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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- 
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stand their appearance and operation before 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 betolerated. 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 atfecting the modal split in amanner 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. 
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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 Approach’? 

The combined approach, defined in the previous section, provides the most compre- 
hensive approach presently 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 

2 This 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 
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Trip Length (minutes) 

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 

arn 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. 

4 Home-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 

Trip Purpose . 

Home-Based Work . « «© «© «© «© « « « 17.87 35.90 

Home-Based Shop . « «+ « « « we oe 9.20 28.50 | 
Home-Based Other. « « « « « «© « « 12.38 32.5] 

Non-Home-Based. « «© 5 «© « «© o « 2 12.55 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 
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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 availability? 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 Per Household 

Type Total Total 
Person Trips | Transit Trips | Transit | Person Trips | Transit Trips | Transit 

| family 8.68 0.6] 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 |.00 | 33.3 2.11 0.20 10.5 

Trailer 5.13 0.13 2.5 5. 64 0.05 0.9 | 

Source: SEWRPC. 

Table 3 

HOUSEHOLD INCOME RELATED TO TOTAL PERSON AND TRANSIT TRIPS 

AND PERCENT BY TRANSIT FOR MILWAUKEE AND KENOSHA - 1968 

Milwaukee Home Interview Area | Kenosha Home Interview Area 
Median __ | 

Household Average Number of Trips Percent | Average Number of Trips | Percent | 

Per Household Per Household , 
Income aoe eee i nl by en pene serene cnmnerantaree by 

Total | Total 

($1,000) Person Trips | Transit Trips] Transit | Person Trips | Transit Trips | Transit 

O- 2... |.77 0.60 33.9 | 2.49 0.14 5.6 

2 = UY e 8 e 3.74 0.90 24. | i u. 34 0.25 5.8 

Y- 6G. ae 6.4 0.76 1 1.9 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 | 10.5] 0.37 | 3.5 

lO - 12... [1.02 0.66 6.0 12.00 0.33 2.8 

I2- ue... 11.20 0.59 5.3 | 13.08 0.50 3.6 

14 - 16 . 2 11.79 0.45 3.8 13.56 0.15 |. | 

over 16.4 + 12.29 | 0.42 3.4 | 13.64 0.23 |.7 

Source: SEWRPC. 

-Automobile availability is defined as the total number of automobiles owned or garaged 
at the tripmaker’s domicile. 
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Table 4 

AUTOMOBILE AVAILABILITY RELATED TO TOTAL PERSON AND TRANSIT TRIPS 

AND PERCENT BY TRANSIT FOR MILWAUKEE AND KENOSHA - 1963 

a 

Automobiles Average Number of Trips Percent Average Number of Trips Percent 

Owned Per Household Per Household 
by by 

and Garaged Total Total 

at Household | person Trips | Transit Trips | Transit] Person Trips |Transit Trips | Transit 

Qe. eevee 2.00 1.35 67.5 1.20 0.38 31.7 

[ow ew wee 7222 0.60 8.3 7.73 0.25 3.2 

2 ec weser owen 11.13 0.42 3.8 11.42 0.22 1.9 

3) rerio rete nue 14.03 0.35 2.5 12.88 0.43 3.3 

4Yormore. . 15-16 0.26 le7 12.00 0.50 4.2 

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 zone 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 

MILWAUKEE URBANIZING AREA 

\00 100 

0 2 “ 5 0 12 1 6 rm 2.0 
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Oo 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 . | 7 | 

Persons Average Number of Trips Percent | Average Number of Trips Percent 
per Household | 7 per Household | per Net by Density} , by Density| 

Residential | Total | Transit | | | Total Transit | | 

| Acre Person Trips Trips Transit; Class | Person Trips Trips Transit! Class | 

}O- 10.64. | 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 | 
| | : OW 
}20 - 25 . « « 8.59 | 0.48 5. 6 low | 8.64 | 0.34 3.9 | | 

25 - 30... 8.10 | 0.65 | 8.0 | 5. 28 | 0.11 | 2.4 | | 
30 - 35... 7.54 | 0.66 | 868 5.70 0.22 3.9 | 
35 - WO... 6.55 | 0.76 | 116 | 5.38 | 0.14 2.6 | . 

. medium | 
UO - 50... | 6.22 0.83 [3-3 | medium | N@ N poe 

50 - 60... 5.76 | 0.98 | 1740 | 2.84 0.19 6.7 
60 - 70... u.72 1.23 | 26.0 | N | N oe | 

70 - 80... 4.55 |. 24 27.2 | N N -- 

80 - 90... 4.05 1.21 | 29.8 | high | N N -- high | 

90 - 120... 3.79 | 1.1 29.2 N | N -- | 
Over 120 2.38 0.85 35.7 | N N oe | 

4 N =no zones in densi ty 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 amodal 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 ito all other zones in the Region to obtain the accessibility 

index for zone i. The equation for the index is as follows: 

n 

Vi = FA; (Fj 5) 
j=l 

where: 

Vio accessibility index for zone i to all other zones 

(auto or transit) 

Ay = attractions in zone j (auto or transit) 

Fay = travel time friction factor for travel from zone i to zone j on 

the particular transportation system being considered 

n = number of zones 

Snoor-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. 
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Figure 4 

AUTOMOBILE AVAILABILITY RELATED TO TRANSIT 
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Figure 5 
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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. 

a | 
a > 

(travel time)? 

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: 

7 oe Jt | 
| n 

2 Fig Ay 
j= 

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 - 19683 en 

Home-Based Work 19 Y 

Home-Based Shop 7 2 

Home-Based School? ou 26 

Home-Based Other 5 | 

Non-Home-Based 5 | 

@ Home-based school trip purpose category includes school bus trips. 

Source: SEWRPC. 

"See, 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 

8. Home-based other 

4, Non-home-based 

These are the same purposes that were used inthe trip generation and trip distribution 

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 
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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. Figure 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 b= ——————e i eee 

(accessibility index for transit network) 

n 

> Fij A; (highway) 
_ 

(accessibility ratio | = 2 
n 

> Fiy Aj (transit) 

j=! | 

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 
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Fitting a mathematical function to the data which defines this surface would have been 

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 

16



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 "x," and an accessibility ratio "y,," the 

equation is: 

Transit utilization = (1 + uv-u-v) tgg + u(l-v) typ + v(l-u) to, + uv ty, 

Xa 7 XO | 
where u =———————_ 

*1 7 *0 

Yp - Vo 

vy =— 

| yy ~ Yo 

The value "tog is the percent transit for an automobile availability of xg and an 

accessibility ratio of Yo. The percent transit of too, tio; top t1,, 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: 

| . 0 = 0 6 9 

u = ———— = .50 
}.1 - 0.9 

1,000 - 850 
V = ————_——— = .23 

1,500 - 850 

tap = (1 + 0.12 - 0.50 - 0.23) 21.1 + (0.50) (0.77) 6.6 
+ (0.23) (0.50) 9.5 + (0.12) (4.8) 

= 8.23 + 2.54 + 1.09 + 0.58 

| = 12.44 

| eSee 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 
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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 

ZL 

\ 
Percent by v 
Transit |! 

/ | 

Accessibility / = 
Ratio Ln | 

& \ 
p : Automobile 

92 et » Availability 

| a S 

| cs - > o® 
[EN - 

Y Lo 

SS =e \: — -— ™ " 

% \: 

| 
| 

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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Map | 

TRAFFIC ANALYSIS DISTRICTS AND 

HOME INTERVIEW AREA BOUNDARIES IN THE REGION 
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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 TRANSIT USAGE IN THE THREE HOME INTERVIEW 

AREAS OF THE REGION - 19638 

Home Interview Percent of All 

Area Population (1963) Trips by Transit 

Milwaukee 1,221,000 10.2 
Racine | 108,000 3. | 

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 acombined 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. 

! "For 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. SS 
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The data was grouped based on the number of households in each automobile avaii- 

ability 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 

Average Number 

Home Interview Area Home Interview Areas 
Available : _ 7 : 

Home-=- Home- Home- Non- Home- Home- Non- 

per Zone Work | Shop Other | Based Work | Other? |] Based | 

0- 0.2... .. | 88.72 | 33.3 | 30.49 | 15.42 | NS nN | ON 
0.2 - Ov. 4e «2 2 « 2 52.5 40.8 27.6 13. | N N | N , 

O.4 - 0.6... .. | 42.9 26.1 23.0 9.3 i4.u> | 1.8% 2.0 
0.6 - 0.8. »« «© « » | 34.7 25. | 18.2 7.6 12.5 5.9 1.0 

0.8 - 1.0... «6 + | 20.4 11.2 8.4 | 4.t | 6.9 2.5 | 1.0 
1.0 - 1.2. 2. 2 « « | 15.3 5.2 4.2 2.5 | 6.7 | 2-5 1.4 
1.2 -— Lede «© «© «© 2 8.0 | 2.0 | 2.0 1.4 3.6 {| I|.3 0.3 

Po4 = [2.65 «© 2 «@ 3.4 0.8 1.2 0.5 | 1.5 0.4 0.0 

1.6 - 1.85 «© «© «2 2 2.8 0.0 | Q.2 | 0.0 0.6 0.0 0.0 

1.8 - 2.06 «© 2 « « 0.9 0.0 0.6 0.0 0.0 0.0 0.0 

2.0 - 2.26 «© « © « 0.0 0.90 0.0 0.0 0.0 0.0 0.0 | 

4 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 so that 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 

10411 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 automobile 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 - 1963 
SN re 

Home-Based Work Home-Based Other? 

Accessibility Percent Accessibility Percent Accessibility Percent 

Ratio Range |by Transit] Ratio Range |by Transit] Ratio Range |by Transit 

5.00 - 10.00 10.0 30 = 50 3.6 500- 1,000 1.7 

10.00 = 20.00 6.2 50 - 100 2.9 1,000 - 3,000 1.4 

20.00 - 50.00 4.5 100 - 200 2.1 3,000 - 10,000 0.5 

50.00 - 90.00 Vee? 200 - 1,200 0.8 >10,000 0.0 

> 90.00 O27. >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 II 
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AND HOME INTERVIEW AREA 

MILWAUKEE HOME INTERVIEW AREA 

RACINE AND KENOSHA COMBINED 

NON HOME-BASED HOME INTERVIEW AREAS 

Howe-saseo oTHeR on Howe oAseo 

Howe=B4SED WORK HOME-BASED WORK 

JISRESSOSoEaESoon oy (a a a 
2 PEE J [ {| LETT TTT TT oH 
=I ae > HAH HHH 
: pap Ht | = elle =aa5 [| | | 
3 ba [| at [| | qLP TT TTT tt HoH 
3 oon [ {| | ap COTE EH 
[TTT rrr ry tT rrr rey ee 

23



» 

Table 10 

ACCESSIBILITY RATIO RELATED TO PERCENT TRANSIT USAGE 

BY TRIP PURPOSE FOR MILWAUKEE - 1963 

Accessibility Percent Accessibility Percent Accessibility Percent Accessibility Percent 

by Transit Ratio Range by Transit Ratio Range by Transit] 

0.25 - 9.50 59.1 | - 10 42. | 0.10 - 2.00 21.0 5 - 25 13.1 

0.50 - |.00 41.5 10 - 20 UuQ.5 2.00 - 4.00 21.5 25 - 50 8.5 

1.00 ~ 1.50 34.6 20 - 4Q 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 - 300 4.0 

2.00 - 3.00 23.3 60 - 100 17.6 8.00 - 10.00 9.7 300 - 500 |.8 

3.00 - 4.00 \7.7 [0Q - 300 [7.4 10.00 - {5.00 5.3 500 - 1,000 1.4 

4.00 - 6.00 13.6 | 300 - 700 10. | 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 |.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 | |.0 

Source: SEWRPC.



In several instances, it was found that acertain 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 || 

DISTRIBUTION OF ZONES STRATIFIED BY AVERAGE 

AUTOMOBILE AVAILABILITY AND ACCESSIBILITY RATIO FOR 

HOME-BASED WORK PURPOSE FOR MILWAUKEE - 1968 

i PS 

per Household per Zone 

Ratio 0.0/0.2] 0-410-6]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 0.2/1/0-4/0.6/0-8 | 1-0] 1.2 711-4 | 1-6 | 1-8 | 2-0} 2.2 

-20 - ~60. . = ; 5 Y 2 -- | -- -- -- -- 

-60 - 1.50. 2 + 7 | 4 | 18 4 3 {| -- | -- | -- | 4 
1.50 - 2.00. ..+. -- 2 6 6 2 | | -- | -- | -- 

2.00 - 3.00. .« « « -- | 3 2 | 8 3 2 -- 2 

3.00 - 7.00. « « “- | -- | 7 3 | | 4 li 2 U 

7.00 - 10.00.... -- | -- | -- 2 4 | 26 5 | 6 7 
10.00 - 4Q.00. .. . “= -- -- -- 8 24 32 | 2 7 

40.00 - 160.00. .. .; -- -- -- -- -- 7 5 2 Uy 

>160.00. ... -- fowe fowe fee fore fone | Jo-- Joo 

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 (a 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, 

r“, 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 r* 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 re, Ss, 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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Figure 12 

MODEL SPLIT RELATIONSHIPS 
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Table 12 

MODAL SPLIT RELATIONSHIPS 

MILWAUKEE HOME INTERVIEW AREA 
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Figure 13 

MODAL SPLIT RELATIONSHIPS 
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Table 13 

MODAL SPLIT RELATIONSHIPS 

MILWAUKEE HOME INTERVIEW AREA 

HOME-BASED SHOP TRIP PURPOSE 
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: Figure I4 

MODAL SPLIT RELATIONSHIPS 
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Table I4 

MODAL SPLIT RELATIONSHIPS 
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Figure 15 

MODAL SPLIT RELATIONSHIPS 

MILWAUKEE HOME INTERVIEW AREA 
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Table 15 

MODAL SPLIT RELATIONSHIPS 

MILWAUKEE HOME INTERVIEW AREA 

NON-HOME-BASED TRIP PURPOSE 
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Figure 16 

MODAL SPLIT RELATIONSHIPS 
RACINE AND KENOSHA COMBINED HOME INTERVIEW AREAS 
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Table 16 

MODAL SPLIT RELATIONSHIPS 

RACINE AND KENOSHA COMBINED HOME INTERVIEW AREAS 

HOME-BASED WORK TRIP PURPOSE 
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Figure |7 

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 
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Figure 18 

MODAL SPLIT RELATIONSHIPS 

RACINE AND KENOSHA COMBINED HOME INTERVIEW AREAS 
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Table 18 

MODAL SPLIT RELATIONSHIPS 

RACINE AND KENOSHA COMBINED HOME INTERVIEW AREAS 
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Table |j9 

TRANSIT TRIP ATTRACTION GENERATION EQUATIONS 

Coefficient Standard | 

o f Error of S$ as a 

Determination| Estimate Mean percent 

Purpose Equations | r2 S y of y 

|. 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 Retaii 0.663 56.8 37.9 43.3 

and Service Land) - 248 

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. | [08.5 | 

} Service Land) - 0.079 (Automobiles , 

Available) + |24 

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

Source: SEWRPC. 
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mental data were added to the 1968 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 moda! 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 deckof 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 

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

'2 RPG, 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. 
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Figure 20 

FLOW DIAGRAM FOR PROGRAM "C" TO CALCULATE 
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program is 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. 

'SCalibrat ing 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. 

Mcee 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 
$$ um0mnmz™0—™™_———_-”0.77. 77 2EEE Sm DT 

Transit Trip Productions | (Model/O & D) 
Trip Purpose 1 

0 & D Survey | Model Estimates x 100 percent 

Milwaukee 

Home-Based Work. . . 146,379 | [47,940 101.06 

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 Other’? . U,746 u,560 | 96.08 

Non-Home=Based «. -« |, 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. 

Table 2} 

ERROR DISTRIBUTION IN DISTRICTS BY TRIP PURPOSE 

FOR MILWAUKEE AND RACINE - KENOSHA 

Percent Transit Usage (actual minus model ) 

Trip Purpose | o-1 | i-2 [ 2-3 [ 3-4 { us | 5-10 | 10 
| Number of Districts in Range 

Milwaukee | 

Home-Based Work. . 10 7 10 3 2 7 4 

Home-Based Shop. . [5 y | 7 | | 2 6 6 
Home-Based Qther . | \7 8 3 5 | 7 9 

Non-Home-Based. . 25 5 8 | 3 | | | | 0 

Racine-Kenosha | | | | 

Home-Based Work. . | 3 | 0 0 0 

Home-Based Qther . | Y 0 0 | 0 0 

Non-Home-Based . . 4 0 0 0 0 

Source: SEWRPC. | | | a 
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The difference parameter was chosen to measure the medel'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 | o-i [| o-s [| 5-10 J} to-20 {| 20-50 | 50 
| Number of Zones in Range 

Milwaukee | 

Home-Based Work. « .« 5 y | 152 87 | 32 5 2 | 

Home=Based Shop. . . «TAS 75 U5 | 3 | 16 | 2 

Home-Based Other. . 195 65 42 18 6 | 2 | 

Non-Home-~Based .. . 190 [O04 29 me 0 | 0 

Racine-Kenosha 
| 

Home-Based Work. « « 15 32 0 0 | 0 

Home-Based Other. . 38 8 2 ) | 0 ) 

Non~Home-Based .. « 38 9g 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 mode! 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-based work purpose in Mil- 

waukee to 91.0 percent for non-home-based purpose in Racine-Kenosha. 

4]



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 
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Map 4 

DISTRICT COMPARISONS OF TRANSIT TRIP PRODUCTION 

ACTUAL SURVEY AND CALCULATED MODEL RESULTS 
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Map 5 

DISTRICT COMPARISONS OF TRANSIT TRIP PRODUCTION 

ACTUAL SURVEY AND CALCULATED MODEL RESULTS 

Non-Home-Based 

ii ea 
fis “fhe eee 

, : a 
sof 4 ANSET 1 Hie : 

hess Ly 

Per fee TT 
fie in Lae ; 

te te ef ae : 

. of 14 git 7 - Vf of : H +] capa 

« ca! INSET 2 “ a" dl Leck Ap 

Teta ——- [3 
ale + hea 

oT 168 4 

18 = 2 

ie ie _ ot ! 2 spo ; 

hs lft 2: j = one [aft meer 

fie iar oe 

armen y a 

ra ae 
pee INSET 3 = _ [ 

JL : (ae: eon a ] 

“Ti 26 | 

- Ca fh 27 mies LN ‘ 

45



Figure 21 

PERCENTAGE DISTRIBUTION OF ZONES BY SIZE ERROR AND DIFFERENCE 

IN TRANSIT PRODUCTIONS MILWAUKEE HOME INTERVIEW AREA 

HOME-BASED WORK (332 ZONES) HOME-BASED OTHER (328 ZONES) 
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Figure 22 

i PERCENTAGE DISTRIBUTION OF ZONES BY SIZE ERROR AND DIFFERENCE 

IN TRANSIT PRODUCTIONS RACINE - KENOSHA HOME INTERVIEW AREA 

HOME-BASED WORK (48 ZONES) HOME-BASED SHOP AND OTHER (48 ZONES) 
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Evaluation and Conclusions 
On the basis of the tests performed on the model, it was concluded that the model 

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 

satisfactorily the transit utilization rate and number of transit trip productions for all 

four trip purpose categories. 
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Appendix A (continued) 
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39 225 24718 36 163 95.1 3.5 S90l= i225 48 3320 11345 9 +0 +0 20 20 +0 
39 226 77 8 10 Baas Sue Se 48 332 186 o +0 20° 0 to 0 
39 227 946 0 20 13.200 164 13.2-  1.4- $8 33% 212 9 +0 20 +0 +0 +0 
39 228 = 24489 ° 20 97.1 3.9 97.1-  3.9- 48 335 303 9 +0 +0 +0 20 +9 
39 229 39 0 20 a3 38 33-6 8- 48 336 135 o +0 +0 +0 20 +0 

39 11,088 75 “7 335.4 3.0 260.4-  2.3- 48 39707 ° +0 +0 +0 20 +0 

% . < ie x 49 337 497 0 +0 9.9 2.0 9.9- 2.0- 
at 339 238 8 38 78:8 2838 49 338 405 0 10 ais BTL e15-  221- 
41 232 78 0 0 to = fo ee) 49 339 947 0 0 20 “to 20. “to 
41 234 756 0 +0 20 ee 20 0 49 340 1,815 0 +0 43.6 264 43.6-  2.4- 
41 235 146 oO 0 20 pas 0 20 49 341 3,654 79 2.2 91.4 2.5 oy 3- 
41 236 123 0 {0 50 50 to fo 49 342 156 0 “20 30° 450 2030) 
41 237 222 0 +0 20 20 0 20 49 343 600 oO 0 20 +0 0 +0 

41 239 120 0 fo to to to to 49 344 1,010 0 10 29 30 20,0) 
41 240 47 0 20 1 33 os re 42 248 122 Q +0 +0 20 +0 +0 
41 241 121 0 +0 +0 20 20 20 49 347 284 ° +0 20 +0 0 +0 
41 242 222 0 0 10 30 1030 SS ae ar ee 

a —_ — 49 94490 79°48 153.4 166 T4.4= B= 
al 24527 o 0 a +0 a= 60 

55 390 41 0  .0 +0 00 9.0 
42 244 405 9 .0 13.8 344 13.8-  3.4- 55 391 gol ono 10 10 20 fo 
42 245 14530 0 20 165.2 10:8 © 165.2- 1028- 55 392 14278 0 :0 2030 20-350) 
42 246 189 0 <0 20° fo SO), 250) 55 393 1,246 0 20 20 20 fo 20 
42 247 669 0 20 1400 221 14.0- 201- 55 394 tt rs) S00) to 0 
42 248 1,265 0 20 S050 20 “lo 55 395 3,994 o <0 20 20 0 20 
42 249 742 Cue <0 -30 000, 55 396 95457 3784 to to 37:0 84 
42 250 583 oO 0 21.0 366 21.0- 3.6- 55 397 424 37 8.7 +0 +O 37.0 8.7 
42 251 342 o 26 Leta LlT=  "15= 55 398 37 0 +0 20 20 an) 
42 252 112 Qo 0 20 0 2030 55 399 1,805 9 +0 2050 to 30 
42 253 83 0 0 to to to 0 55 400 730 0 0 2020 ay als 
42 254 195 QO 0 22 ol = a= 55 401 5 O +0 +0 0 +0 +0 
42 255 72 0 20 20 30 20 to 55 402 291 0 0 2030 “0 30 
42 257 75 0 20 10 30 tO 30 55 403 393, 0 40 to t0 to to 
42 258 36 0 20 1000 tL tO the 
42 259 36 0 +0 +0 20 0 +0 REGION 

—_ —_— es a TOTALS 453,013 18,136 18,073.7 11.7- 
42 6334 0 .0 215.9 3.4 — 215.9-  3.4- ee SS —S 

43 261 766 oO +0 +0 +0 +O +0 43 282 20154 yy ae 9 19 710 258 RACINE AND KENOSHA HOME INTERVIEW AREAS 

43 264 210 9 to 20 20 S050 HOME-BASED WORK 
43 265 11009 oO 0 +0 20 0 20 

a rr 
43 268 1,011 9 28 29 29 Bi 39 OES URE ee OE LER ERENCES 

: : : : . DIS TOTAL TRANSIT PERCENT TRANSIT PERCENT TRANSIT PER~ 
43 270 14940 oO 0 0 +0 20 +0 
43 271 920 0 :0 to) to to to SON SUBTEST see eee 
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Appendix A (continued) 

59 417 778 9 1.0 5.4 47 564 Te 79 554 129 25 344 1369 1.9 llel 1.5 
59 418 14166 23 220 1208 tl 10:2 29 79 555, 234 er $20 it t2- 0 1- 
59 419 14320, 12 “t9 5608 | 423 4428-  314- 79 556 © 2,107 9 30 16:9 ta yeg- ae 59 420 339 o 6°60 20°20 eo) 79°557 44479 17% 329 98:5 2:2 175 tT — ——~ —— —— 79 558 363 9 <0 20 “20 20° “lo 
59 34603 35 1.0 75.0 2e1 40.0- 1.1- 79 559 3,144 60119 40:9 103 19:1 26 

79 560 «9,191 32635 22928 9 205 9622 150 
19 561 24.255 23° 120 618 33 1602027 69 470 54844 394 6.7 24564 4.2 148.6 2.5 79 562 8,885 101i 14222 126 4102-5 

69 471 14070 120 tel el fet 10:9 1:0 19 $63 11,420 309° 2.7 31928 92:8 1028-  21- 69 472 44142 219 523 223.7 524 4lt- Ih 79 564 1118 ag det 31.3 2:8 1923-. 137- 
69 473 64669 640 926 406:8 821 © 23322, 325 79 565 948 56 529 48:3 531 737 tg 
69 474 1,050 9 20 Lelie Li- “li- 19 566 24449 120 735 30 720 2000 35 
69 475 821 24 2:9 2426 310 te fie 79 567 44405 a5 1:9 4421 Lio 40:9 39 69 478 2,631 158 6:0 152.6 5.8 So4 62 79 568 10,877 97 39 27109225 17419- 1 26- 
69 477 «34187 418 1321 31827 10:0 9923 3tT 79 569 7,052 6139 18324 226 © 12224- 17 
69 478 34338 278 8.3 21720 6:5 61:0 128 79 570 24155 9 <0 70 “0 10 to) 69 479 522 75 1414 66:8 12:8 8:2 126 79 571 114591 gz 38 695 06 272532 
69 480 755 247 32:7 89:1 11:8 15729 20:9 79 572 114629 278 224 15122012300 12678 tT 
69 481 2,964 197 “626 246.0 823 4920- “12 7- 79 573 2,623 24 39 26.2 120 202-0 lI 
69 482 © 14251 36 2:9 318 633 32:2 226 — — — 69 483 6,794 468 829 35323 52211427 iit 79 97,654 1,742 168 1,694.9 167 47-1 al 69 484 © 44730 341 722 32624 629 14.6 23 69 485 2,894 173 620 22826 © 729 55.6-  1.9- 
69 486 12 a ~0 300 t4 30 tg 89 616 3,183 o 0 er) +0 00 69 487 © 4,410 157 326 220:5 520 6315-114 — — —_—— 
69 488 5,878 483 8:2 299°8 «521 1832231 89 34183 0 .0 ee) ee) 
69 489 21487 12) 4.9 174.1 7.0 53.1- 2.1- 
69 490 15163 12 1.0 17.4 1.5 564- 25> 
69 491 3,102 48 105 121:0 328 TBL0-  224- . 69 492 431 230513 2:20 755 20.8 4:8 REGION 

— — —_ —— TOTALS 239,717 45746 4155969 186.1 69 669145 44524 6.8 34740.0 5.7 784.0 Lal a = — 

79 554 541 0 |..0 22-7 4.2 2207- 4.2- 79 555, 47 12° 2525 208i 12:0 2524 
Bee hiss 8 ik Ig EEE RACINE AND KENOSHA HOME INTERVIEW AREAS 
79 559 «1,294 24 109 427 323 18:7— 1 14- NON- ASED 79 580 © 44280 387 820 23574 5:5 15116 335 NABON EE 79 561 605 24 420 6.7 TIT 1733228 
19 562 © 44205 202 418 180:8 423 21cm 
Hi Mig Be be Re ee GE aie 
79 565 447 56 1225 46:9 10:5 921 2:0 O-D SURVEY MODEL DIFFERENCE 
43 26¢ 49309 63 a 10122 ace mee 125= DIST TOTAL TRANSIT PERCENT TRANSIT PERCENT TRANSIT PER- 
79 368 | 54254 230 414 3468 656 © -11e28-  222- ZONE TRIPS TRIPS TRANSIT TRIPS TRANSIT TRIPS CENT 
79 569 «© 24707 61 233 13821 S21 T= 228 _—_. Oa av 
43 at? 5,035 269 5:5 161831310316 218 
BoB tee WE Ee MES 88 gis 3: Bi Be 88 Sa es ate Os 0 cease. 59 419 906 120123 630017 si? 36 i) 439342 14843 4.3 1,963.0 4.5 -:120.0- 22> 59 420 348 0 “to 10 fo to 36 

59 24079 12066 6.8 63 5.23 89 616 1,297 120.9 37-6 269 25.6- 2.0- 
z ‘ a : 36= 240- 69 470 3,097 98 3.2 15.5 65 82-5 2.7 a9 14297 12 9 37.6 2.9 25.6- 2.0: $3 470 997 362 3338 3 267 

69 4172 34430 132-358 2754 28 = 10436 30 69 473 44420 36 iB 44:2 110 822-2 
TORACS 387 414 5,815 98 83 418 339 8 28 123 se 123. te ALS 114 . 1815.6 é : 5 12-0 14 og eee ce pez ele ES, a 69 476 1,814 24 103 18:1 1:0 52933 

69 477 25993 0 20 56:9 129 56:9-  129- 
69 478 2,021 9 0 2453 12 2403-  1l2- 
Sip Gt 8 fe wee Ge IE RACINE AND KENOSHA HOME INTERVIEW AREAS 69 481 23694 12 14 4301 106 BLlI-  1i2- 
63 43531812 38 aie 18 lote- 18 HOME-BASED OTHER 69 484 94,715 6l 103 6123123 33-0 69 485 4,342 153305 60:8 124 92:2 20) 
69 486 466 ° +O +0 oo) ro) +0 
69 487 «3,112 24 18 B1lL 150 Tit 12+ 0-b SURVEY MODEL DIFFERENCE 69 488 34676 49123 3351 39 156934 

SS 69 489 25573 0 30 36.0 124 3620- 124- DIST TOTAL TRANSIT PERCENT TRANSIT PERCENT TRANSIT PER- 69 490 3,581 24 0 o7 326 tl 20-4 26 ZONE TRIPS TRIPS TRANSIT TRIPS TRANSIT TRIPS CENT 69 491 14435 6 to 10:07 10.0-  27- ee 69 492 101 0 %0 ok SE ae tie 
69 641439 866 163 786.3 le 9.7 ol 

a a 59 419 3,063 12 14 36:8 122 2428-2 8- 43 236 $83 8 oe ro oe teen ces 59 420 1,079 o <0 70 30 20, 50 13 337 33 8 38 3138 ne us 
oo wy2ce ee 33 oe Loe 79 559 1,108 1200 LL 555 35 6:5 36 Big Bae Mp ep pa oe ey ee te Ome tee} es beets G5} 79 562 © 2,172 25° 1s2 15:20 i7 gia 35 
69 472 7,704 158 2e1 15421 200 33900 tL 43 303 31298 6 a Oleg 2-7 36i27 1 20= 
69 473 11,667 283204 31500 © 227 3220-23 aa yaee lets oe? 1g2t eS 1967-165 83 a7e 1h 2882 i eR ay Gos Sans 65 Th 448 195-226 16359 2:2 Blok 24 
69 475 24109 24 Lil 12:7 26 11:3 25 ogace ane o 48 9 39 29. 30 69 476 «= 4,707 378 © 8.0 122.4 226 255.6 5.4 oF 085 0 38 Se3 26) $o3- ob 69 477 44662 208 4.5 191.1 0 41 16:9 24 #3 268 ©9920 $9 1-0 12-2 162 1222-6 2- 69 478 = 6,955 207 320 187.8 2.7 19.2 23 43 369 = 19985 48 2648 17.9 3 30-1 1.5 69 479 654 120-138 45:1 629 3301-  5.1- a iere. 139 oS “939 9 0 69 480 953 46 458 5204 5:5 614-7 42 271 39647 12 3 7-3 4 4-7 al 69 481 5,180 136 206 14520228 920- ta 43 272 0 2ehTe 12 3 17-3 at BeB- ge 69 482 24165 0 20 0 20 20 20 49 373 184 io +0 3.9 35 Bon 3S 69 483 154196 3 S 349:5 2: 5 . as asses 69 484 10,291 38g 34928 3:7 33:3. 2g. 19) 267725: A027 121: 42969 122 27.9- alm 83 48541798 iy 2:3 13403 2c6 23035 18° . 

ee ee 69 489 6,054 230 0328 163:5 2:7 66:5 LiL he eee O38 eo 20 20 40 
69 431 63038 at 158 721312 bsa- 23. . 69 492 "728 12 126 10°36 12:0 1:6 REGFON 

———— ——_ ——. a TOTALS 103,751 _ 1,280 1,223.0 57.0 69 131,678 2,980 2.3 -2)826.5 2.1 153.52 —— ———— —— 

56



RES en eee 

iar | ses = a 

THIS IS SOUTHEASTERN WISCONSIN 77 fee a es == 

: eae : ia S| gh: 
Important vital statistics on the Region and oS fa | < 

= | aN 7 2 
percent of totals for the State of Wisconsin. ef i Pose 

iE Sr 
oo ee 

rad J . Me 4 e a 
Cer ey ee Oe \ ieee ; 

Land and Water Area (sq. Mi.). +--+ sees ee eee eee eee s 2,688..... 65% 7) A SS Sere: 
ii oP ea a re Baa wie *< 

Population (1960) «>i «sos 6 oe se se clc eas © oie « « Ly 013,620). <i « 40% x g ‘ wa 

oe ae 
Resident Employment (1960)... .---++++e+e+eeee+ + 612,723. .... 42% ee cake oka BOY 

es hat) Deva 

Resident Unemployment (1960)... +2. eeeeeeeeceeess 24,174..62- 41% eae eeu a Rr 

Resident Labor Force (1960). .....+++++eseeee+s s+ +636, 897..... 42% ~ AN 5 i eae ia 
of? M4 | a oo 

Resident Man'f. Employment (1960)... ...++++e+e++e0 + 253,292 6... 52% ey Al } 7 Wo se . 
BO A oS”. eK ate; 

Oe i ae 
Resident Non-Man'f. Employment (1960)..........+....359,431..... 37% ae 2 

re a pai 5 
2 ee 

Disposable Personal Income (1960)..........++ $3,572,000, 000..... 46% / sult ptetiisce= pe ow 

Retail Watablishments (1958). «2.6 sie+siscs +. sss 15,780. «+ + 38% AA i AWARE cae. st 

WOM GE OT ie, 
Retail Sales (1960)... +. 2 see eee ee eee eee e+ $2,045,000, 000..... 42% Bec * SSAA Ge eg 

kee s 
Property Value (1960)... .+eeeeseeeseeeeess $8,726,000, 000..... 46% Se meet oe 

Total Shared Tax (1960)....2s+se+eeseeeeees ++ $62,777, 000..++- 54% Pe oe om 
Bel Ne ae aN 

Motall tate Aids (1960) ste: alte coe co eos w\el alee oe 01010$90,474, 000. siciai. 26% ae pie VS pee ES 
pa EE Pe 5 

Total Property Tax Levy. .-sseessescesececes $239,380, 000..... 50% Erase ele | | ee 
ge, ee ol 

Total Long Term Public Debt.....2...2e+2e2+++ $378,592, 000...- + 55% i eee — 

Total Highway (miles) (1960)... ...eeeeeeee cece e+ «8,740.45... 6. 8.9% _ 

Value of Mineral & Non-Metal Production (1961)... .. .$15, 494,487. . . 20.08% er 4 oe ys 

= 3 a 
5 a ss 

Total Vehicle Registration (1962-1963)........++++.+++ 633,540. ~ + «36.8% ad hee Bora. i 

A 
Auto Vehicle Registration (1962-1963)..........+..+.+551,188.....40% LH f (aes : 

Ab i. SQ sare 
P h ey ~ 

Truck Registration (1962-1963). .........eeeeee 00+ + 655, 950.064 23% eat 7g > ce 7 

i OS 
State Parks & Forest Areas (acres) (1963)...........+-.12,546....3.02% ~ ~~ SN ’ 

fs. CAG 
fis ta ak SD 

aN mates 

ee ee 

3 Se ie 
0 

Pee we 
Per Rite rgicgibee supe aanie ey a eee : ee ae 
ee Bs oe A tas Se 

ne wee Re Sak 
f45 SBN iS % 
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