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CHAPTER 1
INTRODUCTION

Maintaining a transportation network that will
remain responsive to the needs of its users and that is
capable of accomodating changes in land-use is essential
for the wélfare of the community. Designing and
operating this network requires a reliable estimate of
the future traffic volumes that will use the network.

The traditional urban travel demand forecasting
procedures have been designed to provide future traffic
volumes which are needed for the long-range planning of
transportation systems [16]. These procedures require a two
to three year time period, much of which is taken up by
very costly data collection, data processing, and model
calibrations. Quite often, these planning procedures fail
to permit an analytical response to the various policy
issues within the desired time and cost constraints. The
need for methods designed to aid in making decisions and
trade-offs on projects created a need for simplified
methodologies that are easy to understand, relatively
inexpensive to apply, responéive to the policy issues, and

meet the so-called quick-response analysis time criteria.



In the summary of a workshop entitled "Quick-Response
and Sketch-Planning", quick-response techniques were
defined as "those techniques that support the required
decision-making time frame within the given cost and staff
resource constraints" [15]. The quick-response techniques
may be applied across all the various planning scales,
i.e., regional, subarea, corridor, and project. Table 1
provides an overview of these techniques and the

application areas for which they are most suitable [15].
Objective and Purpose of Research

The objectives of this study are: 1) to provide an
overview of the procedures documented in the NCHRP Report
187, "Quick Response Urban Travel Estimation Technigues and
Transferable Parameters", 2) to apply the microcomputer
programs QRS and QRS II to forecast the year 2010 traffic
volumes which are required to update the Master Plan for
the City of Stillwater, 3) to test the validity of the
default paramters embodied in the QRS and QRS II, and 4) to
compare, in brief, QRS and QRS II.

The results of this study can be used for prioritizing
improvements in the street plan, as an aid in selecting
bike routes, and to review requests for new 1and—use

developments.
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Overview of This Thesis

This thesis is divided into six chapters. Chapter two
presents an overview of the NCHRP Report 187 and the
microcomputer programs QRS and QRS II. Chapter three
discusses the quick response models used in the NCHRP
Report 187, and the theory behind these models. Chapter
four presents a case study for the City of Stillwater using
the NCHRP Report 187 techniques. This chapter defines the
study area, the data needed to carry out the analysis, and
the procedures used in the study. Chapter five presents a
summary of the results obtained by applying the NCHRP
Report 187 techniques which are embodied in QRS and QRS II
to the Stillwater scenario. It also presents a comparison
of the output obtained using default parameters built in
QRS and QRS II versus user-supplied or calculated
parameters. Chapter six provides a summary and

recommendations.



CHAPTER 1I1I
LITERATURE REVIEW
Description of NCHRP Report 187

In 1978 the Transportation Research Board published
the NCHRP Report 187 entitled "Quick Response Urban Travel
Estimation Techniques and Transferable Parameters". The
procedures described in this report were designed to
minimize data input, thus saving time and money as well as
producing output summaries relevant to the decision makers.
In order to minimize data input, the user must make full
use of the transferable parameters and factors presented in
the report. This allows the user "to carry out a
simplified travel demand analysis without the necessity of

reference to other sources" [191].

In developing the NCHRP Report 187, several shortcuts
were taken [19]. For example, networks are not coded,
model calibrations are eliminated through use of selected
parameters from past studies, and data input is minimized
by using estimates from nomographs such as those shown in
Figure 1. The Report provides step-by-step instructions

and work sheets for the user.
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The approach described in the NCHRP Report 187
parallels the standard four-step transportation planning
modules of trip generation, trip distribution, mode choice,
and traffic assignment. These modules were developed in
such a manner that each could be applied independently of
the others, yet they can be combined to operate
interdependently (19]. The results of one module are
required as input to the next module.

The data needed for each module are presented in the
form of tables, graphs, nomographs and charts in the NCHRP
Report 187. This data is designed to provide generally
transferable parameters which have been consistently
reported for four urbanized area population groups [19].

These population groups are:

1, 50,000 to 100,000 population
2. 100,000 to 250,000 population
3. 250,000 to 750,000 population

4. 750,000 to 2,000,000 population

The chapter on trip generation in the NCHRP Report 187
contains tables which enable the user to make estimates of
trip productions and trip attractions from land-use and
socioeconomic characteristics. The trip distribution
chapter presents charts for converting airline distance

into travel time and for determining distribution factors



by trip purpose which are used for calculating the number
of trips made between zones using the gravity model. The
mode choice chapter contains nomographs for determining
impedance values measured in equivalent minutes which are
used for calculating market shares for transit and auto.
The chapter on traffic assignment presents the "all-or-
nothing assignment technique" which is used to assign
vehicle-trips to the road segments connecting all origin

and destination zones.
Development of QRS and QRS II

The NCHRP Report 187 has become a popular reference
tool in the years following its publication. Thus, some
years later, the FHWA established funds for the creation of
a microcomputer software that would incorporate the
Report's quick-response techniques for travel demand
forecasting [4]1. The resulting software, called the gquick-
response microcomputer software (QRS), was released into
the public domain in February 1984 [3].

Quick Response Microcomputer System (QRS), is a
computer package developed by the University of California
at San Diego, UCSD, to perform the computations described
in the NCHRP Report 187. The program is written in UCSD
PASCAL Version IV.0 [31].

All the modules within QRS are menu-driven, that is, a
list of possible responses is presented to the user on the

screen. Application of QRS is subject to the following



limitations:
- maximum number of zones = 50

800

- maximum number of assignment links
- number of trip purposes = 3

- number of friction factors = 40

With the introduction of QRS, larger planning problems
could be addressed. However, QRS becomes difficult to use
as the size of the problem increases. A new upgraded
version, QRS II, was introduced to the market in July of
1987.

Quick Response System II (QRS II), was developed by
Alan J. Horowitz, at the Center for Urban Transportation
Studies, University of Wisconsin in Milwaukee. It is an
entirely new implementation of the theory and philosophy
found in the original NCHRP ‘Report [6]. QRS II departs
from the earlier version in that it requires that a network
be drawn. The program is written to run under the MS-DOS
operating system.

All the data needed for QRS II are entered through the
General Network Editor (GNE). The limitations in QRS II
are:

- maximum number of zones = 285 for the professional

version, and 40 for the educational version.

- number of trip purposes = 3

- number of friction factors = 60



A general description of QRS and QRS II is presented in

Appendix A.
Applications of the NCHRP Report 187

In April 1980, and November 1981, the Urban Planning
and Transportation Management Division of the FHWA
conducted a survey to determine the studies which have been
conducted using the quick—response procedures described in
the NCHRP Report 187. The reported applications were
divided into four categories: long-range system analysis,
corridor or subarea analysis, site impact analysis, and

intersection capacity analysis.

1. Long-range system analysis

Long-range system planning is used to analyze trends
and anticipate problems in the transportation network. It
usually covers a large geographic area and is comprehensive
in scope. The following are examples of long-range system
planning.

a. Santa Fe, New Mexico: To evaluate the performance
of the highway system in a long-range planning context it
. was necessary to develop an estimate of travel patterns for
the forecast year. This was done using the quick-response
trip generation and distribution procedures. Conventional
traffic assignment techniques were used to determine the
link volumes [16].

b. Santa Barbara County, California: Traffic forecasts

10
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were developed using the quick-response trip generation,
distribution, and traffic assignment procedures to analyze
the impact of expected urban growth on the transportation
system, identify problems and needs, and make
recommendations for improvements. A computerized version
of the trip distribution procedure was used to reduce the

time needed for computations [16].

2. Corridor or subarea analysis

Corridor analysis is usually performed to evaluate
traffic conditions along a major arterial or highway
segment. The scope of the analysis is limited to the
arterial or highway section and local streets within a two-
mile radius. The following examples illustrate the
corridor analysis applications.

a. Brockton, Massachussetts: Previous analysis of the
exisitng traffic conditions indicated that the traffic flow
along the east-west corridor appeared to be severely
impeded at several locations. A further study was desired
to determine future traffic impact at these sites and to
evaluate the possibility of roadway modifications to
improve the east-west traffic flow. The approach involved
the sequential application of trip generation, trip
distribution, modal split, and traffic assignment. This
method produced traffic-volume estimates for a 1975 base
year and 1995 forecast year [1l6].

b. Portland, Oregon: Quick-response techniques were
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used in the preparation of a transportation corridor
refinement study of the areawide transportation master
plan. The refinement study investigated several
alternative routes and their impact on adjacent land
development. The study also evaluated the ability of
several routes to serve projected land developments such as

regional shopping centers and industrial sites [16].

3. Site impact analysis

Site impact analysis is necessary to evaluate the
effects of the traffic generated by a major land-use
development on the surrounding street network. Two
examples are cited to help illustrate this type of
analysis.

a. Phoenix, Arizona: A regional shopping center and
associated commercial/residential development was proposed
and an analysis of the resulting traffic impact in the
vicinity of this development was requested [161].

b. Des Moines, Iowa: The number of trips that would
be generated by the construction of a new office building
was estimated. This information was needed for a city
council meeting during which the addition of a traffic

signal near the proposed building was to be discussed [16].

4. Intersection capacity analysis
Intersection capacity analysis is performed to

determine the level of service at an intersection. The



results of the traffic assignment obtained from QRS or QRS
II can be used as input volumes for use in the critical
movement technique. This type of analysis was carried out
in Omaha, Nebraska to determine the level of service for
several intersections within a major travel corridor, and
in Tacoma, Washington to evaluate the capacity of an

intersection influenced by a major new development [16].

The survey results indicated that quick-response
procedures were most often used for evaluating the traffic
impact of proposed land-use changes, that is site impact.
Corridor and subarea analyses were the second most
prominent uses, followed by intersection capacity analysis

and long-range system planning (1l61].

Applications of QRS and QRS II

In the City of Spokane, Washington, QRS was used to
forecast the demand for light rail transit [15]1. The task
involved determination of trip generation estimates, trip
distribution and mode choice for the base year 1980.
Forecasted transit use for the target year 2000 was then
determined.

A second application was reported in Berkeley,
California [7]). QRS was used in a class project to

estimate and assess the localized highway and transit

travel impacts of a large increase in commercial floorspace

anticipated over the next few years in downtown Berkeley.

13



In Wausau, Wisconsin QRS II was selected to assess the
effects of new urban development north of Wausau's central
business district [6]1. It appeared that this development
could greatly strain the capacity of a two-lane bridge just
north of the CBD. Demographic data taken from land-use
forecasts were used to generate trips.  The trip
distribution and traffic assignment modules were then

implemented.

14



CHAPTER 1I1I
QUICK RESPONSE METHODOLOGY
Introduction

In 1978 a two-phase research effort sponsored by the
NCHRP resulted in the publication of two volumes in the
NCHRP series. Phase I identified travel-related urban
policy issues and assessed the existing methods and
procedures. The findings are presented in NCHRP Report 186
[18]. Phase II developed a user's guide which describes
transferable parameters and factors for quick-respose
planning. The later findings are presented in the NCHRP
Report 187 (19]. |

The quick response technique described in the NCHRP
Report 187 involves the same elements as the sequential
travel demand forecasting technique, namely, trip
generation, trip distribution, mode choice, and traffic

assignment.
Trip Generation

The purpose of trip generation is to estimate the
number of trips produced by and attracted to a parcel of

land, called a zone. The trip generation module is the

15



most critical phase because it sets the scope of the entire
planning process. Subsequent modules are affected by the
accuracy of the production and attraction estimates which
in turn are influenced by the variables used in the trip
generation module.

Trips are stratified by purpose since the travel
making behavior of individuals differs for different trip
purposes [22]. The three trip purposes used in the NCHRP
Report 187 are:

1. Home based work (HBW),

2. Home based non-work (HBNW),

3. Non-home based (NHB).

The trip generation process involoves estimating trip
productions, and trip attractions.

Trip productions are usually estimated based upon the
number of households in a zone. The technique used is the
cross-classification method which categorizes household
trip making rates according to such household attributes as
automobile ownership and income [4]. However, the use of
auto ownership as a criterion has been highly guestioned
(8]. The results of a recent study indicated that auto
ownership is not as effectivevan indicator of household
travel demand as was generally believed [8].

The steps involved‘in determining trip productions

are:
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1, Setting up income or auto ownership ranges.

2. Classifying zones by income or auto ownership.

3. Multiplying the number of households by the
production rates for the appropriate income or auto
ownership range.

4., Dividing the total trips into HBW, HBNW, and NHB
trip purposes.

Chapter Two of the NCHRP Report 187 provides
production rates based on household income and auto
ownership. The production rates were established for the
four area population groups discussed earlier. An example
of the trip production rates is presented in Table 2.

Trip attractions are determined using an aggregate
trip analysis approach [13]1. Eguations with appropriate
independent variables are developed, usually using multiple
regression analysis. The equations used in the NCHRP

Report 187 are of the form:

HBW attractions =a ( X + Y) (1)
HBNW attractions = bax (X) + bz (YY) + bs (2Z) (2)
NHB attractions = cai (X) + c=2 (YY) + cs (2) (3)
where
X = number of retail employees;
Y = number of non-retail employees.
Z = number of dwelling units.
a, b's, c's = regression coefficients.

Part C of Table 3 in Chapter Two of the NCHRP Report



TABLE 2

DEFAULT PRODUCTION RATES BY POPULATION GROUP

Average Daily Person Trips

lnc;ngl?g‘ ?Gc ‘Avg Autos m?f?ﬁfiou % W by Autos Ovned” Per il by No.of Autos/IUiS iyﬁf,zlft_fﬁ;éz:fw"
(000's) Per 3. | Trips Per HA® 0 |1 [ 2] 3+ 0 1 2 3+ HpW T T
0-3 0.56 L.s 3] 39|71 1 2,0] 6.5 ]11.5 |12.5 21 51 22
3-4 0.81 6.8 32| s8] 2 2.2 | 8.0 |13.0 |15.0 21 51 22
L-5 0.88 8.4 26 § 61 |12 b 2.6 | 9.5 |1k.5 J16.5 21 571 22
5-6. 0.99 . 10.2 20] 6211 | 2 3.0 [11.0 |15.5 [18.0 18 59 23
6-7 1.07 11.9 15| 64 20 | 1 3.0 |12.5 [16.5 |19.5 18 59 23
7-8 1.17 13.2 11 | 64 |23 2 3.5113.3 |17.0 |21.5 16 61 23
8-9 1.25 1k.k 8] 62 )28 2' L.6|1%.0 J17.5 ]22.5 16 61 23
9-10 1.1 15.1 6] 60 |32 2 ‘5.5 1k.3 |17.5 |2k.0 16 61 23
10-12.5 1.47 16.4% 3] g fak | 3 6.2 |15.0 j18.5 |25.5 15 62 23
12.5-15 1.69 17.1 2]38|s2] 86 6.1]15.0 [19.0 |25.5 14 62 24
15-20 1.85 18.0 2 28 |51 |13 6.0]13.5 {19.5 |23.0 13 62 25
20-25 2.03 19.0 1|21 |sg |20 6.0 |13.0 |20.0 |23.0 13 62 25
25+ 2.07 19.2 1119 |59 |21~ 6.0 |12.5 |20.0 }23.0 13 62 25

Heighted '

Average 1.55 k.1 12 | k7 |35 6 L.6}12.6 [17.2 |21.4 16 61 23

Source: Reference [19]
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187 gives suggested values for the regression coefficients.
These coefficients were obtained from the Office of
Planning Methodology and Technical Support at the Urban
Mass Transportation Administration (UMTA).

Comparison of the trip generation data from various
sourceé indicates that similar land-use activities in the
United States and Canada have similar trip generation
characteristics [7]1. Thus, for small urban areas where
data collection is infeasible due to lack of funds and/or
time, the default generation rates presented in the NCHRP
Report can be used. Another source of trip generation
rates is the ITE Trip Generation Report [11.

In general, total trip productions will not equal
total attractions. However, the gravity model used in trip
distribution requires that the total productions and total
attractions be equal. This is accomplished using the
areawide control factors which are calculated for each trip

purpose as follows:

HBW total P's - S.G. P's - E.S. P's
Fi = —-ceceememece e e e (4)
HBW total A's - 8.G. A's - E.S. A's

HBNW total P's - S.G. P's - E.S. P's
Fa = ————mm—mmmmm e e (5)

F3a = e e e e e e - (6)
NHB total A's - S.G. A's - E.S. A's

where



8.G. = special generator such as an airport, university,
large shopping center, etc.

E.S. = external stations. These are zones that are
outside the boundary of the analysis area. They
should be included if their productions and
attractions are large.

Multiplying the F's by the individual zone attractions
results in balanced production and attraction totals. It
should be noted that special generators, and external
stations do not enter the balancing process. In cases
wvhere special generators and external stations are not
included in the study area, then the second and third terms
of Equations 4 through 6 are eliminated and the equations

reduce to the first part.

Trip Distribution

Trip distribution is the process of estimating how
person-trips from one zone are distributed among available
destination zones, i.e., how individuals choose their
destinations.

Many mathematical models have been developed to
explain and predict the distribution of traffic among zones
[11]. However, the majority of urban transport studies
have used the gravity model since it is the easiest to
understand [101.

The gravity model assumes that the number of trips

produced in a zone and attracted to other zone is directly



proportional
proportional
zone-to-zone

model can be

Taa =

where

p; =

Fiy

I
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to the size of the attractor and inversely
to the spatial seperation (usually measured in
travel time) between the two zones [19]. The

expressed mathematically as:

Py * ——m——mm—-m- (7)

trips produced in analysis area i and
attracted to analysis area j;

total trip productions at i;

total trip attractions at j;

travel time factor for trips between zones
i and j, which is a function of travel time
(tis) between the zone centroids;

origin zone number i = 1,2,...,n;
destination zone number j =1,2,...,n;

number of zones under study.

The travel time factors, Fis's, commonly referred to

i

as friction factors, may be regarded as a measure of the

deterrence that travel time has on tripmaking patterns

{10]. Priction factors have usually been determined using

either the "power" form, or the "exponential" form. The

"pnower" friction factors are calculated as:



Fiy = 1/(ts1a)"k (8)

The "exponential" friction factors are expressed as:

Fias = e ™ ®k*ty, (9)

where

tay travel time between zones i and j.

ax trip distribution parameter for trip purpose k.

Table 8 in the NCHRP Report 187 gives recommended
values using the "power" function for the four population
groups. These values have been bbtained through
calibration of the gravity model [19].

Figures 7 through 30 in Chapter three of‘the NCHRP
Report 187 provide graphs for determining the appropriate
friction factors. These graphs can be divided into two
sets. The first set was developed for trip interchanges
within a subregion, that is, within the central business
district (CBD), central city (CC), and suburbs (S). The
second set of graphs is used when trip interchanges occur
across subregions, i.e., CBD to CC, CC to S8, S to CBD, and
the like. To use these graphs, the airline distance
between the centroids of the zones, and the percent of
over-the-road distance traveled on arterial routes must be
known for every trip interchange.

Application of the gravity model results in the number
of trips produced in zone i and attracted to zone j, T.s,

This is shown by the trip matrix form shown in Figure 2.

22



Z = Trip productions

columns

Figure 2.

Z = Trip attractions
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Trip Distribution Matrix
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From the trip matrix, two requirements immediately

become apparent:

LTas

j=1

P (10)

ZTsy

i=

Ay (11

The gravity model is formulated so that the production
constraint given by Equation 10 is satisfied. However, the
attraction constraint given by Equation 11 is notvusually
satisfied. Two reasons may be cited for this discrepency
{31: 1) the As's are not absolute measures of the
attraction of trips to a zone but are relative measures
which could have different absolute magnitudes, and 2)
travel time alone is not sufficient to give an indication
of the "friction" on travel caused by distance, so the
Fias's are only approximated in the relationships presented
earlier.

Given the reasons stated above, it is clear that an
iterative process must be employed to attain an acceptable
attraction balance. The necessary equation is discussed in

most standard textbooks and can be expressed as:

A:,k R e ———— (12)

wvhere
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Ay = total number of trips attracted to zone j,
obtained from the trip generation module

Ay*—* = attraction total at iteration k-1.

Ay* = adjusted attractions for zone j at iteration
k; note that As* = A,

Tias*~2 = attraction total for zone j obtained by
applying the gravity model at iteration k-1.

k = number of iterations

To help illustrate the process, consider column 1 in
Figure 2. Applying the gravity model formulation once
results in the number of trips between zones. Thus, the
trips from all zones i to zone 1 are Taia, Tza,..., Tna.

When the attraction constraint given by Equation 11 is not

satisfied that is, Tias + T2ax + ... + Tna does not equal A,
the iterative equation must be used. It can be expressed
as:

B2Z = —mmmmmmmmmmmmmmmmmmeee (13)
Taas + T2a + oo + Tha

It is easily seen that when k = 2, A *"% = A,.

The adjusted attraction (Ai12) is then used in the
gravity model resulting in a new set of Tia. If their sum
does not match the original attractions obtained from the
trip generation module the iterative process should be

used again. The equation becomes:
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Ba® = mmmmmmmemmmmeee (14)

Two iterations are generally considered satisfactory to

meet the attraction constraint.
Mode Choice

Mode choice is the process of estimating the
percentage of person-trips made by the mass transit and
auto modes. The mode choice models are based on consumer
behavior theory and are generally disaggregate in nature.
They employ probabilistic interpretation of the individual
travel decisions [22]. The theoiy of disaggregate models
is based upon the utility function which is a function of
the attributes and characteristics of the trip maker and

the mode under consideration.

The utility of mode m, referred to as impedance in the
NCHRP Report 187, is measured in equivalent minutes and is

expressed as follows:

Iiam = (Wa*IVTT)+(w2*OVTT)+(OPTC/wa*Income) (15)
wvhere
Ii9m = impedance from origin zone i to destination zone
j by mode m in equivalent minutes.
Wa = weight for in-vehicle travel time.
w2 = weight for out-of-vehicle travel time. The



traveling individual perceives a walking or
waiting minute as wz * (traveling minute). A
value of 2.5 was suggested by UMTA and has been
used in the NCHRP Report 187 to convert out-of-
vehicle time into equivalent minutes of
impedance.

W3 = weight which an individual associates with his
"nonworking" time. The UMTA describes default
value of an individual's own time equal to one-
third of the value associated with an equivalent

amount of working time.

IVPT = in-vehicle travel time in minutes.
OVTT = out-of-vehicle travel time in minutes.
OPTC = out-of-pocket trip cost in dollars.

The general equation used in the mode choice module

can be wrigten as [(191]:

e " Tyigm
Tigm = ————————=—-- (16)
m
k§1 e Tium
where
Tiam = Percent of trips made from origin zone i to
destination zone j by mode m.
k = number of available modes.

Further research by UMTA has shown that it is possible



to replace e~* by I-®, where I is a measure of the trip
impedance dependent on the trip purpose. It was believed
that the exponent b would behave in a,manner similar to the
gravity model, and this assumption was fortified by UMTA
[19]. This allows for the transformation of the logit

equation into a very simplified modal formula given by [19]:

Ibl.:l. '
MSe = ———=-———---m—- * 100 (17)
IPs9a + IPuse
where
MSe = transit market shares expressed in percentage.
I.sa = auto impedance for 0-D movement i-j,
Ii3e¢ = transit impedance for O-D movement i-j,
b = model exponent of the trip time, dependent on

trip purpose. The NCHRP Report 187 recommends
values of 2.0 for HBW, 3.0 for HBNW, and 2.7

for NHB trip purposes.

The procedures of the mode choice analysis can be
summarized in three general steps:

1. Determine transit and auto impedances using the
nomographs presented in the NCHRP Report 187 (Figures 60
and 61 for transit, and Figures 62 to 73 for auto). An
example of the transit impedance nomographs is presented in
Figure 3. The user must know the airline distance and
transit fare. Then, with the airline distance on hand, the

user can draw a vertical line to the appropriate transit
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fare. A horizontal line is then drawn to determine the
total transit impedance.

Similarly, Figure 4 provides an example of the auto
impedance nomographs. To use the nomographs the user
should know the airline distance, parking cost at
destination, operating cost, and average operating speed.
Impedance is determined by drawing a vertical line from the
airline distance to the éppropriate average operating speed
and then drawing a horizontal line to obtain the auto
impedance in minutes.

2. Determine the transit and auto market shares, using
either the charts in Figures 74 through 76 of the NCHRP
Report 187 which are based upon trip purpose, or Equation
16. PFigure 5 presents the chart for HBW trip purpose to
illustrate its use. The user must have performed the first
step, that is, the determination of auto and transit
impedance. The transit market share is determined by
drawing a vertical line from the transit impedance axis to
intersect the vertical line drawn from the auto impedance
axis.

3. Determine transit and auto trips using the

following equations:

Tise = MSe X Tas, (18)
and
Tisa = MSa X Tiy (19)

wvhere

30



TOTAL IMPCDANCE (DISUTILITY IN EQUIVALENT MINUTES)

350 PARKING COST = LESS THAl 75¢ XAMPLE:
Si1ven the centroid-to-centroid

sl OPERATIUG COST = 5¢/MILE airline distance between two analy-
320 N N sis areas = 11 niles and the cor-
I 1 l responding average auto operating
320 sveed = 10 rpn, then the total
100 l ) | urpedance = 130 equivalent minutes.
28C '
250

0 2 4 6 8 1w T 1z 1 16 18 20
AIRLINE DISTANCE - HILES

Figure 4. Auto Impedance Nomograph [19]

1€



TRANSIT INPCDANCE (DISUTILITY IN EQUIVALEJT UINUTES)

TRIP PURPOSE = UBW (I!IPCDANCZ IZMPOUZINT b = 2.0)

90
1t sy 10% 7/ 30%
80 /
Given: ]
Transit impedance = 18 equivalent minutes
70 Aute impedance = 35 equvaient muinucas /
Then, ms, = % markee share transit = 404
158 (for YBW person trins). /
60 Va
50%
-1 l L
7 601
40
70
30 /
& { 80%
20 / / ; -
/ A
: / 95
1/ | _._-———"'—'_-
0 ;

]
10 20 30 7 40 50 60
AUTO-HIGIAY DPEDANCE (DISUTILITY TN EQUIVALENT 'UTTS)

Figure 5. Transit Market Share [19]

32



Tise = number of transit person-trips,
Tisa = number of auto person-trips,

Tys

total number of trip interchanges between zones

i and j, obtained from the trip distribution.
Traffic Assignment

The purpose of traffic assignment is to allocate the
zone to zone vehicle trips between each origin and
destination pair to the system of streets within the

analysis area [19].

Assigning traffic requires a map showing the
functional classification of the streets. The street
network is represented in terms of links and nodes. Links
are roadway sections, defined by the nodes at their ends.
Nodes are numbered points representing zonal centroids or

intersections of links.

The assignment technique used in the NCHRP Report 187
is the "all-or-nothing" technique. This technique requires
the determination of a minimum travel time path for every
trip interchange, and then, accumulates the number of trips
on each street segment along the shortest path [19]1. As
the name indicates, the all-or-nothing technique assigns
all trips to the shortest path and none to alternative

routes.



Several assumptions are embodied in the all-or-nothing
technique: 1) travel time over the path used is less
than or equal to the travel times over all paths not used,
2) each driver is fully aware of all alternative routes by
which he can travel, and 3) travel time is insensitive to

traffic volumes [19,21].
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CHAPTER IV

SCENARIO FOR LONG RANGE TRANSPORTATION

PLANNING FOR THE CITY OF STILLWATER
Background

In 1968 the Stillwater Planning Commission, entered
into an agreement with state and federal agencies to
conduct a comprehensive transportation study for the City
of Stillwater. The findings of this study are reported in
the 1968-1990 technical Report [12]. 1In 1975, a continuing
phase study was conducted to update the transportation
system. The results are summarized in a report entitled
"Stillwater Metropolitan Area Transportation Study, 1975-
2000", hereafter referred to as the 1975-2000 technical

report [13].

Short-range and long-range programs for street and
highway improvements were suggested and are presented in
the 1975-2000 technical and comprehensive transportation
plan report [13]. These programs are based on projected

socio-economic, land-use, and travel patterns.
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Study Area and Traffic Zones

The 1975-2000 technical report designated an area of
95 square miles as the study area and this area is used
throughout this thesis. The area selected is large enough

to accomodate future growth in the City of Stillwater.

To'facilitate the compilation, analysis, and
projection of the socio-economic data and traffic volumes,
the study area was divided into smaller areas known as
internal traffic zones. In addition to the internal
traffic zones, external stations were used to measure the
vehicular movement between the study area and outlying
areas.

The 1975-2000 technical report consisted of 106
internal. traffic zones and 6 external stations as shown in
Figure 6. However, QRS can handle a maximum of only 50
zones and, the educational version of QRS II can handle up
to 40 zones. Thus, the number of zones had to be reduced

to the maximum allowable of QRS II, that is, 40 zones. 1In

doing so, internal traffic zones were aggregated based upon

similarities in socio-economic and land-use
characteristics. Table 3 lists the internal traffic zones
used in this thesis and shows the corresponding zones used
in the 1975-2000 technical report which have been combined
to meet the QRS II criterion. The internal traffic zones

as well as the external stations are presented graphically

36
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TABLE 3

AGGREGATION OF ZONES

Zone Number Zone Number
in QRS & in the 1975-2000
QRS II Technical Report

1 i, 2, 12, 13

2 3, 4, 5, 6, 7, 8, 9, 10, 11, 20
3 17, 18, 19

4 23, 24, 25

5 16, 26

6 15

7 14, 27, 29, 30

8 28

9 66, 67

10 31, 32, 33, 34, 65
11 35

12 36

13 37, 38

14 21, 22, 39
15 40, 87

16 41, 86

17 42, 43

18 44, 55, 56, 57

19 45, 53, 54, 58, 59, 60, 61
20 46

21 48, 50, 51, 52

22 47

23 49, 62, 63, 64

24 68, 69

25 70, 71, 72, 73, 74
26 75, 16, 717, 718, 179
27 80, 81, 82, 83

28 84, 85

29 88, 89, 103

30 90, 91, 92, 101, 102
31 104, 105

32 93, 100, 106

33 94, 95, 98, 99

34 96, 97



in Figure 7. Zone 1 through zone 34 are internal traffic
zones. Zone 21 which represents Oklahoma State University
is treated as a special generator. Zones 35 through 40 are

external stations.
Study Time Period

Since this thesis relies on the 1975-2000 technical
report land-use data and productions and attractions, it is
necessary to use the year 1975 as the base year.

Discussion with the Planning Commission for the City of
Stillwater revealed that land-use and the total

productions and attractions forecasts made for the year
2000 in the 1975-2000 technical report are considered high.
Thus, it was agreed that these forecasts can be used for
the year 2010. In doing so, the target year has been

designated as the year 2010.
Data Needed

The data needed for trip generation, trip
distribution, and traffic assignment is summarized in Table
4, Data needed for the mode choice analysis is not
presented because it was no part of this transportation
planning process. This is due to the lack of transit mode
of travel in the City of Stillwater.

The data available in the 1975-2000 technical report
is used in this study. This data includes:

1. Map of the study area delineating all traffic
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TABLE 4

DATA NEEDED FOR EACH MODULE

Production rates and the percent of trips made for
each trip purpose.

Coefficients of attraction equations by trip purpose
Land use and socio-economic data for every zone.
This consists of income, retail employment, non-

retail employment, and dwelling units.

List of special generators as in the case of large
shopping centers, univeristies, and so on.

——  —— ———— ———————— " = —— —— — — - —————————— —— — ———————————————— - —

Productions and attractions by trip purpose for
every zone in the study area. This is usually
obtained from the trip generation module.

Travel time matrix, i.e. interzonal and intrazonal
travel time.

Friction factors by trip purpose.

Vehicle-trip matrix for each trip purpose.
Functional classification street map.

Speed or travel time for every 1link.



zones. This map has been presented earlier in Figure 6 of
this chapter.

2. Land-use data for 1975 and 2010. These data
consist of retail employment, non-retail employment, and
dwelling units for every zone. Tables 5 and 6 present the
base year 1975 land-use data and the target year 2010
forecasted data. The forecasted land-use data reported in
the 1975-2000 technical report are for the year 2000.
However, it is assumed that these forecasts can be used as
the year 2010 land-use data.

3. Productions and attractions by trip purpose for
the internal traffic zones and external stations as shown
in Table 7.

4, Priction factors by trip purpose for use in the
gravity model. These factors are presented in Table 8.

It should be noted that since the internal traffic
zones were combined in this thesis to meet the QRS II
criterion, the data presented in this chapter are extracted
from the 1975-2000 technical report. As the results of
this thesis rely heavily upon the input data, it is assumed
that the data available in the 1975-2000 technical report
is adequate.

In addition to the data obtained from the 1975-2000
technical report, the following data is needed.

1. Street map for the City of Stillwater as shown in
Figure 8. This is obtained from the Planning Office for

The City of Stillwater.
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TABLE 5

LAND-USE DATA AND EMPLOYMENT FOR
THE YEAR 1975

Zone Retail Non-Retail Dwelling
Number Employment Employment Units
1 7 4 47
2 2 12 104
3 11 355 - 187
4 8 335 354
5 3 3 486
6 0 20 3
7 0 0 74
8 0 0 8
9 31 4 23
10 20 110 483
11 21 608 426
12 148 1509 491
13 47 379 756
14 0 0 62
15 0 45 71
16 51 41 235
17 137 560 673
18 191 246 451
19 672 264 1363
20 0 1466 380
21 98 4755 3641
22 317 97 513
23 197 584 1381
24 4 2117 135
25 108 885 1301
26 379 1817 441
27 460 266 228
28 54 105 342
29 0 10 59
30 46 108 364
31 0 23 46
32 0 0 141
33 0 4 236
34 0 0 33

Source: Reference ([13]



TABLE 6

LAND-USE DATA AND EMPLOYMENT FOR
THE YEAR 2010

Zone Retail Non-Retail Dwelling
Number Employment Employment Units
1 195 270 72
2 92 158 348
3 82 3293 718
4 57 2878 685
5 38 41 1146
6 ‘ 13 649 35
7 31 67 282
8 0 19 30
9 69 70 51
10 48 154 938
11 63 623 440
12 378 1821 624
13 189 750 2317
14 44 80 411
15 38 61 114
16 95 104 870
17 510 1797 2035
18 398 441 - 388
19 304 304 1232
20 0 0 243
21 98 4755 . 3641
22 37 97 616
23 32 592 1495
24 89 2728 865
25 320 1047 1510
26 348 348 537
27 428 499 276
28 132 136 674
29 12 41 79
30 131 152 668
31 25 43 87
32 82 98 829
33 126 706 952
34 19 44 69

Source: Reference [13].



TABLE 7

TRIP PRODUCTIONS AND ATTRACTIONS
FOR THE YEAR 1975

ZONE HBWP HBWA HBNWP HBNWA NHBP NHBA
1 43 11 258 148 390 390
2 107 14 741 195 690 690
3 173 359 1244 422 2140 2140
4 327 337 2352 674 2540 2540
5 455 6 3234 847 1276 1276
6 3 20 21 5 140 140
7 69 0 495 125 351 351
8 8 0 54 14 66 66
9 22 34 154 343 646 646

10 447 128 2385 1009 1748 1748
11 394 617 2834 1328 1493 1493
12 454 1636 3271 3303 3390 3390
13 701 418 5036 1733 2626 2626
14 59 0 412 104 278 278
15 66 44 475 119 472 472
16 217 90 1565 896 1422 1422
17 623 684 4479 2804 3652 3652
18 418 429 3001 2632 4652 4652
19 1263 918 9740 8885 12491 12491
20 352 1438 2531 640 6734 6734
21 1680 1369 7335 13875 15114 15114
22 475 131 1707 1226 1684 1684
23 1279 766 9195 4648 5862 5862
24 124 2081 899 1615 974 974
25 1205 974 8662 3249 7869 7869
26 408 1783 2939 5228 9166 9166
217 211 712 1519 4895 7608 7608
28 316 156 22717 1105 2252 2252
29 55 10 379 99 310 310
30 338 151 2427 1064 2106 2106
31 43 22 308 717 294 294
32 131 0 937 237 498 498
33 219 4 1569 397 810 810
34 31 0 216 56 178 178
Source: Reference [13].



TABLE 8

FRICTION FACTORS BY TRIP PURPOSE

Travel Time HBW HBNW NHB
in Minutes

——— — ——— — ————_———————— - — - ————— —— ——————————— - ————— ———

1 800 60000 1200
2 440 27000 580
3 330 14000 355
4 260 9100 240
5 228 6800 190
6 207 5500 158
7 191 4800 125
8 176 4200 120
9 165 3700 110
10 156 3400 102
11 148 3150 96
12 141 2950 90
13 132 2700 87
14 125 2500 83
15 120 2350 80
16 116 2200 76
17 110 2050 74
18 105 1950 72
19 102 1850 70
20 100 1750 68
21 917 1680 66
22 93 1600 64
23 91 1520 62
24 89 1470 61
25 86 1410 60
26 84 1380 59
27 82 1320 57
28 80 1280 56
29 78 1250 55
30 76 1220 54
31 74 1200 53
32 72 1180 52
33 71 1150 51
34 70 1100 50
35 68 1070 49

Source: Reference [13].
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2. Median income per zone for the year 1980 presented
in Table 9. These values were obatined from the United
States Bureau of Census.

3. Percent change in annual income for the State of
Oklahoma as presented in Table 10. This data was obtained
from the Economics Department at Oklahoma State University.

4, The Consumer Price Index (CPI) shown in Table 11.
Procedures Used

The planning process involves applying the trip
generation, trip distribution, traffic assignment, and
capacity analysis modules. Thé procedures for each module

will be presented seperately.

Trip Generation

Before applying the trip generation technigque some
preliminary tasks had to be performed. Land-use data such
as retail employment, non-retail employment, and dwelling
units obtained from the 1975-2000 technical report was
organized by zone and are presented in Tables 5 and 6.

The year 1980 median income for every zone was
abstracted from the United States Bureau of Census Data.
These income valﬁes were then projected for the year 2010
using the forecasted percent change in annual income
obtained for the State of Oklahoma. These percent changes
in annual income were obtained from the Economics

Department at Oklahoma State University. It is assumed
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TABLE 9

MEDIAN INCOME PER ZONE
FOR THE YEAR 1980

Zone Number Median Annual
Income ($)

1 8286
2 15168
3 25164
4 195043
5 25164
6 25164
7 16014
8 15240
9 25502
10 12142
11 12195
12 15675
13 17340
14 17340
15 12533
16 13303
17 15924
18 9570
19 7444
20 9382
21 ' 9384
22 9384
23 13900
24 24360
25 18539
26 10543
27 9376
28 12144
29 10841
30 15785
31 11398
32 19207
33 24876
34 8006

Source: U.S. Bureau of Census



TABLE 10

PERCENT CHANGE IN ANNUAL INCOME FOR
THE STATE OF OKLAHOMA

Year Annual Percent
Change
1981 13.244
1982 6.262
1983 -1.510
1984 5.451
1985 3.289
1986 1.258
1987 1.839
1988 4.452
1989 4.088
1990 4.362
1991 5.751
1992 5.865
1993 5.326
1994 ' 5.364
193985 ~ 5.016
1996 5.001
1997 5.308
1998 5.185
1999 6.418
2000 6.597
2001 6.072
2002 5.956
2003 5.748
2004 7.038
2005 7.071
2006 6.678
2007 6.728

Source: Economics Departhent at OSU
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TABLE 11

CONSUMER PRICE INDEX (CPI)

Year CPI Year CP1

1967 100.0 1989 371.4
1968 104.2 1990 386.4
1969 109.8 1991 402.8
1970 116.3 1992 419.6
1971 121.3 1993 437.0
1972 125.3 1994 458.2
1973 133.1 1995 481.8
1974 147.1 1996 506.0
1975 161.2 1997 530.3
1976 170.5 1998 555.7
1977 181.5 1999 577.2
1978 195.4 2000 601.2
1979 217.4 2001 627.0
1980 246.8 2002 655.5
1981 272.4 2003 687.2
1982 289.1 2004 713.8
1983 298.4 2005 744.6
1984 311.1 2006 776.8
1985 322.2 2007 811.9
1986 328.4 2008 846.4
1987 340.2 2009 881.4
1988 355.2 2010 916.5

- —— - —————————————— —————————— ————————————————

Source: Economics Department at 0OSU
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that the percent change in annual income for the City of
Stillwater is the same as that of the state. Table 12
presents the forecasted income for every zone expressed in
the year 2010 dollar value.

Trip productions and attractions were determined based
upon user-supplied rates for the year 1975 to test if they
match the productions and attractions reported in the 1975-
2000 technical report. Next, trip productions and
attractions were determined for the target year 2010 based
on user-supplied rates, and the default rates presented in

the NCHRP Report 187 which are built in QRS and QRS 1II.

Trip productions. Trip produétions can be determined using
default rates or user-supplied rates. To determine trip
productions based on the default rates presented in the
NCHRP Report 187, the year 2010 income for every zone was
converted to the 1970 and 1980 dollar bases using the
Consumer Price Index (CPI). The default production rates
used in QRS and QRS II are based on 1970 and 1980 dollar
values, respectively. Table 13 presents the forecasted

income for the year 2010 indexed back to 1980 and 1970.

User-supplied production rates were developed based on
the 1975-2000 technical report trip productions. The steps
necessary to develop production rates are as follows:

l. Set up income ranges using the year 1975 dollar

value. A maximum of 13 income ranges is permitted by QRS
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TABLE 12

FORECASTED INCOME PER ZONE
FOR THE YEAR 2010

Zone Number Forecasted Income
(s)

1 39212
2 71780
3 119085
4 90118
5 119085
6 119085
7 75784
8 72121
9 120684
10 57460
11 57711
12 74180
13 82059
14 82059
15 59311
16 62955
17 75358
18 45289
19 35228
20 44399
21 44408
22 44408
23 65780
24 115280
25 87733
26 49893
27 44370
28 57469
29 51304
30 93630
31 53939
32 90895
33 117722

34 37887

i  — — — ——————— T " —— —————— ——
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TABLE 13

THE YEAR 2010 MEDIAN INCOME EXPRESSED
IN 1970 AND 1980 DOLLARS

Zone Forecasted 1970 1980
Number Income Income Income
(%) Using CPI Using CPI

1 39212 4976 10559
2 71780 9108 19329
3 119085 15111 32067
4 90118 11436 24268
5 119085 15111 32067
6 119085 15111 32067
7 75784 9616 20407
8 72121 9152 19421
9 120684 15315 32499
10 57460 7291 15472
11 57711 7823 15541
12 74180 9413 19975
13 82059 10413 22097
14 82059 10413 22097
15 59311 7526 15972
16 62955 7989 16953
17 75358 9562 20292
18 45289 5747 12196
19 35228 4470 9486
20 44399 5634 11956
21 44408 5635 11959
22 44408 5635 11959
23 65780 8347 17712
24 115280 14628 31043
25 87733 11133 23625
26 49893 6332 13436
217 44370 5630 11948
28 57469 7293 15476
29 51304 6510 13816
30 93630 11881 . 25213
31 53939 6845 14525
32 90895 11546 24501
33 117722 14939 31701

34 37887 4808 10203
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and QRS II.

2. Stratify zones based on income ranges, that is,
determine which zones fall within an income range.

3. Add the number of trips produced by all zones
within a given income range and divide that total by the
corresponding total number of dwelling units for the same
zones.‘ This results in the average number of trips
produced per household, that is, production rates.

4. Calculate the percentage of average daily trips

produced for every trip purpose using the following

equations:
HBW trips
% HBW trips = -------------c-n (20)
(HBW + HBNW + NHB) trips
HBNW trips
% HBNW trips = -----------ccco - (21)
(HBW + HBNW + NHB) trips
NHB trips
% NHB trips = --------------m (22)

(HBW + HBNW + NHB) trips

Since the production rates were determined using the year
1975 productions, the income for that year was needed.

But, no income data was available for the year 1975,
therefore, the zonal income for the year 1980 obtained from
the Census Data had to be converted to 1975 dollar value

using the CPI. It is assumed that the real income in the
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year 1975 and the year 1980 remained constant. In other
words, the annual increase in income was offset by
inflation, thus, making the percent annual increase in
income equivalent to the CPI. Table 14 presents the 1980
income for every zone, and the corresponding value in terms
of the year 1975 dollar. Applying the above listed steps
resulted in the user-supplied production rates shown in

Table 15.

With the trip production rates table on hand, the next
step is to determine the trip productions for the target
year 2010. This requires that the year 2010 income be
converted to the year 1975 dollar base since the production
rates are based on the year 1975 dollar value. Table 16
presents the zonal income for the year 2010, and its 1975

equivalent values as determined using the CPI.

Trip Attractions. Trip attractions are estimated based on
retail employment, non-retail employment, and dwelling
units in a zone. The attraction equations for each trip
purpose are presented in Chapter III.

Attractions can be determined using either the default
coefficients, or user-supplied coefficients. Table 17
presents the default coefficients which are reproduced from
Table 3, Part C, of Chapter Two of the NCHRP Report 187.

User-supplied coefficients were determined using

linear regression analysis. These coefficients are based



TABLE 14

THE YEAR 1980 MEDIAN INCOME EXPRESSED
IN 1975 DOLLARS

Zone Number Median Annual 1975 Income
Income for Using CPI
1980 (%)
1 8286 5412
2 15168 9907
3 25164 16436
4 19043 12438
5 25164 16436
6 25164 16436
7 16014 10460
8 15240 9954
9 25502 16657
10 12142 7931
11 12195 7965
12 15675 10238
13 17340 11326
14 17340 11326
15 12533 8186
16 13303 8689
17 15924 10401
18 9570 6251
19 7444 4862
20 9382 6128
21 9384 6128
22 9384 6128
23 13900 9079
24 24360 15911
25 18539 12109
26 10543 6886
27 9376 6124
28 12144 7932
29 10841 7081
30 19785 12923
31 11398 7445
32 19207 12545
33 24876 16248
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TABLE 15

USER SUPPLIED TRIP PRODUCTION RATES
DEVELODED FOR THE YEAR 1975

Income Zones Average Daily Percent Trips by Purpose
Range Within Vehicle-Trips --—-——=-——ccemmmmm——mme
($1000) a Range per Household HBW HBNW NHB
0-5 19 17.2 5.4 41.5 53.1
5-6 1, 34 13.9 6.6 42.5 50.9
6-17 18, 20, 22 21.6 4.3 26.9 68.8
26, 217
7-8 10, 11, 28 11.5 8.1 52.17 39.2
29, 31
8-9 15, 16 13.8 6.7 48 .4 44.9
9-10 2, 8, 23 12.1 7.7 55.5 36.8
10-11 7, 12, 17 13.6 6.8 49.1 44.1
11-12 13, 14 11.1 8.3 59.8 31.9
12-13 4, 25, 30, 13.6 6.8 48.9 44.3
32
13-16 24 14.8 6.2 45.0 48.8
16+ 3, 5, 6, 12.9 7.2 51.4 41.4



TABLE 16

THE YEAR 2010 MEDIAN INCOME EXPRESSED
IN 1975 DOLLARS

Zone Number Forecasted Annual 1975 Income
Income for Using CPI
2010 ()
1 39212 6897
2 71780 12625
3 119085 20945
4 90118 15851
5 119085 20945
6 119085 20945
7 75784 13329
8 72121 12685
9 120684 21227
10 57460 10106
11 57711 10151
12 74180 13047
13 82059 14433
14 82059 14433
15 59311 10432
16 62955 11073
17 75358 13254
18 ' 45289 7966
19 35228 6196
20 44399 7809
21 44408 7811
22 44408 7811
23 65780 11569
24 115280 20276
25 87733 15431
26 49893 8776
27 44370 7804
28 57469 10108
29 51304 9024
30 93630 16468
31 53939 9487
32 90895 16003
33 117722 20706

34 37887 6664
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TABLE 17

DEFAULT COEFFICIENTS FOR ATTRACTION EQUATIONS

HBW Tri<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>