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CHAPTER 1. INTRODUCTION

RATIONALE

Air pollution is a major concern in many urban areas. It is defined as the
contamination of air by the discharge of harmful substances. (1) It is usually concentrated in
areas where significant industrial activity and vehicular travel occur. Air pollution produces
two main undesirable effects. First, it has major health effects, particularly for more sensitive
members of the population, such as children and the elderly. Particulate pollution from all
sources is estimated to cause 65,000 deaths annually (2) surpassing deaths from auto
accidents by a wide margin. Second, it is responsible for a number of undesirable
environmental effects suéh as acid rain, reduced visibility, crop damage, and global warming.

Given this situation, it is important to know exactly which pollutants are being
emitted, where are they emitted and in what quantity they are emitted. To accomplish this, it
is necessary to model air pollution. The sole emissions of interest in this thesis are mobile
source (on-road) emissions, which are responsible for nearly two-thirds of the carbon
monoxide, a third of the nitrogen oxides, and a quarter of the hydrocarbons emitted in the
atmosphere from anthropogenic sources. (3, 4, 5)

Over the last twenty years, emissions from mobile sources have decreased following
introduction of new technology to automobiles and trucks such as catalytic converters, EGR
(Exhaust Gas Recirculation), and unleaded and lower sulphur content fuels. However, the
VMTs (Vehicle Miles Traveled) have been constantly increasing threatening to overtake
technological improvements. This negative trend is forecasted to accelerate in the future as
emissions control technology reaches a plateau while VMTs continue to increase.

Currently, on-road mobile source emission modeling is carried out in urban areas that
are classified as being in non-attainment for one of the transportation-related criteria
pollutants specified in the National Ambient Air Quality Standards (NAAQs) set forth in the
Clean Air Act Amendments. Areas are required to use modeling to evaluate impacts of
transportation projects and demonstrate progress towards conformity. Carbon monoxide
(CO), hydrocarbons (HC), and oxides of nitrogen (NOy) are the three criteria pollutants
typically modeled for on-road mobile sources. On road mobile source emissions modeling

for estimates of current or future emissions involves multiplying emission rates by vehicle



activity estimates. Emission rates are usually developed using the U.S. EPA’s MOBILE
series of rﬁodels. Vehicle activity data in the form of VMT is obtained either from HPMS
(Highway Performance Monitoring System) or from travel demand forecasting model output.
Future scenarios are usually modeled using travel demand models.

Most urban areas in non-attainment are typically large metropolitan areas. Large
urban areas have collected data and calibrated and fine-tuned their travel demand models
over time to meet emissions modeling and planning requirements. However, new air quality
standards are in the process of implementation and may affect smaller urban areas that may
not be as well equipped to handle modeling requirements. New eight-hour ozone standards
will take effect in late 2003 after finalization of the implementation rule. The original rule
was finalized in 1997 but implementation was delayed by numerous court challenges in the
proceeding years. These challenges have now been resolved. New PM; 5 transport rules are in
place and are about two years behind the ozone rules for implementation with finalization not
expected until 2006. (6) PM, 5 refers to particulate matter 2.5 microns in diameter or smaller
and includes fuel particles, dust etc. Similarly PM, refers to particulate matter 10 microns or
less in diameter. Small and medium sized communities are expected to be impacted by the
regulations as well as large urban areas. Small communities frequently do not have well-
developed travel demand models and may lack the resources to collect and develop
additional data to make better estimates as well as implement better modeling procedures to

meet air quality requirements.

PROBLEM STATEMENT AND SCOPE OF WORK

New air quality standards are expected to impact small and medium sized
communities who have not dealt with air quality problems in the past and may not have
adequate travel demand forecasting models in place to meet transportation air quality
modeling requirements. This research intends to assist smaller areas in developing travel
demand forecasting models by evaluating which model inputs most significantly affect
emissions so that resources can be targeted appropriately. This research evaluates how the
combined travel demand / emissions factor model reacts to changes in key inputs and

answers key questions including “Which input factor(s) is/are most responsible for the output



results?”, “Are any of the input factors interacting?” and “How significant are the other
factors in the determination of the final emission results?”.

A sensitivity analysis on different combinations of input factors used in the models
was selected as the best method to answer these questions. Travel demand model input that
may affect output and subsequently emissions, include socioeconomic characteristics of the
area such as household income, average household size, and number and types of
employment activity in the area. The travel demand portion of the model consists of a three
or four step process. (Dependent on the extent of use of alternative travel modes and hence
mode split). These steps include in order of processing, the trip generation step, the trip
distribution step, the mode split step — (Optional) and finally, the traffic assignment step. A
major travel demand model input is the friction factor (defined as model weighting factors
used to describe the travel behavior with regards to trip time distribution in the area). Other
major inputs include the representation of the roadway network in the study area.

Information such as average vehicle link traversal speeds, peak roadway capacity,
directionality of the roadways (one way or bidirectional) and others are usually included in
the roadway network. For the emissions factor portion of the model, major inputs are average
speeds of network links and VMT output from the travel demand model (TDM), ambient
temperatures, VMT fleet mix, and elevation.

This research focused on three factors used in the travel demand forecasting model
that may affect vehicle speeds and VMT that are used as input to emissions models. They
include: friction factors, traffic assignment technique used, and the presence/absence of
dynamic feedback looping. The factors were analyzed by multi-factor Analysis of Variance
ANOVA. All statistical analyses were conducted with the SPSS statistical software
application. Standard diagnostic analysis and confidence intervals using multi-pair analysis

methods like Tamhane were used to determine the significance of each set of factors.

THESIS ORGANIZATION

The thesis is organized into five main areas. Chapter 1 presented an overview;
Chapter 2 is a literature review of the current practices and issues involved in the emissions
modeling process. Additionally, a description of a promising alternative emissions modeling

approach, the TRANSIMS system of travel forecasting models is presented.



Chapter 3 is a short description of the study area. Among items discussed are the data
sources and procurement. A basic map of the major transportation and geographic features of
the area is included.

Chapter 4 is a step-by-step description of the process and tools used to convert the
data from Bi-State TRANPLAN® format to TransCAD® format. Included in this chapter are
example screenshots of dialog boxes used to perform data conversion and manipulation, the
filenames that were manipulated etc. Also included is a comparison of the Bi-State
TRANPLANG® results and the TransCAD® results using simple statistical techniques. Visual
traffic assignment results for both scenarios are illustrated for emphasis.

Chapter 5 details the sensitivity testing procedure. A brief discussion of the principle
of sensitivity analysis is performed. Graphical illustrations of the different combinations of
input factors are presented. The methods used to change friction factor levels; to include
feedback looping and to change the traffic assignment technique are also presented.

Chapter 6 is a description of the process used to combine the assignment output from
TransCAD® with emissions factor output from MOBILESG. Included in this description are
flowcharts illustrating the main algorithm used in a custom Visual Basic® program that
automates the entire combination process. The Visual Basic® code is illustrated in Appendix
C.

Chapter 7 includes the presentation of the overall emission results by input factor,
season and pollutant type. In addition, emission, speed and VMT results for specifically
selected links are also presented.

Chapter 8 contains the ANOVA statistical analysis of the input factor sensitivity.
Relevant graphs and tables are illustrated as appropriate to assist in determination of the
conclusion. Analysis of seasonal pollutant variation is also performed in Chapter 6.

Chapter 9 presents the overall conclusions of the research. Limitations in the research

procedure used and recommendations for future research close out the chapter.



CHAPTER 2. LITERATURE REVIEW AND CURRENT
PRACTICE

In general, conventional air quality modeling practice involves the use of a travel
demand model to obtain VMT and link speed. These data are then used in conjunction with
emissions factor models to estimate quantities of pollutants generated in the study area.
Average vehicle speed is used as an input to emission rate models. VMT is multiplied by
emission rates output by emission rate models. A description of the methods to calculate
emission rates and the travel demand forecasting process including model limitations is

presented in the following sections.

EMISSIONS FACTOR MODELS

The most common model to estimate emission factors is EPA’s MOBILE models or
in the case of California, the EMFAC model. The default values used by MOBILE were
developed by the EPA based on a standard 11 mile-drive cycle FTP-75 (Federal Test
Procedure). In this cycle, vehicles are placed on a chassis dynamometer with the exhaust
connected to Teflon bags from which emissions are measured and recorded. A driver follows
the exact test procedure, which represents the starting, accelerating, decelerating, constant
speeds, and idling that is usual of a typical urban trip. The cycle consists of three phases with
the first being for cold starts, the second being the hot stabilized portion and the last being
hot starts. In the hot start phase, the vehicle is shut down and allowed to soak for about 10
minutes and then the procedure followed during the cold start phase is repeated. A cold start
is defined as an engine start after a vehicle’s engine has been shut down for at least an hour.
The hot stabilized portion is defined as that phase of the test after the vehicle’s engine has
been running long enough to reach normal operating temperatures. A hot start is defined as
an engine startup after a brief shut down period thus preventing the engine temperature from
dropping to the levels of a cold start. For each phase, a separate Teflon bag is used to capture
the emissions and the results analyzed accordingly. The results from several vehicles classes

are then averaged to arrive at the default emission values used in MOBILEG6.

MOBILES is the most current emission rate model available from the EPA.

MOBILES requires a number of input parameters to estimate emission rates including



average travel speeds, temperatures, vehicle mix, humidity, etc. By using averaged data,
these models are of little use in analyzing specific “micro scale” evaluation that requires
specific speed and acceleration rate information. (7) The FTP-75 test in addition does not
accurately represent the real driver in an actual urban operating environment. It must also be
acknowledged that there are great differences in the operating environment for differing
urban areas that may negatively affect results. An example would be differences in
acceleration rates; percent time spent idling in traffic, air conditioning use and others.
Attempts have been made to modify the FTP-75 test to more accurately account for these
limitations. Another modeling approach to overcome such problems has been to use modal
emissions models that give more detailed emissions information, in some cases second by
second emissions by vehicle type. (8) This allows highly variable transient emissions from

aggressive driving behavior (high accelerations and decelerations) to be captured.

TRAVEL DEMAND MODELING
As one of the prime components of the modeling strategy being pursued in the

research, it is necessary to describe the principles in some detail. Travel demand modeling
was first used in the 1950s by state highway agencies to determine the need for new roads. It
comprises a four-step sequence that eventually leads to an estimate of the vehicular activity
on a particular network link. The four main steps are illustrated on the right of the diagram on
page 7 and include:

e Trip Generation

e Trip Distribution

e Mode Split

e Traffic Assignment

Before the 4-step process is applied a network model is created. To perform travel
demand modeling, data processing limitations dictate that the transportation network will
need to be simplified compared to the real network. Consequently, networks in the travel
demand model, represented as sets of nodes with connecting links, do not include all the
roadways in the area. Local roadways are typically not included and depending on the scope

and the area being modeled, some collectors may also not be included. The omitted local and
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and transportation characteristics of the area. TAZs are the basic unit in travel demand

modeling and represent the areas of trip productions and attractions. It is important that the
network detail matches the detail of the defined zones. If zones are small, it implies that the
network should be detailed enough to represent connections between such zones. This may

necessitate using collector streets and some local streets in the model on occasion.

Trip Generation

The purpose of trip generation is to determine the trip making capacity for the area.
This capacity is affected by variables such as the affluence of the inhabitants of the region;
the number of inhabitants; the number of commercial and industrial establishments in the
area; and the presence of extraordinary establishments such as airports, universities, military
bases and sporting stadiums (special generators). Trip Generation can be divided into two
distinct segments known as trip productions and trip attractions. Trip producers are the
sources of trips while trip attractors are the recipients of the trips. Each trip that takes place
involves both this source and recipient and is referred to as a trip generation. Trips are further
divided according to source of production and purpose. Examples include HBW (Home
Based Work), HBO (Home Based Other) and NHB (Non Home Based) trips. There can also
be truck trips, taxi trips and other miscellaneous specific trip types depending on the
modeling scenario present.

There are several methods used to calculate the total trip generation of a model. The
most commonly utilized are activity unit rates such as the ITE trip generation rates,
regression methods and cross-classification. In regression methods that are often used to
calculate trip attractions, the trip rates are determined by applying the input socioeconomic
and other variables to a regression equation. This equation is believed to represent an
accurate algebraic relationship between the trip rate and the variables used as inputs. The
regression equation can be locally developed for the area under study if specific local
information is available. In the absence of such information, it is necessary to use generalized
rates found for example in NCHRP 365 (National Cooperative Highway Research Program)
table 7 (10) or the ITE trip generation handbook. An example of a regression equation is as
follows:

HBW Attraction = 1.45 * Total Employment in analysis area. (NCHRP 365 table 7)
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The column and row numbers are TAZs whereas the matrix values represent the
number of trips between the TAZs. The row totals represent the total productions from a zone
whereas the column totals represent the total attractions to the zone. In trip distribution, two
techniques are commonly utilized. They are growth factor methods and the gravity method.

Of the two, the gravity method is the more popular.

Growth Factor method

In the growth factor method, the procedure involves the application of a scaling factor
to an existing Production-Attraction matrix file that represents the current travel conditions of
the study area. This factor represents the amount by which the traffic is expected to increase
in the studied time frame. There are three major types of growth factor methods, each

differing in the manner in which the factor is applied. They are as follows:

. The Uniform Growth Factor method
. The Singly Constrained Growth Factor method
. The Doubly Constrained Growth Factor method (Fratar)

In the uniform growth factor method, the assumption is that the entire area grows by
the same rate and thus the original P-A matrix is multiplied throughout by the factor. It is the
simplest of the growth factor methods to be implemented but requires the unrealistic
assumption that the all segments of the modeled area grow by the same value.

In the singly constrained method, a different growth rate can be applied to either the
forecast productions or attractions for each zone. This allows the use of specific knowledge
on the manner in which the zones are expected to grow to be utilized in the model. The
singly constrained growth factor method (production) is represented by the following
equation. (11)

Source: Travel Demand Modeling with TransCAD 4.0 page 73.

Pi Pi
Ty = Z ti, ? It must be noted that Z ti_ | represents the production growth factor
Z

Z
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where: Tj; =forecasted flow from zone 1 to zone j
P; = forecast productions for zone 1

tjj = the original flow from zone 1 to zone j.

In the Fratar method, both the productions and attractions are used to update the
original matrix as opposed to the singly constrained model where either the productions or
the attractions are used. In this case, an iterative procedure is used to balance the resulting
zonal productions and attractions after application of the growth factors. The Fratar method is
commonly used to distribute external trips in models owing to lack of information on
external trip productions/ attractions. This renders use of the alternative gravity technique in
external trip distribution inapplicable. The corresponding equation for this technique is as
follows:

Tij=tj=a; * b;.

Source: Travel Demand Modeling with TransCAD 4.0 page 76.

The Gravity Model

This method of performing trip distribution is the most popular. It accounts for the
impedance between the TAZ’s in the model. The impedance can be the travel time between
zones, the cost of travel between zones or combinations of the two. The gravity model is
similar in principle to Newton’s law of gravitation where it is assumed that the P-A activity
will be proportional to zone size and the impact of such P-As will diminish with increased

distance/travel time or cost between zones. It can be expressed by the relationship (10):

Ar.f (dij)

P
Ty = ZPZ - f(dzj) if constrained to productions
Or
 AS)
Ty = ZPZ - f(dyj) if constrained to attractions

z

where: Tj; = the forecasted flow produced by zone i and attracted to zone j.

P; = the forecasted number of trips produced by zone i.
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A; = the forecasted number of trips attracted to zone j.
i = the impedance between zone i and zone j (time, cost or both).

f(dyj) = the friction factor between zone 1 and zone j.

The friction factor represents a weight that is put on the time/distance (impedance)
between the zones. Closer distances/shorter times are usually given higher weights. By this
method, it becomes possible to accurately describe the travel behavior for the modeled area.
If local knowledge indicates that a higher proportion of trips in the area are of short distance,
the friction factor weightings can be adjusted to represent that reality. Friction factors are
among the three input factors that are varied during the sensitivity analysis performed in this

research.

Mode Split

In the mode split phase, the proportions of trips by auto, transit, bicycle, pedestrian
etc. is determined. The most commonly utilized methods include multinomial logit models
that generate the probability that a person will use a particular mode in the total set of modes
available by comparing the utility of each mode. The utility of a mode refers to the ease of
use of that particular mode with respect to travel time, cost or both. The comparisons can be
made at either the aggregate or disaggregate (individual decision maker) levels. Another
method is the incremental logit method that compares one mode choice to an existing

situation and is used often to study the impacts of improvements to a particular mode choice.

Traffic Assignment

The final stage of the travel demand modeling section, traffic assignment places
origin/destination trips from the trip distribution/ mode split phase onto the actual network
links. Several techniques are utilized including the following:

1. All or Nothing

2 Capacity Restraint

3 User Equilibrium
4. Stochastic
5

Stochastic User Equilibrium
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6. Incremental

In the All or Nothing approach, the traffic flows between origin-destination pairs are
assigned on the shortest network paths connecting the origin and destination. It assumes that
only a single path is used despite the existence of alternative paths. It also does not handle the
potential delaying effect of increased volume/capacity ratios.

The Capacity Restraint approach is an attempt to account for the volume/capacity
delay effect by recalculating the link travel times in an iterative process. This process has the
tendency however to bounce back and forth with the loadings on some high volume links.
This renders the results unreliable and hence other volume delay assignment techniques have
superseded Capacity Restraint.

In the User Equilibrium technique, a mathematical relationship is set up where no
traveler can benefit from improved travel times by shifting routes. A volume-delay
relationship similar to that for the Capacity Restraint technique is used to adjust link travel
times. If a certain proportion of travelers shift routes, the travel times may be adjusted such
that the route is no longer an attractive alternative.

In the Incremental Assignment technique, volumes are progressively loaded onto the
network in steps. The actual assignment is based on the All or Nothing technique but the
difference is that only a fraction of the total volume is assigned in each step, after which new
volume-delay travel times are calculated. After each step, the assigned volumes are
progressively reduced until all the volumes are assigned. In many instances, particularly
when numerous steps are used, the output resembles that of Equilibrium Assignment
mentioned earlier.

In Stochastic Assignment, a logit model is used to determine the probability that a
particular reasonable path will be utilized. This probability is calculated based on the travel
time and cost of using a particular path. Paths that are circuitous are not usually considered
reasonable. Stochastic Assignment attempts to overcome the unrealistic assumption of the
All or Nothing technique of only one possible path being used.

In Stochastic User Equilibrium, an attempt is made to combine the logit techniques in
pure Stochastic assignment with the User Equilibrium technique. It was developed in an

attempt to model the fact that travelers do not have perfect travel cost information that is an
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implicit assumption in the pure User Equilibrium approach. Thus, under Stochastic User
Equilibrium, even very unattractive routes will have some volume assigned compared with
the pure UE approach. This for instance might capture a scenario where a driver prefers a
longer route that bypasses a toll way despite the toll way path being much shorter. In such a
scenario under normal UE, such a route might not be predicted to be used at all because of

the extra travel time.

DATA NEEDS

Before any modeling can proceed, a large quantity of data must be collected and
tested for validity. Such data includes the travel network of the modeled area, the projected
population of the area, projected land-use, projected economic conditions and other data.

Accurate regional population and economic forecasts are vital for modeling given the
fact that the resulting travel activity is directly related to such factors. Such information is
obtained from custom run population and econometric growth models or publicly available
data from metropolitan, regional, state or federal sources. Demographic models, Input-Output
models, regional simulation models for demographic and economic change and detailed
studies of particular industries, population groups etc. are likely sources of such data.
Techniques used to predict growth can also be estimated by simply extrapolating past trends
though this technique carries some risk. Careful studies of the modeled area would need to be
undertaken to determine whether extrapolation is appropriate.

After the broad regional level population and employment estimates have been
obtained, it is necessary to allocate the estimates by zone in the region. There are two main
techniques for allocating totals by zone. (12) In the negotiated estimates technique, the
preparer’s judgment and desires based on political realities is used when apportioning the
estimates. This technique is used to some extent in almost all jurisdictions at present. In this
technique, local plans and projections are the primary guide. Allocations can be either by an
initially agreed across the board percentage between jurisdictions or the allocations can be
via negotiations between local jurisdictions. In the mathematical model approach, formal
relationships between economic factors are defined and used to determine how estimates are

apportioned. This technique ignores political realities and institutional constraints in favor of
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a strong market force approach. The mathematical model approach is not very popular at
present owing to being perceived as inaccurate. It is used in a minority of jurisdictions. (12)
Another important data input for travel models is the rate of vehicle ownership.
Vehicle ownership models have been developed that take into account the income, household
size, number of licensed drivers, gender, labor force participation, housing type, accessibility
to transit and other variables to estimate number of vehicles per household. These data are
usually applied at the zonal level. From a cursory analysis of some of the variables
mentioned, it is clear that some are statistically correlated thus necessitating care in model

estimation and analysis.

DATA COLLECTION METHODS FOR MODELS

In any transportation modeling process, the first step involves collection of the
necessary travel and socioeconomic data. Several methods are used including U.S Census
Bureau information and travel surveys. In particular, the Summary Tape File 3 and the
PUMS (Public Use Microdata) samples provide detailed information on many household and
individual characteristics of relevance to transportation planning.

Several types of surveys are commonly carried out to gather information for the
estimation and calibration of travel models. They include household travel surveys,
commercial vehicle surveys, transit rider surveys and external cordon station surveys. (13) In
recent years, there has been more activity with workplace surveys that are better able to
provide data for calibration with regards to the trip attraction stage of modeling. Such data
can be hard to capture in a traditional household survey but are nonetheless important for
overall model calibration.

In the common household travel surveys, information is obtained on the trip activity
of individual household members. Several techniques can be applied to obtain such
information such as telephone interviews and mailed surveys. In both cases, the data
collection costs can be high. Consequently, in recent years there has been a tendency for
surveys to get smaller with sample sizes in the range of 1,500 to 2,500 housecholds. Large
surveys are now only conducted in the largest of cities such as New York, Los Angeles and
Minneapolis where surveys upwards of 10,000 households have been undertaken on

occasion. Recently, it has been suggested that instead of focusing on household trips, it is
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more appropriate to study household activities. This focus, it is thought will lead to a more
accurate recording of the trips made because individuals easily forget trips made, especially
short trips. In contrast, activities tend to be well remembered and can then be used to deduce
the trips made to link the activities. Increased accuracy will then directly translate into a more
useful travel model particularly where it is being used for emissions estimation. .

In transit on-board surveys, passengers on transit vehicles are surveyed primarily by
using short questionnaires to be completed by the rider. Other experimental techniques
include data collection by the use of laptop computers. In many cases, the results of transit
surveys have been combined with household results to enable greater calibration accuracy
particular in the case of small sample household surveys.

External station surveys attempt to capture information on trips that either do not
originate or terminate in the modeled area. This information is very valuable for a model
given that in some areas external trips can be a significant percentage of the total trips
traveling through the region. In external station surveying as with other surveying, several
techniques can be used to gather the information. In roadside interviews, vehicles are stopped
at the external station and drivers are interviewed. This method has the potential to quickly
provide reliable data and high response rates. The main disadvantages are the potential for
traffic delays and disruption and the need for coordination with many organizations,
primarily law enforcement. Other data collection methods include postcard handout/mailback
surveys and license plate recording mailing surveys. These rely on the driver eventually
completing the survey at home and mailing in the results. The difference between them is the
manner in which the driver receives the survey material. For the postcard handout method,
the surveyor simply gives the driver the survey material whereas for the license plate
recording method, the license plate is used to match against vehicle registrations and mailing
the surveys to vehicle owners. In these methods, the response rate is lower than for roadside
interviews and there is also an issue of privacy in the case of the license plate method.

Other survey types normally used to gather data for travel modeling include
commercial vehicle surveys, stated preference surveys and longitudinal surveys. These
surveys are more difficult to implement than the surveys previously mentioned such as transit
rider and household surveys and thus are not as widely utilized. There have been attempts

such as in the Puget Sound area of Washington State to carry out longitudinal surveys where
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a select sample of households is surveyed over time to determine the changes in travel
behavior as changes in transportation supply and socioeconomic conditions occur. As is the
case for all survey types, there are benefits and drawbacks with a major problem being
attrition bias. In this phenomenon, the number of respondents participating at later stages in
the survey program is less than at the start owing to program dropouts during the course of
the survey. This tendency will introduce an inherent bias into model estimation by focusing
on only the respondents who are inclined to see the survey through to the end. It is important

that this phenomenon is recognized and corrected in model estimation.

DYNAMIC FEEDBACK LOOPING

A major recognized flaw of the conventional travel demand modeling process
involves the sequential nature of the various stages. This leads to a situation where for
instance, the travel times used to skim the network initially cannot account for the volume
delay effects because that information is not available until the traffic assignment phase of
the modeling. One attempt to counter this problem has been the use of feedback loops where
the volume dependent travel times from traffic assignment are used to repeatedly skim the
network; perform new trip distribution with the newly skimmed network values; and finally
to redo mode split and traffic assignment. This iterative process is done until there is either
convergence in the results or stopped after a fixed number of iterations.

Despite the use of feedback looping, there are still major flaws. It has been suggested
in a paper “Towards Consistent Travel Demand Estimation in Transportation Planning: A
Guide to the Theory and Practice of Equilibrium Travel Demand Modeling” (14) that
feedback looping does not guarantee convergence to a consistent answer. Instead, answers
bounce around from one value to another thus not giving any meaningful result. The paper
goes on to suggest that a better approach is to use Equilibrium travel demand models. In
these models, in addition to the traffic assignment stage, the other three stages also follow an
equilibrium technique similar to that for User Equiliblrium assignment where no traveler can
benefit by shifting paths. Complex heuristic techniques are used to predict trip making
behavior in these models.

If for instance network wide traffic congestion levels are very high, there may be the

tendency for fewer trips to be generated. These trips are postponed, canceled or replaced by
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teleconferencing etc. In a situation where congestion on specific links is a problem, the
tendency is for trips to be diverted to more accessible areas. In this instance, the results of the
trip distribution process will be altered. For the mode split example, if the travel costs on the
highway mode increases, there is the potential that some trips will be diverted to transit, ride
sharing etc. Complex heuristic procedures again automatically attempt to reestablish
equilibrium.

It is thought that equilibrium travel demand models, despite added computational
complexity are worth the effort. It overcomes one of the major flaws in the 4-step approach
by generating consistent, reliable estimates and it integrates aggregate travel demands with
discrete-choice theory in a consistent manner. It is also the first step to dynamic modeling as

attempted in activity based disaggregate models such as TRANSIMS®.

CALIBRATION AND VALIDATION OF TRAVEL DEMAND MODELS

Upon reviewing the available literature, it became apparent that among the primary
issues to be tackled in the modeling process being pursued is the actual usefulness of the
output from the travel demand model. It is of vital importance to calibrate the travel demand
model as much as possible to represent real-world conditions particularly since emission
rates are highly dependent on volume and speed estimates.

Calibration involves use of model inputs to determine model estimates. Following
accurate calibration, it then becomes necessary to check the reasonableness of the model
results by comparing to predicted outputs to actual outputs and subsequently fine-tuning
model variables until results with an acceptable range of error are obtained. This step is

referred to as Model Validation and Reasonableness.

Issues in Model Calibration

Calibration refers to the task of modifying model input parameters until the output is
similar to observed travel behavior. (15) This means that the results of the distribution
process, Origin-Destination matrixes are consistent with real trip Origin-Destination values.
On the emissions end, it is important that the correct vehicle operating mode classification,

VMT distribution, trip purpose, ambient temperature etc. are selected. These variables have
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an important impact on the actual emissions output necessitating great care in their selection

and use.

The main parameters adjusted in calibration of travel demand models are

()

(i)

(iii)

(iv)

Friction factors: - They determine how trips will be distributed and it is very
important to get factors that accurately describe the distribution of trips by trip
purpose. For example, changing the friction factor curves can adjust the average
length of trips either upwards or downwards and significantly change the trip
distribution results. It must be noted that the friction factors for different trip
purposes will be different thus each trip purpose will have to be separately
calibrated.

Network parameters: - Parameters such as number of links, direction of flow on
the links, speed of the links, intrazonal travel times, turn restrictions and number
and placement of centroid connections from the link-node network to zone
centroids need to be accurately described. Results will be of little use, for instance
if a link that is in reality one-way flow is coded as having flow in the opposite
direction. Incorrectly defined link speeds can also affect the results of trip
distribution, as impedance values will be inaccurate.

Trip generation parameters such as socioeconomic variables like average
household size, CPI (Consumer Price Index), average auto occupancy in the
modeled area, household income and others need to be carefully evaluated to
ensure that they are up to date and relevant. Special Generators need to be applied
as appropriate to describe unconventional trip patterns.

The impact of truck trips, external trips and other non-standard trip types needs to

be carefully observed and integrated into the model.

For the assignment phase, it is important to account for the impact of volumes on trip

times. If the area being studied does not have high volumes, simple assignment procedures

such as the All or Nothing can produce acceptable results, otherwise a technique with volume

delay attributes like Equilibrium Assignment will be necessary. It should be noted that in

conventional practice, the most common assignment technique is the Equilibrium technique.
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Issues in Model Validation and Reasonableness

Ideally, after each stage in the Travel Demand Modeling process, the output should
be checked for validity and reasonableness. This minimizes the scale of the errors that
inevitably propagate as the various stages in the TDM model are executed. Two main types
of validation tests include Reasonableness tests and Sensitivity tests. (16) The first category
of tests can include Absolute and Relative difference tests, Statistical correlation tests and
variance tests such as RMSE (Root Mean Square Error). The sensitivity tests check the

model behavior when inputs are varied.

Model Inputs and Trip generation

In this phase, it is necessary to check that the socioeconomic and land use data
actually being used for the model is accurate. Items to check for include population densities,
workers per household, vehicles per household among others. Transportation network entities
also need to be checked for such things as correct link alignments etc. In other words,
verification that the link and node network present in the model represents the real

transportation network for the study area is required.

Trip Distribution

The main validation check in trip distribution is the check for correct travel
impedances (i.e. Are the distances, speeds and consequent travel times in the network
representative of actual values. Statistical tests that compare distributions (coincidence ratios)
are used for to determine for example if observed and average trip lengths are significantly
different. This can quickly highlight problems that are occurring in the distribution phase
with the usual result being an adjustment of friction factors assuming the trip generation

phase validation errors were acceptable.

Mode Choice and Auto Occupancy

Typically, this validation usually involves sensitivity tests with known data from
other regions for determination of appropriate model coefficients. For the auto occupancy
rates, comparisons with either generic socioeconomic or known local data using absolute

difference tests would suffice.
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Traffic Assignment

The main validation for this step involves comparing model outputs with observed
counts. The main test is a t-test to compare differences in means. Issues of relevance in
validation of traffic assignment include the type of link; i.e. whether it is major, medium or
minimal in terms of average daily traffic. Major links by necessity should have lower values
for error given that the consequences for forecast errors on such links will be greater (greater
cost to add lanes, change geometry, traffic signaling etc.). Tables of acceptable error ranges
are usually referred to following this stage. A growing trend and also recommended practice
involves using feedback loops to alter the impedance inputs to the trip distribution phase
giving for example more realistic travel times. This in turn should produce more realistic

assignment results.

SUGGESTIONS FOR IMPROVED MODELING PRACTICE

It has been recognized in a number of recent research papers and manuals such as the
“Manual of Regional Transportation Modeling Practice for Air Quality Analysis” (12) that
most models have endured significant underinvestment for over 20 years. It is felt that for
present models to be more relevant and useful, existing gaps in input data such as detailed
land use and employment data; transit ridership patterns; up to date demographic information
etc. need to be corrected. Another major concern is the dearth of knowledge of trip timing
and trip chaining which in recent years has seen significant increases. Trip chaining is
described as the combination of several trips into one such as making a trip to perform
several errands. An example includes the trip home from work that includes stops at the
grocery store, child pick up from school and other miscellaneous stops. Trip chaining is not
handled very well in present models because of the need to stratify trips into rigid purposes.
Chained trips can have major implications for emissions output given that in many instances
they are short thus necessitating more frequent engine starts.

Other issues mentioned in the manual include the ability of present regional models to
represent pedestrian, bicycle and other urban design transportation control measures. It has
been suggested that land use impacts of transportation investments be determined and the

models adjusted accordingly if such impacts are indeed found to be significant.
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Given these and other shortfalls, the manual suggests some areas that should be given

priority for improvements. They include the following items:

Accurate up to date travel surveys including household surveys, transit surveys etc.
are vital to ensure that the best available information is used to develop model
estimates. In addition to the standard information such as household income, size and
auto availability, other key variables to be garnered include number of school aged
children, number of workers, transit accessibility and type of housing unit. These
additional variables have a key influence on the trip production rate of the household,
particularly by trip type. (12)

Accurate VMT information is required. This will necessitate increased traffic counts.
It is also important pursue accurate speed monitoring which will be of great
importance in air quality estimation. (12)

It has been suggested that more trip purposes should be used. This will allow a better
representation of the more complex trip patterns commonly observed in contemporary
trip making. Examples include school trips, shopping trips, sporting event trips,
miscellaneous errand trips etc. Trip chaining will be better represented under this
scenario. (12)

It is important to have as detailed a highway network as practicable representing all
roadways carrying significant interzonal traffic. Networks of 2,000 or more links
have been feasible for the last decade owing to increased computer processing power.
As processor power increases in the future, maximum advantage should be taken to
improve model detail.

For modeling bicycle, pedestrian and other non-motorized trips, calculations should
be performed separate from the model by hand if necessary and the results integrated
at a later stage. While not the perfect solution, it is nonetheless a better strategy than
to completely ignore such modes if they represent significant modal shares. (12)
More realistic assumptions are needed. For instance, the assumption in many current
models that vehicle speeds do not exceed the legal speed limit is not acceptable. This
introduces inaccuracies in the travel forecasts and consequent emissions estimates.
(12) For freeways, such assumptions could have a negative impact on emissions

estimates whereas for arterials, the converse may be true.
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e It has been suggested that transportation control measure TCM effectiveness can be
used to improve analysis capabilities. For instance, TCM effectiveness found from
before and after studies could be used to determine if calibrated model parameters are
actually representative.

e Finally, present models are acknowledged to have poor documentation. (12) This
makes it difficult for model improvements to be implemented. In addition, lack of

-sufficient documentation makes it very difficult for trends monitoring and repeat
analysis. It is thus suggested that documentation be improved particularly on
documentation describing how the model functions. Over the long run, it is thought
that extensive documentation will actually lead to reduced expenditures and more

easily improved models that are able to respond to fast changing inputs.

ALTERNATIVE MODELING APPROACHES

In recent years, there have been attempts to employ a completely different process for
travel model/emissions estimation. One such approach has been the use of activity based
travel models combined with emissions models that have modal characteristics. Known as
TRANSIMS (Transportation Analysis SIMulation System), this approach contains
significant differences from the traditional travel demand/emissions factor model approach.

TRANSIMS is an integrated system of travel forecasting models designed to give
transportation planners accurate, complete information on traffic impacts, congestion, and
pollution (17). It differs from the traditional approach by attempting to model the individual
traveler in the system as opposed to an aggregation of behaviors of travelers in a zone (TAZ).
It is hoped that modeling on the disaggregate level will provide more accurate results given
the ability to explicitly model individual traveler characteristics, activities and their
interactions with the transportation system.

As opposed to the four-step process combined with vehicle activity estimates in the
traditional process, TRANSIMS consists of a Framework that includes several sub modules
as follows:

e Population Synthesizer
e Activity Generator

e Route Planner
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e Traffic Microsimulator

e Selector/Iteration Database
e Emissions Estimator

¢ Output Visualizer

The Population Synthesizer module is used to generate a virtual population of all the
individuals in the region under study. Data sources, as in the case of the traditional modeling
approach include U.S Census Bureau population information, population projection
information and geographic correspondence engines to link the related population
geographically. A series of algorithms is performed to convert the census information to
discrete individual travelers in the model.

Once cach population member has been generated, the Activity Generator is used to
compile a list of activities that such members will partake in. The demographics of the
population will be used to determine the types of activities selected. For each activity, its
type, time frame, preferred transportation mode, location and other possible participants are
noted. Survey data from actual households is used to estimate likely activities in the model.
Once the attributes for each activity is accurately captured, it then becomes possible to model
trips by mode, length etc. Information such as travel time from the Route Planner and Traffic
Microsimulator is fed back to this stage and used to help determine activity locations.

The Route Planner is then used after travel activities have triggered trip requests to
determine the actual travel routes for each traveler in the model. Trip requests consist of an
origin and destination, the time frame in which the trip is to be completed and the mode
choice to be used for the trip. The trip request information along with the TRANSIMS
network information, traveler information etc. is then used to determine a shortest path route
similar to that of network skimming in the traditional TDM process. This shortest path is
time dependent and thus could be negatively affected by delays. To accommodate such a
situation, a mechanism for feedback from the Traffic Microsimulator is available.

The Traffic Microsimulator attempts to simulate the movements of all the individual
travelers in the system including the effects of their interactions. The main input is the trip
plan produced by the Route Planner for each traveler. Detailed algorithms are used to
simulate the interactions between each traveler and the modes they utilize. The Traffic
Microsimulator allows for the modeling of walking stages in addition to transit and car stages

thus representing a big improvement over the traditional process. The output from the Traffic
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Microsimulator consists of spatial and temporal summary data, traveler events and snapshot
data that allows for traffic animation. (18)

The Selector/Iteration Databases module is used to implement the iterative feedback
process that is critical to model accuracy. With this module, it is possible to use optimized
travel times for instance in activity location. It is also possible to use this module to select
particular types of travelers for detailed analysis or to direct the travelers to certain choices
known to occur in the region. This module can thus be thought of as a way to tweak the
overall model without having to redefine the entire model. (18)

The Emissions Estimator uses information from the Population Synthesizer regarding
vehicle population and the output from the Traffic Microsimulator to generate emissions
estimates. The vehicle type, speed, age and operating mode and other data similar to that
used in the Emissions Factor stage of traditional modeling is used. With the travel output
from TRANSIMS at a disaggregate level, it is possible to determine vehicle operating mode,
speed, age etc. far more precisely thus leading hopefully to more accurate emissions
estimates than is the case in the traditional process. (18)

Finally, the Output Visualizer enables various input and output data sets to be
displayed. This facilitates easy analysis of the overall model and can be regarded as a model
management tool. (18)

It is hoped that this new activity based disaggregate approach to transportation
modeling will provide a significant improvement over the traditional process. Nevertheless,
high data processing needs will for the foreseeable future limit application to only those
metropolitan areas provided with sufficient resources. For instance, parallel computer
processing using multiple computers and other expensive hardware is required to model a
city of greater than 1 million at an individual level. The data input needs are also formidable

thus necessitating costly detailed surveys.
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CHAPTER 3. DESCRIPTION OF PILOT STUDY AREA

As stated in Chapter 2, high input data accuracy in travel modeling is desired. In
addition, the models should be well calibrated and validated. The travel demand model inputs
and calibrated parameters developed for the Quad Cities area of Davenport, Moline,
Bettendorf and Rock Island in the states of Iowa and Illinois was selected for the pilot study
area. This model incorporated dynamic distribution that theoretically should result in a better
calibrated model. Additionally, the effect of dynamic distribution is among the major areas of
research in this thesis, hence the Bi-State model served as a useful model on which to
perform the research.

The Bi-State Regional Commission is an agency responsible for transportation
planning in the Quad-Cities region of Iowa and Iilinois. It is an organization of five lowa and
Illinois counties and 44 municipalities including the cities mentioned previously. This region
is comprised of a population of approximately 300,000 located about midway between the
midwestern cities of St. Louis, Minneapolis, Chicago and Des Moines. The Mississippi River
bisects the region in a general Northeast to Southwest direction. Interstates 80, 74 and 280,
each of which has a Mississippi River crossing, serve the area. The busiest crossing had a
January 2001 ADT (Annual Daily Traffic) count of just over 70,000 vehicles while the
freeways in the area carry between 15,000 and 40,000 vehicles per day. (19)

BI-STATE TRIP GENERATION DATA

Originally to develop the model, the Bi-State Commission in cooperation with the
Towa DOT used a program called PLANPAC. PLANPAC was a mainframe computer
software package and was used before 1992 when an exponential increase in electronic
processing power enabled personal computer based modeling applications. Further updates
have been made to the original TAZs to reflect changes in socioeconomic conditions, land
use and consequent urban travel activity.

Data such as the number of housing starts, population per square mile by TAZ,
manufacturing, service and retail employment levels were used to estimate future trends.
These trends were then converted using trip generation analysis to forecasted trip activity by

TAZ. Population data were obtained in the 1998 base case from updated 1990 census block



www.manaraa.cor




28

Adjustments were then made to the resulting trip rates to accommodate the specific
differences between the Quad Cities area and Des Moines. The rates were adjusted in
accordance with the NCHRP Report 187 (Quick-Response Urban Travel Estimation
Techniques and Transferable Parameters) parameters. The Cross-Classification trip
generation technique was also used in the trip rate adjustment. Truck trips or Internal
Commercial Vehicle trips were calculated using an equation utilized by the Des Moines

MPO given that no specific truck data was available for the Quad Cities area.

B1-STATE TRIP DISTRIBUTION (FRICTION FACTORS)

Friction factors were developed from a travel time study performed in 1998. The
study was performed primarily on major arterials in the Quad Cities at the request of city
traffic engineers. Both the AM (morning) peak and the PM (evening) peak were included.
Each trip type was individually calibrated to produce acceptable trip distribution results

following an iterative process.
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CHAPTER 4. CALIBRATING TRANSCAD MODEL WITH
BISTATE TRANPLAN MODEL

Several tools are available to perform conventional travel demand analysis. Among
the more popular are TRANPLAN®, TransCAD®, QRSII and MINUTP. Each tool tends to
have different features and strengths. TRANPLAN® for instance is valued for its flexibility
and power; QRSII for its user friendliness and TransCAD® for its tight integration of GIS
functionality with traditional travel modeling functionality. For the purposes of this thesis
research, the two tools of interest are TRANPLAN® and TransCAD®.

The original Bi-State travel model used for the pilot study was implemented using
TRANPLAN®. TRANPLAN® is a command line FORTRAN based set of integrated
programs for the transportation planning process. (20) As with all other travel demand
modeling software, it allows all four stages of the four step process to be implemented.
Output from TRANPLAN® is a text or binary output file representing the network with
loaded volumes and travel times. Despite being an older travel demand modeling application,
TRANPLAN® remains a widely used application. Compared to other travel demand
modeling applications, it provides powerful and flexible travel demand modeling capabilities.

Although the Bi-State model was originally available in TRANPLLAN® format,
TRANSCAD® was selected as the platform to complete the 4-step model and sensitivity
analysis since TRANSCAD® provides the best GIS functionality of all the tools used in
conventional travel demand planning and was most familiar. TRANSCAD® is a GIS based
travel demand forecasting software tool developed by Caliper Corp. in Massachusetts.
Common functions such as polygon overlay analysis, buffers and geocoding are all notable
GIS features. In addition, transportation specific functionality such as networks, transit route
systems, matrices and linear referencing (identifying location of transportation features as
distance from a fixed point along a route) are available. (21)

In order to use the TRANPLAN® model in TRANSCAD®, TRANPLAN® files
were imported. Before the sensitivity analysis was conducted, it was necessary to ensure that
the TransCAD® model was a reasonable approximation of the original Bi-State
TRANPLAN model. To achieve this objective, the Bi-State model data was converted from
the TRANPLAN® Fortran format to TransCAD® geographic files, matrices and DBASE IV
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files. A description of the conversion and validation process is presented in the following

sections.

CONVERTING TRANPLAN FILES

The following files were obtained from the Bi-State Regional Commission and are

described in the 1998 and 2025 Readme Microsoft Word files. Please refer to Appendix G.

. 1998attr.f98 Year 1998 Attraction file in Tranplan format;
. 1998prod.f98 Year 1998 Production file in Tranplan format;
. Eetab.98 Year 1998 Ext — Ext trip table;

] Ffr2.dat Friction factor file;

) Hnet1.f98 Year 1998 Base Network;
. Hrldxyi3.f98 Year 1998 initial network. This network 1s used to skim paths;
) Run98f.in Year 1998 Tranplan control file;

. Ttprep.tem  Terminal time for all Traffic Analysis Zones;
. Turn.txt Year 2025 Turn penalty file.
. Ttprep.tem  Terminal time for all Traffic Analysis Zones;

o 2025attr£25  Year 2025 Attraction file in Tranplan format;

. 2025prod.f25 Year 2025 Production file in Tranplan format;

o Eetab.25 Year 2025 Ext — Ext trip table;

) Ffr2.dat Friction factor file;

. Hnet1.£25 Year 2025 Base Network. This includes year 2025
Transportation Projects;

. Hrldxyi3.f25 Year 2025 initial network. This network 1s used to skim paths;

) Run25f.in Year 2025 Tranplan control file;

. Turn.txt Year 2025 Turn penalty file;

The friction factor, turn penalty and production/attraction data files were converted to
DBASE IV files by importing them into the Microsoft Excel spreadsheet program. Each file

was then formatted to the requirements of TransCAD® modeling with the deletion of
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file. Redundant columns were removed and missing column headings added.
o The friction factor table required the removal of unnecessary columns and the
addition of column headings for time and trip purposes.
o The imported network needed to have a time column added, the distance
column needed accurate values and the capacity of centroid connectors needed to be
changed from 0. Zero link capacity would preclude any trips being loaded onto the

network.

THE FOUR STEP TRAVEL DEMAND PROCESS

TransCAD® allows the performance of the travel demand modeling process via a set
of dialog boxes. The data obtained from the Bi-State Commission included the trip
production/ attraction data and thus eliminated the need to perform trip generation using
TransCAD®. It was however necessary to perform trip balancing. Trip balancing refers to
the process whereby trip productions and attractions are adjusted to ensure that the totals are
equal as Produced trips must be attracted somewhere. Trip balancing is necessary because of
the fact that different techniques are utilized in calculation of the trip attractions (usually
regression) and trip productions (usually cross-classification) thus causing differing values
for totals. Shown overleaf is the TransCAD® dialog used to perform the balancing technique.
The vectors represent productions and attractions by trip purpose, with the purposes being
defined as follows:

HBW — Home Based Work

HBO- Home Based Other

NHB - Non-Home Based

TRK — Trucks

IEEI - Internal/ External and External/Internal trips

For home based trips, the balancing adjustments were done to trip productions
whereas the other purposes had balancing adjustments done to the trip attractions. It is
generally acknowledged that home based trip production data is more reliable than trip

attraction data. For NHB, TRK and IEEI trips, the converse is acknowledged to be true.
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Like the 1998 results, no difference was greater than approximately 16% with the
majority of the links reporting differences below 10%. It may be noted that the links
highlighted represent an additional Mississippi River bridge crossing representing a planned
network improvement. The percentage Root Mean Square difference calculated for all the
links was determined to be 28%. The %RMSD calculated on the links crossed by
TransCAD® screenlines (links with significant traffic volumes) illustrated in the map above
was determined to be approximately 13%. See Appendix E. The percentage difference
between the trips assigned on all links in the Bi-State model and the TransCAD® model was
4%.

Given all this information, it could be concluded that for the purposes of sensitivity
analysis, the model predictions were close enough to warrant proceeding to the sensitivity
testing phase of the research. In sensitivity analysis, it is not critical that the models match
exactly since the main objective is to analyze changes in model output. In travel and
emissions forecasting however, it is important that the absolute output values are as accurate
as possible given that large expenditures of money, time and effort may be dependent on the

forecasted values.
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CHAPTER 5. PERFORMING SENSITIVITY RUNS ON
TRANSCAD MODEL

SENSITIVITY ANALYSIS

Sensitivity analysis is defined as “the process used to ascertain how a given model
output depends upon the input parameters. This is an important method for checking the
quality of a given model, as well as a powerful tool for checking the robustness and
reliability of its analysis. The topic is acknowledged as essential for good modeling practice,
and is an implicit part of any modeling field”.

In this research, the aim is to determine which input factor affects the output emission
results by the greatest magnitude. Using the basic principles of sensitivity analysis, the model
inputs were adjusted and the output from each run noted. After completion of all model runs,
the difference in output emissions levels could then be statistically compared using any of a
multitude of techniques. Some useful techniques include regression analysis and ANOVA
(Analysis of Variance).

Sensitivity analysis can be applied in a variety of modeling situations. For example, it
can be applied to econometric models where future economic attributes such as GDP (Gross
Domestic Product) are predicted. Another relevant application is the study of the effect of
transportation investments on land use changes. Sensitivity tests in econometric modeling
would, for example, enable economists to determine how varying assumptions about interest
rates, energy prices, labor costs would affect the actual GDP results.

Sensitivity tests can also be applied to physical models such as hardware control
systems. In such applications, the objective is to study the response of the system to varying
input conditions such as electrical current, feedback noise (incoherent and corrupted control
signaling) and load affect for example motor speed, response time to changes in inputs etc.
(22)

A common use of sensitivity tests is the estimation of parameters that represent
continuous variables in experiments where it is impossible to measure the values in actual
practice. (22) For example sensitivity testing of pyrotechnics to ignition will allow a
relationship to be obtained between the stress levels and ignition below the critical threshold

pressure, above which samples always ignite. Without sensitivity testing, it would not have
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been possible to obtain estimates of the parameter since application of pressure to
pyrotechnic samples inevitably destroys or damages the sample and makes it impossible to
do repeated testing on a particular sample. This technique is known as Maximum Likelihood
Estimates and is being increasingly applied to sensitivity analysis. Other common techniques
include Probit, Bruceton, Robbins-Monro and Langlie. (22)

The mathematics involved in such tests can become complicated and it is considered
beyond the scope of this thesis to analyze the various techniques. In concluding, it can be
said that sensitivity analysis allows the following to be achieved:

1. The effects of accuracy in a modeled system can be determined.

2. The effects of changes in both magnitude and direction in a modeled system

can be determined.

3. Facilitates model calibration.

SENSITIVITY TESTING PROCEDURE
As stated in the introductory section on research questions, the main goal of this
research was to determine which of three input factors has the greatest effect on the predicted
emissions output. The input factors considered in the research include
1. The traffic assignment methodology used. Five assignment techniques were
investigated including stochastic, user equilibrium, stochastic user equilibrium,
incremental and capacity restraint.
2. The use or non-use of dynamic feedback modeling.

3. The type of the friction factor distribution used. (3 distributions were used)

Determination of the most significant factors on the emissions output required
running the model over all combinations of levels of the input variables. Each combination of
levels represented a unique sensitivity scenario resulting in different output values. In total,
30 combinations of inputs were used giving 30 emissions outputs. (5 Assignment levels x 2

dynamic modeling levels x 3 friction distributions.)
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impedance (travel time, distance, cost etc.). As a result, a simple inverse function can be used
to develop friction factors. Such a function would take the form f(d;) = dij_l where:

. d;; = impedance between zones i and |

. f(dyj) = friction factor between zones 1 and |
It has however been shown that the simple inverse function is not the best performing
impedance function (11). Hence, more complicated functions have been devised that have
been shown to perform better. Among the more popular functions are the exponential

function, the inverse power function and the gamma function. (11)

—c(dy;)
exponential f (dij) =¢e """ where c is constant > 0
-b
inverse power fd ij )=d ij  wherebis constant >0
-b “C(d,“ )
gamma f(dij):a'dij € """ where a> 0 and ¢ >=0

Source: Travel Demand Modeling with TransCAD 4.0 page 176.

It should be noted that the gamma function is a combination of the inverse power
function and the exponential function. Application of these functions involves adjusting the

parameters a, b or ¢ to replicate the actual conditions found in the modeled area.

Friction Distribution 2

The inverse power function was applied and a new friction factor table developed for
friction distribution number 2. The parameter chosen for b was 1.45. Application of this
function and parameter gave a distribution that had a sharper curve (more L shaped) than that
of the original Bi-State data. The factors calculated for long trips were higher. Theoretically,
such a difference should result in proportionately fewer intermediate distance trips but more

very long and very short trips.

Friction Distribution 3

In this case, the gamma function was applied. The values chosen for a, b and ¢ were
1, 1.45 and 0.025 respectively giving a very sharp distribution curve. In addition the row
corresponding to a time of 1 minute was removed with the gamma being applied from time 3

minutes onwards. The maximum friction factor value of 10,000 was used for all times t =2
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As described in Chapter 2, this volume delay effect can significantly affect validity of
the assigned results. Initially, uncongested travel times are used to obtain the trip assignments
but in reality, the congested times must be utilized to give realistic assigned results. Hence
the use of feedback loops where the congested travel times are fed back to the network
skimming (shortest path) phase. This in turn affects the trip distribution and finally the
assignment results. Runs were performed both with/without feedback for all three friction

factor distributions.

TRAFFIC ASSIGNMENT METHODOLOGIES

For each combination of friction factor distribution and feedback/no-feedback, the
five traffic assignment techniques mentioned at the beginning of this chapter were utilized.
This was accomplished by varying the option selected in the TransCAD® Traffic
Assignment dialog box. Shown next are the dialogs for each of the other four techniques used
in addition to the User Equilibrium illustrated on page 41. Of note are the disabled capacity,
alpha and beta fields in the Stochastic Assignment dialog box. That is expected given the fact
that the Stochastic assignment technique does not rely on the volume delay BPR function and
its associated parameters illustrated earlier. Following the completion of the 30 sensitivity

combinations of inputs, it was necessary to produce and analyze the emissions results.
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CHAPTER 6. LINKING TRAVEL MODEL OUTPUT WITH
EMISSIONS RESULTS

MOBILE 6 EMISSIONS FACTOR MODEL

Following the completion of the sensitivity runs in the TransCAD® travel demand
model, it was then necessary to obtain emissions factors and combine the results as described
in the introductory chapter on page 2. The tool used to get the emissions factor results for this
research was the Environmental Protection Agency’s (EPA) MOBILE6. The MOBILE6
program is supplied with a number of tables that represent the defaults values to be used in
the absence of specific information for the area under study. These tables were developed
from data collected in the FTP tests and from numerous jurisdictions across the country.
Among the tables included are the vehicle age distribution, mileage accumulation rates, VMT
fractions, average speed distributions and many others used to ultimately calculate the
average emissions rate per vehicle.

MOBILES calculates emissions for three of the criteria pollutants including oxides of
nitrogen (NOy), carbon monoxide (CO) and volatile organic compounds (VOCs). Ozone
(03), another criteria pollutant, cannot be directly calculated with the MOBILE6 program
given the fact that ozone is a secondary pollutant. Low level ozone is formed by complex
atmospheric reaction; in the presence of sunlight (energy source) between atmospheric
oxygen O, nitrogen oxides (NOy) and hydrocarbons (HC). (23)

MOBILES is a command line based FORTRAN language program requiring an input
command file that directs the program to generate the desired options and output formats.
Two input files were used for this research; one representing emissions data for arterial
streets and the other representing emissions data for freeways.

Roadways are classified by MOBILES into 4 types: (24)

1. Freeway :- High speed, limited access roadways

2. Arterial :- Arterial and Collector roadways

3. Local :- Urban Local Roadways

4. Fwy Ramp :- Freeway on and off ramps.
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For the purposes of this research, only the freeway and arterial categories were
analyzed given that insufficient travel network detail was available to properly include local
roadways and freeway ramps.

The input files to MOBILEG6 allow several default parameters to be specified so that
the model can be tailored to local conditions. For this research, the primary items adjusted
were the speeds, season, temperature and oxygenated fuels components. For 2002 in Iowa, a
significant proportion = 55% of the gasoline sold in the state was a 10% ethanol 90%
gasoline blend regarded as an oxygenated fuel. (25) At this blend, the oxygen content in the
fuel is about 3.5% resulting in > 30% reduction in CO emissions particularly in winter. (26)
As aresult, it was decided to utilize the MOBILEG6 oxygenated fuels command to more
accurately represent the actual situation in Iowa. Illinois, the other state in the Bi-State area
also has a significant percentage of ethanol-blended gasoline sales. Illustrated below is an

example of a portion of the input file for freeways with the selected options.

MOBILES INPUT FILE :
DATABASE OUTPUT
AGGREGATED OUTPUT
WITH FIELDNAMES

DATABASE EMISSIONS : 2222 2222
DATABASE FACILITIES: Freeway
DATABASE VEHICLES : 22222 22222222 2 222 22222222 222

RUN DATA

MIN/MAX TEMP :70. 90.
SEASON 1

FUEL RVP 1 7.0

OXYGENATED FUELS :0 55 0 .035 2

SCENARIO REC : Scenario Title Text - Freeway 2.5
CALENDAR YEAR  :2025

AVERAGE SPEED  :2.5 Freeway

EVALUATION MONTH :7

Figure 6.1 Freeway MOBILEG Input File
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The MOBILES input file is divided into three sections; the Header section, the Run
section and the Scenario section. Shown above are the header section, one run section and

one scenario section. The full input files for both freeway and arterial are shown in Appendix

B.

Header Section

The Header section controls the overall input, output and execution of the program.
(4) Options specified in this section apply to all runs and scenarios defined in the file. In the
example shown, the DATABASE OUTPUT option was chosen to allow output in a database
file format that would facilitate processing in Visual Basic. In addition, it was also specified
to aggregate the database output over daily time periods given that the TransCAD® link
volumes were also for daily time periods. The DATABASE EMISSIONS and DATABASE
VEHICLES commands were used to specify that all emissions and vehicle categories be
reported in the database output file. The DATABASE FACILITIES command was used to
specify the kind of roadway being analyzed. In the above example, freeways and other high

speed divided roadways were being analyzed.

Run Section

The Run section identified by the RUN DATA command is used to define specific
options that apply to local or customized situations. In the above example, each run
corresponded to either the winter season or the summer season. The MIN/MAX temperature
command was used to specify the minimum and maximum ambient temperatures that in the
illustrated case above were set at 70° F and 90° F respectively. The SEASON command of 1
specified summer conditions whereas the fuel RVP specified the fuel Reid Vapor Pressure in
PSI (Pounds per square inch). The OXYGENATED FUELS command was used to specify
that 55% of the gasoline fuel sold contained ethanol and the oxygen content was 3.5% of
total fuel mass based on a 1:9 ratio of ethanol to gasoline. For diesel fuel applicable primarily

to heavy trucks, the MOBILEO6 default diesel fractions were assumed.
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sk 3k 3k 3k 3k ok 3k 3k 3k 3k 3k 3k ok 3k 3k 3k ok 3k 3k 3k 3k 3k 5k 3k ok sk ok sk ok sk ok ok sk sk koo koo koo ok sk sk sk sk sk sk sk sk sk skook sk skosk sk sk ok e sk sk ok ki ok skosk skockosk sk okosk ok
* MOBILES6 (16-Jan-2002) *
* Input file: ARTERIAL.IN (file 1, run 1). *

ook 3ok SRSk R oK KK R KKK SRR K K R SR KK ok ok ok R KK R SRR S KR SR R oK KKK R KK KK SRR SRR ok Kk ok KK R kSRR koK

*HAHHHHHHHA BB HHHHHHHBHHEHAHRSH
* Scenario Title Text - Arterial 2.5

* File 1, Run 1, Scenario 1.
FHGHHHBHHH BB EHA SR HHHHHSH

* A user supplied arterial average speed of 2.5 will

* be used for all hours of the day. 100% of VMT has been
* assigned to the arterial/collector roadway type for all

* hours of the day and all vehicle types.

M 48 Warning:

there are no sales for vehicle class HDGV8b
M 48 Warning:

there are no sales for vehicle class LDDT12

Calendar Year:
Month:

2025
July

Maximum Temperature:
Absolute Humidity:
Nominal Fuel RVP:

Altitude:
Minimum Temperature:

Low

70.0 (F)
90.0 (F)

75. grains/lb
7.0 psi

Weathered RVP:
Fuel Sulfur Content:

7.4 psi
30. ppm

Exhaust I/M Program:
Evap I/M Program:
ATP Program:
Reformulated Gas:

No
No
No
No

Ether Blend Market Share: 0.000 Alcohol Blend Market Share: 0.550
Ether Blend Oxygen Content: 0.000  Alcohol Blend Oxygen Content: 0.035
Alcohol Blend RVP Waiver: Yes

Vehicle Type: LDGV LDGTI2 LDGT34 LDGT HDGV LDDV LDDT HDDV
MC All Veh
GVWR: <6000 >6000 (AID

VMT Distribution: 0.2788 0.4388 0.1507 0.0365 0.0003 0.0022 0.0876 0.0051 1.0000
Composite Emission Factors (g/mi):

Composite VOC:  2.536 2.513 3.643 2802 2997 0.122 0361 0.772 857 2.8l
Composite CO 1879 2043 2550 21.72 3076 2126 1.637 1417 103.86 19.830
Composite NOX : 0534 0625 1.020 0726 0253 0.051 0293 1.531 1.03 0.726

Figure 6.3 MOBILE 6 Report File
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The Visual Basic® code is illustrated in Appendix C. The subsequent emissions
results were then aggregated for all the network links in the model. Results are presented in
Chapter 7. SPSS ANOVA analysis of all links along with the aggregated emissions table
mentioned above was then utilized to arrive at conclusions on the input model factors having
the greatest effect on overall emissions output. Also discussed were the differences in

emissions outputs per pollutant for winter and summer conditions.
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CHAPTER 8. ANALYSIS OF RESULTS

STATISTICAL ANOVA

The basic task being undertaken in this research is a comparison of the results of a
response variable (NOy, VOC and CO pollutant levels) over categories of three explanatory
variables. The basic statistical tool used to compare the means of groups is the difference in
means t-test. In such a test, a t-statistic for the group differences is calculated and used via a
lookup table to obtain the P-value. Analysis of Variance (ANOVA) represents a
generalization of the difference in means t-test where two or more groups can be compared.
In fact, the resulting F test statistic for an ANOVA with two groups and one explanatory
variable is equivalent to the square of the t-statistic for the t-test. F = . (27, 28) The t-test

statistic is shown below.

t= L‘zty—z)fwhere nis large (> 30) (27, 28)
! S2

1y n,

where y, = the mean for group 1

y, = the mean of group 2

s;= sample standard deviation of group 1

s, = sample standard deviation of group 2

n; = number of samples in group 1

n; = number of samples in group 2

In addition to comparing dependent variable results over categories of one

explanatory factor, multi-factor ANOVA can be employed to compare results for multiple
explanatory factors. Each factor is tested independently while automatically controlling for

the effects of the other factors. This technique allows for rapid identification of the
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A quick observation of the three plots shows that the largest changes occurred for the
friction factor distribution. The second highest changes were due to the assignment technique
used and finally, the use or non-use of dynamic distribution caused the smallest magnitude
changes. It should be noted however the disproportionate impact the Stochastic technique
imparts on the model results. Removing Stochastic assignment from consideration reverses
the order of the 2™ and 3™ input factors. (Assignment technique and the use of dynamic

distribution)

DISCUSSION OF INPUT FACTOR EFFECTS

Having concluded that the order of importance of the input factors is: friction
distribution used, assignment technique used and finally the presence / absence of dynamic
distribution (feedback looping), it was necessary to provide some insight into their effect on

emissions results.

Friction Factor Distribution

From the graphs, in both the feedback and no feedback cases, it was shown that the
magnitude of the results for the 2" friction distribution was larger than was the case for the
first distribution. Based on the description of friction distribution 2 in Chapter 4 a larger
number of very long and very short trips would be produced compared to the base Bi-State
TRANPLAN® model. There would be also be a counteracting drop in the number of
intermediate distance trips produced.

Based on the individual link comparisons done in Chapter 7, the increased numbers of
shorter trips are concentrated in specific corridors such as the Mississippi River crossings.
This had the effect of disproportionately increasing congestion on those links thus causing
increased emissions results. The larger number of very long trips would also cause increased
emissions owing to an increase in vehicle miles traveled VMT’s as compared to the base
scenario. The combination of the two effects would thus result in higher emissions as
observed on the graph.

The results for the 3™ friction factor distribution without feedback were higher than
the original but significantly lower than was the case for the 2" distribution. Based on the

discussion in Chapter 4, the 3" distribution should produce many very short trips but unlike
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the case with the 2™ distribution, there should also be fewer longer trips than was the case in
the original. The fewer number of long trips explain the significantly lower emissions values
than for the 2™ case. Apparently, the greater number of short trips generated enough of an
emissions increase over the base case to counteract the fewer long trips. This resulted in a
moderate increase in emissions over the base case.

When feedback looping was included, the results for the 3™ distribution were lower
than the case for the original. This is a result of increased predicted emissions in the original
case under feedback looping. In addition, short trips on congested links were most likely

being reassigned to longer but less congested links.

Dynamic Modeling

In general, use of dynamic feedback modeling tended to produce increased emissions.
As stated earlier, the greater travel times in the feedback case increases the proportion of
inefficient vehicle operation due to slower speed. It was also observed that VMTs increased

under dynamic modeling. The net effect of these factors was an increase in emissions values.

Assignment Technique Used

From the graphs, it is apparent that except for the 1* friction distribution used under
the feedback looping scenario, the stochastic assignment technique produced the highest
emissions results of any of the assignment techniques. This is most likely the result of the
Stochastic technique ignoring congestion delay on the greater number of short trips as
described in Chapter 4 for the 2" and 3™ friction factor distributions. Ignoring congestion
would tend to place vehicles on slower, more congested links as opposed to faster but longer
links. It should be noted that the effect of slower speed (in many cases higher emissions)
operations on links must be considered in addition to decreased total VMT on shorter links.
The effect on emissions is a complex relationship between type of roadway facility, vehicle
speeds and vehicle miles traveled and in many instances, the effects are counteracting.

The Stochastic User Equilibrium technique produced the next highest emissions

levels. Though this technique has volume delay characteristics, the stochastic probability
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CHAPTER 9. CONCLUSIONS

INPUT FACTOR SIGNIFICANCE AND CONSEQUENCES FOR EMISSIONS
MODELING

As long as transportation is 98% dependent on hydrocarbons (petroleum and natural
gas) as fuel sources, (5) automobile emissions will be a matter of concern. Hence, the tools
used to model and forecast future emissions must be clearly understood for proper analyses
to be undertaken. Among the tools used to model future transportation emissions is the 4-step
travel demand model / emissions factor model process. The thesis presented examined the
behavior of this specific forecasting tool with regards to certain input factors and modeling
strategies including the friction factors used, dynamic modeling utilization and the

assignment technique used.

Friction Factor Distribution

The ANOVA tests and subsequent graphic analysis indicated that the friction
distribution had the greatest effect on the overall model. It was also found that the assignment
technique had a large distorting effect on the model results when the Stochastic assignment
technique was accounted for.

The results indicate that in performing emissions modeling, great care must be taken
when calibrating friction factors. It may be necessary to conduct extensive surveys and
information gathering, some of which were described in Chapter 2 to ensure that the actual
trip performing behavior of the public is accurately captured. Failure to do so may lead to
wildly inaccurate emissions estimates indicating conformity/non-conformity with EPA
emissions regulations than would be the actual case. As is well known by transportation
professionals, the costs of having either situation can be high. For the case where non-
conformity is predicted, federal funding of some transportation infrastructure projects may be
withheld and costly remedial actions undertaken to regain conformity status. For the
converse situation, it must be remembered that the EPA conformity regulations were enacted
primarily to protect the health of the public. Hence, it is likely that the health care costs
would be increased while the physical health of the population diminished potentially leading

to higher mortality rates. Additionally, future emissions monitoring would eventually identify
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the errors in model predictions. The financial and infrastructure consequences of this

situation can be severe for metropolitan areas.

Dynamic Modeling

It was also made clear from the ANOVA analysis that the use of feedback modeling
had a noticeable emissions effect despite the proportion of high V/C ratio links being
comparatively small. It should be noted however the counteracting factor of peak hour
extrapolation to 24 hours that will tend to minimize the effect of dynamic distribution.
Dynamic feedback modeling is particularly sensitive to high V/C ratios (hence traffic
congestion) in the model for reasons discussed in Chapter 4. This situation clearly illustrates
the disproportionate impact of bottleneck areas in the region such as the bridge crossings and
some freeway links and intersections. With this knowledge, it becomes important to account
for the special effects of bottlenecks in future infrastructure planning. As was the case for the
friction factors, failure to properly plan and account for bottlenecks today could potentially

lead to inappropriate future investments and costly corrective actions.

Assignment Technique

Apart from the Stochastic assignment technique results, the differences between the
techniques used proved that for the Bi-State area emissions modeling, it is not critical that
great emphasis be placed on the assignment technique utilized. Had the All or Nothing
technique been studied as well, similar conclusions could be drawn as those drawn for the
Stochastic assignment approach. Like Stochastic Assignment, the All or Nothing technique

ignores volume delay and would thus have no effect on dynamic modeling.

SEASONAL VARIATIONS

In any emissions modeling scenario, it is important to account for the seasonal
differences in emissions values that can be significant. The environmental and health
concerns are different depending on season. For instance, under winter conditions the main
emissions concern is CO (carbon monoxide) formed by the incomplete combustion of carbon

based fuels. In summer, the main concerns are NO, and VOCs.
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Carbon Monoxide

CO is an emissions concern in winter mainly because of the tendency to have
temperature inversions in winter that make polluted air stay close to ground level. CO
exposure causes detrimental health effects such as nausea, vomiting and if concentrations are
high enough, unconsciousness and even death. Unfortunately, in the very season for which it
is a primary concern, the predicted CO emissions were observed to be significantly increased
(a factor of approximately 2.5) over the summer values for reasons discussed in Chapter 6.
This implies that careful monitoring and enforcement of regulations limiting CO emissions is

necessary particularly in winter months.

Nitrogen Oxides and Volatile Organic Compounds

Unlike CO, which is primarily a winter emissions problem nitrogen oxides and
volatile organic compounds are summer problems. In addition to specific health problems
related to each pollutant, the two are ingredients in the formation of ozone that is greatest
during hot, bright summer daylight conditions. Fortunately, emissions of VOCs and NOy
were analyzed to be lower in summer months than in winter according to the results from the
MOBILE®6 emissions factor model. It must be noted however that specific areas can possibly
register contrasting results depending on local environmental conditions. As with CO in the
winter, it is necessary to carefully control emissions via various strategies. Included among
these strategies are sound future planning arising from emissions modeling, auto
manufacturer regulations, travel demand reduction using transportation control measures,

vehicle emissions testing programs and others.

MODEL APPROACH LIMITATIONS

The research was performed under the following limitations:

1. The derived friction factor curves were not individually calibrated for each
model run. In actual modeling practice, friction factors are painstakingly
calibrated to produce reasonable trip distribution results. Hence, simply
changing friction factors without calibration to the model will result in
some error in model predictions.

2. The model assignments were done using the 10% PHF (Peak Hour Factor)

used by the Bi-State Commission and then extrapolated for all hours. This
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strategy is not ideal as the effect of volume delay is extrapolated beyond the
peak hour when congestion delay will be inconsequential. The result of this
limitation is that recognition must be given to the likelihood that the effect
on the model of dynamic distribution and the assignment technique used
will be over predicted.

3. The sensitivity analysis in this research was performed using future 2025
data that made comparison with ground counts impossible.

4. It is usually more desirable to have the most detailed information feasible.
Included in this information should be a detailed network description
symbolizing the road network at the highest detail possible. Instead of using
a blanket 10% peak hour assignment factor for traffic assignment, it would
be preferable to compare assignments hourly against hourly counts from the
Bi-State area. This should provide much more relevant information with
regards to emissions modeling. Emissions are highly dependent on the
general traffic conditions with congested periods having disproportionately

higher pollutant emissions.

Correction of these limitations implies that much more data will need to be collected.
Data collection can be an expensive process thus implying that improvements in the
modeling approach described in this thesis will be slow in coming given the differences in
resources between metropolitan areas across the country.

There is also the option to switch to other modeling approaches being introduced such
as the TRANSIMS approach described in Chapter 2. The problem of greater data needs and

processing resources will also slow the adoption of that approach.

FUTURE RESEARCH

The traditional four-step travel demand model as its name implies has four stages
with inputs that can be analyzed. The focus of this thesis was on step number 2 and step
number 4, trip distribution and traffic assignment. Future research could extend the

sensitivity analysis to the other two steps.
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In trip generation for instance, it would be desirable to determine the emissions effect
of changes in land use patterns, economic conditions and population. These factors all have
significant effects on the trip rates in any particular area. Such studies would help identify the
best patterns of settlement for reduced emissions. (34) It is anticipated that in the near future,
the pattern of settlement will be extensively scrutinized given the projected increases in
automobile traffic. Resources for new infrastructure will become increasing expensive to
procure thus placing great pressure on the efficient use of invested assets. A parallel concern
is the likelihood that transportation energy will become increasingly costly as resource
extraction rates approach a maximum in the near future. This will also place great pressure
on ensuring the most efficient land use and transportation arrangements feasible for a given
area.

An interesting area of future research could involve an investigation into the
emissions impact of a switch to electric traction and hydrogen fuel in both automobiles and
transit. This would necessitate devising a tool other than MOBILES6 or similar emissions
factor model that would consider power plant emissions, zero emission electricity sources
and vehicle on board vehicle energy efficiency.

In concluding, the research covered in this thesis has barely scratched the surface of
potential areas for future study as described above. It is hoped that the work initiated here

will be continued as emissions and energy concerns become greater.
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APPENDIX B MOBILEG6 INPUT FILES (FREEWAY AND
ARTERIAL)

Arterial Input File Text

MOBILES6 INPUT FILE :
DATABASE OUTPUT
AGGREGATED OUTPUT :
WITH FIELDNAMES

DATABASE EMISSIONS : 2222 2222
DATABASE FACILITIES: Arterial
DATABASE VEHICLES :22222 22222222 2 222 22222222 222

RUN DATA

MIN/MAX TEMP :70.90.
SEASON 21

FUEL RVP :1.0

OXYGENATED FUELS :0 .55 0 .035 2

SCENARIO REC : Scenario Title Text - Arterial 2.5
CALENDAR YEAR  :2025

AVERAGE SPEED  : 2.5 Arterial

EVALUATION MONTH :7

SCENARIO REC : Scenario Title Text - Arterial 5
CALENDAR YEAR  :2025

AVERAGE SPEED  : 5 Arterial

EVALUATION MONTH :7

SCENARIO REC : Scenario Title Text - Arterial 10
CALENDAR YEAR  :2025

AVERAGE SPEED  : 10 Arterial

EVALUATION MONTH :7

SCENARIO REC : Scenario Title Text - Arterial 15
CALENDAR YEAR  : 2025

AVERAGE SPEED  : 15 Arterial

EVALUATION MONTH :7

SCENARIO REC : Scenario Title Text - Arterial 20
CALENDAR YEAR  :2025

AVERAGE SPEED : 20 Arterial

EVALUATION MONTH :7

SCENARIO REC : Scenario Title Text - Arterial 25
CALENDAR YEAR  : 2025
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AVERAGE SPEED  : 25 Arterial
EVALUATION MONTH :7

SCENARIO REC : Scenario Title Text - Arterial 30
CALENDAR YEAR  :2025

AVERAGE SPEED  : 30 Arterial

EVALUATION MONTH :7

SCENARIO REC : Scenario Title Text - Arterial 35
CALENDAR YEAR  :2025

AVERAGE SPEED  : 35 Arterial

EVALUATION MONTH :7

SCENARIO REC : Scenario Title Text - Arterial 40
CALENDAR YEAR  :2025

AVERAGE SPEED  : 40 Arterial

EVALUATION MONTH :7

SCENARIO REC : Scenario Title Text - Arterial 45
CALENDAR YEAR  :2025

AVERAGE SPEED  : 45 Arterial

EVALUATION MONTH :7

SCENARIO REC : Scenario Title Text - Arterial 50
CALENDAR YEAR  :2025

AVERAGE SPEED  : 50 Arterial

EVALUATION MONTH :7

SCENARIO REC : Scenario Title Text - Arterial 55
CALENDAR YEAR  :2025

AVERAGE SPEED  : 55 Arterial

EVALUATION MONTH :7

SCENARIO REC : Scenario Title Text - Arterial 60
CALENDAR YEAR  :2025

AVERAGE SPEED  : 60 Arterial

EVALUATION MONTH :7

SCENARIO REC : Scenario Title Text - Arterial 65
CALENDAR YEAR  :2025

AVERAGE SPEED  : 65 Arterial

EVALUATION MONTH :7

END OF RUN

MIN/MAX TEMP  :10. 20.

SEASON 12

FUEL RVP :17.0

OXYGENATED FUELS :0 55 0 .035 2
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SCENARIO REC
CALENDAR YEAR
AVERAGE SPEED

SCENARIO REC
CALENDAR YEAR
AVERAGE SPEED

SCENARIO REC
CALENDAR YEAR
AVERAGE SPEED

SCENARIO REC
CALENDAR YEAR
AVERAGE SPEED

SCENARIO REC
CALENDAR YEAR
AVERAGE SPEED

SCENARIO REC
CALENDAR YEAR
AVERAGE SPEED

SCENARIO REC
CALENDAR YEAR
AVERAGE SPEED

SCENARIO REC
CALENDAR YEAR
AVERAGE SPEED

SCENARIO REC
CALENDAR YEAR
AVERAGE SPEED

SCENARIO REC
CALENDAR YEAR
AVERAGE SPEED

: 2025
: 2.5 Arterial

12025
: 5 Arterial

12025
: 10 Arterial

12025
: 15 Arterial

12025
: 20 Arterial

12025
: 25 Arterial

12025
: 30 Arterial

12025
: 35 Arterial

12025
: 40 Arterial

12025
: 45 Arterial

: Scenario Title Text - Arterial 2.5

: Scenario Title Text - Arterial 5

: Scenario Title Text - Arterial 10

: Scenario Title Text - Arterial 15

: Scenario Title Text - Arterial 20

: Scenario Title Text - Arterial 25

: Scenario Title Text - Arterial 30

: Scenario Title Text - Arterial 35

: Scenario Title Text - Arterial 40

: Scenario Title Text - Arterial 45




112

SCENARIO REC
CALENDAR YEAR
AVERAGE SPEED

SCENARIO REC
CALENDAR YEAR
AVERAGE SPEED

SCENARIO REC
CALENDAR YEAR
AVERAGE SPEED

SCENARIO REC
CALENDAR YEAR
AVERAGE SPEED

END OF RUN

12025
: 50 Arterial

12025
: 55 Arterial

12025
: 60 Arterial

12025
: 65 Arterial

- Scenario Title Text - Arterial 50

- Scenario Title Text - Arterial 55

: Scenario Title Text - Arterial 60

: Scenario Title Text - Arterial 65

Figure B1 Arterial Input File

Freeway Input File Text

SCENARIO REC

AVERAGE SPEED

SCENARIO REC

RUN DATA
MIN/MAX TEMP
SEASON 01
FUEL RVP :7.0

CALENDAR YEAR

CALENDAR YEAR

MOBILE6 INPUT FILE :
DATABASE OUTPUT
AGGREGATED OUTPUT
WITH FIELDNAMES

DATABASE EMISSIONS : 2222 2222
DATABASE FACILITIES: Freeway
DATABASE VEHICLES : 22222 22222222 2 222 22222222 222

:70.90.

OXYGENATED FUELS :0 .55 0 .035 2

12025
: 2.5 Freeway

EVALUATION MONTH :7

12025

: Scenario Title Text - Freeway 2.5

: Scenario Title Text - Freeway 5
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AVERAGE SPEED  : 5 Freeway
EVALUATION MONTH :7

SCENARIO REC  : Scenario Title Text - Freeway 10

CALENDAR YEAR  :2025
AVERAGE SPEED  : 10 Freeway
EVALUATION MONTH :7

SCENARIO REC : Scenario Title Text - Freeway 15

CALENDAR YEAR  :2025
AVERAGE SPEED  : 15 Freeway
EVALUATION MONTH :7

SCENARIO REC : Scenario Title Text - Freeway 20

CALENDAR YEAR  :2025
AVERAGE SPEED  : 20 Freeway
EVALUATION MONTH :7

SCENARIO REC : Scenario Title Text - Freeway 25

CALENDAR YEAR  :2025
AVERAGE SPEED  : 25 Freeway
EVALUATION MONTH :7

SCENARIO REC : Scenario Title Text - Freeway 30

CALENDAR YEAR  :2025
AVERAGE SPEED  : 30 IFreeway
EVALUATION MONTH :7

SCENARIO REC : Scenario Title Text - Freeway 35

CALENDAR YEAR  :2025
AVERAGE SPEED  : 35 Freeway
EVALUATION MONTH :7

SCENARIO REC : Scenario Title Text - Freeway 40

CALENDAR YEAR  : 2025
AVERAGE SPEED  : 40 Freeway
EVALUATION MONTH :7

SCENARIO REC : Scenario Title Text - Freeway 45

CALENDAR YEAR  :2025
AVERAGE SPEED  : 45 TFreeway
EVALUATION MONTH :7

SCENARIO REC : Scenario Title Text - Freeway 50

CALENDAR YEAR  :2025
AVERAGE SPEED  : 50 Freeway
EVALUATION MONTH :7

SCENARIO REC : Scenario Title Text - Freeway 55




CALENDAR YEAR
AVERAGE SPEED

12025
: 55 Freeway

EVALUATION MONTH :7

SCENARIO REC
CALENDAR YEAR
AVERAGE SPEED

: Scenario Title Text - Freeway 60

12025
: 60 Freeway

EVALUATION MONTH :7

SCENARIO REC
CALENDAR YEAR
AVERAGE SPEED

: Scenario Title Text - Freeway 65

12025
: 65 Freeway

EVALUATION MONTH :7

END OF RUN

MIN/MAX TEMP
SEASON 12
FUEL RVP

SCENARIO REC
CALENDAR YEAR
AVERAGE SPEED

SCENARIO REC
CALENDAR YEAR
AVERAGE SPEED

SCENARIO REC
CALENDAR YEAR
AVERAGE SPEED

SCENARIO REC
CALENDAR YEAR
AVERAGE SPEED

SCENARIO REC
CALENDAR YEAR
AVERAGE SPEED

SCENARIO REC
CALENDAR YEAR
AVERAGE SPEED

: 10. 20.

:7.0
OXYGENATED FUELS :0 0.55 0 0.035 2

: Scenario Title Text - Freeway 2.5

: 2025
: 2.5 Freeway

: Scenario Title Text - Freeway 5

12025
: 5 Freeway

: Scenario Title Text - Freeway 10

: 2025
: 10 Freeway

: Scenario Title Text - Freeway 15

12025
: 15 Freeway

: Scenario Title Text - Freeway 20

12025
: 20 Freeway

: Scenario Title Text - Freeway 25

12025
: 25 Freeway
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SCENARIO REC
CALENDAR YEAR
AVERAGE SPEED

SCENARIO REC
CALENDAR YEAR
AVERAGE SPEED

SCENARIO REC
CALENDAR YEAR
AVERAGE SPEED

SCENARIO REC
CALENDAR YEAR
AVERAGE SPEED

SCENARIO REC
CALENDAR YEAR
AVERAGE SPEED

SCENARIO REC
CALENDAR YEAR
AVERAGE SPEED

SCENARIO REC
CALENDAR YEAR
AVERAGE SPEED

SCENARIO REC
CALENDAR YEAR
AVERAGE SPEED

END OF RUN

12025
: 30 Freeway

12025
: 35 Freeway

12025
: 40 Freeway

: 2025
: 45 Freeway

12025
: 50 Freeway

12025
: 55 Freeway

: 2025
: 60 Freeway

12025
: 65 Freeway

: Scenario Title Text - Freeway 30

: Scenario Title Text - Freeway 35

: Scenario Title Text - Freeway 40

: Scenario Title Text - Freeway 45

: Scenario Title Text - Freeway 50

: Scenario Title Text - Freeway 55

: Scenario Title Text - Freeway 60

: Scenario Title Text - Freeway 65

Figure B2 Freeway Input File
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Main Form Code

Private mPath As String
Private Sub Form_JLoad()

IstDirlist.Path = IstDrive.Drive & "\"
End Sub
Private Sub Form_Unload(Cancel As Integer)

Set mDBEngine = Nothing

Set bldTable = Nothing

Set clsrun = Nothing

Set mdatabasel = Nothing

Set mrecordset1 = Nothing

Set mSummerfreeway = Nothing
Set mSummerfreeway1 = Nothing
Set mSummerfreeway2 = Nothing
Set mWinterfreeway = Nothing
Set mWinterfreeway | = Nothing
Set mWinterfreeway2 = Nothing

End Sub

Private Sub IstDirlist_Change()
IstFile.Path = IstDirlist.Path

End Sub

Private Sub IstDirlist_Click()
IstFile.Path = IstDirlist.Path

End Sub

Private Sub IstDrive_Change()

IstFile.Path = IstDrive.Drive
IstDirlist.Path = IstDrive.Drive

End Sub

Private Sub IstFile_DbIClick()

Dim mDBEngine As New DAO.DBEngine
Dim mdatabase As DAO.Database

Dim mrecordsetl As DAO.Recordset

Dim mSummerfreeway As Collection

Dim mSummerfreeway2 As Collection
Dim mSummerfreeway3 As Collection
Dim mWinterfreeway As Collection

Dim mWinterfreeway2 As Collection

Dim mWinterfreeway3 As Collection
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Dim mSummerarterial As Collection
Dim mSummerarterial2 As Collection
Dim mSummerarterial3 As Collection
Dim mWinterarterial As Collection
Dim mWinterarterial2 As Collection
Dim mW interarterial3 As Collection
Dim init_scen As Integer

Dim agg_break As Boolean

Dim clsrun As clsPerformrun

Dim bldTable As clsDBbuilder

Dim wieghted_pol As Double

mPath = App.Path

Set bldTable = New clsDBbuilder

bildTable.prgPath = IstFile.Path

bldTable.maketable

Set mdatabase = mDBEngine. OpenDatabase(mPath, False, False, "DBASE IV")

' Hydrocarbon emissions Summer
Set mrecordset] = mdatabase.OpenRecordset("select * from freeway where run = 1 and pol = 1%)
mrecordsetl . MoveFirst
init_scen = mrecordset1.Fields("scen™).value
Set mSummerfreeway = New Collection
weighted_pol =0
Do While Not mrecordset] . EOF
If init_scen <> mrecordset].Fields("scen").value Then
init_scen = mrecordset{ .Fields("scen").value
mSummerfreeway.Add weighted_pol
weighted_pol =0
End If

weighted_pol = weighted_pol + mrecordset] Fields("gm_mile").value * mrecordset] Fields("vmt")

mrecordset] . MoveNext
Loop

mSummerfreeway.Add weighted_pol
Set mrecordset]l = Nothing

' CO emissions Summer
Set mrecordset] = mdatabase.OpenRecordset("select * from freeway where run = 1 and pol = 2")
mrecordset! . MoveFirst
init_scen = mrecordset1.Fields("scen").value
Set mSummerfreeway2 = New Collection
weighted_pol =0
Do While Not mrecordset] EOF
If init_scen <> mrecordset!.Fields("scen").value Then
init_scen = mrecordsetl.Fields("scen").value
mSummerfreeway2.Add weighted_pol
weighted_pol =0
End If

weighted_pol = weighted_pol + mrecordset].Fields("gm_mile").value * mrecordsetl Fields("vmt")

mrecordset{ . MoveNext
Loop
mSummerfreeway2.Add weighted_pol
Set mrecordset] = Nothing
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' NOX emissions Summer
Set mrecordset] = mdatabase.OpenRecordset("select * from freeway where run = 1 and pol = 3")
mrecordset]l . MoveFirst
init_scen = mrecordsetl .Fields("scen").value
Set mSummerfreeway3 = New Collection
weighted_pol =0
Do While Not mrecordset] . EOF
If init_scen <> mrecordset].Fields("scen").value Then
init_scen = mrecordset1.Fields("scen").value
mSummerfreeway3.Add weighted_pol
weighted_pol =0
End If
weighted_pol = weighted_pol + mrecordset].Fields("gm_mile").value * mrecordsetl Fields("vmt")
mrecordset] MoveNext
Loop
mSummerfreeway3.Add weighted_pol
Set mrecordset] = Nothing

' Hydrocarbon emissions Winter
Set mrecordset] = mdatabase.OpenRecordset("select * from freeway where run = 2 and pol = 1")
mrecordset] . MoveFirst
init_scen = mrecordset}.Fields("scen").value
Set mWinterfreeway = New Collection
weighted_pol =0
Do While Not mrecordset1 . EOF
If init_scen <> mrecordset1.Fields("scen").value Then
init_scen = mrecordsetl.Fields("scen").value
mWinterfreeway.Add weighted_pol
weighted_pol =0
End If
weighted_pol = weighted_pol + mrecordsetl.Fields("gm_mile").value * mrecordsetl Fields("vmt")
mrecordset] . MoveNext
Loop
mWinterfreeway.Add weighted_pol
Set mrecordset] = Nothing

' CO emissions Winter
Set mrecordsetl = mdatabase.OpenRecordset("select * from freeway where run = 2 and pol = 2")
mrecordset]l . MoveFirst
init_scen = mrecordset1.Fields("scen").value
Set mWinterfreeway2 = New Collection
weighted_pol =0
Do While Not mrecordset] . EOF
If init_scen <> mrecordset1.Fields("scen").value Then
init_scen = mrecordset].Fields("scen").value
mWinterfreeway2.Add weighted_pol
weighted_pol =0
End If
weighted_pol = weighted_pol + mrecordsetl.Fields("gm_mile").value * mrecordset!.Fields("vmt")
mrecordset] MoveNext
Loop
mWinterfreeway2.Add weighted_pol
Set mrecordset1 = Nothing
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* NOX emissions Winter
Set mrecordsetl = mdatabase.OpenRecordset("select * from freeway where run = 2 and pol = 3")
mrecordsetl.MoveFirst
init_scen = mrecordset1.Fields("scen").value
Set mWinterfreeway3 = New Collection
weighted_pol =0
Do While Not mrecordset] . EOF
If init_scen <> mrecordset.Fields("scen").value Then
init_scen = mrecordset].Fields("scen").value
mWinterfreeway3.Add weighted_pol
weighted_pol =0
End If
weighted_pol = weighted_pol + mrecordset1.Fields("gm_mile").value * mrecordsetl.Fields("vmt")
mrecordsetl . MoveNext
Loop
mWinterfreeway3.Add weighted_pol
Set mrecordset1 = Nothing

' Arterial
' Hydrocarbon emissions Summer

Set mrecordset! = mdatabase.OpenRecordset(“select * from arterial where run = 1 and pol = 1")
mrecordset 1. Mo veFirst
init_scen = mrecordsetl .Fields("scen").value
Set mSummerarterial = New Collection
weighted_pol =0
Do While Not mrecordset | .EOF
If init_scen <> mrecordsetl .Fields("scen").value Then
init_scen = mrecordseti.Fields("scen").value
mSummerarterial. Add weighted_pol
weighted_pol =0
End If
weighted_pol = weighted_pol + mrecordset!.Fields("gm_mile").value * mrecordset!.Fields("vmt")
mrecordseti.MoveNext
Loop
mSummerarterial. Add weighted_pol
Set mrecordset]l = Nothing

' CO emissions Summer
Set mrecordset] = mdatabase.OpenRecordset("select * from Arterial where run = 1 and pol = 2")
mrecordset].MoveFirst
init_scen = mrecordset].Fields("scen").value
Set mSummerarterial2 = New Collection
weighted_pol =0
Do While Not mrecordset] . EOF
If init_scen <> mrecordset|.Fields("scen").value Then
init_scen = mrecordsetl .Fields("scen").value
mSummerarterial2.Add weighted_pol
weighted_pol =0
End If
weighted_pol = weighted_pol + mrecordset].Fields("gm_mile").value * mrecordset1.Fields("vmt")
mrecordset].MoveNext
Loop
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mSummerarterial2. Add weighted_pol
Set mrecordset] = Nothing
' NOX emissions Summer
Set mrecordset] = mdatabase. OpenRecordset("select * from Arterial where run = 1 and pol = 3")
mrecordset!.MoveFirst
init_scen = mrecordsetl .Fields("scen").value
Set mSummerarterial3 = New Collection
weighted_pol =0
Do While Not mrecordset] . EOF
If init_scen <> mrecordsetl.Fields("scen").value Then
init_scen = mrecordset].Fields("scen").value
mSummerarterial3.Add weighted_pol
weighted_pol =0
End If
weighted_pol = weighted_pol + mrecordset].Fields("gm_mile").value * mrecordsetl.Fields("vmt")
mrecordset] . MoveNext
Loop
mSummerarterial3.Add weighted_pol
Set mrecordset] = Nothing

‘ Hydrocarbon emissions Winter
Set mrecordset] = mdatabase.OpenRecordset(“select * from Arterial where run =2 and pol = 1")
mrecordset] .MoveFirst
init_scen = mrecordset1.Fields("scen").value
Set mWinterarterial = New Collection
weighted_pol =0
Do While Not mrecordset1 . EOF
If init_scen <> mrecordset] .Fields("scen").value Then
init_scen = mrecordset].Fields("scen").value
mWinterarterial. Add weighted_pol
weighted_pol =0
End If
weighted_pol = weighted_pol + mrecordset!.Fields("gm_mile").value * mrecordset1.Fields("vmt")
mrecordset] . MoveNext
Loop
mW interarterial. Add weighted_pol
Set mrecordsetl = Nothing

' CO emissions Winter
Set mrecordset]l = mdatabase.OpenRecordset("select * from Arterial where run = 2 and pol = 2")
mrecordset] MoveFirst
init_scen = mrecordset 1 .Fields("scen").value
Set mWinterarterial2 = New Collection
weighted_pol =0
Do While Not mrecordset] . EOF
If init_scen <> mrecordset I Fields("scen").value Then
init_scen = mrecordset! .Fields("scen").value
mWinterarterial2. Add weighted_pol
weighted_pol =0
End If
weighted_pol = weighted_pol + mrecordsetl Fields("gm_mile").value * mrecordset.Fields("vmt")
mrecordset] MoveNext
Loop
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mWinterarterial2.Add weighted_pol
Set mrecordset] = Nothing
' NOX emissions Winter
Set mrecordset] = mdatabase.OpenRecordset("select * from Arterial where run = 2 and pol = 3")
mrecordset].MoveFirst
init_scen = mrecordset1.Fields("scen").value
Set mWinterarterial3 = New Collection
weighted_pol =0
Do While Not mrecordset] EOF
If init_scen <> mrecordset].Fields("scen").value Then
init_scen = mrecordset].Fields("scen").value
mWinterarterial3.Add weighted_pol
weighted_pol =0
End If
weighted_pol = weighted_pol + mrecordset].Fields("gm_mile").value * mrecordsetl.Fields("vmt")
mrecordset].MoveNext
Loop
mWinterarterial3.Add weighted_pol
Set mrecordset] = Nothing

[l
t

1

Set clsrun = New clisPerformrun
clsrun.Path = IstFile.Path

Set clsrun.sarterial = mSummmerarterial

Set clsrun.sarteriall = mSummerarterial2
Set clsrun.sarterial2 = mSummerarterial3
Set clsrun.sfreeway = mSummerfreeway
Set clsrun.sfreewayl = mSummerfreeway?2
Set clsrun.sfreeway2 = mSummerfreeway3
Set clsrun.warterial = mWinterarterial

Set cisrun.warteriall = mWinterarterial2
Set clsrun.warterial2 = mWinterarterial3
Set clsrun. wireeway = mWinterfreeway
Set clsrun.wfreewayl = mWinterfreeway?2
Set clsrun. wireeway?2 = mWinterfreeway3

clsrun.summer
clsrun.winter

End Sub
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Summer and Winter Processing Code

Private mSfreeway As Collection

Private mSfreewayl As Collection
Private mSfreeway2 As Collection
Private mWfreeway As Collection

Private mWfreewayl As Collection
Private mWifreeway2 As Collection
Private mSarterial As Collection

Private mSarteriall As Collection

Private mSarterial2 As Collection

Private mWarterial As Collection

Private mWarteriall As Collection
Private mWarterial2 As Collection
Private mDBEngine As New DAO.DBEngine
Private mdatabase As DAO.Database
Private mRecordset As DAO.Recordset
Private SNOX_recset As DAO.Recordset
Private SCO_recset As DAO.Recordset
Private SVOC_recset As DAO.Recordset
Private WNOX _recset As DAO.Recordset
Private WCO_recset As DAO.Recordset
Private WVOC _recset As DAO.Recordset
Private mPath As String

Private file_name As String

Private total_emission_hc As Double
Private total_emission_co As Double
Private total_emission_nox As Double

Public Property Let Path(ByVal value As String)
mPath = value
file_name = Left(Forml.IstFile FileName, 8)
Set mdatabase = mDBEngine.OpenDatabase(mPath, False, False, "DBASE IV")
Set mRecordset = mdatabase.OpenRecordset("select * from " & file_name)
End Property
Public Property Set sfreeway(ByVal value As Variant)
Set mSfreeway = value
End Property
Public Property Set sfreewayl(ByVal value As Variant)
Set mSfreewayl = value
End Property

Public Property Set sfreeway2(ByVal value As Variant)

Set mSfreeway?2 = value
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End Property

Public Property Set wfreeway(ByVal value As Variant)
Set mWireeway = value

End Property

Public Property Set wfreeway1(ByVal value As Variant)
Set mWireewayl = value

End Property

Public Property Set wireeway2(ByVal value As Variant)
Set mWfreeway2 = value

End Property

Public Property Set sarterial(ByVal value As Variant)
Set mSarterial = value

End Property

Public Property Set sarterial}(ByVal value As Variant)
Set mSarteriall = value

End Property

Public Property Set sarterial2(ByVal value As Variant)
Set mSarterial2 = value

End Property

Public Property Set warterial(ByVal value As Variant)
Set mWarterial = value

End Property

Public Property Set warteriall (ByVal value As Variant)
Set mWarteriall = value

End Property

Public Property Set warterial2(ByVal value As Variant)

Set mWarterial2 = value
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End Property

Public Sub summer()
Dim speed As Double
Dim scenario As Integer

Set SNOX_recset = mdatabase.OpenRecordset("select * from SNOX_com")
Set SVOC_recset = mdatabase.OpenRecordset("select * from SVOC_com")
Set SCO_recset = mdatabase.OpenRecordset("select * from SCO_comb")

mRecordset. MoveFirst

Do While Not mRecordset. EOF
SNOX _recset.AddNew
SVOC_recset.AddNew
SCO_recset. AddNew
If mRecordset.Fields("BA_SPEED") <> Null Then
speed = mRecordset.Fields("AB_SPEED") + mRecordset.Fields("BA_SPEED") / 2
Else
speed = mRecordset.Fields("AB_SPEED")
End If

Select Case speed
Case 0 To 2.5
scenario = 1
Case 2.51 To 5
scenario = 2
Case 5.1 To 10
scenario = 3
Case 10.1 To 15
scenario =4
Case 15.1 To 20
scenario =5
Case 20.1 To 25
scenario = 6
Case 25.1 To 30
scenario =7
Case 30.1 To 35
scenario = 8
Case 35.1 To 40
scenario =9
Case 40.1 To 45
scenario = 10
Case 45.1 To 50
scenario = 11
Case 50.1 To 55
scenario = 12
Case 55.1 To 60
scenario = 13
Case 60.1 To 65
scenario = 14
End Select

If mRecordset.Fields("group_code").value = 1 Or mRecordset Fields("group_code").value = 2 Then
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total_emission_hc = mSfreeway.Item(scenario) * mRecordset.Fields("length").value * _
mRecordset.Fields("tot_flow").value

summer_add_fields "hc", total_emission_hc

total_emission_co = mSfreeway1.Item(scenario) * mRecordset.Fields("length").value * _
mRecordset. Fields("tot_flow").value

summer_add_fields "co", total_emission_co

total_emission_nox = mSfreeway2.Item(scenario) * mRecordset.Fields("length").value * _
mRecordset.Fields("tot_flow").value

summer_add_fields "nox", total_emission_nox

Elself mRecordset.Fields("group_code").value > 2 Then

total_emission_hc = mSarterial Item(scenario) * mRecordset.Fields("length").value * _
mRecordset.Fields("tot_flow").value

summer_add_fields "hc", total_emission_hc

total_emission_co = mSarterial 1.Item(scenario) * mRecordset.Fields(“length").value * _
mRecordset.Fields("tot_flow").value

summer_add_fields "co", total_emission_co

total_emission_nox = mSarterial2.Item(scenario) * mRecordset.Fields("length").value * _
mRecordset.Fields("tot_flow").value

summer_add_fields "nox", total_emission_nox

End If

SNOX _recset.Update

SVOC_recset.Update

SCO_recset.Update

mRecordset. MoveNext
Loop

Set SNOX_recset = Nothing
Set SVOC_recset = Nothing
Set SCO_recset = Nothing

End Sub

Public Sub winter()
Dim speed As Double
Dim scenario As Integer

Set WNOX_recset = mdatabase.OpenRecordset("select * from WNOX_com")
Set WVOC_recset = mdatabase.OpenRecordset("select * from WVOC_com")
Set WCO_recset = mdatabase.OpenRecordset("select * from WCO_comb")

mRecordset. MoveFirst

Do While Not mRecordset. EOF
WNOX_recset. AddNew
WVOC_recset. AddNew
WCO_recset. AddNew

If mRecordset.Fields("BA_SPEED") <> Null Then

speed = mRecordset.Fields("AB_SPEED") + mRecordset.Fields("BA_SPEED") / 2
Else

speed = mRecordset.Fields("AB_SPEED")
End If
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Select Case speed
Case 0 To 2.5
scenario = |
Case 2.51 To 5
scenario =2
Case 5.1 To 10
scenario = 3
Case 10.1 To 15
scenario = 4
Case 15.1 To 20
scenario = 5
Case 20.1 To 25
scenario = 6
Case 25.1 To 30
scenario = 7
Case 30.1 To 35
scenario = 8
Case 35.1 To 40
scenario =9
Case 40.1 To 45
scenario = 10
Case 45.1 To 50
scenario = 11
Case 50.1 To 55
scenario = 12
Case 55.1 To 60
scenario = 13
Case 60.1 To 65
scenario = 14
End Select

If mRecordset.Fields("group_code").value = 1 Or mRecordset.Fields("group_code").value = 2 Then
total_emission_hc = mWifreeway.Item(scenario) * mRecordset.Fields("length").value * _
mRecordset.Fields(“tot_flow").value
winter_add_fields “hc", total_emission_hc
total_emission_co = mWfreewayl.Item(scenario) * mRecordset.Fields("length").value * _
mRecordset.Fields("tot_flow").value
winter_add_fields "co", total_emission_co
total_emission_nox = mWfreeway2.Item(scenario) * mRecordset.Fields("length").value * _
mRecordset.Fields("tot_flow").value
winter_add_fields "nox", total_emission_nox
Elself mRecordset.Fields("group_code").value > 2 Then
total_emission_hc = mWarterial.Item(scenario) * mRecordset.Fields("length").value * _
mRecordset.Fields("tot_flow").value
winter_add_fields "hc", total_emission_hc
total_emission_co = mWarteriall.Item(scenario) ¥ mRecordset.Fields("length").value * _
mRecordset.Fields("tot_flow").value
winter_add_fields “"co”, total_emission_co
total_emission_nox = mWarterial2.Item(scenario) * mRecordset.Fields("length").value * _
mRecordset.Fields("tot_flow").value
winter_add_fields "nox", total_emission_nox
End If

WNOX_recset.Update
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WVOC_recset.Update

WCO_recset.Update

mRecordset. MoveNext
Loop

Set WNOX _recset = Nothing
Set WVOC_recset = Nothing
Set WCO_recset = Nothing

End Sub
Private Sub summer_add_fields(emm_type As String, emissions As Double)

If emm_type = "hc" Then
cnt=0
Do While cnt < SVOC_recset.Fields.Count - 1
SVOC_recset.Fields(cnt).value = mRecordset Fields(cnt).value
cnt=cnt + 1
Loop
SVOC _recset.Fields(cnt).value = emissions
Elself emm_type = "co™ Then
cnt=0
Do While cnt < SCO_recset.Fields.Count - 1
SCO_recset.Fields(cnt).value = mRecordset.Fields(cnt).value
cnt =cnt + 1
Loop
SCO_recset.Fields(cnt).value = emissions
Elself emm_type = "nox" Then
cat=0
Do While cnt < SNOX _recset.Fields.Count - 1
SNOX _recset.Fields(cnt).value = mRecordset. Fields(cnt).value

cnt=cnt + 1
Loop
SNOX _recset.Fields(cnt).value = emissions
End If
End Sub

Private Sub winter_add_fields(emm_type As String, emissions As Double)

If emm_type = "hc" Then
cnt=0
Do While cnt <« WVOC_recset.Fields.Count - 1
WVOC_recset.Fields(cnt).value = mRecordset.Fields(cnat).value
cnt=cnt + |
Loop
WVOC_recset.Fields(cnt).value = emissions
Elself emm_type = "co"” Then
cnt =0
Do While cnt < WCO_recset.Fields.Count - 1
WCO_recset Fields(cnt).value = mRecordset.Fields(cnt).value
cnt =cnt + |
Loop
WCO_recset.Fields(cnt).value = emissions
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Elself emm_type = "nox" Then
cut=0
Do While cnt < WNOX_recset.Fields.Count - 1
WNOX _recset.Fields(cat).value = mRecordset.Fields(cnt).value
cnt=cnt + 1
Loop
WNOX _recset.Fields(cnt).value = emissions
End If

End Sub

Private Sub Class_Terminate()
Set mdatabase = Nothing
Set mRecordset = Nothing
Set mDBEngine = Nothing

End Sub
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File Manipulation Code

Option Explicit

Private mEmissions As Double

Private mPath As String

Private mDBE As New DAO.DBEngine
Private mOutputdatabase As DAO.Database

Public Property Let prgPath(ByVal value As String)
mPath = value
End Property

Public Sub maketable()

Dim mNewdefl As TableDef
Dim mNewdef2 As TableDef
Dim mNewdef3 As TableDef
Dim mNewdef4 As TableDef
Dim mNewdef5 As TableDef
Dim mNewdef6 As TableDef
Dim mField As Field

Dim cnt As Integer

Dim file_name As String

On Error GoTo delete_file

Set mOutputdatabase = mDBE.OpenDatabase(mPath, False, False, "DBASE IV;")
Set mNewdefl = New TableDef
Set mNewdef2 = New TableDef
Set mNewdef3 = New TableDef
Set mNewdef4 = New TableDef
Set mNewdef5 = New TableDef
Set mNewdef6 = New TableDef

file_name = Left(Form1.IstFile FileName, 8)

mNewdefl.Name = "SNOX_" & mOutputdatabase.TableDefs(file_name).Name
mNewdef2.Name = "SCO_" & mOutputdatabase.TableDefs(file_name).Name
mNewdef3.Name = "SVOC_" & mOutputdatabase.TableDefs(file_name).Name
mNewdef4.Name = "WNOX_" & mOutputdatabase.TableDefs(file_name).Name
mNewdef5.Name = "WCO_" & mOutputdatabase.TableDefs(file_name).Name
mNewdef6.Name = "WVOC_" & mOutputdatabase.TableDefs(file_name).Name

cnt=0
Do While cnt < mOutputdatabase.TableDefs(file_name).Fields.Count
Append mNewdef1, cnt, file_name
Append mNewdef2, cnt, file_name
Append mNewdef3, cnt, file_name
Append mNewdef4, cnt, file_name
Append mNewdef5, cnt, file_name
Append mNewdef6, cnt, file_name
cnt=cnt + 1
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Loop

Set mField = New Field
Appendend mNewdef1
Appendend mNewdef2
Appendend mNewdef3
Appendend mNewdef4
Appendend mNewdef5
Appendend mNewdef6

mOutputdatabase. TableDefs. Append mNewdef]
mOutputdatabase. TableDefs. Append mNewdef2
mOutputdatabase.TableDefs. Append mNewdef3
mOutputdatabase.TableDefs. Append mNewdef4
mOutputdatabase. TableDefs. Append mNewdef5
mQutputdatabase.TableDefs. Append mNewdef6

Set mDBE = Nothing

Set mQutputdatabase = Nothing
Set mNewdefl = Nothing

Set mNewdef2 = Nothing

Set mNewdef3 = Nothing

Set mNewdef4 = Nothing

Set mNewdef5 = Nothing

Set mNewdef6 = Nothing

Set mField = Nothing

Exit Sub

delete_file:
mOQutputdatabase.TableDefs.Delete Left(mNewdefl.Name, 8)
mOutputdatabase. TableDefs. Delete Left(mNewdef2.Name, 8)
mOutputdatabase.TableDefs.Delete Left(mNewdef3.Name, 8)
mOutputdatabase. TableDefs.Delete Left(mNewdef4.Name, 8)
mOutputdatabase.TableDefs.Delete Left{mNewdef5.Name, 8)
mOutputdatabase. TableDefs.Delete Left(mNewdef6.Name, 8)
mOutputdatabase. TableDefs. Append mNewdef]
mOutputdatabase. TableDefs. Append mNewdef2
mOutputdatabase.TableDefs. Append mNewdef3
mOQutputdatabase. TableDefs. Append mNewdef4
mOutputdatabase. TableDefs. Append mNewdef5
mOutputdatabase.TableDefs. Append mNewdef6
Set mDBE = Nothing
Set mOutputdatabase = Nothing
Set mNewdefl = Nothing
Set mNewdef2 = Nothing
Set mNewdef3 = Nothing
Set mNewdef4 = Nothing
Set mNewdef5 = Nothing
Set mNewdef6 = Nothing
Set mField = Nothing

End Sub
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Private Sub Append(mTabledef As Variant, cnt As Integer, fName As String)
Dim mField As Field .

Set mField = New Field

mField.Name = mOutputdatabase.TableDefs(fName).Fields(cnt).Name
mField.Size = mOutputdatabase. TableDefs(fName).Fields(cnt).Size
mField. Type = mOutputdatabase. TableDefs(fName).Fields(cnt). Type
mTabledef Fields. Append mField

Set mField = Nothing

End Sub

Private Sub Appendend(mTabledef As Variant)
Dim mField As Field

Set mField = New Field
mField.Name = "Link_emmission"
mField.Size = 22

mField. Type = dbDouble
mTabledef Fields. Append mField
Set mField = Nothing

End Sub
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APPENDIX G BI-STATE MODEL FILES

The following files are included in the accompanying CD. They were obtained from the Bi-

State Commission during the initial phases of the research undertaken.

1998attr.fo8
1998prod.fo8
Eetab.98
Ffr2.dat
Hnet1.f98
Hrldxyi3.f98
Run98f.in
Ttprep.tem
Turn.txt
Ttprep.tem
2025attr.f25
2025prod.f25
Eetab.25
Ffr2.dat
Hnet1.£25

Hrldxyi3.f25
Run25f.in
Turn.txt
Netcard.exe

Year 1998 Attraction file in Tranplan format;

Year 1998 Production file in Tranplan format;

Year 1998 Ext — Ext trip table;

Friction factor file;

Year 1998 Base Network;

Year 1998 initial network. This network is used to skim paths;
Year 1998 Tranplan control file;

Terminal time for all Traffic Analysis Zones;

Year 1998 Turn penalty file.

Terminal time for all Traffic Analysis Zones;

Year 2025 Attraction file in Tranplan format;

Year 2025 Production file in Tranplan format;

Year 2025 Ext — Ext trip table;

Friction factor file;

Year 2025 Base Network. This includes year 2025
Transportation Projects;

Year 2025 initial network. This network is used to skim paths;
Year 2025 Tranplan control file;

Year 2025 Turn penalty file;

The non .f98 and .f25 files can be accessed by use of standard text editors available in the

Microsoft Windows personal computer environment. The Netcard.exe is run in a command

line (DOS) mode and returns a flat text file able to be viewed in standard text editors.
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