IN DEPTH STUDY OF THE BURKHARDT / LAGC IMODEL REGARDING
THE DEMAND FOR RURAL PUBLIC TRANSPCRTATICN TO THE SIX
PROPOSED REGICNAL BUS SYSTENS IN KANSAS

by

JOAN WARGUERITE ROZSELER

B.5., University of Kansas, 1975

& MASTER'S THEESIS

submitted in partial fulfiliment of the

requirements for the degree

U

MASTER OF REGIONAL AND CCIWMUNITY T

'1-.
}—{

Department of Regional and Community Planning
KANSAS STATE UNIVERSITY

Manhattan, Kanecas
1977

Approved by:

(/{g,: AP /\’C’ Ll A EE
égéﬁ/r Professor




I.
II.

111,

Iv.

Docum en+

LD
AubX

1977

Rbz4
e. > CONTENTS

Introduction
Literature Review
A, State of the Art Overview

(1) The Nature of Rural Public Transit
Demand

(2) The Nature of Rurzl Public Transit
Ridership

B, Discussion of Modele

Description of the Burkhardt / Lago lodel
A, Development of the Model

B. Purpose of the Model

C. Use of the liodel

Use of the Burkhardt / lago Model in Other
Arcas

A. The Pennsylvania Experience
(1) Study Area Description
(2) Procedures
{3) Results

B. The Arkansas Experience
(1) Study Area Description
(2) Procedures
(3) Results

C. The Kansas Region 6 Experience

ii

23
24
23
29
30

31
31
32
36
39
39

39
Lo

k1



ILLEGIBLE
DOCUMENT

THE FOLLOWING
DOCUMENT(S) IS OF
POOR LEGIBILITY IN

THE ORIGINAL

THIS IS THE BEST
COPY AVAILABLE



CONTENTS Page

(1) Study Area Description L

(2) Procedures L3

(3) Results N

V. Use of the Burkhardt / Lago Model in Kansas 48
A, Study Area Description 49

B. Procedures 53

G. Results 55

VI, Conclusion of the In - Depth Study 59
L. Summary 60

B. Conclusions 62

VII. List of References 6L
VIII. Tables of Data 74

IX. Vita 87

iii



LIST OF TABLES

TABLE I

Sensitivity Analysis

TABLE II

Data for Running the Demand-Resrycnsive Portion of
the Burkhardt / Lago Model for Ecgion 6 UMTA Section
16 (b) (2) Funded Vehicle Diznl-Ride Service

TABLE IIT

UMTA Section 16 (b) (2) ™unded Vehicle Region 6
Trip Purposes

TABLE 1V

Demand-Responsive System Macro Equation anc Related
Data for UMTA Section 16 (b) (2) Funded Vehicles in
Region 6

TABLE V

Values for Independent llodel Variables by Region
TABLE VI

Macro Fixed Route Equation and Related Lata by
Region

TABLE VII

Bus Route Iiles Between Key Locations by Region
TABLE VIII

Population Data by Region and County

iv

Page
21
Ly
b5
46
56
57

75

81



LIST OF FIGURES

Page
FIGURE I c
7 8
Components of Rural Public Transit Demand '
FIGURE II
s 2
Graph of the Effect of Change in Independent 2
Variables on the Number of Round Trip Passengers
per Month (RTPASS/Ii) in Region 6
FIGURE III
L2
Six Regional Bus Systems in Kansas - Regilon 6
FIGURE IV
. : . 51
Six Regional Bus Systems in Kansag -
FIGURE V
58

Graph of B MILES, RESTPOP, and RTPASS/M

Using Data from the Six Kansas Regions



I. INTRODUCTION



The lack of adequate, effective (25) transportation services
is now recognized by numerous Federal and State agencies as
one of the major problems facing the elderly, handicapped,
and other transportation disadvantaged persons in rural
areas. Although many rural counties now have adequate all
-weather road systems, some persons and communities still
remain isolated from the mainstream of American society
because of their inability to travel. Often, this immo-
bility is due to the inability to pay the price for exist-
ing transportation services; other times, however, trans-
portation services are non-existent for persons not owning

automobiles.

The Xansas Department of Transportaticn Planning and Devel-
opment Department has become 1nvolved with prelimircory
implementation stages of a project wherein a statewide rural
public transportaiion system is to be initiated as a two
Year demonstration projec!. The project is funded +:ith
$500,000 from the United States Department of Transportation
Federal Highway Administration, specifically from Section
147 of the Federal - Aid Highways Ac* of 1973. The project,

Statewide Rural Public Transpertaticn Svystem for the Stote

of Kancas, was submitied as a joint proposal by the Kansas

Department of Transportation Planning and Development

* Numbers in parenthesis refer to the LIST OF REFERENCES,
section VII.



Department and the Kansas Social and Rehabilitation Services
Department. Part of the author's duties, as Planner at the
Kansas Department of Transportation, were to assist in the
project evaluation and implementation process. Thereby, the
author has worked extensively in the refinement of the state-

wide network for the Section 1L7 project.

As an aid to the Section 147 project implementation process,

an estimate of demand for each of six proposed regional bus
systems is a necessary tool. Burkhardt and Lago (7) developed

a handbook for the prediction of rural public transportation
demand for the State of Pennsylvania. The purpose of their
handbook was to develop a tool for local planners to estimate
the demand for public transportation systems in rural, or
predominantly rural areas. Their model utilized characteristics
for prediction or estimation of demand that are most highly
adaptable to those of the six proposed regional public

transportation systems in Kansas.

This thesis is an in - depth study of the Burkhardt / Lago
model, The model is discussed with respect to its development,
application in Pennsylvania, application in Arkansas, and use
in estimation of demand for the six proposed rural public

transportation systems in Kansas.



The hypothesis presented here is that the Burkhardt / Lago
Model is the best currently available model for utilization

on the Kansas Rural Public Transportation Network,



II. LITERATURE REVIEW



A, State of the Art Overview
(1) The Nature of Rural Public Transit Demand

In a nationwide study by the United States Department of
Transportation Office of Policy and Plan Development (41)

it was found that the demand for rural public transit service
is very low. The primary trip purposes served were those of
persons seeking access to shopping, medical care, or social
services, While the destinations of such trips were usually
small in number and quite crrcentrated, often a single town;
origins were usually more numerous and disbursed beczucse

the potential riders tend to be more scattered and icolated

than the general population.

There are three major approaches to determine the need for

rural transit (43)

1. An Opinion Survey;

2, A Demonstration Prograzm; and

3. Calculation of the present average-travel behavior
through the use of a mathematical model.

Opinion surveys tend to'be time consuming and over - estimate

the demand for transit. Demonstration projects tend to

be very costly; therefore, should not be embarked upon

without a prior demand estimate. The mathematical models

range in nature from very simple to very complex. Withi::



this range, it was expected that a model could be found
which would yield a meaningful estimate for the demand for

rural transii 2t a minimal cost and length of time.

(2) The wsature of the Xural Public Transit Ridership

Section 16 (b) (2) of the Urban llass Transvortation Act of
1964 defines a public transportation devendent person as
any indivicdual who, by reazson of illness, injury, age,
congenital malfunction, or other permanent or temvporar:
incapacity or disability, is forced to lock to others cr
fulfillment of their travel needs (47) . Of the 20 miilicn
elderly persons in the United States in 1970, zpproxi-
mately 27 percent or 5.4 million lived in rural are=s

(41). The transrzortation consequences for the rural elderly
are relatively clear. Their isolztion is more acute anrd
their income conditions tend to be significantly worse

than their urban counterparts. Their need.for transportation
is more serious in that they have less access to social
services and / or lower incomes with which to purchase such
services (38). The plight of the rurzl handicapped is quite

the same as that of the rural elderly (L6).



B. Duscussion of Models

Addressing the question of predicting the demand for region-
wide transportation systems, Dunbar (10) states that the con-
ventional urban transportation planning (UTF) type of model
will not capture the full range of travel impacts, and is
typically cumbersome and resource consuming in its applicationj
therefore, a new type of model is needed. Unfortunately,
little demand information is zvailable to aid in systems
implementation decision (31). However, from the experiences

of rural transit operators, the components of demand may

be shown as follows (30) (31)

FIGURE I COMPONENTS OF RURAL PUBLIC TRANSIT DEWAND (31)

Elderly and Destin-
Rural Handicapped | » Transportatio ation
Environment _ Population Systems Activity
System
Reaction to
Transportation
System

Reaction to Services
Procided at the Destination Activity




To put the components of rural public transit into
mathematical terms a ﬁumber of mathematical formulas have
been utilized. Not all of the mathematical formulas can o2
utilized for 211 systems. There must be a set of criter..

by which a selection can be made.

As a result of a literature scan with lr. E. D. Landman

of the Kansas Cepartment of Transportaiion the following

set of evaluation criteria was develoved for the comparative
analysis of models for estimation of rural public transporta-

tion demand (9) (17) (18) (19) (20) (21).

The evaluation process:

1. Are the variables basic and available?
If ves, then continue to #2;
If no, then disregard model;

2y Establish criteria for the variables, and prepare
budget guidelines;

3. Are the criteria and budget acceptable?
If yes, then continue to #ly
If no, then disregard model;

L, Survey expert group criticismsg;

5. Are the criteria met?
If yes, then continue to #6;

If no, then disregard model;
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6. Are the parameters stable over the sample space?
If yes, then continue to #7;
If no, then disregard model.
7. Are the model ccoefficients reasonable; is the equation
plausible; and is the equation usable?
If yes then model is good;

If no, then disregard model.

The evaluation process with respect to Kaznsas takes on the
following interpretation:
1. Are the wvariables basic and available?
The independent variables are basic if they are those
which are known throughout the state of the art to have
a causal effect on rural public transportation ridership.
The most common variables are: service arez population,
number of service miles, freguency of service, trip
purpose, and level of service (17) (18) (19) (20).
Due to the budget constraints of the Statewide Section
147 Project, the independent variables are available if
their valués can be found in the library and file systems,
or available files, maps, etc. of State of Kansas offices.
2. Establish criteria for the variables, and prepare budget
| guidelines,
The variables must be readily quantifiable. The limited
budget available for the retrieval of data for the variables

dictates that the data has to be obtained from records,
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available files, maps, ctc. not from extensive field sur-
veys and computer use.

Are the criteria and budget acceptable?

The criteria and cost of obtaining the variables are
acceptable if they fall within the quidelines set forth
in §# 2.

Survey expert group criticisms (from literature and inter-
views):

The experts indicate that a model set wherein a portion
of the set can be tested with present data resulting
within 10% of the actual present ridership is a worth-
while planning tool (17) (18) (19) (20).

Are the criteria met?

=
L -

The criteriz are met if a portion of the model is tecz
able under the criteria established in # H4.

Are the parzmeters stable over the sample space?
The-parameters are gstable over the szmple space if the
independent variables of the model give reasonable re-
sults to changes that occur in ¥Kansas. The pertinent
characteristics in Kansas which vary slightly over the
sample space are population density and number of route
miles. The population density in the western part of the
state is less than the population density in the eastern
part of the state; correspondingly there are greater

distances between service areas in the western part of

the state than in the eastern part of the state.
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Are the model coefficients reasonable; is the equation
plausible; and is the equation usable?

The model coefficients are reasonable if they allow the
model to portray the relative importance of the independent
variables, having a causal relationship to demand. In
which case the parameters set within the model need to
be stable over the time period of the projections.

The equation is plausible if it has a reasonable number
of independent variables resulting in an expression of
demand.

The equation is usable if the technical skill required
to run the model is no greater than that gained through

a high school Algebra II course.

The following models were selected from the literature because

they are designed to mathematically derive an estimate of rural

public transit demand. The four models tested are the ones

found to be the most appropriate at this time as a result

of the literature search and extensive interviews with experts

in the field (17) (18) (19) (20) (21). An evaluation of those

four models utilizing the evaluation process is hereby made.

The evaluation process for:

(A) Notess, Popper, and Zapata Transit Demand Model (31)
D=axAxP
where, D = demand estimate in the region

(annual transit trips)
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a = dimensionless design parameter
A = annual average transit trips per

capita for "similar" rural areas
P = population of the region

y (9 Independent variables A and P are basic to the nature
of the demand of rural public transportation ridership;
however, a dimensiocnlecs design parameter is known in
the field as a fudge factor which tends to reduce the
usefulness of the model.

Values for independent variables A, annual average transit
trips per capita for similar rural areas, cannot be

found in the State of Kansas library and file systaumg
therefore, they are not available.

The reply to the evaluation process #1 is "No". At this
point the model was disregarded as a candidate for

utilization on the Kansas systemn.
The evaluation process for

(B) Notess, Popper, and Zapata Demand Estimate Based
on Participation Rates (31)
Tp = (POP) x (Rp) x (Fp)
where, Tp = number of tfips for purpose, p

POP = elderly poﬁulation in the region

Rp = participation percentage of elderly

for purpose, p (0<R€1.0)
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Fp = frequency of travel for purpose, p

Independent variables POP, Rp, and Fp are basic to the
nature of the demand of rural public transportation
ridership.

Yalues for independent variables Rp and Fp cannot be
found in the State of Kansas library and file system;
therefore, they are not available.

The reply to the evaluation process #1 is "No". At this
point the model was discarded as a candidate for

utilization on the Kansas system.

The evaluation process for:

(C) Hartgen Demand Forecasting Utilizing Barrier

Effects (14)

Elderly Transit Trips
per Week = Elderly FPopulation x
(.906 Base Use +,037 QIE
+ .08??___1 bs)
where, Elderly Population= number of person 60 years
or over in service area

Base Use = major trips purpose of
ridership

il

Quality Improvement values given for the
Effect attributes of the service
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o
1]

adjusted level for barrier j

'(bj) (% seeing bj) from pre-calculated
tables

1. 1Independent variables: Elderly Population, Base Use,
Quality Improvement Effect, and Barrier Removal Effect
are basic to the nature of the demand of rural public trans-

portation ridership.

Values for independent variables Base Use, Quality Im-
provement Effect, and Barrier Removal Effect cannot be
found in the State of Kansas library anrd file system:

therefore, they are not available.

The reply to the evaluation Process # 1 is "NC'. At this
point the model was discarded as a candidate for uti-

ligation on the Kansas system.

The e#aluation process for:
(D) The Burkhardt / Lago lodel for Prediction of
Rural Public Transportation Demand.
The formula for the fixed - route macro system

demand estimation model is:
log RTPASS/M = -0.353 + 0.407 log B MILES
+0.533 log FREQ. + 0.611 log RESTPOP

-0.123 log COMPBMS
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I

where, RTPASS/M = the number of round trip passengers
per month for the system;

B MILES

the total vehicle miles per month
for all vehicles of the system;

FREQ.

the average monthly round trip
frequency of service along the
fixed routes of the system (found
by dividing the total monthly bus
miles by the total round trip
route mileage);

RESTPOP

the number of persons living in
townships and boroughs (counties)
along the routes who can use tle
system; and

COMPRBI.S

the sum of the monthly bus miles

of all other fixed-route and demand
-responsive systems operating in the
service area. Not applicable to Kansas
Statewide System.

Independent variables B MILES, FREQ., RESTPOP, and COMPBLS
are basic to the nature of the demand of rural public tranc-

portation ridership. (17) (18) (19) (20) (21)

Values for the independent variables of the model can be
found in the State of Kansas library and file system;

therefore, they are available.
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The reply to the evaluation process #1 is "Yes". At this

point model evaluation continued to the evaluation process

#2.

The independent variables are readily quantifiable; they

are expressed as numerical values,

The model falls within the budget guidelines since data
for the variables can be retrieved as records from avail-
able files, maps, etc., and does not require surveying

and computer operations.

The criteria and budget for the variables are acceptable

since they fall within the guidelines set forth for #2.

The demand-responsive portion of the model set was tested
in two areas. The results in both cases came well within
10% of the actual ridership of the systems. One area
tested was Washington County Arkansas, where the number
of round trip passengers per month for the system was 633
people. The result is a 10% difference from the actual
ridership. The other area tested was Region 6 of the
Statewide Section 147 Project Network in Kansas, where the
number of round trip passengers resulting from the model

as used with the data was L,701 and the resulting actual
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nunber of round trip passengers per month for the system
was 4,832 people. The result is 2.7 % different thon the
actual ridership. The model was developed utilizing actual
data from 29 systems operating in Pennsylvania and others
scattered throughout the nation in order to test the

model (see IV, A. The Pennsylvania Exverience), A dis-
cussion of these other applications of portions of the
Burkhardt / Lago lModel Set is presented in Section IV;

Use of the Burkhardt / Lago Model in Other Areas.

Since a portion of the model was testcd with present data
and the result was within 10 ¢ of the actual present rider-
ship, the model was considered to be a worthwhile planning
tool,

Since the model meets the “"worthwhile planning tool" cri-
teria, the reply to # 5 was "YES" and the evaluation proc-

ess of the model continued to # 6.

The parameters of a model are stable over the sample
space if the independent variables of the model are
sensitive to changes that occur in different regions

in Kansas. The characteristics pertinentrin Fansas which
vary slightly over the sample space are population densi-
ty and the number of route miles. Population density

is reflected in the independent variaoble RESTPOP, and

the number of route miles is reflected in the indepen-

dent variable BHILES.
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One method used to show the effect of change in variebles
on the model is through a sensitivity analysis. The sensi-
tivity analysis for this evaluation includes a range of
variables wider than one would normally expect within
Kansas. For applying the Burkhardt / Lago model equation,
the values for the independent wvariables were taken from
data of Region 6 (data of Region 6, Tables VII and VIII,
pages 70 and 76) of Section 147 Froject MNetwork. Table I
shows the numerical effect on the demand that occurs as a
result of changes in the independent variablecs RESTPCP,
BMILES, and FREQ. The graph of these numerical values,
Figure II, shows the comparative effects of change in in-
dependent variables on the number of rouné trip passcngeres
per month. From the graph one can sce that all three curves
of the variables have similar values. This signifies that
the three independent variables had a similar effect.
Since the variables are essentially of egual weight, a
change in one variable, suchk 25 a small value for RESTPCOF
in western Kansas due to the low density of population,
will adjust the effect of thr +alue of RIPASS/N to a low-
er value to accormodate the less dencge population. There-
fore, the parameters are stable over the sample space, and
correspondingly easily changed in order to meet conditicns

that may change in the future.

The reply to # 6 is "YES". The model evaluation process

continued to # 7.
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Through the sensitivity analysis of # 6 it was shown
that the model portrays the relative importance of the

independent variables.

The model has three indcpendent variables appropriate
to the Statewide Section 147 program in Kancas, which
is a reasonable number of variables for such a model.
Experience has shown that the number of variables should.
be kept to a minimum; two to three variables has been

found to be most satisfactcry for regression analysis

(9).
The technicel skill required to run the model is no
greater than that gained through a high school £lgebra

I1 course; therefore it is a usable equation.

The reply to # 7 is "YES". The Burkhardt / Lago liodel

.was concluded to be acceptable for use on the Kanses

Network. Thus, of the four models selected by prelimin-
ary screening, the Burkhardt / Lago Model was the only
one that fit the "Kansas " criteria, which was closely

related to availability of data currently on file.
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T k'/mgm-:i )
/ TADLE .
m&%ﬂﬂkﬂ?}{ Effect of Change in Independent Varlablev on

Jla <
the Number of Round Trip Passengers per Konth (ETPASS/A) 11}4}?5?% 6

% Yalue of Yalue of Value of
Change RTPASS/1 RTPASS /M1 RTPASS/
in from % from % from %
Indepen- Change Change Change Change Change Change
dent in in in in in in
Yarjables XESTPOP 3RTPiSS/ii B MILES RIPARS/YM  FREJ, RTE . SS/:
- 100 0 -100.0 0 -100.0 0 -106.
- 90 6,731 - 75.5 10,762 - 60.8 8,056 - 70.7
- 80 10,280 - 62.6 15,276 - 48.1 11,468 - 58,3
- 70 13,173 - 52.1 16,83% - 38.8 14,868 - L7,k
- 60 15,7C3 - 42,9 18,932 - 31.1 16,866 - 28.6
- 50 17,997 - 3k.5 20,720 - 2L.6 1€,992 - 30.9
- ho 20,119 - 26.8 22,325 - 18.8 20,926 - 22,8
- 30 22,105 - 19.6 23,774 - 15.6 22,725 = 17.3
- 20 23,983 - 12.7 25,100 - 8.7 24,501 - 1.2
- 10 25,775 - 10.5 26,2333 - 4.2 25,98: - 5.5
0 27,485 0. 27,485 0. 27,485 0.
10 29,134 6.0 28,574 L,o 28,920 5.2
20 30,726 11.8 29,605 'Y 30,290 0,2
30 32,270 17.4 30,584 11.3 31,608 15.0
Lo 33,760 18.6 31,521 14,7 32,885 19.6
50 35,213 28.1 32,419 18.0 34,119 24.1
60 35,801 30.3 33,281 21,1 35,310 28.5
70 38,010 38.3 34,111 24,1 36,467 32.7
80 39,364 43,2 34,914 27.0 37,601 36.8
90 40,701 48.1 35,686 29.8 38,699 40.8

100 41,986 52.8 36,442 32,6 39,765 L4, 7
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A. Development of the Model

The Burkhardt / Lago Model for predicting the demand for
rural public transportation is a result of research per-
formed by Ecosometrics Incorporated under contract to the
Bureau of Advance Planning, Pennsylvania Department of
Transportation. It was financed in part through a plan-
ning and research grant from the Federal Highway Admin-
istration under the provisions of 23 USC 307 (c) (2).

The results of this research effort were made public in

April of 1976.

During the project, various alternative methods of pre-
dicting the demand for rural transportation systems were
investigated. Using data from approximately 100 existing
systems (7), simulation models of factors influencing

the number of riders were developed. It was found that
reliable estimates of demand could be produced using a
small number of variables which would describe the charac-
teristics of the area and people served along with the

attributes of the transportatioh system.

Methods for predicting demand were devised for entire
transportation systems and for individual components

( routes or sectors ) of those systems., Also, separate
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methods (7) were devised for demand responsive and fixed -
route systems since the factors affecting demand are signi-
ficantly different fdr each type of system. During the

development of this set of models the following character-

istics were noted regarding selected variables: (7)

Monthly Bus Miles : The more service (bus miles) is

provided, the more people will ride the system. This in-
crease is not proportionzl; the bus miles will increase
faster than the number of riders. There will exist a point
where the cost of adding bus miles will be greater than

the return obtained frem additional passengers.

Availability of Service: For fixed-route systems, this

factor can be expressed as frequency ( the nunbter of times
per day or per week that a particular route is served );
for demand - responsive systems, 1t is the reservstion
time (the number of hours or days between a call for a
ride and pick - up). The increase in patronage is less

than prorortional to the increase in service.

Population Served: As the population served by the transit

system increaces, the number of riders will increase, but
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~at a slower rate than the increase in population (7). Indi-
cations are that as major increases in density occur, the
relationship is less valid; which is why this factor is

desipgned for the rural or low density areas (7).

Other Traznsportation Systems: As the service provided by

other transportation systems increases, the number of
riders which will be attracted to the system will decrease;
however, the decrease in patronage is less than the increase

in competition (7).

Distance: As the average tripedistance increases, the
number of passengers will decrease. The decrease in pas-
sengers will occur at a greater rate than the increcase in
distance for fixed - route systems and at a rate smaller
than the increase in distance for demand - responsive
systems. This means that increases in distance will have
more of a negative impact on fixed route than on demand -

responsive services.

Fares: As the cost of the trip increases, the number of
riders will decrease. The percent decrease in riders will

be smaller than the percent increase in fares.

In order to put these characteristics into a meaningful

relationship logarithmic regressions were necessary.
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In multiple linear regression the values of the partial

regression coefficlents for the independent variables denote

the amount of increase in the wvalue of the dependent wvariable

which would correspond to a one percent increase in the

independent variable, which also is known as the elasticity

of travel.
The formula for the

estimation model is

log RTPASS/M =

where, RTPASS / M

1l

i

B MILES

FREQ =

Il

RESTPOP

COMPELIS =

fixed - route macro system demand

t

-0,353 + 0,407 log B MILES + 0.533 log FREQ
+ 0.611 log RESTPOP - 0.123 log COMPENS

the number of round trip passengeres per
month for the system;

the total vehicle miles per month for all
vehicles of the system;

round - trip frequency found by dividing
the totzl meonthly bus miles by the total
round trip route mileage;

the number of persons living in townships
and boroughs (counties) along the routes
who can use the system; and

the sum of the monthly bus miles of all
other fixed - route and demand - responsive

systems operating in the service area.
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B. Purpose of the lodel

The Burkhardt / Lago Model was devised to be a planning

tool (7). The greatest benefit of the demand equations is

that they provide a "ball - park" estimate of the number of
people which may utilize a particular transit system according
to specific area and system conditions (7). The eguations
allow one to experiment with different levels of service

to evaluate alternative system configurations for a

particular area as long as they are close to known systems

and the present economic and sccizl environment.

This set of models was selected for use in identifying

the demand for public transportation in rural areas due

to its great adaptability to the rural transit system
circumstance. These equations for demand are relatively
simple to use; are not time consuming; utilize variables
which are relevant to most rural transit situations, and
which are easily found in records of standard operating
data; and are sensitive enough to reflect potential results

of proposed system changes.
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C. Use of the Model

The fixed route portion of the Burkhardt / Lago Model can be
used to predict the demand of actual or potential services
that operate on a fixed route and schedule on a county-wide
or system-wide basis. In order to run the model, the
following data about the area served is needed (7)

Service Aresz (usually countvy or region) Population: the

number of persons served by the system;

High Probzbility Povulation: the number of persons who will

most likely use the system, often defined as the elderly and
the handicapped (or whatever group the service is restricted
to);

Other Transvortation Systems in the Area: the number of bus

miles provided by all other fixed route and demand-responsive
systems;

Bus Miles: the total number of vehicle miles traveled by all
vehicles of the system during an average month;

Frequency: the number of times per day, or per month that
service is provided on a particular route; and

Network: the routes currently being used or proposed for use

on the fixed route system.

With this information, the mathematical computation can be
performed. To see the effect of chgnges in the route network,
number of bus miles, frequency of service, or any other combina-
tions of service characteristic, the researcher may re-run the

equation with changes in selected variables and compare results.



IV. USE OF THE BURKHARDT / LAGO MODEL
IN OTHER AREAS
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A, The Pennsylvania Experience

The major purpose of the Pennsylvania study was to serve

as a testing process for the Burkhardt / Lago Kodel to
develop coefficients for the independent variables

(B MILES, FREQ,RESTPOP, and COMPBMS) in the macro fixed
route system demand forecasting equation. Data from actual
observations of 29 rural transit operations in Fennsylvania

were used.
(1) Study Area Description

The transit operatiocns observed were located in seven rurzal
counties where transportation services were currently in
operation (7). These included private transit companies,

a rural public transportation demonstration program of

the Department of Agriculture, the transportaztion components
of public socizl service programs sponsored by the Department
of Public Velfare, and those private social service agencies
which had applied to the Pennsylvania Department of Trans-
portation for capital grants under Section 16 (b) (2) of

the Urban Mass Transportation Act of 1970 (47). Any system
serving an urban area had to provide a substantial proportion
of their route miles in rural areas in order to be included
in the study; and no urban area with a population of greater

than 80,000 was used.
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(2) Procedures

The procedures utilized during the Pennsylvania study

were those of observation of alread& existing systems, The
observations were made from records of the various systems
kept by the State of Pennsylvania. These records were veri-
fied and updated through telephorie calls to the system
operators. The systems were selected by the following
criteria:

Transit companies providing inter city sefvices to EliSA's
or to cities of greater thsn 80,000 populaticn were ex-
cluded Jfrom the system; while syeteme serving an urban
area had to provide a majority of their route mileg in
rural areas;

Data on the operations of the systems must be rezadily
available; 7

The systems must serve a variety of purpcses (single pur-
pose systems such as those taking riders to one certain
hospital or merely to a nutrition program site were not
included for they were considered to be too limited in
scope of service to be adequately representative of
systems which the State of Pennsylvania would eponzor);
and systems that provided lese thar 25 trips per monthk
were excluded as being nonrepresenfative (this figure hagd

been established through work with systems sponsored
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by the Department of Agriculture).

Upon completion of the process of selection of the study
systems, the systems were analysed with respect to their
ridership characteristics and the reasons for the levels
of patronage. The following list of variables were tested
for their relaticnship to the estimation of system-wide
rural public transportation service (7):

One Way Pascengers ver Month: for the Pennsylvania Department

of Agriculture systems, the recorded number of trips on
monthly statistical data summary sheet for lMarch of 1975
was used; for systems reporting to the Pennsylvania
Department of Transportation, the average daily passengers
multiplied by the number of days per month for weekly and
weekend service in 1974 was used;

Reservation Time : the average time in days required by

system policy between a call for service and the actual
trip was used;

Fare per Passenger: the total farebox revenues were divided

by the total number of one-way passengers (in cents);

Monthly Bus Miles: for the Department of Agriculture

systems the total given on the monthly summary sheets
was used; while for the systems reporting to the Department

of Transportation the sum of the weighted average daily



weekday and weekend bus miles for an average month wrs
used;

Round Trip Route Miles: this entailed the sum of the round

trip mileage of all routes run on an average day;

Freguency of Service: this was the monthly bus miles as

previously expressed divided by the monthly sum of the
average daily round trip route miles;

Restricted Population : this item included the population

served by each system, defined as the county population
for the demand-responsive systems or the township and
borough population along the route minus all persons
specifically excluded from using the system (for fixed
route systems); in cases where the general public may use
the service the county population and the restricted
population are identical;

Car Ownership: this figure included the percent of

households in the county owning one or more automobiles
in 1970; (for future work this author would recommend to
check and make éure that a count of the number of pick-up
trucks per household was also inecluded in this figure)
Taxi Service: this figure consisted of the number of taxis
registered currently in the service area according to the
records of the Pennsylvania Public Utilities Commissionj
(telephone calls to selected taxi companies were made for

verification);

Competing Bus Miles : this number was the sum of all

fixed route and demand-responsive monthly bus miles
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in the county minus the monthly bus miles of the system
being considered;

County Population Density: this number is the 1970 population
of the county divided by the total square miles of land area
in the courty;

High-Probability Users of the Transit System: for systems

with no restriction in the population to be servez, this
variable corsists of the number of elderly persons 65 years
of age or c¢lder plus the number of persons who ar:. poor as
defined by the 1969 income adjusted by the famil: size, age,
and sex of the head of the family, number of persons undasr
the age of 18, and a farm or non-farm status who are not
elderly; in instances of system patronage restrictions, the
high probability uviscrs were defined to be restricted
popuilation users;

Per Capita Tncome: this item was the aggregate 1969 money

income of all persons in a county divided by the 1970
county population;

Percent Poor: this was the number of persons in the county
who were poor in 1969 as previously described divided by
the total county population; and

Percent Elderlv: this was the number of persons in the
county who were 65 years of age or older in 1970 divided

by the total county population.



(3) Results

As a result of this testing process, the set of variables
was reduced through a multiple linear regression technique
to a number which would have the most meaningful effect

upon ridership of the system. For a fixed route system
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these variables were: the total vehicle miles per month for

all vehicles of the system; the average monthly round trip
frequency of service along the fixed route of the system;
the number of persons living in townships and boroughs
along the routes who can use the system; and the sum of
the monthly bus miles of all other fixed route and demand
responsive systems operating in the service area. These
variables were the ones to be utilized for the fixed route

system-wide ridership estimation.

For a demand-responsive system these variables were: the
total vehicle miles per month for all vehicles of the
system; the average time in days required between a call
for service and the time a vehicle arrives; and the number
of persons in the county who are likely to be users of
the system. These variables were the ones utilized for a

demand-responsive system-wide ridership estimation.

The actual model which resulted from the effort for the
system-wide fixed routes demand estimate is presented on

the following page.



The equation for the system-wide fixed route is as follows (7):

log RTPASS/M

where,

RTPASS

B MILES

FREQ

RESTPOP

COMPBHS

Il

-0.353 + 0.407 log B MILES + 0.533 log FREQ
+ 0.611 log RESTPOP - 0.123 log COMPBMS

the number of round trip passengers per
month for the system;

the total vehicle miles per month for

all vehicles of the system:;

the average monthly round trip frequency
of service along the fixed routes of the
system (found by dividing the total
monthly bus miles by the total round

trip route mileage);

the number of persons living in townships
and boroughs (counties) along the routes
who can use the system; and

the sum of the monthly bus miles of

all other fixed route and demand-responsive
transit systems which were operating in

the service area.
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The equation for the demand-responsive system-wide demand

estimate is as follows (7):

log RTPASS/M

where,

RTPASS /i1

B MILES

RESVT INE

HIPROPOP

-1,879 + 1.099 log B MILES -
0.217 log RESVIIME + 0.194 log HIPROPOF

the number of round trip passengers

per month for the system;

the total vehicle miles per month for
all vehicles of the system;

the average time in days required
between a call for service and the time
a vehicle arrives; and

the number of persons in the county
who are likely to be users of the

system.
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B. The Arkansas Experience

The Arkansas test run of the model took place in Washington
County, Arkansas. In Washington County a demand-respongive
county-wide rural public transportation system utilized the
demand-responsive system-wide portion of the demand estimation

model by Eurkhardt / Lago.
(1) Study Area Description

Washington County is located in the northwestern corner of
Arkansas. Fayetteville is the major center of trade and
personal services in Washington County, and of the entire
northwestern section of the state of Arkansas. In Washington
County there is a rural public transportation system whose
purpose is to serve the needs of those people who are 60
years of age or older in the rural areas of Washington

County. This system is a demand-responsive operation.
(2) Procedures
The procedures utilized in the Arkansas model run were

those of running the Burkhardt / Lago demand-responsive

system-wide model using information on Washington
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County into the model. In Washington County the actual values

of the independent variables used were:

B MILES = 5,030
RESVT INE = .16
HIPROPQP = 125

(3) Results

The result from this run of the model was a RTPASS/M

of 570 persons., For the same period of time the actual
number of round trip passengers per month for the system
was 633 people. This means that the number of passengers
estimated by the model was 10 percent lower than the actual
ridership on the system. The Washington County Planning
Department decided to utilize this model in estimation

of future demand for the system, and in testing the effects

of various possible system improvements or changes (21).
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C. The Kansas Region 6 Experience

The Kansas Region 6 test run took place in the 16
southeastern Kansas counties comprising Region & of the
Secticn 147 Project's Statewide Rurzl Public Transpotation
System. In this area several demand-responsive rural publicr
transportation systems exist. The systems surveyed were ones
which operate United States Department of Transportation
Urban Mass Traansportation Administration vehicles funded
under UNMTA Section 16 (b) (2) program. The demand-responsive
system-wide portion of the demand estimation model by
Burkhardt / Lago was used with existing systems' date

(see Figure III).

(1) Study Area Description

Region 6, located in the southeast portion of Kansas, covers
16 counties, predominantly of a rural nature. These systems
are providing rural public transit services to those who

are 60 years of age and older and those who are handicapped.

The systems are demand-responsive operations.
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(2) Procedures

The procedures in the Kansas Region 6 model run were

those of running the Burkhardt / Lago demand-responsive
system-wide model using information from the files of

the Kansas Department of Transportation Flanning and
Development Department for ihe values of the independent
variables from which to run the model.

Table II shows the number of passcngers, percentage of
handicapped passengers, and nuvmber of miles of service

per month for the UNMTA Section 16 (b) (2) syctems.

Table III1 indicates from the UNTA Section 16 (b) (2) esyssems
data the trip purpose, nunber of trips, and pércentage of
trips.

Table IV shows the result of applying the demand-responsive
system equation portion of the Burkhardt / Lago model with
the data related to the UNTA Section 16 (b) (2) vehicles

for Region 6.
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TABLE II Data Tor Running the Demand-Responsive Portion of
the Burkhardt / Lago Model for Region 6
UKTA Section 16 (b) (2) Funded Vehicle

Dial - Ride Service (11)

# of Pascengers % of NHandicapped Ifiles per Month

Bourbon County

158 3 392
Butler County

822 79 1,650
Cowley Ccunty |

385 1 1,844
Crawford County |

858 8 2,285
Harvey County

228 2 L P27
Labette County

574 ok 925
Montgomery Countyr

244 10 272
Sedgwick County

1,563 L9 6,013

Total

1""832 1‘1'3 151 308



TABLE III UMTA Section 16 (b) (2) Tunded Vehicle
Region 6 Trip Purposes

Purpose

Medical

Employment
Nutrition

Social / Recreation
Education

Shopping / Personal

Other

Total

## of Trips

772
4,077

636
1,920
25053
1,604
1,402

12,464

% of

Trips

33

15
17
13
11

100

ks



TABLE IV

log RTPASS/Ai

log RTPASS/MN
RTPASS A1

Actual Trips
per lMonth on

Systems

* The value of

L6

Resultes of Applying Demand-Responsive
System lMacro Eguation and Related Pata
for UMTA Section 16 (b) (2) Munded

Vehicles in Region 6

= -1.879 + 1.099 log B MILES - 0.217 log RESVTINE
+ 0.194 log HIPRCPOP

= -1.879 + 1.099 log (15,308) - 0.217 log (1)
+ 0.194 log (80,440)

= 3.6719
= 4,701 *

= 4,832

RIPASS/M is 3% different than the actual number

of trips experienced with the federally funded vehicles.
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(3) Results

The result from this run of the model was a RTPASS/M of
4,701, For the same period of time the actual number of
round trip passengers per month was 4,832, This means that
the number of passengers estimated by the model was 2.7

percent lower than the actual ridership on the system.



V. USE OF THE BURKHARDT / LAGO MODEL IN KANSAS

Lg
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A, Study Area Description - Statewide System

The study area encompasses virtually the entire state of
Kansas, excluding only the five counties in the extreme
northeastern corner of the state. These five cqynties are
excluded from this study since they are included in another
system-wide transit study also funded by FHWA Section 147
funds. The study area comprises six regional bus operations

as proposed in the Kansas Statewide Rural Public Transportation
Demonstration Project sponsored by Section 147 of the Federal
Aid to Highway Act of 1973 (25)(see Figure IV). This svetem

is to operate in predominantly rural areas.

Studies by the Kansas Department of Transportation and the
Kansas Department of Social and Rehabilitative Service have
pointed out gaps in the transportation network in Kansas
(25). Most Kansans must depend heavily upon the private
automecbile to provide a mode of transportation to needed
services. The automobile is wonderful for those who are
able to operate them; however, there are elderly and
handicapped individuals in the State of Kansas who are

not functionally able to operate such vehicles. Even in
areas that do provide public transportation, there exists
a need to connect the services offered in the wvarious

communities.
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In many areas in Kansas, systems for rural public transit
exist; however, thesé are often found to leave out certain
portions of the population. The Kansas Department of Trans-
portation (refer to Figure IV "Six Regional Bus Systems in
Kansas" ), 'has attempted to develop regional transit systems
which could serve as links to “service centers", usualiy

the county seat, and existing trancsit systems. In the
proposal the use of six regional bus systems to link the
existing services across county lines and serve as feeder
systems to private carriers was hoped to be an asset in

overcoming the barrier of isolation in the rurzl areas (25).

The network for the Section 147 Project was derived to
connect the service centers of the region in a manner,
which would avail the towns offering the greatest number of
services to the greatest number of elderly and handicapped
population that would be needing those services. The kinds
of ser;ices receiving priority were health services, social
services, shopping and employment., With these priorities

in mind, the towns were connected. The project network,

as shown in Figure IV, stays within the state boundaries.
This is due to the fact that that project is funded for
serbice within the state of Kansas. If at some point in
time the service becomes of a permanent nature it would

be essential for planners to look into possible connection



51

B3Iy Apnis WoIl POPNTOXT SOT3UN0YH mxw .!M

Suaas ._nm b5 ﬁm mrm J0 L Y
H °

e T e M B e e T T T — RS S R i
i i o~ _ S0 de000? ~ | M ety g o LT ol i
o e O | 2 LA, A Ly —
ﬂ oneno 9 en,_oo ‘co aw®og A ! “ od i .m&..co_b T Wity
3 2 ,J._;n..7|.lnv|.....m On.u..;. G €0 an L o€ Pty | 0% o | @y 09 -]
Za B ! OOﬂ-tD — o vy ,COQ«F rloon.)__u (] _, nﬂ'ﬂ _ e NOLn S _ Y
" e o m« — i f.llDlI. [v] b [ m o
@ ¢ o el SR il i ! = o
0 ! O i o . S P i ® ° T R .o
08 I o " o _ oy °o i L T I e oty
. cfiooeoogoadap " 4 A Bl L F
b \ ) € |||0 A . 1L LR s [+] _ (] | m AN NNl
R N o T kil ol ® Lo i { AR
D_ o 0. . : o ._l.ll.]n,.nﬂq.ﬂm_ ) P G,._:....corﬂ, Oﬂq I .loqz.gﬂf.l.l.d«..i ....... ]
o | v d e o g ! O_J ¢ ..v L g O_. -] __ ._ Oy
G ' : ) " 3 —_————— . ) o
st i 200 0 00 e? Ls e g e Q. ; :
' o0 D i e ¢o mO & s Jr. w _l ..... J >F,Q,@uw_9:v.0 ep °
g g | S+ bl :1Lr|_ [ ::DIL -] 0.:.%-«.? L _ i 0
» U.n.u i | M o ™ T _ _.:J_l ; nn.LO o A P a _ -] q ] _ 1532 uas
3 NEMY t il wll..l. 1 © i c
o PPosgdoseennléecidggopsiieah AU @ R AL il L o
: ...!_ s RS P9 Tt e 2 e P o 5 ! TR T AR Y T
- 5 oY, "r.)p .,.zcta..-re J HIVOR AP o 1 ° : o . i o i
i ~ : ;
S T o | -300uob;}meoeaku_ _ ]
Y 388 v Qoo -
e | 9,0 b=y ° wolwia | 22290000 )
=] HE T R TN E I | [} _ F o 1Y
i L _ i ¢ B e ! ‘ |
[+] Tt is } | 00 Qe o H | A :
o L - _V o 5 0 ° ﬂ 1 gy AT o _ (=] :_ Lo (e by - |
o TR g s Rl ey ™ . _ . T SE
m i __OQOD_ L v o e r Or a3 .:hu.::o_o. san® o : H
R 0urn 0P ey TITI 8 % dg . | Lo,
: — : ; 52 ~
‘g ;J.n. i f.lOl _ e on® < ezﬁn..u:,J ° _ _ .pa....n,uiﬁ o_ % e _ o ® . _ gt oS
A O. e ﬁl* o .Lm.w n::,.p(.:s._ -:.l....O._.lc....mu_i ..... - .F.I T [4) -] o, a0 i ] o
Fr T QO s MR, o T e T O e Q:tia 1
o .// 2 ° M R F e % | | " .u_ 0..q.._...ﬂ|60 !....a_._l_.l..wl.‘.i"_.‘.q
i 3 0no1d . ' H i
@ \ o : 3 ° ~ Y PR [ _ © o
F—— Y QYT 157 | e® & Q0o q o _
7 2 ) 5 | e | wpe®s toTI0MRR0meqn, | ot
, VA by =2 i i’ e | Wl & | ¢ I
ey 0 i R se e T T g T e D S e i . . °
CE B e H W i o S .mﬂ.u.?...ll..la[_.“ﬂ.rl.ll. .
f o | e | o o ° b oa | o i _ P M
! 2 ' ! o coer: d : H
der ke _ B u‘.:,fo..w".ﬂzm.cz_x:k | .._...,.»N,.meo 2 .8 HIART DA | Ou NG 1T > — { i o ._ ©
’ ! : | _ _ebbﬁnoe??%acmﬁheﬁeoﬂﬁi.
- _ : ; . * | m
‘ | i i ;
1

(S2) SVYSNVM NI SWAISXS SN TYNOIDIY XIS Al dHNOIdL



52

of the Kansas network with transit operations in neighboring
states. At such time the Burkhardt / Lago model can again be
used, changing the values for the independent variables

B MILES, RESTPOP, FREQ, and COMPBNS to accomodate the
suggested change in the network. Thus, the network and the
model can be adapted to a changing system, or to:rmerely the
addition or subtraction of a single link adding or deleting

another town to, or frecm, the network.

The network for the Statewide Section 147 Project fits into
the overall Kansas Transportation System primarily in one
way. It is to be used to implement the goal of providing
sccial services for those who are most likely not to have
any means of transportation (those 60 years of age or older
and the handicapped) with transportation to essential

activities.

With the national concern for the conservation and the
threat of an energy shortage, such a public transit network
could be transformed into one for use by any member of the
regions' population, if necessa:y. Therefore, as a portion
of the Section 147 project the network is meant to play

a general social welfare role. If public transportation

for the general populace became desirable, the Section 147
project network would take on a role as a major transit

service operator.
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B. Procedures

The procedures utilized in the Kansas model run were those
of running the Burkhardt / Lago fixed-route system-wide model
with library information received through the U.,S. Bureau

of ihe Census, the Kansas Department of Transportation, and
the Kansato Department of Socizl and Rehzbilitative Services
to apprly the model to the six proposed regional bus systems
in Kansus {25). The values for the variables and results of
the equations run for the State are contained in the followirg

tables,

The independent variables for the Kansas systems were defined
as follows ( the values for the independent varizhles of each

region are shown in Table VI ) :

BRYLES = the total number of miles on the regional
bus route for the particular region, as
shown in the Section 147 Proposal;

FREQ = as per the Section 147 Proposal guidelines
it was determined that each regional route
would be serviced once a week, or four

times each month;



RESTPOP = as per the objectives of the Section 147
demonstration project the target population
groups as potential riders were the elderly,
60 years of age or older, and those who were
physically or mentally handicapped in each
particular region (handicapped as determined
by the Kansas Department of Social and
Rehagbilitative Services definition); and

COMPEMS = there are no competing nublic transportation
services on these fixed routes, for these
routes were devised to link areas wherein

there was no existing service in 1976.

Taxi cab service, dial - a - ride type systems, public
carriers, and other public transit systems do occur on
varying scales throughout the state of Kansas. However,
none of these systems offer the kind of service proposed

in the Statewide Section 147 project, due to the nature of
the system network. The value for COIMPBMS in Kansas for the

Statewide Section 147 Project test in 1976 was therefore
n O"‘ .
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C. Results

The results of running the Burkhardt / Lago Model for
estimating the demand of the system - wide fixed route
transit operation in each of the six Statewide Section 147
project regions are shown in Table VI. The value of RTPASS/M
for Region 1 is 14,000; the value of RTPASS/M for Region 2
is 21,208; the value of RTPASS/M for Region 3 is 15,845;
the value of RTPASS/M for Region 4 is 10,515; the value

of RTPASS/M for Region 5 is 21,772; and the value of
RTPASS/M for Region 6 is 27,485 (see Figure V). Region 6
having the largest population and the greatest number of
route miles also has the greatest number of round - trip
passengers per month. Region 4, having the smallest
population and the second least number of miles of route,

has the smallest number of round trip passengers per month.
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TABLE V Values for Independent Model Variables by Region

REGION BMILES FREQ RESTPOP COMPBLS
1 3,704 4 28,878 0
2 2,828 b 68, 300 0
3 2,940 L L1, 311 0
4 2,872 n 21,439 0
5 L, 72 i 52, 5Ll 0

6 I,184 b 80,440 0
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TABLE VI  Macro Fixed Routes Equation and Related Data

by Region

log RTPASS/M = - 0.353 + 0.407 log B MILES + 0.533 log FREQ

+ 0.611 log RESTPCF - 0.123 log CCIiPRLS

REGION B MILES FREQ RESTPCP COMPBMS RTPASS/II
1 3,744 Iy 28,878 0 b, 0b7
2 2,828 D 68, 300 0 21,208
3 2,940 L Li, 311 0 15, &bks
b 2,872 b 21,439 0 10,515
5 b, 472 L 52, 544 0 21,772
6 h,184 L 80,440 0 27, L6¢



58

W / SSYdrLy

00052 000°'02 000°GT 000°0T 000'S

W / SSVdi™
*SA SITIN 4

SNOIDIY SVSNVY XIS JHI WO¥Yd VIVA DNISA
W / SSVdI¥ °SA ‘dOdISTY ‘STTIN 4 J0 HAVHD

000°T

000°2

000°‘€

0004

000°¢

SETIN d

A TANDIA

000°‘02

000°‘0%

000°09

000°08 -

000°00T
d0dLSdY



VI.

CONCLUSION

OF THE

IN - DEPTH STUDY

59



60

A. Summary

The literature was searched and four models were selected

as possible candidates for a Kansas model. A set of criteria
and an evaluation process were selected for a comparative
analysis of these four models for estimation of rural public
transportation demand. From that process, the Burkhardt /
Lago Model for Predicting Rural Public Transportation Demand
was determined to be the best model currently available for

use on the Kansas system.

The Burkhardt / Lago Model had been developed in Pennsylvania
as a planning tool so that one could experiment with
different levels of service to evaluate alternative system
configurations and service levels for a particular area.
During the development process, data from 29 rural public
transit systems in Pemnsylvania plus data from other systems
scattered throughout the United States had been used to

shape the model parameters.

In this study, the demand - responsive portion of the model
was tested in both Arkansas and Region 6 of Kansas. The
results of the tests were both within 10 percent of the
actual values of RTPASS/M, which is also well within
generally acceptiable guidelines. The fixed route portion
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of the Burkhardt / Lago Model was applied to the statewide

Section 147 program network.

Sensitivity analyses were run on all of the model parameters,
and their results were analysed in relationship to their
applicability for use throughout Kansas. The results of

this application are shown in Table VI.
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B. Conclusions

The overriding conclusion of this in - depth study of the
Burkhardt / Lago Model fof Prediction of Rural Public Transit
Demand is that it is the best model available for use with
the statewide Section 147 program network and available

data. Also, the model is adaptable and can be used in instances
where either the system network changes or the purpose of

the service changes. Some examples of this use would be 1

the possible re - evaluation of the statewide network from
that of fulfilling social service obligations to that of
providing general transit service in which case the values

of the variables, particularly the RESTPOP would need to

be changed: this model could be used in an instance where

one of the regions would decide that it wanted to provide

a more localized service, in which case it would be necessary
to expand the network and possibly also increase the number

of times a week that the service is available.

The following conclusions were made about the model itself:

1. Values for the independent variables, B MILES, FREQ,
RESTPOP, and COMPBMS, can be found in the State of
Kansas library and file system; therefore are readily
available for the user of the model.

2. The model is applicable for sketch planning since data
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for the variables can be retrieved as records from
available files, maps, etc. and does not require
extensive surveying or computer operations.

Since the model was tested with present data in Arkansas
and in Region 6 of Kansas and the results both times

were within 10% of the actual present ridership, the
model was considered to be a worthwhile planning

tool,

The sensitivity analysis pcrformed on the model variables
signified that all three independent variables used in
the model had a similar, reasonable effect upon the

out - put of the model. Therefore, the parameters are
stable over the range of conditions encountered throughout
Kansas, and correspondingly easily projected in order

to meet future conditions.

The equation is easily used since the technical skill
required to run the model is no greater than that gained
through a high school Algebra II course, and results can

be obtained with manual calculations.
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TABLE VII continued

Location 1

Region :

Tribune
Leoti
Scott City
Dighton
Garden City
Lakin
Syracuse
Johnson
Elkhart
Hugoton
Liberal
Sublette
Ulysses
Liberal
Meade
Cimarron
Garden City
Dodge City
Ashland
Dodge City
Jdetmore
Ness City
Jetmore

Total Region 4 Route Miles

Freq.

B Miles

Location 2

Leoti
Scott City
Dighton
Garden City
Lakin
Syracuse
Tribune
Elkhart
Hugoton
Liberal
Sublette
Ulysses
Johnson
Meade
Cimarron
Garden City
Sublette
Ashland
Coldwater
Kinsley
Ness City
La Crosse
Larned

75

Bus Route Miles

22
24
24
54
25
28
34
W7
34
33
34
36
23
Lo
36
34
37
51
15
19
26
19
23

718
L
2,872



TABLE VII continued

Location 1

Region 91

La Crosse
Great Bend
La Crosse
Larned
Larned
Larned
Great Bend
Great Bend
St. John
Lyons
Lyons
McPherson
Hutchinson
Hutchinson
Kingman
Wellington
Wellington
Anthony
Kingman
Pratt
Medicine Lodge
Medicine Lodge
Coldwater
Greensburg
Greensburg
Newton
Wichita
Newton

Location 2

Great Bend
Russell
Larned
Great Bend
Jetmore
St. John
St. John
Lyons
Hutchinson
Hutchinson
McPherson
Newton
Newton
Kingman
Wichita
Wichita
Anthony
Kingman
Pratt
Medicine Lodge
Anthony
Coldwater
Greensburg

“Pratt

Kinsley
Wichita
E1l Dorado
El Dorado

76

Bus Route Miles

36
Lo
36
2L
L7
32
52
31
53
62
30
31
36
38
Ll
32
43
70
35
60
38
L2
L8
31
27
27
3L
39

Total Region 5 Route Miles 1,118

Freq.
B Miles

M
I 472



TABLE VII

Location 1

By Region *

Location 2

Bus Route Miles Between Key Locations (23)

Bus Route Miles

Region 1:

St. PFrancis Atwood L2
St. Francis Goodland 36
Goodland Sharon Springs 33
Sharon Springs Colby 63
Hoxie Colby 66
Colby Oakley 24
Colby Atwood 58
Colby Hill City 130
Oakley Gove 32
Gove Wakeeney Ll
Wakeency Hays 35
Hays Russell 30
Hays La Crosse 34
Russell Great Bend 40
Stockton Hays 80
Russell Osborne L7
Atwood Oberlin 29
Oberlin Norton 35
Stockton Phillipsburg 23
Phillipsburg Smith Center 29
Smith Center Osborne 26

77

Total Region 1 Route Miles 936
Freq. L
B Miles 3,744

¥ These figures indicate number of route miles between
various points on the network as per the FHWA Section
147 Project.



TABLE VII continued

Location 1

Region 2:

Mankato
Mankato
Belleville
Beloit
Washington
Washington
Clay Center
Clay Center
Minneapolis
Minneapolis
Lincoln
Ellsworth
Salina
Abilene
Junction City
Junction City
Alma
Westmoreland
Westmoreland

Location 2

Beloit
Belleville
Concordia
Concordia
Marysville

Clay Center

Manhattan
Abilene
Abilenc
Lincoln
Ellsworth
Salina
Abilene
Manhattan
Manhattan
Alma

Westmoreland

Marysville
Manhattan

78

Bus Route Miles

28
32
18
33
22

33
82
36
Ll
31
57
36
27
Ll
A5
34
29
Ly
58

,Total Region 2 Route Miles 707

Freq.
B Miles

L
2,828



TABLE VII continued

Location 1

Region 3:

Kansas City
Lawrence
Oskaloosa
Topeka
Topeka
Lyndon
Ottowa
Ottowa
Paola
Lyndon
Burlington
Garnett
Garnett
Yates Center
Mound City
Topeka
Oskaloosa
Emporia

Total Region 3 Route Miles

Freq.

B Miles

Location 2

Lawrence
Oskaloosa
Topeka
Lawrence
Lyndon
Ottowa
Lawrence
Paola
Kansas City
Burlington
Garnett
Mound City
Jola
Garnett
Fort Scott
Holton
Atchison
Lyndon

79

Bus Route Miles

Lo
23
31
30
31
72
50
98
b5
60
L6
Lo
30
24
14
33
30
38

735
L

2,940



TABLE VII continuecd

Location 1

Region 6:

Eureka
Eureka
Howard
Eureka
Winfield
Arkansas City
Winfield
Eureka
Ferdonia
Ferdonia
Independence
Independence
Independence
Coffeyville
Parsons
Oswego
Columbus
Pittsburg
Girard
Chanute
Chanute
Chanute

Iola

Jola

Total Region 6 Route Miles

Freq.
B Miles

Location 2

El Dorado
Howard
Sedan
Winfield
Arkansas City
Sedan

El Dorado
Ferdonia
Howard
Independence
Sedan
Coffeyville
Parsons
Parsones
Oswego
Columbus
Pittsburg
Girard
Chanute
Parsons
Ferdonia
Iola

Fort Scott
Garnett

8o

Bus Route Miles

16
58
28
80
14
51
49
45
82
56
37
55
60
39
20
15
2
30
90
70
30
18
82

30

1,046
L
L,184



TABLE VIII

County
Region 1:

Cheyenne
Decatur
Ellis
Gove
Graham
Logan
Norton
Osborne
Phillips
Rawlins
Rooks
Russell
Sheridan
Sherman
Smith
Thomas
Trego
Wallace

Total

Population Data by Region and County

60 Years + Handicapped RESTPOP Total
981 157 1,138 4,256
1,313 197 1,510 4,988
2,813 937 3,750 24,730
716 157 873 3,940
867 184 1,051 4,751
703 14k 847 3,814
1,775 288 2,063 7,279
1917 247 2,164 6,116
1,875 318 2,193 7,888
9Ls 170 1,115 4,393
1,687 289 1,976 7,628
2,009 382 2,381 9,h428
700 154 g5 3,859
1,200 309 1,509 7,792
1,972 265 2,237 6,757
1,365 265 1,630 7,501
ok 177 1,121 4,43
368 88 b6 2,215

Total Handicapped
Total RESTPOP
Total Population

Region 1 60 Years + 24,150

L,728

28,878
122,071

81



TABLE VIII

continued

60 Years + Handicapped RESTPOP Total

County
Region 2:
Chasé 918
Clay 2,598
Cloud 3,423
Dickinson 4,642
Ellsworth 1,620
Geary 2,522
Jewell 1,692
Lincoln 1,353
Lyon 5: 328
Marion 3,481
Marshall 3,613
Mitchell 2,006
Morris 1,762
Ottowa 1,657
Pottawatomie '
2,632
Republic 2,429
Riley L,201
Saline 6,728
Wabaunsee 1,630

Washington 2,492

Total Region 2 60 Years +
Total Handicapped

Total RESTPOP

Total Population

-

139
391
537
920
277
948
2l
186
1,189
596
541
316
261
2447

498
325
1,546
1,789
262
361

1057
2,989
3,960
5,562
1,897
3,470
1,933
1,529
6,517
4,077
i, 15k
2,322
2,026
1,904

3,130
2,754
5,747
8,517
1,892
2,853

56,727
11:572
68, 300
310,744

3,408
9,890
13,466
19,993
6,146
28,111
6,099
4,582
32,071
13,935
13,139
8,010
6,032
6,183

11,755
8,498
56,788

LE, 592
6,397
9,249
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TABLE VIII continued

County 60 Years + Handicapped RESTPOP Total
Region 3:

Anderson 2,147 327 2,474 8,501
Coffey 2,206 333 2,539 71397
Douglas 6,065 2,286 8,351 57,932
Franklin 4,333 796 5,129 20,007
Jefferson 2,369 486 2,855 11,945
Johnson urban population data not applicable to rural model
Leavenworth 6,996 1,883 8,879 53,346
Linn 2,212 318 2,530 2,770
Miami 4,128 799 L,927 19,254
Osage 3,096 531 3,627 15,960

Shawnee urban population data not applicable to rural model
Wyandotte wurban populaticn data not applicable to rural model

Total Region 3 60 Years + 33,552
Total Handicapped 7:759
Total RESTPOP 1,311
Total Population 199, 504



TABLE VIII continued

County 60 Years + Handicapped RESTPOP Total
Region 4:

Clark 725 110 835 2,896
Finney 2,141 868 2,999 18,947
Forad 3,596 93hL 4,530 22887
Grant 548 261 809 5,961
Gray 820 184 1,004 L,516
Greeley 275 82 357 1,819
Hamilton 500 120 620 2,747
Haskell 411 154 565 3,672
Hodgeman Lol 107 598 2,662
Kearny 433 124 557 3,047
Lane 516 114 630 2,707
Meade 9613 197 1,160 4,912
Morton L13 139 552 3,576
Ness 1:127 185 1,312 L, 791
Scott 782 238 1,020 £,606
Seward 1,657 623 2,280 15,744
Stanton 265 ol 359 2,287
Stevens 566 175 741 4,198
Wichita Lol 110 511 3,274

Total Region 4 60 Years + 16,630
Total Handicapped L,809
Total RESTPOP 21,439
Total Population 115,949



TABLE VIII continued

County
Region 5:

Barber
Barton
Commanche
Edwards
Harper
Kingman
Kiowa

Mc Phercson
Pavwnee
Pratt
Reno

Rice

Rush
Stafford
Sumner

60 Years + Handicapped RESTPOP Total
1,640 272 1,912 7,016
L,862 1,316 6,178 30,663

687 110 797 2,702
1,100 172 1,272 L, 581
2,130 320 2,450 7,871
1,894 392 2,286 8,886
1,086 158 1,244 L, 088
4,963 952 5,915 2L,778
1,895 319 2244 8,Len
2,249 377 2,626 10,056

10,573 2,621 13,694 60,765
2,809 Lés 3,272 12,320
1,249 204 1,453 Ll 17
1,585 240 1;825 5,943
5,039 927 5,966 23,553

Total Region 5 60 Years + 43,701
Total Handicapped 8,843
Total RESTPOP 52, 544
Total Population 216,823
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TABLE VIII continued

County 60 Years + Handicapped RESTPOP Total
Region 6:

Allen 3,757 582 L, 339 15,043
Bourbon 3,977 597 L, 56N 155215
Butler 6,274 1,457 7.731 38,659
Chautauqua 1,451 202 1,653 L, 642
Cherokee L,720 850 5y H70 21, 549
Cowley 7,388 1,330 8,718 35,012
Crawford 8,696 1,492 10,188 37,850
Elk 1,307 163 1,470 3,858
Greenwood 2,613 356 2,969 9,141
Harvey 5,034 1,064 6,098 27,226
Labette L,635 971 5,606 254795
Montgomery 9,563 1,767 11,330 39,949
Neosho L, 336 708 5,0} 18,812
Sedgwick wurban population data not zpplicable to rural modcl
Wilson 3,033 513 3, 546 11,317
Woodson 1,421 193 1,61L L,789

Total Region 6 60 Years + 68,205
Total Handicapped 12,235
Total RESTPOP 80,440
Total Population 308, 847
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The lack of adequate, effective transportation services

is now recognized by numerous Federal and State agencies

as one of the major problems facing the elderly, handicapped,
and other transportation disadvantaged persons in rural areas.
Although maﬁy rural counties now have adequate all-weather
road systems, some persons and communities still remain
isolated from the mainstream of American society because

of their inability to travel. Often, this immobility is

due to the inability to pay the price for existing trans-
portation services; other times, however, transportation

) se;vices-are non-existent for psrsons not owning auto-
mobiles.-

TheIKansas Department of Transpo:rtation Planning and Devel-
opment Department has become involved with preliminary
implementation stages of a project wherein a statewide

rural public transportation system is to be initiated as

a two year demonstration project. The project is funded

with $500,000 from the United States Department of Trans-
portation Federal Highway Administration, specifically

from Section 147 of the Federal - Aid Highways Act of

1973. The project, Statewide Rural Public Transportation

for the State of Kansas, was submitted as a joint proposal

by the Kansas Department of Transportation Planning and
Development Department and the Kansas Social and Rehabili-

tation Services Department.



As an aid to the Section 147 Project implementation process,
an estimate of demand for each of the six proposed regional
bus ayatems is a useful tool. Mr. Jon E. Burkhardt and Mr.
Armando M. Lago of Ecosometrics, Inc. of Washington, D.C.
developed a handbook for the prediction of rural public
transportation demand for the state of Permsylvania. The

| purpose of this handbook is utilization by local planners
to estimate the demand for public transportation systems

in rural, or predominantly rural areas. This model appears
. to utilize characteristics for prediction or estimation

of demand that are most highly agaptable to those of the
six proposed rural public transportation systems in Kansas.
This thesis is an in depth study of the Burkhardt / Lago
model. The model is discussed with respect to its devel-
opment, application in Pemnsylvania, application in
Arkansas, and use in estimation of demand for the six pro-
posed rural public transportation systems in Kansas. In
conclusion, the results of the model are analized in an
effort to refine the scope of the applicability.of the

model, as a planning tool.



