.   

 

Table II.2 Elasticity Estimates  

Elasticity N Mean Standard Error 

Fare 81 -0.38 0.23 

Vehicle KM 58 0.72 0.37 

Income 22 0.17 0.63 

Price of gas 17 0.38 0.31 

In vehicle time 57 -0.55 0.37 

 
 
 

 Each of the elasticities reported above were calculated from several studies (N) that took place 

in rural, suburban, and urban environments as well as over a period of several years.  To account for 

such variations, this report calculates initial demand for transit in Jackson County using the mean 

elasticity for each predictor displayed above as well as a lower and upper bound (defined as the mean 

estimate (+/-) the standard error).  

 The NTD provides detailed information regarding the service and price indicators that were used 

to estimate demand given the elasticities reported above.  The demand function is based on the Cobb-
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Douglas production function6 which is widely used in economics to represent the relationship of an 

output to inputs.  The function takes the form: 

 
D = APαIζVβGλTη 

 
Where: 
 
D = demand for bus ridership (measured in total passenger trips per year) 
A = scale parameter 
P = average bus fare (per passenger trip) 
I = per capita income 
V = average vehicle KM per year  
G = average gas price for autos (per gallon) 
T = average in vehicle time (per bus trip) 
α = own price elasticity (bus fare) 
β = vehicle km elasticity 
ζ = income elasticity 
λ = auto gasoline price cross elasticity 
η = in vehicle time service elasticity  
 
 The logarithmic transformation of the demand function takes the form (where A is unknown): 
 

ln D = ln A + α*lnP + ζlnI + β*lnV + λ*lnG + η*lnT 
 

 
 

 Table B.1 (Appendix B) provides a framework for calculating the scale parameter based on 

information from the cross-sectional data and demand elasticity estimates.  Regional specific 

parameters were input into the model for Jackson County to determine initial demand projections given 

the scale parameters determined above.  Given the fact that transit service characteristics like in-vehicle 

time and fare price are not available for the region, they are fixed according to the cross sectional data 

above and cross referenced for validity when automobile in-vehicle travel times are calculated in 

Section 3.3.    

                                                           
6
 In 1928 Charles Cobb and Paul Douglas published a study where they modeled the growth of the American 

economy using this simple methodology: production output is determined by amount of labor employed and the 
total amount of capital invested.   
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 Vehicle KMs per year are estimated based on some reasonable assumptions regarding capacity 

in the initial year of service.  Those assumptions are as follows:   

 It is assumed that 2 buses are needed to service the corridor, with each vehicle operating during 

the hours of 6 am to 7 pm for a 26 hour vehicle fleet total per day (This assumption is based on 

the travel demand and vehicle volumes throughout this time during the day).  

  The average individual trip is 5 miles and each bus will perform 1 round trip per hour.  (This is 

based on the spatial configuration of the planning area.  Buses are considered to be running on 

a fixed route with 1 way trips every half hour).  The specific number and location of stops along 

the route are not determined in this evaluation, but planning officials will be able to determine 

potential routing configurations based on the average travel times calculated in Section 3.3.   

 The service will operate during the peak and mid-day period of the work week and not be 

available for service on the weekends.   

 Given these initial assumptions total vehicle miles are roughly 91,000 miles per year.   

 

 Table II.3 provides estimates of initial transit demand within the planning area based on these 

basic service attributes and the demand elasticities reported above.  A detailed table of regional specific 

parameters is provided in Table B.2 (Appendix B). 

 The estimate of 811 passenger trips per day is used as the baseline measure of service 

consumption in the next section of this evaluation and is tested in the sensitivity analysis.  While the 

population and demographic characteristics conveyed in Section II.1 are only qualitative measures, they 

do provide support of this estimate.     With an estimated 700 workers who both live and are employed 

within the service area, there are 1,400 potential home-based work trips (700 workers making 2 one 

way trips to and from work each day).  The 2,900 employees working within the study area, even  
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Table II.3 Demand Estimates for Jackson County  

Jackson County Demand Model 

Using Mean Elasticity 

Passenger 
Trips/year 

 202,792 

Passenger 
Trips/day 

 
811 

 

Using Mean + Standard Error 

Passenger 
Trips/year 

 125,750 

Passenger 
Trips/day 

 503 

Using Mean – Standard Error 
 

Passenger 
Trips/year 

 327,034 

Passenger 
Trips/day 

 1,308 

 
 
 

if it is assumed that they all travel to and from work with their automobile, may engage in other 

activities throughout the day within the planning area.  Likewise, the density of students living within a 

½ mile range of any potential transit stop (6,900 total students) could validate this estimate if a small 

percentage of them make even 1 roundtrip along the corridor from WCU to Sylva each day.   

 Another factor that provides support for these estimates is the results from a Goals and 

Objectives survey conducted by the Southwestern Regional Planning Organization (Regiona), the 

Jackson County Transportation Task Force, and the NCDOT – Transportation Planning Branch (Sherby, 

2008).  The survey was conducted in 2008 in cooperation with the municipalities and townships within 

the region, Southwestern Community College, and Western Carolina University7.  Its purpose was to 

provide planners and elected officials with information regarding public opinion while they develop their 

Comprehensive Transportation Plan for the region.  The total number of surveys received was 157, with 

the largest response rate coming from two age groups: 35-44 (21%) and 45-64 (52.9%).  The questions 

were ranked 1) very important, 2) somewhat important, 3) not important, and 4) don’t know.    

                                                           
7
 A summary of the survey results can be obtained at 

http://www.regiona.org/rpo/6.2.08%20Jackson%20County%20G&O%20Survey.pdf 

http://www.regiona.org/rpo/6.2.08%20Jackson%20County%20G&O%20Survey.pdf
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 The issues that received over a 50% response rate in the “very important” category were: 

 safety 

 community and cultural integrity 

 environmental protection 

 increased transportation options.   

 

 More specifically, a question asked “If available, would you consider using the following types of 

facilities instead of your personal automobile (check all that apply)?”  Of the 113 responses to the 

question, 89 respondents (78.8%) would consider using bus service if made available.  While no discrete 

demand estimates can be obtained from this survey, it is important to recognize the interest in 

alternative modes of transportation within the region and the high percentage of individuals within this 

sample who consider bus transit as a viable alternative to their automobile.   

 

II.3 COST BENEFIT ANALYSIS (CBA) FRAMEWORK  

 The primary reason for making an investment in transportation infrastructure is to improve the 

performance of the overall system relative to how it would function in the absence of that investment 

(TCRP78, 2002).  This section outlines the methodologies that were employed to evaluate the costs and 

benefits of the proposed transit system in Jackson County and defines the impact categories that are 

measured.  The typical impact categories or “first order effects” in evaluating transit projects are supply 

purchases, and the user effects for transit and auto users (TCRP78, 2002).  Each impact is defined, 

quantified, and, where applicable, valued in order to measure the feasibility of the transit investment 

over a period of 10 years.  Given the timeline of the investment, many of these impacts will differ 

depending on the time of day and the year in which they occur.  To account for this variability, costs and 

benefits are calculated for the peak and midday period, when congestion concerns are their most critical 
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and the projections made over the 10 year project life are tested in sensitivity analyses.  All parameters 

included in the CBA have been modeled in an Excel spreadsheet toolkit I developed.       

Projections and forecasting are two techniques used by transit agencies to predict growth into 

the future given trends identified from the past.  Regardless of how technically sophisticated or simple 

the model, real world applicability is inherently limited by the uncertainty over future conditions.    

In transportation planning, projections are useful because past and present data are often 

readily available and future conditions can be easily extrapolated given the identifying trends within the 

data over time.  While this methodology is useful in many applications, the demand for travel is 

predicated on many confounding variables that change over space and time.  Travel is a derived 

demand.  It is usually undertaken not for its own sake, but rather to facilitate a wide variety of activities 

like work, recreation, and shopping (Small, 2007).  Demand for travel is influenced by changes in relative 

prices; both market, such as the real cost of fuel and alternative modes of transportation, and non-

market, such as the perceived cost of time.     

 Forecasting is a more complex technique that also serves to identify trends and focuses on the 

interaction between covariates that influence the demand for travel.  Variables like per capita income, 

gas prices, and in-vehicle travel time have a significant effect on the utility of any given trip.     

 Both these techniques, linear projections and forecasting, are critical components of any major 

transportation project and provide simple estimates of demographic changes and travel demand over 

space and time.  This report employs both techniques in evaluating the costs and benefits of bus transit 

as an alternative transportation mode within the Jackson County region.  Without perfect information 

regarding future circumstances, many assumptions have been made throughout this section.  

Assumptions are a necessary component of any evaluation and they will be tested throughout each step 

in the process.  Sensitivity analyses, performed on those variables that are likely to follow an uncertain 
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trajectory, allow for variations within impact categories that affect the feasibility of the investment over 

the status quo.   

 

3.1 CAPITAL COSTS 

 This section describes the capital costs required to implement the transit network within the 

region.  Capital Costs include right-of-way, facilities, and rolling stock; direct costs that are public sector 

expenditures incurred in the course of implementing the transit project.   

 All capital costs8 are assumed to be incurred during Year 0 (2010), when planning and 

construction are under way.  Table II.4 provides estimates of capital costs for the proposed transit 

project.   

 

Table II.4 Capital Expenditures 

Year 2010 

3 New Buses @ $250,000 each $750,000  

Facilities and other $250,000  

Total Capital Costs $1,000,000  

   

 

 The estimates of facility costs include stations, and maintenance/administrative buildings.  This 

estimate is subject to significant variability but, for the purposes of this planning exercise, is assumed to 

be an accurate initial estimate.  The local real estate conditions and the quantity and location of transit 

stops will influence this estimate.  Likewise, when comparing the costs and benefits of the transit project 

to the base case, right-of-way expenditures are omitted because the allocation of costs for the existing 

roadway network that the buses will use are considered a “sunk cost”.  Any repairs and maintenance of 

                                                           
8
 Bus purchasing price has been estimated using data from a Bureau of Transportation Statistics (RITA) inventory of 

US new vehicle costs for 2007 and 2008.  Vehicle type is bus, suburban (>=27’6’’, 1 door, no luggage bays). 
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the roadways in the study area are assumed to occur regardless of whether or not the bus system is in 

place and are not included as a cost in either the improvement or base case scenario.     

 

3.2 OPERATION AND MAINTENANCE COSTS 

 Operation and maintenance Costs include all the direct transit agency expenditures that are 

incurred over the project life (2011-2020).  These costs include operator salaries and wages; other 

salaries and wages; fringe benefits; service costs; fuel and lubricant; tires and tubes; other materials and 

supplies; utilities; insurance; casuality and liability taxes; and miscellaneous expenses (FTA, National 

Transit Database Federal Transit Administration, 2009).  All of these costs have been separated into 5 

distinct categories and summed to get an annual operation and maintenance budget.  The 5 cost 

categories are as follows –  

 Vehicle Operations (less fuel) 

 Fuel costs – these costs are typically a function of vehicle operations, but are separated out in 

this evaluation to allow for changes in real fuel costs over time when performing sensitivity 

analyses. 

 Vehicle Maintenance 

 Non-vehicle Maintenance 

 General Administration 

 These costs have been estimated by the same cross sectional analysis used in the demand 

projections section9.  The NTD has detailed information regarding these costs, reported by the 8 transit 

agencies on an annual basis.  Since the cost of operation and maintenance for each agency is different 

and their scale of operations is greater than that of the one being evaluated in this report, these costs 

have been averaged across the 8 agencies and recorded on a per unit basis of $ per revenue mile.  Table 

                                                           
9
 Each of the 5 cost categories includes wages, benefits, service costs, taxes, etc that are applied within each 

category in the National Transit Database.   
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II.5 provides estimates of O & M on a cost per revenue mile basis in 2010 dollars.  One consequence of 

this methodology is per unit costs from these larger agencies are given no more weight than costs from 

a smaller agency, but because of the ease of implementation and lack of local data, these estimates are 

sufficient for the purposes of this exercise.      

 

Table II.5 Operation and Maintenance per vehicle mile 

Operating Costs  $ per vehicle mile 

Vehicle Operations $1.86  
Fuel, lubricants $0.57  
Vehicle Maintenance $0.65  
Non-vehicle Maintenance $0.06  
General Administration $0.95  

Total O&M (per vehicle mile) $4.09  

   

 

3.3 PERCEIVED USER COSTS 

3.3.1 Value of Time 

 The primary benefits of any transportation project are the improvements that the project has on 

travel behavior.  These benefits are realized when there is a change in the perceived cost of travel.  One 

measure of this perceived cost is the value of time.  The value of travel time depends on the disutility 

that travelers attribute to that time spent travelling.  This disutility varies with the type of activity 

involved, such as walking to a bus stop or one’s car, waiting for transit, and the actual time spent in the 

vehicle.  Small (2002) provides a review of the literature in transportation economics which is based on 

several theories and measurements of the value of time.  The key findings from that synthesis are 

displayed below and are used as the basis for many of the assumptions made regarding the value of 

time for individuals in the Jackson County region. 

 The value of time individuals attach to travel depends on the mode of travel, the trip 

component (waiting vs. riding), total travel time, and some measure of income.   
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 The value of time is linked to wage rates – the assumption being that time spent traveling could 

be spent working instead.  This is true of work trips and non-work trips.   

 A reasonable estimate of value of time in-vehicle is 50 % of gross wage rate. 

 Value of time walking and/or waiting can be twice as great as in-vehicle time.  These activities 

are generally perceived as less enjoyable than actual in-vehicle travel.  100 % of gross wage rate 

will be used for walking and waiting.   

 

 The most critical component of value of time calculations is the time spent in-vehicle.  These 

times are affected by the level of service (LOS) of the roadways.  Several segments of the NC-107 

roadway from WCU to Downtown Sylva are at or near capacity and these conditions represent the 

primary reason for evaluating alternative transportation strategies for the area (Regiona, 2009).  The 

relationship between LOS and roadway characteristics is represented by volume-delay relationships.  

This relationship is based on vehicle volumes (expressed in passenger car equivalents (PCE)), roadway 

capacities, and the time needed to travel a certain distance.  The Highway Capacity Manual is a useful 

resource for determining travel times based on LOS at the roadway segment level – determined by 

several variables including number of links, distance between traffic signals, width of roadway, etc (TRB, 

2000).  For the purposes of this analysis, a reduced volume/delay formula is used to estimate travel 

times based on average annual daily traffic (AADT) volumes for the NC-107 corridor.  The formula10 for 

that determination is as follows: 

 

AT = FT * (1 + α * (V/C)β) 

Where: 

AT = Average Travel time (actual travel time in minutes) 

FT = Free flow travel time (travel time in free flow conditions) 

                                                           
10

 This volume-delay model is taken from the Bureau of Public Roads (BPR) model (Highway Capacity Manual 
2000) 
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V = Volume (PCE/hr) 

C = Capacity (PCE/hr) 

α = scale parameter 

β = scale parameter 

 

 The assumptions made regarding the average travel time for vehicles in Year 0 (2010) are based 

on traffic counts recorded by the NC Department of Transportation11.  The AADT for NC – 107 (from 

2002-2008) are provided in Table B.3 in Appendix B.   

 These AADT represent traffic counts for 6 segments of the NC-107 corridor in the planning area 

(NCDOT, 2008).  For ease of implementation, the average daily traffic was calculated over the 6 

segments and an annual growth rate of 3% was applied (2002-2008) as a linear annual projection of 

traffic growth for the 10 year evaluation period (2010-2020).  Analyzing traffic volumes and travel time 

at the segment level is much more accurate given the heterogeneity of land uses throughout the 

corridor and the unequal distribution of traffic signals and turning lanes, but without sophisticated 

modeling resources, the average impacts over the entire corridor are used as the comparative 

methodology.   

 It is also difficult to determine, from an AADT, the distribution of trips on the roadway 

throughout the day.  The AADT is an average – over 365 days – and the 24 hours within the day.  One 

assumption that was made in this section is that 52% of all vehicles travel through the 107 corridor 

during peak hours and 34% of all vehicles travel through during the midday period.  These estimates 

were determined using information gathered from a travel demand model report for Jackson County12.  

In the time of day analysis under the “mode choice” step, it was determined that roughly 52% of all trips 

in Jackson County (74,000 of 142,000) take place during peak hours (6 – 10 am & 3 – 7 pm) and roughly 

                                                           
11

 Traffic Volume (AADT) maps are created by the Traffic Survey Group and “count” the average daily volume of 
traffic on roadway segments throughout North Carolina. 
12

 These estimates were obtained from Regional Planning Organization (Regiona) as an excerpt from a Travel 
Demand Model Development Report by Parsons Brinckerhoff.  These data can be obtained from the RPO. 
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34% of all trips (48,500 of 142,000) take place during the midday hours (10 am – 3 pm).  These 

projections were assumed to be comparable to those within the specific corridor in question, so the 

share of AADT for NC-107 is weighted the same as the distribution totals from the travel demand model.  

The parameters for Year 0 in the base case and transit improvement scenario are displayed in Table II.6. 

 

Table II.6 Peak and Mid-Day Traffic Volumes & Average Speeds 

 
                  Average Daily Traffic 

 
Peak Period Mid-day 

Total vehicle/day 16872 11032 

Vehicles/hr 2109 2206 

% increase/year 3.00% 3.00% 

   
 
 

Average Speed & Travel Time Formulation 
AT = FT * (1 + α * (V/C)β) 

Year 2010 Peak Period Mid-day 

Average Speed (mph) 28.51 27.50 

Average Travel time 10.52 10.91 

Free flow speed (mph) 35 35 

Trip length 5 5 

Free flow trip time (min) 8.57 8.57 

Volume (pce/hr) 2109 2206 

Capacity(pce/hr) 1800 1800 

Α 0.15 0.15 

Β 4 4 
Note:  capacity of 1800 pce/hour is an estimate of maximum flow to maintain  

LOS “D” on rural highway with a 60-75% time delay. 

 

 When determining changes in perceived user costs over the 10 year period in the absence of 

any transit investment, travel times have been adjusted by the 3% growth in traffic projected in Table 

B.3 (Appendix B).  This is the most important determinant of the value of time because of the inverse 

relationship between density of traffic and level of service; as density and volume of traffic increases, 

level of service deteriorates and the volume of traffic continues to exceed carrying capacity throughout 

the day.  This relationship is displayed in Table B.4 of Appendix B.  Under projected vehicular growth, 
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average speeds along the corridor will decrease from an average of 27 mph during the peak period in 

2010 to 18 miles per hour during that same period in 2020.   

 In order for transit to generate user benefits, it must be true that the system not only provides 

benefits to those actually utilizing the system, but that it also lessens the disutility for auto travelers that 

continue to operate along the existing roadway corridor.  Table B.4 provides estimates of travel times 

(based on a 5 mile trip average) for auto users in the absence of any significant improvements to the 

transportation system within the planning area.  To determine if there are any net benefits from in-

vehicle travel time in the presence of transit, travel times and average speeds are recalculated for Years 

2011-2020 provided the estimates of travel demand from Table II-3.  The mean estimate of 811 

passenger trips per day is used as a baseline and sensitivity analyses in the Results section test different 

initial estimates in the presence of different demand projections.  One assumption that was made in this 

initial analysis is that transit ridership will increase by 3% per year over the project life.  This assumption 

is based on the premise that the rate of bus ridership per year will equal the increase in the rate of auto 

traffic per year throughout the same time period (this assumption is tested in the Results section).  

Table II.7 provides estimates of average travel time and speed for autos and buses during the first year 

of transit service and Table II.8 conveys the vehicle volumes, travel times, and average speeds of buses 

throughout the 10 year project life, as well as the change in automobile travel in the presence of the 

transit improvement (travel time is measured in minutes).   

 

Table II.7 Average Speed and Travel Time for All Vehicles in First Year of Transit Service 

                          Auto 
 
                         Bus 
 

Year 2011 Peak Period Mid-day Peak Period Mid-day 

 
Average Speed 27.19 25.92 19.42 18.51 

Average Travel time 11.03 11.57 15.45 16.20 
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Table II.8 Bus Speeds and Travel times – Change in Auto Travel Time (2011-2020) 

  Bus Auto 

Total vehicle trips 
displaced/hr 

Average Travel Time 
Min 

Average Speed 
MPH 

Change in Travel Time 
per trip 

 
Year 

 
Peak 

 
Mid-day 

 
Peak 

 
Mid-day 

 
Peak 

 
Mid-day 

 
Peak 

 
Mid-day 

2010       0 0 
2011 55 47 15.45 16.20 19.42 18.51 -0.27 -0.26 
2012 56 48 15.89 16.74 18.88 17.92 -0.29 -0.29 
2013 56 48 16.38 17.34 18.31 17.30 -0.32 -0.32 
2014 57 49 16.94 18.02 17.71 16.65 -0.36 -0.36 
2015 57 50 17.57 18.79 17.07 15.97 -0.40 -0.39 
2016 58 50 18.28 19.65 16.41 15.27 -0.44 -0.44 
2017 59 51 19.08 20.62 15.72 14.55 -0.49 -0.48 
2018 59 51 19.98 21.72 15.01 13.81 -0.54 -0.53 
2019 60 52 21.00 22.95 14.29 13.07 -0.59 -0.59 
2020 61 52 22.15 24.34 13.55 12.32 -0.66 -0.65 

 

    

3.3.2 Out of Pocket Expenses of Travel 

  Another key component of the perceived cost of travel are operating costs, which include fuel, 

maintenance, tires, and depreciation for auto travelers and bus fares for transit riders.  One critical 

assumption that is made throughout this analysis is that individuals within the Jackson County planning 

area already own a motor vehicle and their decisions about using transit or their automobile are made 

on the basis of marginal cost differences only.  The fixed costs of auto travel (insurance, licensing and 

registration, auto purchase) are omitted from this analysis because they are presumed to be sunk costs.  

That is, the purpose of this report is to evaluate bus transit as a complement to automobile travel in 

general and a substitute for specific auto trips.  Individuals will presumably still own a vehicle to satisfy 

those trips that transit will not accommodate.   While outside the scope of this analysis, it is important 

to recognize the long term impacts that transit can have on automobile ownership.  Long run decisions, 

like deciding to purchase a motor vehicle could be influenced by the presence of a well functioning 

transit system and could further reduce the unit cost of travel (per passenger mile) significantly from a 

long term perspective.    
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 Table B.5 (Appendix B) provides an estimate of the variable costs of in-vehicle travel for Year 0 

(2010) given assumptions regarding fleet composition, average fuel economy, price of gasoline and 

maintenance, and depreciation per mile of travel.   

 Information regarding fuel economy was calculated using the Greet V1.8c.0 model from 

Argonne National Laboratory13.  This model calculates lifecycle energy usage, greenhouse gas 

and regulated pollutant emissions based on fuel economies from the Energy Information 

Administration (EIA) and the US Environmental Protection Agency (EPA) publications.   

 The baseline fuel economies are for 2005 models for light duty vehicles (LDV) –car and light 

trucks, and medium/heavy trucks.  Price per gallon of gasoline is provided by the Oil Price 

Information Service and represents the price paid by consumers at the pump for regular grade 

gasoline as of March 14th 2010 (EIA, 2010).  

 Maintenance, tires, and depreciation costs were compiled from a 2007 American Automobile 

Association (AAA) report titled Your Driving Costs 2007.  Maintenance costs include retail parts 

and labor for normal, routine maintenance (specified by vehicle manufacturers).  Tire costs are 

based on the price of one set of replacement tires that are the same size and rating as those 

that came with the vehicle (AAA, 2007).   

 Depreciation is based on the difference between new-vehicle purchase price and the estimated 

trade in value after 5 years (driven 15,000 miles annually).  Depreciation has been included as a 

semi-variable cost because trade in value is as much a function of mileage as it is of age (AAA, 

2007).  

 The fleet composition is assumed to be 77% LDV and 23% medium/heavy truck.  This estimate is 

based on the US Department of Energy Transportation Energy Data Book.  This fleet share is 

based on 2006 national totals and not the local fleet share for Jackson County (DOE, 2009). 

                                                           
13

 The Greet Model can be downloaded free of charge at 
www.transportation.anl.gov/modeling_simulation/GREET/publications.html 
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3.4 OTHER ASSUMPTIONS 

 An average wage rate of $12 per hour was used to calculate value of time.  This estimate is 

based on the average income of all employees working within the planning area14 (Figure A.4 

Appendix A). 

 Travel time walking is included in the perceived user costs of auto travel.  Walk time to transit 

will, more than likely, be longer for transit riders than auto travelers since origins and 

destinations are more spatially distributed.  An average walk time of 5 minutes is used for auto 

travelers and 10 minutes for transit riders – getting to vehicle from origin and getting to 

destination from vehicle.  This assumption is based on the average adult walk speed of 3 mph.  If 

a transit stop is ¼ mile away then it would take 5 minutes from origin to the stop and 5 minutes 

from the stop to the destination – 10 minutes.     

 Travel time waiting is not included as a cost to automobile riders.  Transit riders are assumed to 

wait 5 minutes.  This is an estimate based on the small scale nature of the network – on time 

scheduling can be maintained with ½ hour routing throughout the corridor.   

 It is assumed that there are 1.2 passengers per vehicle in the NC-107 planning area.  This 

estimate is based on the US Census Bureau Public Use Microdata (PUMS) for 2006 (Bureau, 

2006)   

 An average trip length of 5 miles was used for vehicles within the planning area.  The spatial 

distribution of origin and destination along the corridor make this estimate difficult to estimate 

accurately.  More detailed travel modeling using origin-destination pairing is a superior 

approach for this estimate, but without access to such data and software, 5 miles is considered 

a reasonable average given the uncertainty.   

                                                           
14

 These wages are based on US Census Bureau and LED on the Map database estimates.  The wages rates are for 
the beginning of the second quarter employment 2007.  The distribution of earnings is 30% - less than $1,250 per 
month, 45% - greater than $1,250 but less than $3,333, and 25% - greater than $3,333 per month.   
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Table B.6 (Appendix B) provides the travel activity data and model design that was used to develop 

estimates of perceived user costs (2010 base case is provided as an example).  Table B.7 (Appendix B) 

convey the estimates from that model for the base case perceived costs of autos in Year 1 (2011) as well 

as the estimates for transit riders and auto users with the project in place.    

The change in perceived user costs for auto travelers between the base case and transit investment 

case for each year are combined with perceived user costs for transit riders to determine the net user 

benefits evaluated in the next section.  For example, the model used above estimates the total 

perceived user costs in 2011 in the base case as $32, 457,412 (combined peak and mid-day costs).  In 

the presence of the transit service, costs to auto travelers would be $31,471,778 for a net benefit of 

$985, 633.  This savings is combined with the transit user costs for that year, $939,806, for a total user 

benefit of $45,827.   

 

3.5 SECONDARY IMPACTS 

 This section describes the benefits that derive from transit’s primary impacts on travel behavior.  

While user benefits and direct costs capture the largest share of impacts relating to a transit project, 

there are secondary impacts of a transportation improvement that may be unperceived and that 

provide additional benefits (or costs) to the users and non-users of the system (TCRP78, 2002).  The two 

secondary impacts that arise in response to a transit investment are the option value provided by transit 

and externalities.  While it should be noted that these impact categories are included in the final cost 

benefit analysis of this evaluation, they are discussed below for consideration.  The parameters 

explaining these impacts are either uncertain for local conditions, require technically sophisticated 

modeling, or cannot be valued accurately.     
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3.5.1 Option Value 

 The option value is a secondary benefit of a transit project and is a measure of the availability of 

alternative modes of travel within a region.  People may be willing to pay for a transit service even if 

they don’t plan to use the system in order to preserve the option to use it at some time in the future.  

More specifically, they may value transit as a hedge against events that affect their ability to use their 

automobile.  In September of 2008, when gasoline prices rose to over $4 a gallon many individuals living 

in areas with multi-modal transportation systems were able to shift their travel behavior to transit or 

other modes to relieve the increased cost of auto travel brought about by high gas prices.  Regions that 

don’t have access to such networks are much less capable to change their travel patterns and are 

subject to paying these high prices without choice (at least in the short term).  Other exogenous events 

can have the same effect and increase the option value that transit provides:  

 Bad weather 

 An automobile being unavailable or broken down 

 Loss of ability to operate a vehicle 

 

 The option value of transit is calculated using the Black-Scholes formula15 which was developed 

to measure the financial options on stock (TCRP78, 2002).  The value of transit is analogous to the value 

of stock because the “price” of automobile service is volatile due to weather, increased gas prices, and 

                                                           
15

 C = SN(d1) – Xe-rT N(d2) 

 
where 
 

d1 =  

 

d2 = d1 -  
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breakdowns.  Transit provides a way to pay for replacement services.  In that way, the option value of 

transit can be calculated using the same formula (with local parameters used as an example).      

 S = the expected price of an automobile trip.  This price includes the total perceived cost of 

travel for auto users with a transit project in place.  (In the first year of transit service, S=$3.64, 

or 5 mile trip * $.73 per passenger mile)                      

 θ = the standard deviation of S.  This parameter captures the uncertainty of auto travel like the 

volatility of stock prices. (For this exercise θ=.1 to .5 or $.36 to $1.82 per trip).     

 X = the expected price of a transit trip.  This price includes to the total perceived cost of travel 

for transit riders with the project in place and represents the exercise price. (X will take the 

range of $4 to $6 per trip.  The average perceived cost of travel using transit in the Jackson 

County model is $4.60, or 5 mile trip * $.93 per passenger mile). 

 T = the time expiration of the transit option.  This parameter captures the frequency with which 

transit might be used as a travel option.  This parameter is most difficult to estimate because of 

the variability and uncertainty of conditions that would motivate an individual to move from 

their auto to transit. (T = .1 in this example, assuming that an individual might exercise the 

transit option 10 times per year).  

 r = the risk-free return.  This is the return per annum that might have been enjoyed in other 

investments while waiting to exercise the option.  (r=.04 in this example).  

 

 Table II.9 provides estimates of the option value of transit under these assumptions.  Again, this 

example is evaluated separately in the Results section, but it provides an estimate of secondary benefits 

under varying assumptions regarding option value. 

 

 

 



30 
 

Table II.9 Matrix of Option Value based on 10 time option per year 

 X - Transit Price 
Θ $4 $4.5 $5 $5.5 $6 

$0.36 0.02 -0.16 -0.31 -0.44 -0.54 
$0.55 0.10 -0.08 -0.25 -0.40 -0.53 
$0.73 0.19 0.01 -0.16 -0.32 -0.46 
$0.91 0.28 0.10 -0.07 -0.22 -0.37 
$1.09 0.36 0.19 0.03 -0.12 -0.27 
$1.27 0.45 0.28 0.13 -0.02 -0.16 
$1.45 0.53 0.37 0.22 0.08 -0.06 
$1.64 0.61 0.46 0.32 0.18 0.05 
$1.82 0.69 0.55 0.42 0.29 0.16 

 
Note: 
S = $3.65 
r = 4% 
T = .1 

 

 Under these conditions, the option value of transit can be converted to annual benefits.  

Benefits are negative in each circumstance (highlighted in gray) using these parameters.  For a point of 

emphasis, however, if an individual expects to use transit 10 times per year, with the perceived cost of 

transit $4.60, and a volatility of $.91 per auto trip, the option value is $.10 per trip.  If each individual 

within the region exercises this option 10 times a year, the annual value is $1.00 (example is shaded in 

yellow).   The total option value is $1.00 multiplied by the number of passengers (33,600) still using 

automobiles in the presence of the transit service (Table B.7) in Year 1.   

 Option Value = approx. $33,600 per year 

 

 Again, this estimate is based on assumptions that carry considerable uncertainty, but  

exogenous factors like increasing gas prices and delays brought about by breakdowns and construction 

do occur over time.  Auto users may value the chance to have transit available at some point throughout 

the year. 
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3.5.2 Externalities 

 Another potential benefit of investing in a transit system is the improvement of local air quality 

brought about by the reduction in total vehicle trips throughout the year.  These impacts are external 

costs because they are not considered or paid for by individuals in their decision to travel, yet they may 

pose a significant cost on society as a whole.  It is both difficult to accurately measure point source 

emissions from vehicle travel and monetize the costs of those emissions.  While the scope of this 

evaluation is not sophisticated enough to consider these externalities in the evaluation process, they will 

be measured and valued for consideration below and included separately in the Results section.   

 The air quality impacts of a transit investment depend on several factors – the emission source, 

local climatic conditions, patterns of vehicle use, the urban spatial structure of the region, etc.  

Sophisticated modeling software programs like MOBILE616 are good resources for assessing changes in 

air quality brought about by a transportation project.  To streamline this intensive process, this section 

determines the change in the quantity of vehicle emissions from the base case to the transit project 

scenario only:  

 All emission totals are calculated for the planning area only and for the 250 days per year that 

the transit service operates.   

 The emissions measured are: 3 criteria air pollutants - carbon monoxide (CO), nitrogen oxide 

(NOx) and volatile organic compounds (VOC); and greenhouse gases (CO2 equivalent). 

 The emissions for autos and buses are calculated in grams/mile using US EPA AP-42:  

Compilation of Air Pollutant Emission Factors (Appendix H) which is based on emission factors 

produced by MOBILE5 (EPA, 2009).    

 Auto emission factors for the fleet total (LDV and M/HDT) are combined under Light Duty 

Gasoline Vehicles (LDGV).   

                                                           
16

 MOBILE5 AND MOBILE6 are vehicle emission model software programs developed by the EPA to predict 
emissions of criteria air pollutants and carbon dioxide.   
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 The auto emission factors are produced under MOBILE5 - Low Altitude region, at a 

temperature of 75F, at a speed of 35 miles an hour, and for the year 2010 (EPA, 2009) 

 Bus emissions are produced under MOBILE5 – Low Altitude region, at a temperature of 75F, at 

a speed of 19.6 MPH, and for year 2010 (EPA 2009). 

 

 Tables II.10 provides results of the air pollution inventory over the lifetime of the project.  There 

is a net reduction of 150 metric tons of CO2 in the first year of the project which increases to almost 250 

metric tons by 2020.  There is also a reduction in carbon monoxide emissions throughout the project 

life.  There is a net increase in NoX and VOC emissions over time due to the strict EPA standards set for 

new light duty vehicles17.  

 

Table II.10 Emissions Savings over Project Life (2010-2020) 

   Emission Savings 
Year Change in 

Auto VMT 
Bus Miles CO2     

(mt) 
CO 
(mt) 

NoX 
(mt) 

VOC 
(mt) 

2011 844792 91000 150.14 2.26 -0.47 -0.03 
2012 870135 91000 159.69 2.36 -0.47 -0.03 
2013 896239 91000 169.53 2.46 -0.47 -0.02 
2014 923127 91000 179.67 2.56 -0.46 -0.02 
2015 950820 91000 190.11 2.66 -0.46 -0.01 
2016 979345 91000 200.86 2.77 -0.45 -0.01 
2017 1008725 91000 211.94 2.88 -0.45 0.00 
2018 1038987 91000 223.35 2.99 -0.45 0.01 
2019 1070157 91000 235.10 3.11 -0.44 0.01 
2020 1102262 91000 247.20 3.23 -0.44 0.02 

 

  

 

                                                           
17

 The EPA has set new standards for vehicle emissions under the Tier 2 standards.  These standards have been 
phased in from 2004-2009 to reduce the fleet average NOx emissions.  More information is available at 
www.dieselnet.com/standards/us/ld_t2.php 
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 Several studies have been undertaken to estimate the total cost of vehicular use within the 

United States.  Among the most comprehensive are Delucchi (1996), Small (1999), and Delucchi (2000).  

In Should We Try to Get the Price Right?  Dellucchi (2000) analyzes the external cost of automobile use 

as well as the costs from other modes of transportation.  The right price is obtained when the price of 

fuel is set at the marginal social cost.  The social costs of auto and bus travel, which are paid by society 

as a whole, are often different from the private cost paid by individuals.  These social costs, most often  

expressed as air and water pollution, noise, and congestion, in the transportation market are sometimes 

not accounted for in project evaluations because of the difficulty in accurately modeling their effects 

and valuing their impacts.  Delucchi provides estimates of the total social cost from each of these 

externalities on a per vehicle mile basis18.  Table II.12 provides the mean estimates calculated by 

Delucchi for autos and buses as well the net costs/benefits deriving from the travel activity data for the 

Jackson County transit project.   

 

Table II.11 Total External Benefits (Costs) with Project 

 Air Pollution Water Noise Accidents Congestion Total Social Benefits 
2011 -$1,669 $3,991 $33,935 $24,005 $33,935 $94,197 
2012 -$1,021 $4,251 $35,233 $24,816 $35,233 $98,511 
2013 -$352 $4,518 $36,569 $25,651 $36,569 $102,955 
2014 $336 $4,794 $37,946 $26,512 $37,946 $107,533 
2015 $1,045 $5,077 $39,364 $27,398 $39,364 $112,247 
2016 $1,775 $5,369 $40,824 $28,311 $40,824 $117,103 
2017 $2,527 $5,670 $42,328 $29,251 $42,328 $122,105 
2018 $3,302 $5,980 $43,878 $30,219 $43,878 $127,257 
2019 $4,100 $6,299 $45,474 $31,217 $45,474 $132,563 
2020 $4,922 $6,628 $47,117 $32,244 $47,117 $138,029 

 
Note:  Congestion costs represent the added fuel cost of operating a vehicle below fuel economy due to traffic 
congestion.  Accident costs do not include the expected value of the risk of injury to oneself.  It accounts for the 
risk that someone else will cause the injury and that person does not account for it.   

 

 

                                                           
18

 The cost per mile estimates that Delucchi calculated are for auto and bus, respectively:  air pollution ($.02 and 
.20), water pollution ($.008 and .04), noise ($.002 and .02), congestion ($.04 and .08), accidents ($.025 and .035) 
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III RESULTS 
 

 This section outlines the results of the evaluation for the Jackson County planning area.  The 

results are based on the 3 primary impact categories using a CBA framework developed in Section II of 

this report:  1) Transit supply purchases (Capital and O&M costs), and the perceived costs of travel for 2) 

auto users and 3) transit riders.  Each impact has been quantified and valued under certain assumptions 

that were defined in Section II.  The results are discussed in 3 sub-sections:   

 The overall costs and benefits of the project have been estimated in 2010 dollars for each year 

of operation under the parameters defined in Section II and the stream of net benefits are 

discounted over the 10 year project to determine the Net Present Value (NPV) of the 

investment.   

 Sensitivity analyses are performed on several of the parameters that may significantly impact 

the NPV of the investment over time.  These parameters include initial transit demand estimates 

and annual ridership increases, and changing variable costs of travel (fuel prices for buses and 

autos, and fares).  Service consumption will have a direct effect on overall travel time savings 

within the planning area for both auto travelers and transit riders.  Likewise, changes in the 

variable cost of travel will also influence the perceived cost for each mode.  These estimates will 

provide stakeholders with information regarding the scale of investment required and accrual of 

benefits that derive from different service consumption levels and varying degrees of user costs.   

 A financial estimate is calculated for the capital and O&M from the transit agency perspective.  

The benefits received from fare collection are measured against the costs of implementing, 

operating, and maintaining the system over 10 years.  This estimate provides stakeholders with 

information regarding the level of subsidies needed to manage the system.        
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III.1 PROJECT NPV 

 Table III.1 provides a cash flow analysis of the benefits and costs of investing in the transit 

system over a 10 year period (defined as 2010-2020).  The benefits received are defined as the change in 

the perceived user cost of travel from the base case to the improvement case as well the fare revenues 

collected by the agency.  Capital costs are presumed to be incurred in the planning year (2010) and 

operation and maintenance costs are calculated throughout the 10 year project life on an annual basis.  

(Appendix C provides a detailed cost and benefit breakdown by the peak and mid-day period).  Under 

these key parameters, the NPV of the investment is determined using a 7% real discount rate19.  

 811 passenger trips per day in Year 1 (2011) (3% increase per year thereafter). 

 2 buses operating at maximum service (3 total buses purchased). 

 Perceived user costs for auto and transit riders as developed in Table B.5.  Real fuel prices are 

determined in base year 2010 and increase roughly at the rate of 3% annually (EIA, 2010).  Bus 

fares are fixed at $1 per one way trip throughout the project life.   

 32,450 Average Annual Daily Traffic (AADT) for autos on NC-107 increasing roughly at the rate of 

3% annually (Table B.3). 

 Capital period is Year 0 (2010) and operation and maintenance costs are calculated based on 

cost per vehicle mile (2011) and increase roughly at the rate of 2.8% annually (BLS, 2010). 

 

NPV (with no Federal funding) -$1,351,600 

NPV (80% Federal match) -$551,600 

 

 

 

 

                                                           
19

 This discount rate is typically used in transportation infrastructure projects as suggested by the Office of 
Management and Budget (OMB). 
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Table III.1 Cash Flow of Project (2010-2015) 

CASH FLOW 
 0 1 2 3 4 5 

Benefits       

User Benefits 0 $45,827 $84,429 $129,063 $180,624 $240,146 
Transit Fare 
Revenues 0 $81,100 $83,533 $86,039 $88,620 $91,279 

Total Benefits 0 $126,927 $167,962 $215,102 $269,244 $331,425 
       

Costs       

Capital $1,000,000        
O&M       
Vehicle                   
Operations 

0 $168,942  $173,672  $178,535  $183,534  $188,673  

 Fuel, lubricants 0 $52,001  $53,561  $55,167  $56,823  $58,527  
Vehicle 
Maintenance 

0 $58,885  $60,534  $62,229  $63,971  $65,762  

Non-vehicle 
Maintenance 

0 $5,714  $5,874  $6,038  $6,207  $6,381  

General 
Administration 

0 $86,748  $89,177  $91,674  $94,240  $96,879  

Total Costs $1,000,000  $372,289  $382,817  $393,643  $404,775  $416,223  
       
Net Benefits ($1,000,000) ($245,362) ($214,855) ($178,541) ($135,531) ($84,798) 
 

 

Table III.1 Cash Flow of Project (2016-2020)   

CASH FLOW 
  6 7 8 9 10 

Benefits      

User Benefits $308,822 $388,028 $479,351 $584,626 $705,970 
Transit Fare 
Revenues 

$94,017 $96,838 $99,743 $102,735 $105,817 

Total Benefits $402,839 $484,865 $579,094 $687,361 $811,787 
      

Costs      

Capital      
Operation & 
Maintenance      
Vehicle 
Operations 

$193,955  $199,386  $204,969  $210,708  $216,608  

Fuel, lubricants $60,283  $62,091  $63,954  $65,873  $67,849  
Vehicle 
Maintenance 

$67,604  $69,497  $71,443  $73,443  $75,499  

Non-vehicle 
Maintenance 

$6,560  $6,743  $6,932  $7,126  $7,326  

General 
Administration 

$99,592  $102,380  $105,247  $108,194  $111,223  

Total Costs $427,994  $440,098  $452,545  $465,344  $478,506  
      
Net Benefits ($25,155) $44,767  $126,549  $222,017  $333,282  
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 The NPV of the project under these conditions is -$1,351,600.  The negative NPV suggests that 

the project may not be a worthwhile investment for the Jackson County region.  However, considered 

from the local/state perspective this may not be the case.  Under the Rural and Small Urban Areas 

program (49 U.S.C. 5311), the FTA provides formula funding for the purpose of supporting public 

transportation in areas of less than 50,000 people (FTA, 2010).  The FTA assistance may be used for 

capital and administrative assistance, with a Federal share of 80%, and for operating expenses, with a 

50% share.  If the transit project received 80% funding for capital costs, the NPV would be -$551,600.  

From this perspective, the project becomes an increasingly viable option.   

 Similarly, if the external costs and option value estimated in Section 3.5 were included as 

benefits from the project investment, the NPV from the local perspective would be $360,000. While the 

parameters for these external costs are not based on local conditions, the change in automobile miles 

travelled over the next 10 years is significant enough to potentially make the NPV positive under these 

conditions.  Likewise, the option value was considered beginning in 2015, when a 3% increase in the real 

price of fuel per year could potentially increase the expected price of an auto trip to a significant level 

(see Table II.9).  The estimated stream of net benefits (from the local perspective) with the secondary 

benefits and without them is displayed below in Table III.2.  A more detailed cash flow analysis is 

provided in Table B.8 (Appendix B).  
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Table III.2 Stream of Net Benefits with and without Secondary Benefit Inclusion 

 

 

 

III-2 SENSITIVITY ANALYSES 

 The NPV of the transit project is sensitive to many of the parameters defined in Section II.  

Several of these parameters are uncertain and will influence the feasibility of the investment.  Two 

major factors that determine the economic feasibility of the transit project are:  actual service 

consumption levels and the real cost of fuel.   

 The demand projections in Section II are only estimates, based on demand elasticities and 

annual ridership increases that carry significant variability.  In order to account for this variability in 

estimating the NPV of the project, Table III.3 reports the NPV of the investment based on a range of 

initial demand projections and annual transit ridership increases, holding everything else constant  

(secondary benefits have been excluded from this section).  

 The NPV estimates that are highlighted (*) assume certain conditions based on service capacity 

levels.  With initial ridership totaling 1,250, growing at a rate of 4-5% per year, demand will begin to 

strain the capacity of the existing bus service.  In order to maintain level of service (LOS) these estimates 

assume that a 3rd bus is purchased in 2015 and introduced into the service network that year.  The  
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Table III.3 Sensitivity of Project NPV (with 80% Federal share of Capital Costs) 

Initial Transit 
Ridership 

Annual Transit Ridership Increases 
1.00% 2.00% 3.00% 4.00% 5.00% 

500 ($1,719,930) ($1,639,747) ($1,555,058) ($1,465,642)  ($1,371,268) 
750 ($989,640) ($871,335) ($746,523) ($614,900) ($476,155) 

1000 ($272,218) ($117,087) $46,393  $218,586  $399,856  
1250 $432,434  $623,111  $823,822  $137,861*  $359,840*  
1500 $227,307*  $452,268*  $688,791*  $937,297*  $1,198,196*  

 

  

vehicles purchased in the capital period are assumed to have a life of 10 years and no salvage value.  

However, the new bus purchased in 2015 is assumed to have a salvage value of $50,000 ($250,000/5 

years).  These estimates are the same for 1,500 projected riders in the first year, but 4 buses are 

assumed to have been purchased in the capital period with 3 buses operating along the network 

beginning in 2011.   

 As stated earlier, demand for transit is predicated on several factors, including the price of 

substitute modes of transportation like automobiles.  When the price of gasoline increases due to 

volatility in the market brought about by shifts in demand and supply of oil, transit may become a more 

attractive alternative to travelers.  Changing fuel prices influence not only the perceived cost of travel 

for auto users, but the operation costs of the transit agency as well.  In order to model the potential 

variability in the real cost of fuel over the next 10 years, the NPV is recalculated, taking into account the 

increased operation costs to both auto users and the transit agency.  The NPV projections in Table III.1 

& 3 above are recalculated using 5% annual increase in the real price of fuel.  These results are conveyed 

below in Tables III.4. 

 The NPV of the project (from the local perspective) will change depending on the price of fuel 

paid by consumers and the transit agency.  Table III.4 illustrates that the NPV of the investment is 0 

when initial ridership is in the range of 750 to 1,000 initial passenger trips per day.  Returning to the  
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Table III.4 NPV Sensitivity with 5% annual real increase in Fuel Price (with Federal Contribution) 

Initial Transit 
Ridership 

Annual Transit Ridership Increases 
1.00% 2.00% 3.00% 4.00% 5.00% 

500 ($1,574,730) ($1,483,713) ($1,387,539) ($1,285,948) ($1,178,670) 
750 ($754,235) ($619,681) ($477,639) ($327,753) ($169,654) 

1000 $53,392  $230,189  $416,641  $613,185  $820,261.39  
1250 $848,248  $1,066,009  $1,295,435  $633,125*  $887,362*  
1500 $726,540*  $984,000*  $1,254,981*  $1,540,013*  $1,839,622*  

 

 

 initial analysis, when 811 passenger trips per day was used the NPV from the local perspective was -

$551,600 (with a 3% fuel price increase).   If fuel costs were to increase at 5% annually, holding 

everything else constant, the NPV of the project would be -$227,130 (from the local perspective).  

Figures C.1 – 2 in Appendix C convey the NPV variability graphically.    

 

III-3 OPERATION COSTS AND AGENCY REVENUES 

 The primary reason for providing transit service within a region is to enhance local economic 

and social activity by providing mobility and accessibility to the population it serves.  As a public utility, it 

plays a vital role in the functioning of a community.  On the one hand, transit services are required to be 

cost-effective, so that revenues from passenger fares cover as much of the operating costs as possible.  

On the other hand, the function of transit as a social service requires a minimum in service quality and 

quantity.    

 Direct revenues from bus fares account for only a portion of operation and maintenance costs.  

Table B.8 (Appendix B) provides estimates of agencies costs and farebox revenues for each year 

beginning in 2010 for the Jackson County bus service.  These estimates are based on the costs calculated 

under the assumptions in Section II.  The farebox recovery ratio for the agency is roughly 22% for each 

year over the 10 year project life.  That is, the operating subsidy required per passenger trip is $.78 on 

every $1 fare.  The average farebox recovery ratio for the 8 agencies used in the cross-sectional analysis 
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of Section II is 18.5% for 2008.  These estimates are similar to those found on average throughout the 

United States, for both bus and rail service (FTA, 2009). 
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IV. CONCLUSIONS 
 

 

 Investment in fixed route bus transit could provide this community with potential long term 

benefits.  The success of that investment, however, is predicated on service consumption levels and 

funding levels for operations.  The Results section reveals that the NPV of the project is sensitive to 

initial ridership totals and annual ridership growth as well as the cost of automobile travel.  Short term 

fuel prices, estimated by the Energy Information Administration (EIA), are projected to increase by 3-4% 

in the next year and fluctuations and shifts in world demand for oil will continue to put pressure on the 

real price individuals pay at the pump for years to come.   

 The scale of net benefits received by transit riders and auto users are also very sensitive to route 

configuration and the effectiveness of the bus service.  Individuals on average, who have to walk more 

than 10 minutes or wait for more than 5 minutes, are much less likely to consume the service than if bus 

stops are configured optimally throughout the corridor.  This is an inherent tradeoff.  Increasing the 

number of stops along the route will reduce walking times, but at the expense of waiting time and in 

vehicle times.  Optimal route configuration will insure the efficient balance of in-vehicle and out of-

vehicle travel times. 

 While not directly modeled in this evaluation, the option value that transit provides and the 

potential reductions in air pollution and greenhouse gases from fewer vehicle miles travelled within the 

region could increase the NPV of the project at every scale of investment.  The Results section provided 

evidence that including the annual savings in external costs brought about by less automobile travel 

within the region could make the transit service a worthwhile investment of public resources.  Similarly, 

long term parking demand could be reduced within the region if minimum parking requirements are 

adjusted in response to the reduction in daily auto trips.  The average construction cost of parking in a 

surface lot is $1,000 to $1,500 per space (Shoup 1997).  Considerable long term savings could be realized 
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for the community and WCU if bus service consumption levels lead to a reduction in minimum parking 

requirements.    

 The socio-economic benefits of transit will ultimately depend on public opinion, local zoning and 

planning efforts, and resource allocation from the communities within the region and Western Carolina 

University.  This report encourages local elected officials, planning officials, and community members to 

actively engage in the long term development objectives for the region; maintaining the county’s rural 

character while protecting private property rights, promoting a safe and efficient transportation system, 

and promoting an environment for sustainable economic growth (Jackson, 2006).  The integration of 

land use policy and transportation planning is a critical long run determinant of economic growth and 

social welfare.   
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  APPENDIX A 

 

Figure A.1 2010 Projected Population Densities for Jackson County (by census block)  
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Figure A.2 2010 Projected Population Densities for Jackson County (by census block)  
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Figure A.3 Map of Where Workers are Employed Who Live Within Planning Area (2007) 
 

 
 
 
 
Figure A.4 Map of Total Employment within Planning Area (2007) 
 
 

 
 
 
Developed using US Census Bureau, LED on the Map Origin-Destination Database (beginning of 2nd quarter employment 2007)   
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APPENDIX B 
 
Table B.1 Demand Function for 8 NTD Transit Agencies 
 

Cross Sectional 
Southeast Bus Networks 

Passenger 
Trips 

per year 
D 

Per Capita 
Household 

Income 
I 

Fare Price 
per trip 

P 

Vehicle KM 
per year 

V 

Gas Price 
auto/gallon 

 
G 

In Vehicle Time 
Minutes 

T 

Wheeling  441,248 29,101 $0.89 1145043 2.8 13.79 
Danville  209,432 30, 675 $0.83 466107 2.8 20.13 
High Point  771,102 44,511 $0.55 695090 2.8 10.62 
Albany  772,497 32,729 $0.48 907858 2.8 17.23 
Jackson  496,571 38,148 $0.60 942089 2.8 20.88 
Spartanburg  534,661 30,724 $0.43 490266 2.8 21.57 
Alexandria  718,388 28,844 $0.51 897921 2.8 15.30 
Fort Smith  224,433 37,782 $0.45 524694 2.8 21.57 

Mean Value 521,042 34,548 0.59 758,633 2.80 18 
       

LN (mean) 13.16 10.45 -0.52 13.54 1.03 2.87 
LN (mean) *  mean 
Elasticity 

 1.78 0.20 9.75 0.39 -0.83 

Sum 13.16     11.28 
LN (mean) – Sum      1.88 
Scale parameter (A)      6.56 

 

 

Table B.2 Jackson County Local Demand Parameters  

Jackson County Service Outputs 
Jackson County Parameters 

  
Buses 3 
Hours/day 13 
VH/day 26 
Mph 19.4 
Miles/day 364 
Days of service/yr 250 
VH/year 6500 
VM/year 91,000 
Vehicle KM/year 146,419 
Fare Price 0.59 
Median Household Income 35,000 
In Vehicle Time (min) 18 
Price of gas/gallon $2.80  
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Table B.3 AADT Volumes along 6 segments of NC-107 from 2002 to 2008 

Average Daily Traffic 
Volumes 

 
 

2008 2007 2006 2005 2004 2003 2002 

JACKSON NC 
107 

E OF 
SR 

1355 

33000 32000 33000 30000 31000 30000 32000 

JACKSON NC 
107 

W OF 
SR 

1449 

34000 32000 34000 29000 30000 34000 29000 

JACKSON NC 
107 

N OF 
SR 

1720 

34000 33000  31000 29000 28000 29000 

JACKSON NC 
107 

N OF 
NC 116 

32000 29000  25000 25000 25000 24000 

JACKSON NC 
107 

S OF 
NC 116 

26000 26000  20000 20000 20000 20000 

JACKSON NC 
107 

S OF 
SR 

1724 

24000 24000  20000 19000 18000 18000 

Average Daily Traffic 30500 29333 33500 25833 25666 25833 25333 

Annual Growth Rate 3%       

 

 

 

Table B.4 Base Case Vehicle Volumes and Travel Times (2010-2020) 

 

Vehicles/Hr Total Vehicles/day 

 
Average Travel Time 

min 
 

 
Average Speed 

mph 
 

Year Peak Mid-day Peak Mid-day Peak  Mid-day Peak  Mid-day 
0 2109 2206 16872 11032 10.99 11.47 27.29 26.15 
1 2172 2273 17378 11363 11.30 11.84 26.55 25.34 
2 2237 2341 17900 11704 11.64 12.25 25.77 24.49 
3 2305 2411 18437 12055 12.03 12.71 24.95 23.60 
4 2374 2483 18990 12416 12.46 13.23 24.08 22.68 
5 2445 2558 19560 12789 12.95 13.81 23.17 21.72 
6 2518 2635 20146 13173 13.50 14.47 22.23 20.73 
7 2594 2714 20751 13568 14.12 15.21 21.25 19.72 
8 2672 2795 21373 13975 14.81 16.05 20.25 18.70 
9 2752 2879 22014 14394 15.59 16.98 19.24 17.66 

10 2834 2965 22675 14826 16.48 18.04 18.21 16.63 
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Table B.5 Variable Cost of Auto Travel (per mile) 

2005 Model Year LDV Medium/Heavy Truck 
% of Fleet 77% 23% 
Average MPG 23.4 17.3 
Gallons/mile 0.04 0.06 
$/gallon 2.757 2.757 
Fuel Cost/mile (cents) 0.12 0.16 
Maintenance/mile 0.049 0.055 
Tires/mile 0.005 0.009 
Depreciation/mile 0.16 0.30 
Total Cost/mile 0.33 0.52 

Average Fleet Cost/mile $0.38 

 

 

 Table B.6 Base Case Perceived User Costs for Auto Travelers – Year 0 (2010) 

Perceived Cost Model – Year 0  Peak Mid-day 
Total Trips/day  From table II-8 16872 11032 
Passenger 
miles/day 

 
Q * L 101233 66191 

Vehicle miles/day  A * L 84361 55159 
Mode split     
Auto   100% 100% 
Transit     
     
Trip Length L – miles  5 5 
Vehicles A – number  16872 11032 
Passengers per 
vehicle 

AV – number 
 1.2 1.2 

Passengers Q – number A * AV 20247 13238 
Speed S - miles/hr From table II-8 27.29 26.15 
Travel time, 
walking 

W - min/pass  5 5 

Travel time, 
waiting 

G - min/pass  0 0 

Travel time, in 
vehicle 

T - min/pass From table II-8 11 11 

Fares F - cents/pass mile  0 0 
Variable cost of 
auto 

C - cents/vehicle 
mile 

From Table II-11 37.59 37.59 

Value of travel 
time, walking 

X - $/hr 
 12 12 

Value of travel 
time, waiting 

Z - $/hr 
 12 12 

Value of travel 
time, in vehicle 

Y - $/hr 
 6 6 

Cost of walk and 
wait 

H - cents/pass mile 
(100/L)*(W*X+G*Z)/60 25.00 25.00 

Cost of in vehicle 
time 

N - cents/pass mile 
(100/L)*(Y*T)/60 27 29 

Out of pocket cost P - cents/pass mile F+(R+C)/D 31.32 31.32 
Total perceived U - cents/pass mile N+H+P 84 85 
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user costs 
Travel volume V - pass miles L*Q 101233 66191 

     
TOTAL PERCEIVED 
USER COSTS 

B - $/pass mile 
 $0.84 $0.85 

TOTAL PERCEIVED 
USER COSTS 

W - $/day 
B*Pass/miles $84,843 $56,267 

TOTAL PERCEIVED 
USER COSTS 

J - $/year 
W*Total days $21,210,780 $14,066,866 

 

 

Table B.7 Base Case and Project Perceived User Costs – Year 1 (2011) 

Perceived User 
Costs  
Year 1 

          Autos 
         Base Case 

         Autos 
          With Project 

           Transit 
           With Project 

Peak Mid-day Peak Mid-day Peak  Mid-day 
Total Trips/day 16872 11032 16939 11126 32 20 
Passenger 
miles/day 101233 66191 101635 66758 2636 1420 
Vehicle miles/day 84361 55159 84695 55631 160 100 
Trip Length 5 5 5 5 5 5 
Vehicles 16872 11032 16939 11126 2 2 
Passengers per 
vehicle 1.2 1.2 1.2 1.2 16 14 
Passengers 20247 13238 20327 13352 527 284 
Speed 26.6 25.3 27.19 25.92 19.42 18.51 
Travel time, 
walking (min) 5 5 5 5 10 10 
Travel time, 
waiting (min)     5 5 
Travel time, in 
vehicle (min) 11 12 11 12 15 16 
Fares (cents/pass 
mile)     20 20 
Variable cost of 
auto (cents) 38.72 38.72 38.72 38.72   
Value of travel 
time, walking ($) 12 12 12 12 12 12 
Value of travel 
time, waiting ($) 12 12 12 12 12 12 
Value of travel 
time, in vehicle ($) 6 6 6 6 6 6 
Cost of walk and 
wait (cents/pass 
mile) 20 20 20 20 60 60 
Cost of in vehicle 
time (cents/pass 
mile) 23 24 22 23 31 32 
Out of pocket cost( 
cents/pass mile) 32 32 32 32 1.21 1.41 
Total perceived 
user costs 75 76 74 75 92 94 
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Travel volume 104270 68177 101635 66758 2636 1419 

TOTAL PERCEIVED 
USER COSTS ($ 
passenger mile) .75 .76 .74 .75 .92 .94 

TOTAL PERCEIVED 
USER COSTS (per 
day) $78,057 $51,773 $75,544 $50,343 $2,428 $1,332 

TOTAL PERCEIVED 
USER COSTS (per 
year) $19,514,224 $12,943,188 $18,886,032 $12,585,747 $606,929 $332,878 
 

 

 

Table B.8 Cash Flow Including Secondary Benefits 

CASH FLOW 2010 2011 2012 2013 2014 
       

Benefits      
Option Value      
Externalities  $94,197 $98,511 $102,955 $107,533 
User Benefits 0 $45,827 $84,429 $129,063 $180,624 
Fare Revenues 0 $81,100 $83,533 $86,039 $88,620 
Total Benefits 0 $221,124 $266,474 $318,057 $376,776 
      

Costs      
Capital $1,000,000      
Operation & 
Maintenance 

     

     Vehicle 
Operations 

0 $168,942  $173,672  $178,535  $183,534  

     Fuel, 
lubricants 

0 $52,001  $53,561  $55,167  $56,823  

     Vehicle 
Maintenance 

0 $58,885  $60,534  $62,229  $63,971  

     Non-vehicle 
Maintenance 

0 $5,714  $5,874  $6,038  $6,207  

     General 
Administration 

0 $86,748  $89,177  $91,674  $94,240  

Total Costs $1,000,000  $372,289  $382,817  $393,643  $404,775  
      
Net Benefits ($1,000,000) ($151,165) ($116,343) ($75,586) ($27,999) 
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CASH FLOW 2015 2016 2017 2018 2019 2020 
        

Benefits       
Option Value $33,600 $33,600 $33,600 $33,600 $33,600 $33,600 
Externalities $112,247 $117,103 $122,105 $127,257 $132,563 $138,029 
User Benefits $240,146 $308,822 $388,028 $479,351 $584,626 $705,970 
Transit Fare 
Revenues 

$91,279 $94,017 $96,838 $99,743 $102,735 $105,817 

Total Benefits $477,272 $553,542 $640,570 $739,950 $853,524 $983,416 
       

Costs       
Capital       
Operation & 
Maintenance 

      

     Vehicle 
Operations 

$188,673  $193,955  $199,386  $204,969  $210,708  $216,608  

     Fuel, 
lubricants 

$58,527  $60,283  $62,091  $63,954  $65,873  $67,849  

     Vehicle 
Maintenance 

$65,762  $67,604  $69,497  $71,443  $73,443  $75,499  

     Non-vehicle 
Maintenance 

$6,381  $6,560  $6,743  $6,932  $7,126  $7,326  

     General 
Administration 

$96,879  $99,592  $102,380  $105,247  $108,194  $111,223  

Total Costs $416,223  $427,994  $440,098  $452,545  $465,344  $478,506  
       
Net Benefits $61,049  $125,548  $200,472  $287,405  $388,180  $504,910  

 

 

 

Table B.9 Transit Operating Costs and Revenues    

Agency Costs 0 1 2 3 4 5 
Capital $1,000,000       
Operation & 
Maintenance       
     Vehicle 
Operations  $168,942  $173,672  $178,535  $183,534  $188,673  
     Fuel, 
lubricants  $52,001  $53,561  $55,167  $56,823  $58,527  
     Vehicle 
Maintenance  $58,885  $60,534  $62,229  $63,971  $65,762  
     Non-vehicle 
Maintenance  $5,714  $5,874  $6,038  $6,207  $6,381  
     General 
Administration   $86,748  $89,177  $91,674  $94,240  $96,879  
Total Agency 
Costs $1,000,000 $372,289 $382,817 $393,643 $404,775 $416,223 

       
Farebox 
Revenues  $81,100 $83,533 $86,039 $88,620 $91,279 
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Operating 
Subsidy with 
$1 fare (1000000) ($291,189) ($299,284) ($307,604) ($316,155) ($324,944) 

 

 

 

Agency Costs 6 7 8 9 10 
      
Operation & 
Maintenance      
     Vehicle Operations $193,955  $199,386  $204,969  $210,708  $216,608  
     Fuel, lubricants $60,283  $62,091  $63,954  $65,873  $67,849  
     Vehicle 
Maintenance $67,604  $69,497  $71,443  $73,443  $75,499  
     Non-vehicle 
Maintenance $6,560  $6,743  $6,932  $7,126  $7,326  
     General 
Administration $99,592  $102,380  $105,247  $108,194  $111,223  
Total Agency Costs $427,994 $440,098 $452,545 $465,344 $478,506 

      
Farebox Revenues $94,017 $96,838 $99,743 $102,735 $105,817 

      
Operating subsidy 
with $1 fare ($333,977) ($343,261) ($352,802) ($362,609) ($372,689) 
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APPENDIX C 

 

Figure C.1 NPV Sensitivity to Service Consumption Levels  

 

 

Figure C.2 NPV Sensitivity with Change in Real Price of Fuel  
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