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A MODAL SPLIT MODEL FOR SOUTHEASTERN WISCONSIN

by Edward Weiner, Highway Engineer'

INTRODUCTION

One of the primary outputs of the Southeastern Wisconsin Regional Land Use-Trans-
portation Study is a set of alternative transportation system plans for a corresponding
set of alternative land use plan proposals. Three alternative land use proposals are
being prepared. The first represents a controlled existing trend concept wherein the
recent trend of low-density residential development within the Region is assumed to
continue but under the imposition of land use controls established in the public interest
to minimize leapfrog development, encroachment upon environmental or natural re-
source conservation corridors, encroachment development for urban use of areas
covered by soils unsuited for such use, and other detrimental effects of unplanned
development and to maximize utilization of existing utility facilities. The second rep-
resents a corridor concept in which the residential development is concentrated at
medium and high densities along major transportation routes, highway or transit,
forming development corridors which interlock with recreational and agricultural
wedges. The third represents a satellite city concept, the major portion of new resi-
dential development within the Region being absorbed in greatly increased develop-
ment of existing outlying communities of the Region.

The travel demand generated by each alternative land use plan must be estimated to
provide the basic data necessary to develop, test, and evaluate the appropriate trans-
portation systems required to serve and support the land use patterns. The traffic
load generated by the three plans will probably be different in quantity, spatial dis-
tribution, and relative utilization of highway and transit facilities. In the plan design
stage, the traffic load generated by the proposed land use patterns is allocated to the
appropriate portion of the supporting transportation systems; and new or improved
transportation facilities are provided in the plans, consistent with the forecast traffic
demand. The estimation of the relative utilization of the two major travel modes,
consequently, constitutes a necessary prerequisite to the design and evaluation of the
alternative transportation systems. This paper describes the method developed by the
SEWRPC for such estimation of the 'modal split" and the application of this method
in plan preparation. The method described herein was developed specifically for re-
gional planning purposes and, as such, has its greatest applicability as a broad, area-
wide transportation planning tool.

Mathematical Models

A model is a representation of some part of the real world. Physical models of ships,
buildings, bridges, dams, canals, highways, and other structures, for example, have
always been used by engineers to depict real objects and thereby to better under-

]On assignment to SEWRPC from U.S. Department of Commerce, Bureau of Public Roads.



stand their appearance and operation hefore construction. Some small-scale physical
models, such as models of airframes and building frames, are actually tested under
various conditions and loadings to determine how well their full-scale counterpart will
function under similar situations when built.

Mathematical models are also representations of some part of the real world. These
models use symbols, rather than physical matter, to represent reality, Mathematical
models are not new. Newton's equation describing the gravitational force between
two objects is a mathematical model of a physical reality. Any equation which simi-
larly describes the interaction or movement of physical bodies may be thought of as
a mathematical model.

In recent years the field of application of mathematical models has been broadened to
include some aspects of human behavior., Specifically, in the field of transportation
planning, mathematical models are in use which simulate the quantity and distribution
of personal travel, as well as its mode (highway versus transit). Because human be-
havior is exceedingly complex, a model representing some aspect of this behavior
cannot possibly incorporate all of the many variables that may actually affect the
behavior. It remains for the model builder to identify the pertinent, essential vari-
ables and their relationship to the specific behavior pattern and thereby simplify the
real world situation sufficiently to permit its simulation. As a result, some error
must always be tolerated. But if the model has been based on the critical relationships
involved, it should reproduce the behavior with a degree of accuracy acceptable for
system design purposes.

Modal Split Models

Modal split may be defined as the division of total person trips generated by the land
use activities in a planning area between transportation by public mass transit and by
private automobile. Modal split models relate this division to correlatable factors in
a mathematical form, either as an equation, curve, or surface, The empirical data
necessary to develop these models are collected in comprehensive inventories of the
travel patterns existing within a planning area. These travel pattern inventories, or
origin and destination studies, are not, therefore, attitudinal surveys, but studies of
the actual, observed characteristics of travel within the planning area.

In applying these models to estimate the design year modal split, there is an implicit
assumption that the variables which presently influence the level of transit utilization
will do so in much the same manner in the future. Thus, given a set of values for the
independent variables involved, the models will estimate the same modal split irre-
spective of the point in time being considered. The model should, therefore, treat all
of the basic variables affecting the modal split in a manner which willassure that their
relationship on the modal split does, in fact, remain unchanged over time,

Evolution of Modal Split Techniques

The several modal split techniques that have been developed in previous transporta-
tion studies can be classified according tothe mechanics of the computation or accord-
ing to the position of the computation in the entire forecasting process. Considering
the mechanics involved, the models developed to date utilize one of three approaches.




The split is applied to: 1) the trip ends at the zone of origin, 2) the trip interchange
between zones of origin and destination, or 3) a combination of both. Thus, the modal
split has been applied at either of two stages in the travel forecasting process, before
or after trip distribution. Where the split has been made at the trip origin or com-
bined at trip origin and in route, it has been applied before trip distribution. When
the split has been made in route, it has been applied after the trips were distributed.

Once the mechanics of the model and its position in the travel forecasting process are
determined, the models can further be grouped by whether or not transit and auto
trips are distributed on separate networks and by the independent variables that are
incorporated in the model.

In Route Approach: The earliest modal split technique utilized diversion curves ap-
plied after trip distribution. Total trips were distributed on the basis of door-to-door
travel times obtained from the highway network, and then trip interchanges were split
using the ratioof travel time on the transit network divided by travel time on the high-
way network as the sole independent variable. This procedure is similar to the use of
freeway diversion curves designed to determine the percent of traffic which would be
diverted from an existing highway to a proposed paralleling freeway. Generally, only
one transit diversion curve was developed for each urban area. Even though such
diversion curves could measure the effect of changes in the transportation system
under existing travel and land use patterns, there was no provision for changing the
curve for future conditions to reflect the influence of such factors as increased auto-
mobile availability and income or the changing density of development within the urban
area. In some instances, the curves were assumed to hold over time. In others, an
attempt was made to intuitively modify a curve to reflect these changes; but no uni-
form explicit procedure was developed for such modification.

This technique has been further developed in several recent transportation studies so
that it now can incorporate additional independent variables which measure the influ-
ence of socio-economic changes on transit utilization, such as income, as well as the
effects of walk, wait, and transfer times and relative travel cost on the two transpor-
tation modes. The influence of trip purpose has been incorporated, too. The newer
models of this type, however, all utilize the same basic diversion curve technique.

The most recent model to use this approach splits trip interchanges using a set of
regression equations instead of diversion curves. It incorporates the effects of income,
residential density, employment density, and parking cost,

A limitation of this approach is the implicit assumption that the transit network has
no effect on the distribution of transit travel, in that all trips are distributed based
solely on the influence of the highway network. Transit travel does have a distinctive
distributional pattern which this approach ignores. The influence of changes in the
transit network on transit distribution cannot, therefore, be determined; and its effect
on transit utilization cannot be measured using this approach.

One End Approach: A second approach splits trip ends before trip distribution and
then distributes transit and highway travel on the basis of the influence of the respec-
tive networks, These models determine the modal split primarily on the basis of
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socio-economic variables, such as automobile availability and residential density.
This approach recognizes the different distributional patterns of transit and highway
travel. It does not, however, incorporate variables describing the transportation
system in estimating the modal split. This approach is limited to the extent that it
cannot evaluate the effect of changes in the transportation system on transit usage.

Combined Approach: A combined approach has been developed which overcomes the
limitations of the first two approaches described. Total trips are split either before
or after trip distribution, and separate networks for highway and transit are used to
distribute the trips. Thus, the combined approach considers the effect of the config-
uration of the highway and transit networks on the modal split, as well as the effects
of socio-economic variables. This approach has been used within both the gravity and
intervening opportunity distribution model frameworks. The two mathematical tech-
niques for these modal split models are basically different, although they accomplish
the same purpose of measuring the effect of the transportation system, socio-economic
variables, and trip characteristics on the modal split, while recognizing the separate
distributional pattern of transit and highway travel.

MODEL DESIGN

Model Approach2

The combined approach, defined in the previous section, provides the most compre-
hensive approachpresently available for describing transit utilization within a planning
area. Figure 1 illustrates the position of this modal split model in the overall travel
forecasting process. Total trip productions andattractions in each zone are estimated
from land use and population characteristics. The modal split model is applied to
estimate transit trip productions. The model estimates the proportion of total person
trip productions using transit. In this manner the total amount of future travel demand
is derived from land use through the application of the trip generation relationships
and the demand for transit determined as a proportion of the total demand. Subtracting
these trips from total person trip productions yields automobile person trip produc-
tions to which average automobile occupancy factors are applied to convert to auto-
mobile driver trip productions. The automobile and transit trip ends are balanced
separately, distributed by separate gravity models, and assigned to the transit and
highway networks, respectively.

Trip Distribution Pattern

The distributional pattern of transit trips is distinctive from highway trips in both
space and time. Transit trips are concentrated in the most intensely urbanized areas
of the Region, whereas highway trips are more widely dispersed throughout the Re-
gion. Furthermore, transit trips are more highly oriented to the central business dis-
tricts (CBD's) of the three urbanized areas within the Region (Milwaukee, Racine, and
Kenosha). CBD oriented transit person trips constitute 33.8 percent of all transit per-
son trips inthe Milwaukee urbanized area, 38.7 percent inthe Racine area, 49.3 percent
in the Kenosha area, and 34.3 percent for the three areas combined. For automobile

2This modal split model approach using the gravity model framework was first described
in a paper entitled: “Modal Split Model,” presented at the O & D committee meeting, Highway
Research Board, January 1964, by Joseph L. Schoefer and Alan M. Voorhees.
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person trips, the percentages are considerably lower: 6.8 percent for the Milwaukee
area, 15.3 percent for the Racine area, 22.9 percent for the Kenosha area, and 8.5 per-
cent for the three areas combined.

Figure 2
TRIP LENGTH FREQUENCY DISTRIBUTIONS
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The difference in trip lengths measured in minutes between the two types of trips also
indicated distinctly different trip universes. Figure 2 compares the trip length fre-
quencies of automobile and transit trips for home-based® and other* purposes.

Furthermore, the average trip length measured in travel time is considerably longer
for transit thanfor automobile driver trips made for the same purposes, Table 1 shows
that for three trip purposes the average transit trip length is more than twice that for

31n the gravity model theory, all trips have two ends; a “production” end and an *“attrac-
tion” end. For trips beginning or ending at the home (home-based trips), the “production’ end
is defined as the home end, while the “attraction’” end is defined as the non-home end. For
trips having neither end at the home (non-home-based trips), the origin is defined as the
“production’ end and the destination as the “attraction’ end.

4Home-based other trips include: home-based personal business, home-based medical-dental,
home-based social-eat meal, home-based serve passenger, and home-based recreation trips.
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automobile driver trips; and forthe fourth purpose, home-based shop, it is three times
as long. Since these two modes do constitute separate and distinct trip universes,
separate gravity models were used to distribute them; and it was, therefore, neces-
sary for the modal split model to divide trip ends preceding the distribution phase of
the travel forecasting process.

Table |

AVERAGE TRIP LENGTHS BY MODE AND PURPOSE
WITHIN THE REGION - 1963

] Average Trip Lengths (minutes)?
Trip Purpose - -
Auto Driver Trips Transit Trips
Home-Based Work « « + « « &« « + & 17.87 35.90
Home-Based Shop « « + « + & « & & 9.20 28.50
Home-Based Other. « +« + « « « + 12.38 32.51
Non-Home-Basede + « & « « & o & 12.556 28.37

4 From Origin and Destination Survey.

Source: SEWRPC.

Variables Affecting Modal Split
The independent variables which affect the choice of travel mode can be grouped in
three categories:

1. Characteristics of the tripmaker,
2. Characteristics of the transportation system.
3. Characteristics of the trip.

Each of these has an important bearing on the use of transit in an urban area and were,
consequently, incorporated into the modal split model.

Tripmaker Characteristics

There are several variables which can be used to measure tripmaker characteristics:
structure type, income, automobile availability, and net residential density. Structure
type indicates (Table 2) the increased use of transit by persons residing in multi-
family structures., This relationship, however, is probably a second order effect, and
the variation in automobile availability with structure type is probably the real cause
of the variation in transit utilization. Moreover, the difficulty of predicting the future
pattern of structures at the zonal level outweighs the usefulness of this variable.

Income has been used in previous modal split models because of its conditioning effect
on the other tripmaker characteristics of automobile availability and net residential
density. Table 3 indicates a strong relationship between household income and transit
usage. Two problems present themselves with utilization of this variable. First,
income is probably the least reliable piece of data collected by the home interview
survey. In many zones the survey data was found to be statistically unstable, and the
medianincome could not be determined. Secondly, reliable estimates of future income
at the zonal level are difficult to make. .This variable is, furthermore, relatively



insensitive to changes in the future distributional pattern of population and, therefore,
of little value in measuring the effect of alternative land use plans.

Automobile availability5 shows the strongest effect on transit utilization (Table 4).
Transit utilization drops sharply from zero- to one-automobile households. This
effect is due to the high use of transit by families having no other available mode
of travel.

Table 2

STRUCTURE TYPE RELATED TO TOTAL PERSON AND TRANSIT TRIPS AND
PERCENT BY TRANSIT FOR MILWAUKEE AND KENOSHA - 1963

Milwaukee Home Interview Area Kenosha Home Interview Area
Structure Average Number of Trips Percent Average Number of Trips Percent
Per Household b Per Household b
y y
Type Total Total
Person Trips | Transit Trips | Transit | Person Trips | Transit Trips | Transit
| family 8.68 0.61 7.0 8.82 0.29 3.3
2 family 5.77 0.88 15.3 5.59 0.21 3.5
3- 4 family 5.25 0.78 4.9 5.76 0.27 4.7
5-19 family 4.47 0.84 18.8 5.33 0.30 5.6
20 or
more family 3.00 1.00 353.3 2. 11 0.20 10.5
Trailer 5.13 0.13 2.5 5.64 0.05 0.9
Area Totals 7.05 0.72 10.2 7.72 0.27
Source: SEWRPC.
Table 3
HOUSEHOLD INCOME RELATED TO TOTAL PERSON AND TRANSIT TRIPS
AND PERCENT BY TRANSIT FOR MILWAUKEE AND KENOSHA - 1963
. Mi lwaukee Home Interview Area Kenosha Home Interview Area
Medi an
Household Average Number of Trips Percent Average Number of Trips Percent
Per Household Per Household
Income by by
Total Total
($1,000) Person Trips | Transit Trips| Transit | Person Trips | Transit Trips | Transit
0- 2. 1.77 0.60 33.9 2.49 0.14 5.6
2 - 4. 3.74 0.90 24. | 4. 34 0.25 5.8
4L - 6. .. 6.41 0.76 11.9 6.82 0.27 4.0
6 - 8... 8.34 0.70 8.4 9.46 0.28 3.0
8 -10. .. 10.02 0.70 7.0 10.51 0.37 3.5
10 -12. .. 11.02 0.66 6.0 12.00 0.33 2.8
12 - 14 ... 11.20 0.59 5.3 13.08 0.50 3.6
4 - 16 . .. 11.79 0.45 3.8 13.56 0.15 1.1
over |6 . . . 12.29 0.42 3.4 13.64 0.23 1.7
Area Totals 7.05 0.72 10.2 7.72 0.27 3.5

Source: SEWRPC.

QAutomobile availability is defined as the total number of automobiles owned or garaged
at the tripmaker’'s domicile.



Table Y
AUTOMOBILE AVAILABILITY RELATED TO TOTAL PERSON AND TRANSIT TRIPS

AND PERCENT BY TRANSIT FOR MILWAUKEE AND KENOSHA - 1963
Number of ‘Milwaukee Home Interview Area Kenosha Home Interview Area
Automobiles Average Number of Trips Percent Average Number of Trips Percent

Owned Per Household Per Household
by by
and Garaged Total Total
at Household | porson Trips | Transit Trips | Transit| Person Trips [Transit Trips | Transit
Qs s . 2.00 1.35 67.5 .20 0.38 31.7
i a e e 7.22 0.60 8.3 7.73 0.25 3.2
W oo 8 B 1113 0.42 3.8 11.42 0.22 1.9
[l e a e s 14-0_3 0.35 2.5 12.88 0.43 3.3
4 or more . . 15. 16 0.26 7 12.00 0.50 u.2
Area Totals 7.05 0.72 10.2 7.72 0.27 3.5

Source: SEWRPC.

Figure 3 illustrates the consistent nature of the correlation between the use of transit
and the average number of automobiles per household in each zonc for home-based
work trip purpose.

The estimation of future automobile availability at the zonal level can be made with
aminimum of difficulty and is sensitive to alternate patterns of population distribution.

Figure 3
AUTOMOBILE AVAILABILITY RELATED TO TRANSIT

UTILIZATION RATE FOR HOME - BASED WORK TRIPS
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Table 5

NET RESIDENTIAL DENSITY RELATED TO TOTAL PERSON AND TRANSIT TRIPS

AND PERCENT BY TRANSIT FOR MILWAUKEE AND KENOSHA

1963

Milwaukee Home Interview Area Kenosha Home Interview Area
Average
Persons Average Number of Trips Percent Average Number of Trips Percent
per Net per Household . . per Household oy Density
Residential Total Transit Total Transit
Acre Person Trips Trips Transit| Class Person Trips Trips Transit! Class
0 - 10 .. 10.17 0.17 1.7 9.54 0.17 1.8
10 - 20 9.55 0.32 3.4 9.50 0.19 2.0 Low
20 - 25 . 8.59 0.u8 5.6 low 8.64 0.34 3.9
25 - 30 8.10 0.65 8.0 5.28 0.11 2.1
30 - 35 . 7.54 0.66 8.8 5.70 0.22 3.9
35 - 40 . 6.55 0.76 11.6 5.38 0.14 2.6 .
40 - 50 . 6.22 0.83 13.3 medium Ne N -- mediun
50 - 60 . . 5.76 0.98 17.0 2.84 0.19 6.7
60 - 70 . 4.72 1.23 26.0 N N --
70 - 80 . 4.55 l.24 27.2 N N --
80 - 90 . 4.05 .21 29.8 high N N -- high
90 - 120 . . 3.79 Il 29.2 N N --
Over |20 2.38 0.85 35.7 N N --
Area Totals 7.05 0.72 10.2 7.72 0.27 3.5

4 N =no zones in density group.

Source: SEWRPC.




The effect of net residential density on transit usage is shown inTable 5. As expected,
a consistent pattern of decreased transit usage with decreased net residential density
is indicated.

All of the variables which characterize the tripmaker are, however, strongly inter-
related. Since automobile availability and net residential density seemed to show the
most promise as variables to describe the tripmaker, the extent of their interrela-
tionship was investigated. Net residential density was divided into low-, medium-,
and high-density classes (Table 5); and for each class, automobile availability was
plotted against the transit utilization rate for home-based work and other purposes in
the Milwaukee home interview area. Figures 4 and 5 indicate that, once the effect of
automobile availability on percent transit usage is accounted for, there is no signifi-
cant additional effect from net residential density.

In summary, automobile availability, defined as the average number of automobiles
owned and garaged per household in each zone, was, therefore, chosen as the inde-
pendent variable most expressive of tripmaker characteristics.

Transportation System Characteristics: The ability to determine the effect of the
quality of transportation service provided by the highway and transit systems on the
relative use of these modes is the most critical criteria that a modal split model must
meet. The '"accessibility index'" was selected to describe this quality of service.
This index measures the ease by which all activity within the Region can be reached
from a particular zone by a specific transportation network for a given purpose.

The accessibility from zone i to zone j is defined as the product of the trip attractions
(transit or auto) in zone j times the friction factor for the zonal interchange, which is
determined from the door-to-door travel time for the interchange.! These products
are summed from zone i to all other zones in the Region to obtain the accessibility
index for zone i. The equation for the index is as follows:

i=l
where:
Vi = accessibility index for zone i to all other zones
(auto or transit)
Aj = attractions in zone j (auto or transit)
F.. = travel time friction factor for travel from zone i to zone j on

the particular transportation system being considered

n = number of zones

8 Door-to-door travel time includes: for the highway network, time to walk to the automo-
bile, drive to the trip destination, park the automobile, and walk to the door of the specific
destination; for the transit network, time to walk to the transit stop, wait for the transit
vehicle, transfer (if necessary), make the trip on the transit vehicle, and walk to the door
of the specific destination.

1
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The friction factor is equal to one divided by the door-to-door travel time raised to
some power 'b." This power, '"b," varies with the travel time.

Fij =

(travel time)b

From the above equation, it can be seen that the greater the travel time from zone ito
zone j, the smaller the F-factor and consequently the lower the accessibility index.
This index is derived from the gravity model in which it is the denominator:

_ Py Fij AJ
Tij = -
2 Fij Ay
=1
where:
Tjj = the number of trips between zone i and zone j (auto or transit)
P; = the number of productions in zone i (auto or transit) and the

other variables have been previously defined

The accessibility index can be easily calculated as a standard output of the gravity
model before trip distribution.”

Relative travel service provided by the two models is measured by the ratio of acces-
sibility indices, called the "accessibility ratio.” This is the variable which is actually
used to measure the relative effect of changes in the transportation system.

Trip Characteristics: Classification of transit trips by the five trip purposes used for
trip generation and trip distribution reveals some differences in transit usage. The
percent transit usage ranges from a high of 24 and 26 percent for home-based school
purpose in Milwaukee and Kenosha to a low of 5 and 1 percent for non-home-based
trips (Table 6).

Table 6

TRIP PURPOSE RELATED TO TRANSIT USAGE FOR
MILWAUKEE AND KENOSHA - 1963

Purpose Milwaukee Kenosha
Home-Based Work 19 4
Home-Based Shop 7 2
Home-Based School? 24 26
Home-Based Other 5 |
Non-Home-Based 5 |

@ Home-kased school trip purpose category includes school bus trips.
Source: SEWRPC.

7See, Calibrating and Testing a Gravity Model for any Size Urban Area, U. S. Bureau of
Public Roads, October 1965.
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Home-based school trips were estimated by an alternate hand-fit method. Application
of the modal split analysis was, therefore, limited to four trip purposes:

1. Home-based work
2. Home-based shop
3. Home-hased other
4, Non-home-bhased

These are the same purposes that were used inthe trip generation and tripdistribution
phases of the travel forecasting process.

Mathematical Form of the Model

Using the three variables which exhibited a strong influence on the modal split, several
mathematical forms for the model were investigated. Average automobile availability
per household was plotted against percent transit usage and a smooth centinuous curve
resulted. Figure 3 shows the curve for home-based work trips, Milwaukee. No logical
break points indicating high, medium, and low automobile availability levels were
apparent, It was decided, therefore, to treat this relationship as continuous. This
eliminated the possibility of using a family of curves as the model form, in that plots
of accessibility ratio and percent transit usage alsoindicated a continuous relationship.

Since automobile availability and accessibility ratio both produce a continuous mathe-
matical relationship with percent transit usage, a surface with each axis representing
one of the variables was selected as the form for the model. At this point, the shape
of the curves making up the surface were studied for compatibility. The automobile
availability curve was found to be concave upwards with the highest transit usage in
zones with the lowest automobile availability (Figure 3).

Figure 6
SCHEMATIC REPRESENTATION OF RELATIONSHIP BETWEEN

ACCESSIBILITY RATIO AND PERCENT TRANSIT USAGE AS
USED IN OTHER MODAL SPLIT MODELS

Percent by Transit
Transit

Percent by

Accessibility Ratio (highway /[ transit)
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The accessibility ratio has been defined in other modal split models as the accessi-
bility index for the transit system divided by the accessibility index for the highway
system. Tigure 6 shows this relationship schematically of accessibility ratio (transit/
highway) against percent transit usage.

As the figure illustrates, this relationship produces a curve which for automobile
availability is concave downward. The highest percent transit usage occurs in zones
with the highest accessibility ratios. To transform this curve so that it would also be
concave upwards, the accessibility ratio was defined as the accessibility index for the
highway network divided by the accessibility index for the transit network:

(accessibility index for highway network)

(accessibility ratio i

(accessibility index for transit network)

n

i=|

I

(accessibility ratio i
n
§ Fij Aj (transit)

=l

The plot of accessibility ratio against percent transit usage for home-based work pur-
pose, Milwaukee, is shown in Figure 7.

Merging the effect of these two causal variables on percent transit usage defines
a surface of the form displayed in Figure 8.
Figure 7
ACCESSIBILITY RATIO VERSUS PERCENT TRANSIT USAGE
HOME - BASED WORK PURPOSE MILWAUKEE HOME INTERVIEW AREA
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Figure 8
MODAL SPLIT SURFACE FOR HOME - BASED WORK TRIPS
IN THE MILWAUKEE URBANIZING AREA
P70
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- 40
30

-20

Percent By Transit

-10

Fitting a mathematical function to the data which defines this surface would have heen
the most direct way to proceed from this stage. Two factors, however, prevented
using this approach, First, the time necessary to determine the mathematical func-
tions for each of the four purposes was beyond the time constraints and manpower
resources available. Second, budgetary limitations pointed to the use of an IBM 1401
card system instead of a larger computer.

Two methods were, therefore, considered to approximate this surface: 1) a rate analy-
sis and 2) an interpolation procedure.

The rate analysis consists of grouping observations into intervals, not necessarily
equal, of automobile availability and accessibility ratio, called cells. For each cell
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the weighted average percent transit usage was calculated and this value applied to all
zones which fall into the cell. The interpolation procedure, on the other hand, applies
these weighted averages for the cells at the midpoints of the intervals on both axes.
Straight line segments were ‘then drawn between them on both axes. The procedure
thus linearly interpolates among these calculated averages using the given values for
automobile availability and accessibility ratio to determine the transit utilization for
a given zone.

Interpolation Procedure

The second procedure was finally selected because it gave better results with lower
zonal deviations from the calculated values. A four-point linear interpolating formula
was found to be the simplest method to use in a computer program to accomplish the
interpolation® To illustrate the operation of this procedure, assume any four points
on athree dimensional surface (Figure 9), where the axes represent automobile avail-
ability, accessibility ratio, and percent transit usage. To calculate the percent transit
utilization for an automobile availability of "xa" and an accessibility ratio "y},," the
equation is:

Transit utilization (I + uv-u=v) tgg + u(l=v) t g+ v(I-u) ty, + uv t,

Xa = Xo
where u =
X1 =~ %o
Yp = Yo
vV =—————
Y1 = Yo
The value "t,.'" is the percent transit for an automobile availability of x; and an

accessibility ratio of y,. The percent transit of tg(, t1g, t01, t11, are known values
calculated from all observations in a particular cell and plotted at the cell's midpoint.

Substituting actual numbers into the equation and using Figure 10 for reference:

1.0 - 0.9

u = — = .50
.1 - 0.9
1,000 - 850

v = — = ,23
1,500 - 850

(I + 0.12 - 0.50 - 0.23) 21.1 + (0.50) (0.77) 6.6
+ (0.23) (0.50) 9.5 + (0.12) (u.8)

8.23 + 2.54 + 1.09 + 0.58
2.4y

tab

8See Numerical Analysis by Kaiser S. Knoz, McGraw-Hill Book Co., Inc., 1957, New York,
New York, page 250-2 for derivation of formula.
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Figure 9

GRAPHICAL REPRESENTATION OF INTERPOLATION PROCEDURE FOR
CALCULATING THE COORDINATES OF AN UNKNOWN POINT ON A THREE
DIMENSIONAL SURFACE FROM FOUR KNOWN POINTS ON THE SURFACE

3

DEVELOPMENT AND CALIBRATION OF THE MODEL

Data Coverage for the Model

For traffic planning purposes, the seven-county Southeastern Wisconsin Region has
been divided into 619 internal traffic analysis zones ranging in size from 0.04 square
miles in the case of the Milwaukee CBD to 38.09 square miles in the most sparsely
settled portion of the Region. The traffic analysis zones have been further grouped
by rings and sectors into 74 internal traffic analysis districts, each district being
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Figure 10

GEOGRAPHICAL REPRESENTATION OF INTERPOLATION
PROCEDURE FOR CALCULATING TRANSIT UTILIZATION

z 4

Percent by
Transit

Accessibility
Ratio

Automobile
Availability

identified by a two-digit number, the first digit referring to its ring number and the
second to its sector number, with district 00 being the Milwaukee CBD. The regional
travel inventory (origin and destination studies) was conducted on the basis of four
geographic sampling areas. In the Milwaukee urbanizing area (Map 1), the home
interview survey sampling rate was 1 in 31 households. In the Racine and Kenosha
urbanizing areas, the home interview sampling rate was 1 in 10 households. Travel
habits and patterns in the remainder of the Region were surveyed by means of a postal
questionnaire survey, which had a useable return equivalent to a sampling rate of 1 in
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6 households. The scope of the postal questionnaire was, of necessity, narrower than
that of the home interview questionnaire.’

The modal split model was developed and calibrated using only data collected for
the three home interview survey areas. These three areas together accounted for
98.4 percent of the transit trips made within the Region on an average weekday in the
base year 1963. The remaining 1.6 percent consisted primarily of intercity transit
trips made between the Kenosha-Milwaukee-Racine areas.

A Separate Model for Racine and Kenosha

Since the urbanizing areas (home interview areas) of Racine and Kenosha had signifi-
cantly smaller base year populations than Milwaukee (Table 7), it was expected that
the frequency and characteristics of transit tripmaking might correspondingly differ
between the areas.

Table 7

POPULATION AND TRAHSIT USAGE IN THE THREE HOME
AREAS OF THE REGION - 1963

INTERVIEW

Home Interview

Percent of All

Area Population (1963) Trips by Transit
Milwaukee 1,221,000 10.2
Racine 108,000 3.1
Kenosha 82,000 2.2
Source: SEWRPC.

It was indeed found that, as indicated in Table 7, the Milwaukee urbanizing area did
exhibit a substantially higher rate of transit utilization than the Racine and Kenosha
areas and that the variation in the rate of transit utilization between the Racine and
Kenosha areas was small. Furthermore, it was found, as indicated in Table 6, that
similar differences existed within the various trip purpose categories. Therefore,
it was thought that if a single model were developed for all three areas combined it
would probably overestimate transit utilization in the smaller urbanizing areas be-
cause of the weighting effect in such a combined analysis of the large number of transit
trips made in the Milwaukee area. To account for the variation between the areas,
two modal split models of the form previously described were developed, one for the
Milwaukee and one for the combined Racine and Kenosha urbanizing areas.

Stratification and Grouping of Data

Automobile Availability: For analytical purposes the average automobile availability
rate per household in each traffic analysis zone was stratified and grouped by trip
purpose separately for the Milwaukee and for the Racine and Kenosha areas combined.

9For a detailed discussion of the home interview and postal questionnaire surveys, see
“Conducting the Household Postal Questionnaire Survey,” by Wade G. Fox, and ‘““Conducting the
Home Interview Survey,” by Sheldon W. Sullivan, SEWRPC Technical Record, Vol. 1-No. 2, De-
cember 1963 - January 1964.
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The data was grouped based on the number of households in each automobile avail-
ahility class so that no group would contain less than 500 households for the Milwaukee
and 400 for the Racine and Kenosha areas.® It was also found desirable for ease of
data manipulation to use equal automobile availability intervals. An interval of 0.2 of
an automobile per household was found to meet both criteria, The resulting matrix of
average automobile availability and percent transit utilization used inthe model devel-
opment is shown in Table 8.
Table 8

AVERAGE AUTOMOBILE AVAILABILITY RELATED TO PERCENT TRANSIT USAGE
BY TRIP PURPOSE FOR MILWAUKEE AND RACINE-KENOSHA - 1963

Percent Transit Usage
Average Number
of Automobiles Milwaukee Racine-Kenoshg Combined
Home Interview Area Home Interview Areas
Available
Home~- Home- Home=- Non- Home- Home- Non-
per Household Based Based Based Home- Based Based Home-
per Zone Work Shop Other Based Work Other?| Based
0 -0.2. « . . . | 88.75 | 33.3% | 30.ub | 15.4P NC N N
0.2 - 0.4s & o o & 52.5 40.8 27.6 13.1 N N N
0.4 = 0.6e « « « « | 42.9 26. | 23.0 9.3 l4.ub | .8P 2.0b
0.6 - 0.8, . . .+ . 34.7 25. 1 18.2 7.6 12.5 5.9 1.0
0.8 - 1.0, + « « 24.4 1.2 8.4 4. 6.9 2.5 1.0
1.0 - 1.2, « .« . . 15.3 5.2 4.2 2.5 6.7 2.5 1.4
1e2 = 1o4e o o o 8.0 2.0 2.0 l.4 3.6 1.3 0.3
leld = 1.6e ¢« o « @ 3.4 0.8 1.2 0.5 1.5 0.4 0.0
1.6 = 1.8 + « + & 2.8 0.0 0.2 0.0 0.6 0.0 0.0
1.8 = 2.00 « « « . 0.9 0.0 0.6 0.0 0.0 0.0 0.0
2.0 - 2.2. « . W 0.0 0.0 0.0 0.0 0.0 0.0 0.0

@ Includes home-based shop.
b Based on one zone.
€ N = no zones in auto availability group.

Source: SEWRPC.

An insufficient number of transit trips were made in the home-based shop and home-
based other trip purpose categories in the combined Racine and Kenosha area to per-
mit meaningful calculation of individual transit utilization rates for these two trip
purposes. These two trip purposes were, therefore, combined; and the increased
number of transit trips so obtained provided useable data for the model development.

Accessibility Ratio: Since trip attractions represent one component of the accessibility
ratio, this ratio will vary by trip purpose. For analytical purposes, therefore, each
set of accessibility ratios were stratified and grouped by trip purpose sothat no single
accessibility ratio class would contain less than 1, 000 transit trips for the Milwaukee
and 500 for the Racine and Kenosha areas. Several classes did not strictly meet this

‘OAII zones that had no households or no total trips generated in 1963 were eliminated
from the analysis. Also, zones which had a zero transit accessibility index, predominantly
those outside the transit service area, were eliminated from the particular trip purpose for
which they exhibited this characteristic.
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criteria, but contained a sufficient number of trips, it was believed, to establish
a stable transit utilization rate. Since the range of accessibility ratio to be estab-
lished for each class was completely flexible, the problem of an insufficient number
of transit trips in the highest and lowest ranges of accessibility ratio did not exist,
as it did for the automcbile availability analysis. Transit utilization rates were found
to vary the most in the lower ranges of accessibility ratio; and the class intervals
were chosen to reflect this variation, smaller class intervals being used in the low
ranges and successively increased in the higher ranges. The resulting matrices of
accessibility ratio ranges by trip purpose and urbanizing area and the transit utiliza-
tion rates used in the model development are shown in Tables 9 and 10.

Table 9

ACCESSIBILITY RATIO RELATED TO PERCENT TRANSIT USAGE
BY TRIP PURPOSE FOR RACINE-KENOSHA - |963

Home-Based Work Home-Based Otherd Non-Home-Based

Accessibility Percent Accessibility Percent Accessibility Percent
Ratio Range by Transit Ratio Range |by Transit Ratio Range by Transit

5.00-10.00 i0.0 30 - 50 3.6 500~ 1,000 1.7
10.00 - 20.00 6.2 508 100 2.9 1,000 - 3,000 (I
20.00 -50.00 4.5 100 - 200 2.1 3,000 - 10,000 0.5
50.00 - 90.00 1.7 200 - 1,200 0.8 >10,000 0.0

>80.00 Q.7 > 1,200 0.0

4 Includes home-based shop productions.

Source: SEWRPC.

Two-Way Stratification: Using the intervals of automobile availability and accessi-
bility ratio previously determined as described, the zonal data were arrayed into cells
for each urbanizing area and for each trip purpose (Figure 11).

For each cell the mean transit utilization rate was calculated by dividing the sum of
the transit productions by the sum of the total trip productions.
Figure 11

DATA ARRAYS BY TRIP PURPOSE CATEGORY
AND HOME INTERVIEW AREA

MILWAUKEE HOME INTERVIEW AREA

RACINE AND KENOSHA COMBINED
NON HOME-BASED HOME INTERVIEW AREAS

HOME-BASED OTHER J NON HOME-BASED

HOME-BASED SHOP l HOME-BASED OTHER

HOME-BASED WORK HOME-BASED WORK

Accessibility Ratio
t
|
|
hocessibility Ratio

Average Number of Automobliles Available per Household Average Mumber of Automobiles Available per Household
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Table

10

ACCESSIBILITY RATIO RELATED TO PERCENT TRANSIT USAGE
BY TRIP PURPOSE FOR MILWAUKEE -

1963

Home-Based Work Home-Based Shop Home-Based Other Non-Home-Based
Accessibility Percent Accessibility Percent Accessibility Percent Accessibility Percent
Ratio Range by Transit Ratio Range by Transit Ratio Range by Transit Ratio Range by Transit
0.25 - 0.50 59.1 I - 10 42.1 0.10 - 2.00 21.0 5 - 25 13.1
0.50 - 1.00 41.5 10 - 20 10.5 2.00 - 4.00 21.5 25 - 50 8.5
1.00 - 1.50 34.6 20 - 40 33.9 4.00 ~ 6.00 15.4 50 - 100 5.2
1.50 - 2.00 30.1 40 - 60 20.0 6.00 - 8.00 10.3 100 - 200 4.0
2.00 - 3.00 23.3 60 - 100 17.6 8.00 - 10.00 9.7 300 - 500 1.8
3.00 - 4#.00 17.7 100 - 300 17.4 10.00 - 15.00 5.3 500 - {,000 .4
4.00 - 6.00 13.6 300 - 700 10.1 15.00 - 30.00 3.9 >1,000 0.5
6.00 - 8.00 12.3 700 - 1,000 8.4 30.00 - 50.00 3.0
8.00 - 10.00 6.5 1,000 - 2,000 4.2 50.00 - 100.00 1.5
10.00 - 15.00 4.3 2,000 - 3,000 3.3 >100.00 0.9
15.00 - 50.00 2.2 3,000 - 6,000 2.8
>50.00 2.9 > 6,000 1.0
Source: SEWRPC.




In several instances, it was found that a certain class of accessibility ratio would con-
sistently have a relatively small number of zones (1 to 3) in each cell. Whenever this
situation occurred, the class was combined with the one immediately preceding or
succeeding it, depending on which class exhibited a similar transit utilization rate.
The automobile availability class remained unchanged.

A consistent pattern of cells with no observations in them emerged. Those cells with
high automobile availability and low accessibility ratios, and low automobile avail-
ability and high accessibility ratios almost invariably contained no observations. This
pattern seemed to indicate some interaction between the two variables, although not
strong enough to mask their combined effect on transit utilization. Table 11 illus-
trates this pattern for home-based work trip productions in the Milwaukee home inter-
view area.

Evaluation of Rate Analysis Model

The transit utilization rate values obtained in these arrays were applied to all zones
based on the appropriate cell into which the zone fell. The calculated transit utiliza-
tion rates were compared with the corresponding actual transit utilization rates at the
zonal level, as determined from the survey data, to determine the ability of the model
to accurately reproduce the existing pattern of transit utilization. An inspection of
the differences for the seven arrays showed that the errors were higher than could
be tolerated for traffic forecasting purposes. It was, therefore, concluded that the
application of this procedure would not satisfactorily reproduce the pattern of transit
utilization; and subsequent analysis and calibrations were continued for only the inter-
polation procedure.

Table 1|1

DISTRIBUTION OF ZONES STRATIFIED BY AVERAGE
AUTOMOBILE AVAILABILITY AND ACCESSIBILITY RATIO FOR
HOME-BASED WORK PURPOSE FOR MILWAUKEE - 1963

Accessibility Average Number of Automobiles Available
per Hcusehold per Zone

Ratio 0.0 0.2 0.40.6]0.8|1.0{ 1.2 1.4 ]{1.6]1.8]2.0
to to to to to to to to to to to
Range 0.2 |/0.4}|0.6|0.8]1.0) 1.2} 14|16 ]|1.8] 2.0} 2.2
.20 - .60. . . . | 5 4 2 -- | -- -- -- -- --
.60 - 1.50. « « -- 7 4 18 3 -- - -- y -
|.50 - 2.00. . . . -- -- 2 6 6 2 | - - - -
2.00 - 3.00. . . . -- -- | 3 21 8 3 2 -- 2 --
3.00 - 7.00. . . . -- -- -- | 7 31 14 1 2 4 --
7.00 - 10.00. . . . -- -- - - 4 26 5 6 7 --
10.00 - 40.00. . . . -- - -- -- -- 8 24 32 12 7 --
40.00 - 160.00. . . . -- -- -- -- -- -- 7 5 2 4 |
>160.00. .« . . -- - -- -- -- -- -- | -- -- --

Source: SEWRPC.
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Development of Curves for Interpolation Model

As previously noted, the final form of the model was to approximate the estimated
transit utilization surface using linear interpolation between the weighted averages of
transit productions calculated for eachcell. Each surface can, therefore, be described
by a family of curves in either of two planes. The data from the arrays were plotted
as a family of curves in both planes for each trip purpose and urbanizing area. Each
point was plotted at the midpoint of the cell on both axes. To obtain a smooth approxi-
mation of the surface, a curve was hand fitted through each set of data (2 row or
column) in the arrays. Greater weight was given to points calculated from the larger
number of observations in drawing the curves.

The curves in both planes displayed a strong parallel tendency within trip purposes,
although for each purpose the slope of the family was different. The basic shape of all
curves inthe same plane was similar. The only exception to this tendency occurred
in the high ranges of both automobile availability and accessibility ratio where the
curves were found to converge to zero. It was believed that deviations from the ten-
dency of curves within a family to be parallel was due to random variation in the data
rather than to any significant variation in transit utilization rates. Such deviations
were generally found to be less than 5 percent. The values for transit utilization rates
were accordingly adjusted so that all curves for each purpose were parallel, with the
exception of the curves for the high ranges of automobile availability and accessibility
ratio. Where the curves so constructed intersected the midpoint of a cell, the new
transit utilization rate was read and a new set of arrays assembled. These arrays
contain the values to be used in the calibrated models and were subsequently tested to
determine if they would accurately reproduce the 1963 pattern of transit utilization.
Before these arrays could be tested, the curves had to be extrapolated.

Extrapolation of Curves

It was necessary to extrapolate the families of transit utilization curves for three
reasons. First, the interpolation formula could not be applied to any zone that did not
have four calculated points surrounding it. Since the transit utilization rate values
comprising the data arrays were plotted at the midpoints of their cells, some zones
necessarily fell outside the range of the arrays. It was, therefore, impossible to cal-
culate the modal split for these zones without extrapolation. Second, the historic trend
in automobile availability within the Region indicated future increases in this para-
meter to values beyond the range of existing data. Therefore, the curves had to be
extrapolated into the high automobile availability classes. Third, rapid transit pro-
posals advanced in the transportation system plans could conceivably increase the
transit accessibility index in portions of the Region so that accessibility ratios would
result that were lower than existing ratios. This possibility required extrapolation of
the curves beyond the existing low range of the accessibility ratios.

The extrapolation of empirical data beyond the range of observed values is an uncer-
tain procedure at best. To minimize any errors that might be built into the model in
this manner, a uniform extrapolating procedure was developed. Whenever any par-
ticular curve was extrapolated, the other curves inthe family were inspected to deter-
mine whether any other curve existed in this new range of the variables. When such
a curve was found to exist, the curve to be extrapolated was extended parallel to the
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existing curve. Since several curves in a family existed in different ranges of the
variables, most extrapolations could be made in this manner. If no other curve were
found to exist in the range of the variables, the curve was extended linearly based
on an extrapolation of the slope of the previous two points in the array. In several
instances, the curves were forced to zero where the data indicated that the transit
utilization rates for zones with higher automobile availability and accessibility ratios
were zero., This procedure was followed for both families of curves involved in a par-
ticular extrapolation so that the extrapolated values agreed in both cases. This was
done as a further safeguard against building an arbitrary transit utilization rate into
the model. Most of the curves had to be extrapolated only one cell beyond the range
of the existing data. The extrapolated values were inserted into the arrays, and this
step concluded the calibration phase in the development of the model.

The final set of curves used is displayed in Figures 12 through 18. The two sets of
curves in the figures represent the same array of data plotted in different planes.
The data arrays are shown in Tables 12 through 18, together with the boundary of the
1963 empirical data.

Calculation of Transit Trip Attractions

In the application of the modal split model, it is first necessary to calculate the transit
trip attractions, as these are required to compute accessibility ratios. The relation-
ships between transit trip attractions and land use and socio-economic data were
developed through multiple regression analysis. Two sets of equations were formu-
lated, the first by regressing trip rate data against independent variable data by rate
and the second by regressing total trip attractions against totals for the independent
variables. The analysis was completed by purpose at the zonal level. The regression
calculations were terminated when the improvement inthe coefficient of determination,
12, was less than 0.010. At this point, the addition of subsequent independent varia-
bles was judged to add little to the relationship. It was found that equations developed
from the rate data produced poor results with low r2 values and high standard errors
of estimate, s. The second set of equations was finally chosen to estimate future
trip attractions. They are listed in Table 19, with their respective rz, s, mean (y),
and standard error as a percent of the mean.

Each regression model was applied in two ways to estimate future transit trip attrac-
tions. In the first and most straightforward method of application, total land use plan
data were used as input to calculate total future transit trip attractions by zone. This
application of the model assumes an ideal linear relationship between the dependent
and independent variables. As the r2 values of the equations indicate, this is not the
situation. A nonlinear adjustment factor was introduced to account for the deviation
from linearity. This factor was calculated as the ratio of actual trip attractions to
model estimates for trip attractions for the 1963 data. Using this second method of
application, the assumption is that a zone demonstrating an above or below average
transit trip attraction rate in 1963, due to the unique characteristics of the zone, would
demonstrate a proportionately above or below average rate in the future., The adjust-
ment factor was calculated for each zone by trip purpose and applied to the incre-
ment in trip attractions, which was computed by applying the model equations to the
increment of land use plan data at the zonal level. The resulting adjusted incre-
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Percent by Transit

Figure 12
MODEL SPLIT RELATIONSHIPS

MILWAUKEE HOME INTERVIEW AREA
HOME-BASED WORK TRIP PURPOSE
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Table 1|2

MODAL SPLIT RELATIONSHIPS
MILWAUKEE HOME INTERVIEW AREA
HOME-BASED WORK TRIP PURPOSE

Average Mumber of Automobiles Available per Household

Accessibility

Ratio

0.1 0.3 0.5 0.7 0.9 151 1.3 1.5 1.7 1.8 2.1
0.0 : 63.0 54.0 46.0 -—-I----_-—
0.30 70.4 6.4 52,1 u3.4 34,4 28.0 22.0 16.0 13.0 12.0

1.05 62.5 53.5 [T E-zs.s 20. | 14 | 8.1 5, | i, | .0

1.75 1.0 52.0 43.0 34.0 25.0 18,6 12,6 6.6 3.6 2.6 .0
2.50 : 51,0 12.0 33.0 24.0 17.6 11.6 5.6 2.6 1.6 .0
5,00 % ; 140.0 31.0 22.0 15.6 9,6 3.6 .6 .0 .0
8.50 . 28.0 19.0 12.6 6.6 6 0 0 0
e
25.00 . N . 2 25.5 16.5 10. | [ .0 .0 20 .0
100,00 ; ; ; : .0 .0/ .0 .0 .ol .0 .0
200.00 ; 3 i ; .0 0 0 0 .0 0 0
] | . o i

KOTE: Black line delineates the boundary of the 1963 survey data.
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Figure 13

MODAL SPLIT RELATIONSHIPS
MILWAUKEE HOME INTERVIEW AREA
HOME-BASED SHOP TRIP PURPOSE
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Table 13
MODAL SPLIT RELATIONSHIPS
MILWAUKEE HOME INTERVIEW AREA
HOME-BASED SHOP TRIP PURPOSE
ccessibility
0.10
5.00
25,00
170.00
€50.00
2,500.00
4,000.00
10,000.00
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Table |4

MODAL SPLIT RELATIONSHIPS
MILWAUKEE HOME INTERVIEW AREA
HOME-BASED OTHER TRIP PURPOSE

8.0

Average Mumber of Automobiles Available per Household

Accessibility
Ratio

80.00

100.00

NOTE: Black line delineates the boundary of the 1963 survey data.
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Figure 15
MODAL SPLIT RELATIONSHIPS
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Table 15

MODAL SPLIT RELATIONSHIPS
MILWAUKEE HOME INTERVIEW AREA
NON-HOME-BASED TRIP PURPOSE

Average Humber of Automobiles Available per Household

Accessibility
Ratio

0.1 0.3 0.5 0.7 0.9 (] 1.3 1.5 1.7 1.9 2.1

0.10 . J 1 6.5

10.00

35.00

125.00

450.00

500.00

10,000.00

.0 .0} .08 = L0 .0 .0l
M e mmN e B me  oms

NOTE: Black line delineates the boundary of the 1963 survey data,
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Figqure |6
MODAL SPLIT RELATIONSHIPS

RACINE AND KENOSHA COMBINED HOME INTERVIEW AREAS
HOME-BASED WORK TRIP PURPOSE

70 70 ]

50 50

2 wo

— N
\k\ E e
I~
’ 0.8 L A % o Lo 10.0 15.0 2.0 30.0 4.0 50.0 60,0 70,0 8.0 90.0
obiles Availab AseeweslElN io (hi ot i)
Table 16

MODAL SPLIT RELATIONSHIPS
RACINE AND KENOSHA COMBINED HOME INTERVIEW AREAS
HOME-BASED WORK TRIP PURPOSE
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Figure 17

MODAL SPLIT RELATIONSHIPS
RACINE AND KENOSHA COMBINED HOME INTERVIEW AREAS
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Table 17

MODAL SPLIT RELATIONSHIPS
RACINE AND KENOSHA COMBINED HOME INTERVIEW AREAS

HOME-BASED OTHER TRIP PURPOSE

Average Number of Automobiles Available per Household

Accessibility
Ratio
0.3 0.5 0.7 0.9 [ 1.3 1.5 1.7 1.9 2.1

55.00
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33



70

&0

4o

Transit

Percent by

20

RACINE AND KENOSHA COMBINED HOME

Figure

| 8

MODAL SPLIT RELATIONSHIPS

NTERVIEW AREAS

NON-HOME-BASED TRIP PURPOSE

70

60

Percent by Transit

—

o 0.l 0.3

0.5 0.7 0.9 U] 1.3 1.5 1.7 1.9

Average Number of Automobiles Available per Household

—

0 500 1,000

Table |8
MODAL SPLIT RELATIONSHIPS

RACINE AND KENOSHA COMBINED HOME

—

2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000

hecessibility Ratio (highway [ transit)

INTERVIEW AREAS

NON-HOME-BASED TRIP PURPOSE

Accessibility
Ratio

Average Number of Automobiles Available per Household

1.3 1.5 1.7 1.9 2.1

10.00

500.00

2,000.00

6.500.00

10,000.00

HOTE: Black line delinecates the boundary of the 1963 survey data,

34




Ge

Table 19

TRANSIT TRIP ATTRACTION GENERATION EQUATIONS

Service Land) - 0.079 (Automobiles
Available) + |24

Coefficient Standard
of Error of s as a
Determination| Estimate Mean percent
Purpose Equations r2 s y of y
l. Home-Based Work. 1.093 (Total Employment on Retail and 0.833 47.9 60.9 78.6
Service Land) - 0.530 (Automobiles
Available) + 0.425 (Total Employment)
+ 455
2. Home-Based Shop. 3.213 (Retail Employment on Retail 0.663 56.8 37.9 43.3
and Service Land) - 2u8
3. Home-Based Other?. 0.155 (Total Employment on Retail and 0.403 339.6 387.5 87.7
Service Land) - |.509 (Retail and
Service Acres) + 0.042 (Total Employ-
ment) + 0.292 (Retail Employment on
Retail and Service Land) + 287
4. -Non-Home-Based 0.281 (Total Employment on Retail and 0.584 4.2 13.1 108.5

4 Based on all zones with more than 100 home-based other transit trip attractions.

Source: SEWRPC.




mental data were added to the 1963 survey attractions to obtain the total future transit
trip attractions.

The results of the first method of application were used in zones where the abso-
lute increase in whatever data comprising the independent variable was greater than
the corresponding 1963 level of that data. Thus, in such a situation, it was as-
sumed that whatever unique characteristics the zone possessed would be significantly
changed through future land use development. Where the change in data comprising
the independent variables was less than the corresponding 1963 level of that data,
the results of the second method of application were used. In a few zones, for which
either method of application yielded unrealistic results, a reasonable value was sub-
stituted, based on consideration of land use and socio-economic characteristics not
accounted for inthe independent variables and comparison with other zones possessing
similar characteristics.

Transit trip attractions were thus calculated for the three alternative regional land
use plans and used, in turn, to calculate accessibility indices. The relationships used
to calculate the non-transit trip attractions were developed inthe trip generation phase
of the travel forecasting process using the same approach."

APPLICATION OF THE MODAL SPLIT MODEL

The majority of the transit analyses and all modal split programs were written for an
IBM 1401 card system (4 K) in RPG!® The sequence of steps in applying the modal
split model to data derived from land use plans is described below, and the steps are
displayed in the process flow chart in Figure 19.

The application sequence occurs in three general steps: development of the basic data
input cards, calculation of the transit utilization rate, and application of the transit
utilization rate to total person trip productions with the output in the standard format
for direct input into the gravity model program (PR-135).

The preliminary step to development of the deck of basic input cards is the calculation
of the input data, In calculating the average automobile availability per household for
each zone, the total number of households in the zones is available directly from the
land use plan data; and the number of automobiles available in the zones is calculated
from a regression equation. Both are input into a single data card preceding the trip
generation phase of the travel forecasting process. Program Ais applied to divide the
total number of automobiles available by the total number of households and output the
results into the basic data card, along with zone, district, trip purpose, and home
interview area code.

There are four inputs to the calculation of the accessibility ratios: the highway and
transit skim trees and the highway and transit trip attractions. The gravity model

NSee SEWRPC Planning Report No. 7, Volume 2, Forecasts and Alternative Plans 1990.

IZRPG, or Report Program Generator, is a special program designed to produce reports rang-
ing from simple listings of items from the input file to complex reports that incorporate
editing and calculation of input data.

36



Figure 1|9
PROCESS FLOW CHART FOR MODAL SPLIT MODEL
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Figure 20

FLOW DIAGRAM FOR PROGRAM "C" TO CALCULATE
PERCENT TRANSIT USAGE USING THE INTERPOLATION PROCEDURE
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programis run separately for highway and transit suppressing all binary output except
the accessibility indices.)® The accessibility indices are keypunched by four purposes
for each zonal card with highway and transit indices in separate decks. Program B
divides the highway accessibility indices by the transit accessibility indices and out-
puts the accessibility ratios directly into the basic data cards.

The preparation of the basic data cards is now complete, four cards for each zone
by trip purpose. These decks are sorted by home interview area, trip purpose, and
zone into their appropriate cells.'* Header cards containing the upper and lower
limits of percent transit usage for each cell are placed in front of those data cards in
the cell. Program C calculates the percent transit usage by zone for each of four
purposes using the linear interpolation formula. A flow diagram of Program C is
displayed in Figure 20.

Program C outputs the transit utilization rate in a one purpose per card format,
These are rearranged by Program D into a new format containing four purposes per
card, the format of the total trip productions. Program E applies the utilization rates;
and the result is two decks of trip productions, one for highway and one for transit,
in the format directly useable in the gravity model program. Transit person trip
attractions are subtracted from total person trip attractions, by Program E, and
similarly output in the gravity model format.

The last step consists of balancing total transit trip attractions to total transit trip
productions separately for five areas: Milwaukee rings 0 and 1, Milwaukee ring 2,
Milwaukee rings 3 through 5, Racine, and Kenosha.

Although there are several steps in this sequence that could be combined, the multiple
step approach allows for intermediate checkingof results to check for possible errors
before excessive time is spent in processing the results.

TEST OF THE MODEL

Regional Comparisons

The modal split model was applied utilizing 1963 origin and destination survey data to
test its ability to reproduce the existing pattern of transit trip production within the
three urbanizing areas of the Region., The results are displayed in Table 20.

At the regional level, the model reproduced the 1963 transit productions remarkably
well. For all trip purposes except home-based work, the model application produced
a slight underestimation of the number of transit trip productions. This underesti-
mation ranged from 0.35 to 6.33 percent, although the difference for any trip pur-
pose category was no greater than 1,561 transit trip productions. The model may,
therefore, be expected to slightly underestimate transit trip productions under fu-
ture conditions.

‘3Ca1ibrating and Testing a Gravity Model For Any Size City, U. S, Bureau of Public Roads,
October 1965, p. A-49, Option 2 “on” in program PR 135.

gee Stratification and Grouping of Data, page 26.
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Table 20

COMPARISON OF ORIGIN AND DESTINATION SURVEY AND MODEL
TRANSIT TRIP PRODUCTION BY TRIP PURPOSE WITHIN THE

THREE URBANIZING AREAS OF THE REGION

Transit Trip Productions

(Model /0 & D)

Trip Purpose - -
0 & D Survey Model Estimates x |00 percent
Milwaukee
Home-Based Work. . 146,379 147,940 101.06
Home-Based Shop. . 28,186 27,449 97.38
Home-Based Other . . 51,700 50, 649 97.96
Non-Home-Based . . 18,136 18,073 99.65
Subtotal 244,401 244,111 99.88
Racine-Kenosha
Home-Based Work. . 5,774 5,409 93.68
Home-Based Otherd. . 4,746 4,560 96.08
Non-Home-Based . . 1,280 1,223 95.55
Subtotal 11,800 11,192 94.85
Regional Total 256,201 255,303 99.65

4 Includes home-based shop purpose.

Source: SEWRPC.

District Level Comparisons

Results of the model application and survey data comparisons at the district level
were displayed to depict the ability of the model to geographically distribute the transit
utilization rates accurately. As Table 21 indicates, the vast majority of the districts
displayed errors smaller than a difference of 5 percent between the model and actual
transit utilization rates by trip purpose. For all purposes at least 63 percent of the dis-
tricts showed a difference of 3 percent or less between model and survey data results.

ERROR DISTRIBUTION

Table 2

IN DISTRICTS BY TRIP PURPOSE
FOR MILWAUKEE AND RACINE - KENOSHA

Percent Transit Usage (actual minus model)

Trip Purpose 0- 1 -2 2-3 | 3-4 | u-s 5-10 | 10
Number of Districts in Range
Milwaukee
Home-Based Work. . 10 7 10 3 2 7 4
Home-Based Shop. . 15 13 7 | 2 6 6
Home-Based Other . 17 8 3 5 | 7 2
Non-Home-Based . . 25 5 8 3 | | 0
Racine-Kenosha
Home-Based Work. ! 3 0 0 0 0 0
Home-Based Other . 4 0 0 0 0 0 0
Non-Home-Based . . Y 0 0 0 0 0 0

Source: SEWRPC.
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The difference parameter was chosen to measure the model's accuracy, rather than
percent difference, because of the small base of the actual transit utilization rate at
the district and zonal levels.

Maps 2 through 5 show the actual and model estimates for the number of transit trip
productions for each district within the Region by trip purpose. The maps indicate
that the distributional pattern of actual transit trip productions is satisfactorily repro-
duced by the model with only a very few districts having appreciable errors.

Zonal Comparisons

Since the model is intended to be applied at the zonal level, it was also necessary to
test its accuracy at this geographic level. Table 22 shows the error distribution by
number of zone, trip purpose, and size. It indicates that at least 61 percent of all
zones have differences (for any given trip purpose category) between the actual and
model transit utilization rates of less than 5 percent. Table 22 and Appendix A show
the model and origin-destinaticn zonal values for transit utilization rates and transit
trips.

Table 22

ERROR DISTRIBUTION IN ZONES BY PURPOSE FOR
MILWAUKEE AND RACINE-KENOSHA

Percent Transit Usage (actual minus model)

Trip Purpose 0-1 0-5 5-10 | 10-20 | 20-50 | 50

Number of Zones in Range

Milwaukee
Home-Based Work. . . 51 152 87 A 32 5 2
Home-Based Shop. . . 145 75 45 31 16 2
Home-Based Other . . 195 65 42 18 [ 2
Non-Home-Based . . . 190 104 29 10 0 0
Racine-Kenosha
Home-Based Work. . . 15 32 0 0 |
Home-Based Other . . 38 8 2 0 0 0
Non~-Home-Based . . . 38 9 0 0 0 0

Source: SEWRPC.

The error frequency distributions are displayed in Figures 21 and 22 for the actual
minus the model estimates of transit trip productions. In all cases, the distributions
approximate anormal distribution, with only a fewzones displaying appreciable errors
in estimation of transit trip productions. For all trip purposes, the model estimated
trip production within plus or minus 50 trip productions of the survey data for most
zones, ranging from 46.9 percent of the zones for home-bhased work purpose in Mil-
waukee to 91.0 percent for non-home-based purpose in Racine-Kenosha.
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Map 2
DISTRICT COMPARISONS OF TRANSIT TRIP PRODUCTION
ACTUAL SURVEY AND CALCULATED MODEL RESULTS
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Map 3

DISTRICT COMPARISONS OF TRANSIT TRIP PRODUCTION
ACTUAL SURVEY AND CALCULATED MODEL RESULTS
Home-Based Other
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Map 4

DISTRICT COMPARISONS OF TRANSIT TRIP PRODUCTION
ACTUAL SURVEY AND CALCULATED MODEL RESULTS
Home -Based Shop




Map 5

DISTRICT COMPARISONS OF TRANSIT TRIP PRODUCTION
ACTUAL SURVEY AND CALCULATED MODEL RESULTS
Non-Home-Based
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Figqure 21

PERCENTAGE DISTRIBUTION OF ZONES BY SIZE ERROR AND DIFFERENCE
IN TRANSIT PRODUCTIONS MILWAUKEE HOME INTERVIEW AREA
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Figure 22

PERCENTAGE DISTRIBUTION OF ZONES BY SIZE ERROR AND DIFFERENCE
IN TRANSIT PRODUCTIONS RACINE - KENOSHA HOME INTERVIEW AREA
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Appendix A
COMPARISONS OF TRANSIT TRIP PRODUCTION
0 & D SURVEY AND MODEL RESULTS BY PURPOSE
DIFFERENCE
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MODEL
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satisfactorily the transit utilization rate and number of transit trip productions for all

replicated the actual transit utilization pattern within the Region with reasonable ac-
curacy. At the regional, district, and zonal levels, the model was found to estimate
four trip purpose categories.

On the basis of the tests performed on the model, it was concluded that the model

Evaluation and Conclusions

MILWAUKEE HOME INTERVIEW AREA

¢0 003

00

I
7382243T

b 1
DT RO NOMDO
P e s as e
~rON~O®DN
MO—~—~F0 O
e o~

Dl leats = 0]
CNONP O
N NN

FForNOM0

DNH~DOOD
F=E~D0 M@
0O 0~
-

P MO T e
WO DD MO
O 0 O O D
N M e

QM N O~
40 00 a0 60 €0 &0 0 &
00000000

b e ek ek ek e ek
L ]

17.5

17.5
3
9
8

100.5
100.5
&

5
3

Ny
P
o @ 00
0 0
e
of s
=
o =1
mied
~ ~
R R
@© @

AR
=i oo
wn |

~

o

o [=1-1=]
- -

o o Qoo

23.4 14190.6—- 5.3-

55267.6

18.1

21 224557 4,077
3,689.4 51.2 6l6.4- B.6-

42.6

492
492

0

5

1
3,073

Te211

02

11 |
64357189

1) ]
MDD O @

2.7

(]
DOMN TN~

O Ot OO0
s se a9 0 0a|la sessssen
VOV IO |~ FOFTTODO~
OMAHDNM~~O | & OFF-t T
e o~ N o~ N
COMONTEOm 1 ROONM-eT
e ssase e u Sssmassa
ARANNA~— S NN ~O0M©
MMM M NN NI —
N~ONCNO® |+ O ~HNDO
ssssasnel e s esessen
~eHANO G 0® | 4 ToOrNTO~
OGN |~ OMEMOo—N
FEAFFNNO (N FOTMO~T®©
e - mrrses
o
-
MO~ N DONONOT O
®ssstaaee 4 seaesarse
~amMAngNE M OO0 o0 =R
FTFNOMNO— M NN O -
ONIINMEOO | M SO =~NOFN
VNS DOOFE |~ DANDD~ N
HO=ONYOF | V=HNDVNO0VD
-
-
CO—~PNMM~O [ @ NN
NPT [~ et O
NINOFODO | 0 DODNNFDN
HEONF oM | OO nnm
=
WX O—~NM G OO
DDA aoorcoooo
CoO000000 OCOOmm~
AN N Amamamme
NN NN NV NN
1 1
TN N OO0~ N M
seee v ee . .
omme ™ or-m ™~ &+
T m o~
1 |
owvune |lo  mom|o e
momo |~ sonlan oo
V= |~ @O~ o~
= Nl -
0 0 RO~ O
aase s sas s i
oD —~ Moy o ~0
W N e N N
OOV~ [N NNm A~ D
R B el . .
—~oor~o | O mon | 0 Lald
oot @ 4|0 om
Nr|d oo+ | N
fly o+
oNCO ©® MO O o
ounss o Laleal ol 4 ~NO
SN 1N I N OW
-
+oto |+ oM 3
nmne~ | o o0od | O o
- oo A
Al = m|n
S | Wy oon | o -0
winae . No~ o oo
et |0 0N |+
Ny —~—0 | O
&0~ DO~ Ny
—_————— —_—cury ]
cooo [=l=le) [=1=]
MOM® N Fdd 00
0000 © 000 O ©00o

22.7 1,292.5 3.1

9+430.5

25.8

10,723

41,578

23

16.6

53.7 129.7

418.3

70.3

548

779

0é

LN 1 !
521&462?56

11 =)
I~ 0D
N NDDD OO
DN+ Ot
-, N -

MO —DONOCM
R
=000 OIS
NN O

MO OO OO P
rersennaae
N~ F OO
IS MO - 000
e et I )

-

TV=OMNF DDP DM
R
F~ ~—oning
e Y UP PP i |

O~ T
®F  ~OMNN@OD~
&+ ONTING

249.8- 1.0-

19.3

44630.8

18.3

4,381

(LT 1 !
OUN—HOI0 ¢ ——00-D &  ©TO~N
R ceeaas w
NOODOD— N N NOEE N
- — e

[ | ] [N
Mmoot fo  NCCeINO |0
seeevaaf s veseaa|ow,
aonmsmo | ¢ @ornne | ¢ ° ~ooro
NMNOOoOw |+ © NN O
N NN~ o = = e
MMOIOO0~ O NOQOM® N
MANOnInm 4 NIOANMEN N G Om
NN o NN o
NOMEDOD [ O NO—OUNO | D
seasasae| L
~= 000 [1In VDM~ | O
Moodmeg [+ Coamen | ccoinm
FNANN—~D M —ON @ |~

@ o~
MBDODOMM~ =HN0ONO @
s sasmss s sasesss @
MANMNOE 0 Ot O O aINONG
[ N NS e
PO~ | OM=HOND | oy
om~n-~o (o oon e in
=N~ oM M~ AN~

- - -

o~ ~

A=NDMOO+OM | o muanmNn | o MEFNN00 | O OLOo0m )

~EOMNNAT~0— | O  am@moeo | C0—noe |S oodind [n o

CONCLVO—MOM | O  DOIMO~0 [+ ODO~SD |+ NOO~E [0 0

A Ameinmme |+~ camedeim | o MmN Fmmen | o +
] - - ~ o~

TND~ DO~ OO0 O~ NI~ T O~ium

OO0 Ottt ot et (O NN NN

i o DANNNRAGN 1N WDDD00 O Pefepepete P~ w©

NN N IO O NN N NN o~

©OoTe © e -
s ees . e et e
onn® ™ & neamninm
T
1 1 141 1
cownm | @ N @eOommmo
R . s e enen
oo | N o MmO DOMN
NDGO |~ N COO~ND~
e |- @ T N
Mdetd 0 EOMM D A OMING © OG- O@IND
s e s veens e » s see e s cssesas
COMN N ADO~EO~ N OEMINC00 ¢ MEONO—m
WAD 1 MM M FEETOmm M T mmommm
OO~ [N $F~OOMO| Y+ DOVOCMI|N ROCBMN
R sesssaal s R I IR
Mmoo | o NDFDMO | o@mnonNN | MO Inoen
4oom|o  VoOomon~|lm  ownnnnm | 4 ~oOtoren
con|le g —~| 0 Omemeom|m  O~~O—0O
£& B B i medmale
OHMNN F ~O@ON® N M Foonn ~ 0D 0N
R cesreas s teseaee R
Ot~ @ Mt M~ N OONORON 1N DO 0 DN
SO~ I dM FNMM M TMETMON M @nmnmN.
N=N— | 0 SOOI =N | O U=t =00 | M O~MO0®
~oON|~ oM g=ON |~ OMNNe O |0 DBVOCIOTM
oM AN N | O O~ NO®mO [ M FMmOomE-—
= o R (2 i i) Pl
NOWn | 0 DONNOOM | —HEFODMMN | N OoNTOTM
~END I oNnn—N@® [ ~ononoE |~ e oM
rD O oo T~n | ~—amOovod |+ otrono—o
——— + Mmoo ammnrNE [ mestamn
- ~
PO SO~ DO B A L DOy
oummm OO LELTEET o NN
[=l=l=l=] [=lelelalslata) cooo0o0 0000000
oooc> o - N ~ Ll Mo
©0Cc0 O —- -

2.6
2.0
1.8

542.2
472.1
368.8

23.6
21.9
19.7

43844.8
5+395.9
49049.2

26.2
23.9
21.5

54387
5,868
44418

29 20,510

1l.3=
1.5~

1.8
5.5-

371.7-
257.6

159.2-
797.4~

36.3
42.2
33.7
37.9

10,068.7
6,018.4
35724.2
5y548.4

35.0
44.0
32.2
32.4

94697
64276
3,565
4,751

27,733
14,258
11,061
14,648

48

13
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Appendix A (continued)
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Appendix A (continued)
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Appendix A (continued)
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Appendix A (continued)
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Appendix A (continued)
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THIS IS SOUTHEASTERN WISCONSIN

Important vital statistics on the Region and
percent of totals for the State of Wisconsin.

Land and Water Area (Sg. Mic)e o c v v v v v v v v o ennnnnas 2,688 Lo 5%
Popalation (1980) < o o s s s osn s s cninnaieinsin o wi e Ly By BAD s e etie e 40%
Resident Employment (1960)« « o v ¢ v ¢« v s s v o v s v we 0. .612,723..... 429%,

Resident Unemployment (1960). « « ¢ ¢+ + s e s s v v o s nosess. 24,174, .... 41%

Resident Labor Force (1960): « c e s s s v s v asavvsvses.636,807..... 42%

Resident Man'f. Employment (1960). « « « « « « v v v v e aan v 253,292 ... .. 52%
Resident Non-Man'f. Employment (1960). « « « e o v v 0 v 0 v v 359,431..... 37%
Disposable Personal Income (1960). « « = « e o v o e v $3,572,000,000. . . .. 46%

Retail Establishments (1958) « « « ¢ s v v v s ossvosonseens 15,780, .... 33%

Retail Sales (1060). » s e s s isnie s anisisss s sss $2,0465,000,000. ... . 42

Property Valie (1980)c civ s o s aiv s 60 o6 nwasiainnie $8,726,000,000. . ... 46%
Total Bhaved Tox (LBE0). -0 +is visevsivisisos s e s s oo $62,777,000. . . . . 54%
Total Btate AlE (1060). s« o i e aossssasianon oo 335,474,000, ... 26%
Hotal Proferty Tan eVl aie s aisis s siaienis s s nw oo v $280.880,0000, ¢ sias 50%

Total Long Term PublicDebt. . s eo s aeveveesess $378,592,000.....55%
Total Highway (miles) (1960)s e s e oo o oesssoeesssess8,740.45....8.9%

Value of Mineral & Non-Metal Production (1961). . ... .$15,494,487. .. 20.08%

Total Vehicle Registration (1962-1963)s « v+ o o v v v v o0 v 633,540. . . .36.8%
Auto Vehicle Registration (1962-1963)s « ¢ ¢« o v v o v v v 0w e o bhily 18815 et 40%
Truck Registration (1962-1963). « « + + + s s s v s s aasnensns 55,950, .« .« 23%

State Parks & Forest Areas (acres) (1963). ¢« covvauve.s 12,546....3.02%
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