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EXECUTIVE SUMMARY 

The purpose of this study was to test the feasibility of developing a 

multinomial logit mode-split model for urban areas with 200,000 population 

or more. The logit model was designed for the purpose of providing node-

s p 1 it information for more than two modes. The modelling process was 

accomp 1 i shed by adapting an aggregate data base to the Urban Transportation 

Planning System (UTPS) computer program ULOGIT to calibrate a set of lo~it 

models. One of the major objectives in this study was to utilize available 

information to develop the models and avoid the collection of new household 

(disaggregate) data. 

A number of logit models were calibrated and evaluated in this study 

using the Flint metropolitan area (Genesee County, Michigan) as a case 

study. The modelling approach was initially tested for a two-mode example 

(auto/transit), in which four nndels were calibrated. Upon the completion 

of this task, more comp 1 ex mode 1 s were deve 1 oped to pro vi de noae sp 1 it 

information between five modes representing various leve 1 s of automobile 

occupancy and transit. These modes were: 

e Automobile - drive alone 
e Automobile - one passenger 
e Automobile - two passengers 
e Automobile - three or more passengers 
e Transit - bus service 

A total of five multi-r;1odal logit models 1·1ere calibrated and evaluat-

ed, three for \vork-trip purposes and two for nonwork purposes. 

The calibration of the losit nndels was accomplished using a fraction 

of the total trips. The acceptance and rejection of these models were 

based on two sets of criteria: (1) statistical reports produced by the 

ULOGIT program, and (2) application of the nodel on the 100% san~le of the 
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trips. The statistical tests produced by ULOGIT were used prir,rarily to 

reject "unacceptable" models. The comparison of the nodel results (using a 

100% sample of trips) to the observed mode-split was made to determine the 

acceptability of the models. Comparisons between the "estimated" and the 

observed trip tables on a trip interchange basis were accomplished by com­

paring the Trip Length Frequency curves for the model results and observed 

data. 

Two mode 1 s were analyzed to investigate their sensitivity to changes 

in transportation systenr characteristics. A majority of the sensitivity 

tests provided results which were consistent with expected behavioral reac­

tions to transportation system impacts. However, in some instances, the 

sensitivity results indicated a need to improve the mJdel formulations. 

The results of the study indicate that the development of multi-nomial 

logit mode-split nodels (for more than two modes) is feasible using aggre­

gate data. The study indicates that the potential of applying this 

approach in other urban areas is quite high, although further calibration 

and validation efforts are needed before a oore wide-spread application is 

warranted. Speci fica lly, more effort should be directed towards "fine-

tuning" the (dis)utility equations to improve the rr.odels' predictive capa­

bilities. Furthermore, additional data should be collected with the 

objective of further validation of high-occupancy node nodels. Studies 

should also be directed towards investigating ''penalties'' associated with 

using high-occupancy modes, as well as determining optimal samplin~ rates 

for calibration purposes which 1vould take into account the trade-offs 

between the predictive qua 1 i ty of the mode 1 and the associ a ted computer 

costs for larger san~le sizes. 
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1. INTRODUCTION 

Urban transportation planning can be defined as the process of devel­

oping, testing, monitoring and evaluating short-range and long-range trans­

portation alternatives which are soundly conceived in order to meet the 

goals and objectives of the urban comlliUnity. T ravel demand forecasting 

constitutes the rrost critical element of the planning process and repre-

sents the greatest challenge to transjJortat ion planners. The importance of 

deriving a realistic set of travel demand estimates for the planning hori-

zon lies in the fact that these demand data define the framev10rk within 

which all alternatives are to be developed. The plan to be finally imple­

mented over the planning horizon, must be "adequate" for the projected 

travel needs and demands. 

The development of a reliable multi-modal travel demand model as a 

part of the transportation planning process for urban areas with a popula­

tion of 200,000 or more is a goal of the Michigan Department of Transporta­

tion (~lOOT). A major element of such demand models is the process of allo-

eating travel amongst various modes, commonly referred to as the "mode-

split" process. In the past, efforts have been made by the MOOT to develop 

general travel demand models based upon the use of diversion curves to 

determine modal splitl. These models, however, can "handle" only two 

travel modes at a time (e.g., auto and transit) and are, thus, relatively 

insensitive to changes in travel demana as a result of diverse auto occu-

1. Exan1ple: "Flint Area Transit Study: Testing of Short Range and Long 
Range Transit Alternatives using the UTPS Transit System ~lodel", 
Department of Civil Engineering, \~ayne State University, 1980. 
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pancy levels. In addition, to "fit" these diversion curve models to a spe­

cific study area, a significant amount of manpower is required each time a 

study area is to be evaluated. Finally, these models require further di­

versity in their application in order to provide travel demand tests and 

evaluations for a greater number and type of transportation strategies, as 

required for many transportation p 1 anni ng programs. 

1.1 Study Needs 

The MOOT has recognized the need to develop travel demand model capa­

bilities in order to provide an effective means of testing and evaluating 

various transportation strategies (e.g; transit and ridesharing programs) 

for urban areas containing a population of 200,000 or more. These models, 

when fully developed, will be useful not only for testing the demand conse­

quences of alternate transportation strategies, but also for evaluating the 

energy and air quality effects of these actions. It has become necessary 

to develop new demand choice models, using available software such as the 

UTPS package, that can be utilized to test the demand consequences of vari­

ous alternate transportation strategies. The most desi rab 1 e attributes of 

such a modelling approach are: 

l. The model must be multi-nomial in nature and should have the 

capabi 1 ity to perform mode sp 1 it between more than two liiOdes, 

2. The model should require a smaller data base, or less of a data 

collection effort than the diversion curve technique for calibra­

tion purposes, 

3. The model should be more responsive to the needs and characteris­

tics of smaller urbanized areas and it should lend itself to use 
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for predictive purposes without a lengthy and involved process of 

calibration, 

4. The model should be sensitive to changes in transportation system 

attributes as well as trip maker characteristics, and 

5. The model should lend itself for use in determining the energy, 

air quality, and other impacts of various transportation strate­

gies. 

1.2 Organization of the Report 

The MOOT retained the services of Goodell-Grivas, Inc. to investigate 

the feasibility of an alternative demand modelling approach that would 

address the needs of urban areas over 200,000 population. This report des­

cribes the procedures used to develop and test a multi-nomial logit model 

utilizing the UTPS computer package. 

following sections: 

The report is organized in the 

1. I nt roduct ion and organization of the report. 

2. Purpose and scope of the study, including a discussion on the 

ULOGIT model and the use of aggregate vs. disaggregate data base. 

3. Procedure for utilizing the ULOGIT model in the lo9it nodelling 

process. This section includes a general discussion on prepara­

tion of the data inputs, development of the calibration file, 

selection of the independent and dependent variables, development 

of the (dis)utility equations and the use of the (dis)utility 

equations to perform mode split. 

4. Description of the area characteristics of Genesee County which 

was used as a case study site, and a discussion on the data base 

used in the case study. 
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5. Development of the (dis)utility equations for the bimodal model 

(auto and transit) and for the multi-modal (transit and four auto 

occupancy levels) applications, and a discussion of the various 

tests used to evaluate the (dis)utility expressions. 

6. A discussion of the modelling and calibration results for the 

bimodal example (auto/transit split). 

7. A discussion of the modelling and calibration results for the 

multi-modal models developed for work and nonwork trip purposes. 

8. Results of the sensitivity analysis on the developed logit 

models. 

9. Conclusions and recommendations for further study. 
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2. PURPOSE AND SCOPE OF STUDY 

The purpose of this project is to test the feasibility of developing a 

multi-nomial, multi-modal logit travel demand model for urban areas with 

populations of 200,000 or more. Once such a model is developed in complete 

form, it can be used to pro vi de an effective means of testing and eva 1 uat­

ing various transportation strategies (i.e., line-haul transit, carpooling, 

express bus systems, etc.), as well as evaluatin~ the energy and air quali­

ty impacts of those actions. 

The multi-nomial logit nodels resulting from this study v1ere developed 

using the ULOGIT computer program fron1 the Urban Transportation Planning 

System (UTPS) modelling package. The UTPS modelling package is a collec­

tion of IBM System/360-370 computer programs for use in p 1 a nni ng ~<ult i-

modal transportation systems. UTPS was developed by and is maintained 

under sponsorship of the Urban Mass Transportation Administration (UhTA) 

and the F edera 1 Highway Admi ni strati on (FHWA) of the U.S. Depa rtJ;,ent of 

Transportation. The UTPS computer package consist of 21 independent compu­

ter progra111s in which one program creates or reads the input or output of 

another. The ULOGIT moael, as documented in the UTPS package, cali­

brates the 11ode choice and demand estimation formula in a lineu losit 

form. ULOGIT in itself does not compute the allocation of trips into dif­

ferent 1110des, but develops the necessary calibration factors in tl1e form of 

(dis)utility equations that can be used to ~enerate multi-1110dal travel 

estimates comparable with the observed data. The model internally uses the 

concept of maximum likelihood to calibrate the (dis)utility equations and 

pro vi des the best fit to a set of observed tra ve 1 data through the use of a 

number of independent vari ab 1 es. 
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An important elen1ent of this study relates to the controversy of uti­

lizing aggregate vs. disaggregate data for calibrating the logit model. 

Traditionally, logit models are oriented to the use of a household data 

base (disaggregate), as the argument has been made that .mode choice deci­

sions are typically made at the household level and as such these decisions 

do not reflect zonal (aggregate) characteristics. However, most mode 

choice analyses have traditionally used zonal data, primarily based upon 

time and cost considerations. Therefore, a major thrust of this study was 

to investigate the use of zonal data, in the most meaningful way for logit 

purposes, without any significant loss of accuracy. 

Another iliiportant objective of the study was to determine the sens it i­

vity of the model to changes in the transportation system characteristics. 

The travel demand model developed in this study was tested using various 

changes in transit level of service, fare, fuel price changes, etc. to 

determine how sensitive the model is to these changes. 

2.1 The Logit Approach 

A logit mode-split model is essentially a process for allocating 

travel among a number of available modes (systems), based upon factors such 

as: the relative attractiveness of the system, the socio-economic charac­

teristics of the users and land use characteristics at the trip destina­

tion, etc. For example, as travel time by transit between two locations 

increases, transit travel becomes less attractive. Similarly, as parking 

becon:es nore expensive and less available (particularly in CBD areas), the 

attractiveness of transit is likely to increase. 
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A logit-model atte111pts to incorporate mode-choice decisions through 

the use of a set of mathematical formulations using various explanatory 

variables (cost, time, etc.) that may conceivably affect such traveler 

decisions. Equations are developed to reflect actual travel characteris­

tics, based upon the relative composite attractiveness (dis)utility of each 

mode compared to other avaialble modes. f<lathematical formulations describ­

ing this process are described in detail in Section 3 of this report. 

ULOGIT is essentially a ca 1 i brat ion program that can be used to 

develop different (dis)utility equations for mode-split purposes for a set 

of independent explanatory variables. ULOG IT a 1 so pro vi des a series of 

statistical tests to provide a "goodness of fit" between the model output 

and the observed data. When the model is successfully calibrated, the 

(dis)utility parameters can be used along with necessary travel and network 

data to calculate the allocation of tri~s between the different nJJdes. The 

final demand estimation can be accomplished through the use of the UMODEL 

or U~lATRI X mode 1 s from the UTPS package. 

The designation of the logit approach for travel demand purposes ~1as 

based on the following considerations: 

G The r,;odel should accurately predict mode choice for various trans­

.portation strateg·ies. 

fill The nJJdel should not require extensive data collection efforts. 

Cll The model will be developed using existing data on a zonal (aggre­

gated) level. 

G The model framework could be adaptable to any urban area over 

200,00U population. 
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® The model should be sensitive to changes in transportation system 

attributes as well as to trip-maker characteristics (i.e., changes 

in transit operating strategies, fare structures, fuel prices, 

socio-economic characteristics, population distribution, etc.). 

• The model should lend itself to use for determining the energy, air 

quality and other impacts of various transportation strategies. 

2.2 Aggresate Versus Disaggregate Data Base 

One of the important attributes of this study is the use of data 

aggregated on a zonal level, as described earlier. Recent modelling 

efforts utilizing the logit approach have concentrated on using disagsre­

gate data {household level) as contrasted to aggregate (zonal) data to 

describe trip-maker characteristics. While tl1e use of household level data 

definitely l1as significant merits, the non-availability of such data 

generally poses a serious constraint to the use of this model. 

Disaggregate travel demand models have been cited as being a nore de-

sirable neans of describing the relative importance of explanatory varia­

bles (those variables used in mode selection). Therefore, disag~regate 

models are more suitable for analyzing and forecasting nude choice behavi­

or. In particular1: 

Ill Disaggregate choice lliOdels are data efficient and require signifi-

cantly less observations to calibrate than do models agsregated at a 

zonal level. This is particularly important for areas where tl'ansit 

trips represent a small proportion of the total trips. 
,/ 

111 Disag9regate choice models are less sensitive to variations caused 

by unidentified locational parameters. This is because in the samp­
\, 

1 ULOGIT User's Guide, U.S. DOT, UMTA, FHWA, July 7, 1977. 
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1 i ng process, i ndi vi dua 1 observations are se 1 ected from the entire 

study area (in disaggregate rrodels) which tends to cancel out sor"e 

of the unidentified locational parameters which are incorporated on 

a zonal level analysis. On the other hand, zonal trip data may ex­

hibit locational biases based on the makeup of the zones and the 

connection of the zone centroids to the network. 

• Disaggregate choice models are highly sensitive to the variation in 

all variables. Some studies indicate that a significant variation 

in travel and socio-economic variables is lost when individual char­

acteristics are aggregated on a zonal level. If zones were strict­

ly homogeneous in land use and trip-maker characteristics, 

variability would not be a major concern. Although homegeneity is a 

prime concern in defining each zone in a study area, there is always 

some variation within a zone. 

<Ill Disaggregate models are rmre consistent with theories of travel de­

rrrand behavior. 

However, one of the major objectives of this study was to develop a 

demand choice forecasting model which would require data bases readily 

available for most agencies. Since many planning agencies choose to work 

with aggregate data, data is usually available on a zonal level. Thus, the 

emphasis of the study was to adapt aggregate or zona 1 data for use in the 

logit model. The model developed in the study also used socio-economic 

and land use data converted from census reports into traffic analysis 

zones. This data, along with zonal interchange data (travel time, 
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cost, etc.) was appended to zonal trip tables to significantly reduce the 

cost and time expenditures in the modellins effort. 

2.3 The Logit Application 

The nDdels developed in this study were evaluated utilizing the Flint 

metropolitan area (located in Genesee County, Michigan) as a case study. 

The Flint area Vias selected for the study area because it is a ty~ical 

urban area within the State of Michigan. The area has an existing viable 

data base, and a transit system has been in operation in the area for a 

nulliber of years, with existing ridership and operational data. Two model-

1 i ng efforts were made: 

1. Develop a demand choice model between two modes; 

e Automobi 1 e 

~Transit (bus services) 

2. Develop demand choice models, between five modes; 

• Automobile -drive alone 

CD Autornobi 1 e - one passenger 

e Automobi 1 e - two passengers 

~Automobile- Three or more passengers 

411 Transit 

Separate models for the five mode case were made for work and non­

work trip purposes. The moaelling effort only related to the use of home 

based trips. 
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3. PROCEDURE FOR UTI LIZ! NG THE ULOGIT MODELL! NG PROCESS 

This section describes the logit model and the framework used by the 

Consultant to develop (dis)utility equations using the UTPS computer pro­

gram UL OG IT. 

as: 

The ntUlti-nomial logit lliodel used in this study can be expressed 

EXP(-U(i-j/m)) 
P (i-j/m) = N 

:;2 EXP(-U(i-j/m)) (A) 
m =1 

Where: 

P(i-j/m) =Proportion of total person trips from zone i to zone j 
using mode m. 

Further, 

N =Total number of travel modes (m). The modes are nurll­
bered consecutively 1 through N. 

U(i-j/m) = (dis)utility value of a trip from i to j using node m. 

(B) 

11here: 

Fc(i-j/m) =A function of the cost of making the trip (C) 
from i to j by mode m. 

Ft(i-j/m) =A function of the time (or distance) involvea (D) 
in making the trip from i to j by mode m. 

A function of the socio-economic character­
istics of the trip maker or land use charac­
teristics associated with trips from i to J by 
mode m. 

(E) 

The functions C and D can be regarded as a travel inrpedance or resist­
; 

ance function. Function E can be regarded as an impedance or r-esistance 

function associated ~1ith travel by a particular mode. It should also be 

noted that the P(i-j/m) value calculated by equation A would be a number 
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between zero and unity, depending upon the relative (dis)utility of the 

trip for the given rrode. The more attractive a given mode is (as reflected 

by the corresponding impedance Functions C, D, and E), the sma 11 er the 

cumulative disutility value as derived from equation B. A smaller value of 

disutility would have the effect of apportioning more trips into the r>~ode. 

Further, it can be sho11n that: 

N 
2 P(i-j/m) = 1.00 

m=l 
(F) 

Equation (F) simply signifies that the sum of all the percentages of trips 

allocated among N modes for a given zonal interchange will be 100. 

Each of the three (dis)utility functions can be developed as a linear 

combination of relevant variables, each variable being adjusted by a co­

efficient as follows: 

F (i -j/m) = [ cx_1x1 + cx.2x2 + ••••••• o<nXnJ 

Where: 

(G) 

F(i-j/m) =Impedance Function (time, cost, distance, etc.) for 
trips from i to j using mode n1. 

x. = 
1 

O(i = 

Individual elements within the impedance function 
(e.g., in-vehicle time, waiting time, out-of-pocket 
cost, parking cost, etc.). 

Coefficients to be derived as a part of the model 
calibration. 
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The rrulti-nomial logit model, described above, was utilized in this 

study. The four principle steps involved in the logit rrodelling process is 

shown in Figure 1. These steps include: Data preparation, Developing of a 

calibration file (using UtltODEL), Developing and evaluating the (dis)utility 

equations (using ULOGIT) and performing mode split (using UMODEL or 

UMATRIX). The selection of this particular approach for the development of 

the logit model by the Consultant was based upon the Consultant's past 

experience with the UTPS computer package, the knowledge about the data 

base and its limitations, and the features of the computer system which was 

utilized in this study. A more detailed overview of the process used in 

the ULOGIT ~lodelling Process is shown in Figure 2. The principal UTPS 

computer programs used in this study were UMODEL and ULOGIT. However, a 

majority of the work done with UMODEL (building file calibration and mode 

split) could have also been completed using UMATRIX. Other UTPS packages 

used in this study include UMCON, UMATRIX, and UFMTR. 

A genera 1 descri llt ion of each major step of the logit modelling pro­

cess (as used in the study) is provided in the following sections. 

3.1 Step 1: Data Preparation 

The first step is to prepare the data to be used in the calibration 

file development (Figure 2). Three types of data are used: 

1. Observed trip data 

2. Trip interchange impedance data 

3. Zonal socio-economic and land use data 
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STEP 

1. 

2. 

3. 

4. 

DESCRIPTION 

DATA PREPARATION 

~ 

BUILD CALIBRATION 
FILE 

,, 
DEVELOP DISUTILITY 

EQUATIONS 

~, 

PERFORf~ MODAL SPLIT 

UTPS COMPUTER 
PACKAGE 

(UMODEL/UMATRIX) 

(ULOGIT) 

(UMODEL/MATRIX) 

Figure 1. The primary steps in logit modelling process. 
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Figure 2 (Continued) 
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As described earlier, this study involved the development of a travel 

demand rrodel using data aggregated on a zonal level. The ULOGIT computer 

program and the logit approach is ideally designed to use disaggregate 

data, therefore, some modifications were made to the aggregate data bases, 

particularly the observed trip data to lend itself for use for ULOGIT pur­

poses. The following discussion summarizes what each type of data should 

consist of, how it is obtained, and how it will be used. 

3.1.1 Observed Trip Data: The observed trip data used in this study 

consisted of individual, mode specific trip tables. For example, if a 

travel demand model is to be developed for five nudes, five trip tables 

would be needed, one for each nude. The sum of the five mode specific trip 

tables would be the total person trip table. 

In preparing the trip data to be used for calibration purposes, the 

observed trips should be coded on a household level (i.e., disag~regate 

trips). The trip tables provided by MOOT, however, were aggregated on a 

zonal basis v1hich consisted of a numerical value representing the total 

number of trips for each zone pair in the study area. To obtain a dis­

aggregate forr11at (i.e. one trip per record), the zonal trip tables were 

converted into the format of a household trip file so that each record in 

the file contained a single trip. For example, instead of having a total 

of 32 trips (on a single data file record) between origin zone A and 

destination zone B for a zonal interchange, the file should be converted to 

show 32 separate trip records for travel between zones A and B, one trip 

per record. This task can be accompli shed through the use of a number of 

FORTRAN statements. 
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The observed trip tables (converted to a single trip per record) are 

used in the ULOGIT program to develop mode-specific (dis)utility equations 

describing travel in an area. They are used to "calibrate" the (dis)utili­

ty equations so that the final set of equations will provide an estimated 

trip interchange value and mode split which will provide a desirable match 

with the observed data. This is done within the ULOGIT program using the 

maximum likelihood concept. It typically involves a large number of compu­

tations that requires the use of substantial computer time. Computer costs 

for the ULOGIT program is a direct function of the number of data points 

(observed trips), the number of equations (modes) and the length of the 

equations (number of independent variables). To minimize computer costs, a 

fraction or a sample of the total number of observed trips (1 - 20% depend­

ing on the number of trip records and number of zones) is normally used in 

the calibration process. This sample should be randomly selected and 

should use a similar distribution of trips between modes as the total 

observed data. For example, in a two mode case where the observed mode 

split is 90% auto and 10% transit ridership, the sample of trips used for 

calibration should contain the same 90-10 split between auto and transit 

modes. 

Ideally when the trip data is a "true" household data base, a small 

number of trip records may be used to pro vi de a rep resent at i ve reliable 

sample. However, in instances where aggregate data base serves as the basis 

of information, a larger number of trip records must be used to attain the 

same level of reliability in the results. If too many trip records are 

used, computer costs will increase significantly. Caution should be exer­

cised in selecting a minimum sample size, particulal'ly where one mode may 

represent a very small percentage of the total trips. This is the case in 
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the Flint metropolitan area where transit trips represent approximately 

0.8% of the v1ork trips and 0.4% of the nonwork trips. Selection of a s1nall 

sample (percentage-wise) can result in a small number of trips being used 

to calibrate the (dis)utility equation for the respective mode. This can 

produce some inaccuracy in the rrodel. As such, to obtain a reliable (dis)­

utility equation for transit trips in an area like Flint, a lar9er sample 

of observed trips is required for calibration. 

Once the trip tables are converted into the proper format (with each 

trip record associated to a particular mode) and a sample of the total 

trips has been obtained, the sample trip data can be used to develop the 

calibration file (Step 2). 

3.1.2 Trip Interchange Impedance Data: Trip interchange impedance 

data refers to a time, distance, or cost variable associated with travel 

between zones. This data is usually in the form of transit or highway skim 

trees. The hi gh1vay skim tree data in this study was obtai ned from the ~1DOT. 

Highway skim trees may also be obtained from the UTPS program UROAD. Tran­

sit skim trees used in this study were output from the UTPS program UPSUM. 

The skim trees may be modified to show a travel time ratio comparing 

travel time of two modes between zone pairs such as (travel time for tran­

sit)/(travel tin1e by auto). Distance skim trees may be used to develop the 

out-of-pocket travel cost for the automobile modes. For example, a varia­

ble defined as [(Trip Length) x {Cost per Mile)+ Parking Costs]/[Number of 

Vehicle Occupants] utilizes the distance skim trees for this purpose. Skim 

trees n1ay also be factored or modified to show other types of va ri ab l es 

such as trip interchange density variables. An example of this variable is 

LOGlo[Tij x Dij x Ai x Aj] where Tij is the nunber of 

trips between zone i and j, D;j is the travel distance {miles) bet1veen 

zone i and j, A; is the size of zone i (acres) and Aj is the size of 
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zone j (acres). This particular variable can be useful in describing the 

(dis)utility of carpooling. 

The trip interchange data, along with the observed trip data and the 

zonal data were used to develop the calibration file. 

3.1.3 Zonal Socio-Economic and Land Use Data: Socio-economic data 

included the zonal characteristics of income, household size (number of 

persons), automobile availability, zone size (acreage), population, land 

uses, parking costs, etc. Socio-economic and land use data were obtained 

in part from census reports and other data bases and srouped into traffic 

analysis zones. 

Zonal averages of these characteristics constitutes an aggregate data 

base. Zonal averaging of socio-economic characteristics of the trip-maker 

is a shortcon;ing in the modelling process. It would be preferable to knov1 

the income and other characteristics of each traveler along l'iith the match­

ing of the trip-makers characteristics to the selection of a particular 

mode. This infonnation would provide greater detail about the decision 

making criteria of the traveler. Zonal averaging of data not only removes 

the 111atching of socio-economic variables of a particular individual to his/ 

her 1110de of travel, but it also removes a considerable amount of variance 

in a variable. 

In the calibration file, the zonal data is associated to a particular 

trip end. For example, parking costs should be associated with the desti­

nation zone of a trip, since these costs are incurred at the end of the 

trip. Similarly, 1\ousehold income data should be associated vlith the 

origin zone of a trip since household income conceivably can affect noae 

choice decisions. The assignment of a variable to a trip end is done when 

the calibration file is developed (Step 2). 
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In certain cases, a number of zonal variables (socio-economic and land 

use) may be combined to "create" a new composite variable. For example, 

zonal population, may be divided by zonal land area to create a density 

measure, (i.e., population per unit area). The identification of such ne1v 

variables is a common and useful practice in most modelling exercises. The 

practice of selective wei9hting of variables to increase or decrease the 

trip producin9 characteristics of a zone through the use of adjustment 

factors can be accomplished to describe certain characteristics of the 

study area. 

It is generally advisable to assemble a large number of variables at 

this stage for possible use in the development of the (dis)utility 

equations. However, the selection of variables should be made based upon 

perceived (or intuitive) causal relationships 1;ith the decision making 

process for wde choice. For example, variables such as income and autonio­

bile availability have been shown to have a significant impact on mode 

choice. Other variables such as zone size (acreage), may not always have 

an impact on lilode choice and v1ould be less desirable to use. 

Variables 1;hich at·e difficult to predict should be avoided. For exam­

ple, resident labor force in a zone may be very difficult to predict be­

cause of the uncertainty of future economic conditions and the increasing 

numbers of women entering the work force. Therefore, this variable may be 

undesirable to use even though it may provide a decent "fit" to the ob­

served trip data. The final selection of variables should relate to the 

transportation strategies to be tested. That is, if new transit system 

alternatives are to be evaluated, variables such as travel time by transit 

should be used. 
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3.2 Step 2: Building Calibration File 

The calibration file is constructed using the UTPS program UI,\ODEL 

(Figure 2). The calibration file consists of a matrix in which the roVIS 

correspond to observed trip records (one trip per record) and the columns 

correspond to variables. These variiibles include mode choice (dependent 

variable), travel tines, costs, socio-economic and zonal description 

variables (independent variables) to provide (dis)utility information 

regarding the trip. 

The calibration file provides a specification of variable names, 

units, and all possible variables which may be used in the ULOGIT runs. An 

example of a calibration file setup is sliOVIn in Appendix 2. 

The dependent variable relates to the mode of travel and assumes a 

binary form. Each trip record in the calibration file is associated 11ith 

one and only one mode, and that mode has to be identified Vlith "0" or "1 ". 

For example, in a three mode situation where columns i, j, and kin the 

calibration file are associated ~lith the auto mode, carpool mode, and tran-

sit node respectively, only three possibilities can exist. 

Col unms in the Calibration File 

i _j_ k 

Auto mode 1 0 0 
Carpool n10de 0 1 0 
Transit mode 0 0 1 

In this manner, each trip is assigned to a mode and a trip can never be 
; 

assigned to 1nore than one mode. 

3.3 Step 3: Developing (D~tility Equations 

This step involves using the UTPS computer program ULOGIT to develop 

coefficients for user developed (dis)utility equations. The input to the 
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ULOGIT program is the calibration file developed in the previous step 

(Figure 2). When using the ULOG IT program, a di sut il ity equation is 

deve 1 oped for each rrode (dependent va ri ab 1 e) from the observed characteri s­

ties of the trip makers (independent variables) as specified in the cali-

bration file. For each dependent variable, an equation is formulated 

consisting of independent variables, coefficients and bias coefficients. 

The independent va ri ab 1 es are tra ve 1 i n,pedance or socio-economic va ri ab 1 es 

associated with each trip as input into the calibration file. The 

coefficients are weights given to the independent variables and the bias 

coefficients are constants (which may or may not be used) and act as 

intercepts or "global" adjustments to the (dis)utility equations. Bias 

coefficients are usually included in an equation to explain "unknown" or 

unmeasurab 1 e characteristics of a mode such as privacy or convenience. 

This type of coefficient may also be used in lieu of several lilinor 

variables (l'thich only have a small impact on the characteristics of a node 

in composite form) or to simply forrn a better fit of the equation. 

An example formulation for a three mode case is as follows: 1 

~\ode 

Auto Users 

Pool Users 

Transit User 

Coefficients 

=Time Coef 
+ Cost Coef 
+Auto Bias 

= Time Coef 
+ Cost Coef 
+ Pool Bias 

=Time Coef 
+ Cost Coef 

Variables 

* Auto Time 
* Auto Cost 

* Pool Time 
*Pool Cost 

*Transit Time 
*Transit Cost 

!NOTE: This exa111ple fomulation is used for illustrative purposes to show 
the use of ULOGIT and is not used as a model in the study. 
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In this example, three (dis)utility equations are being calibrated for 

three modes (dependent variables) using a combination of independent varia­

bles, coefficients and bias coefficients. 

The dependent variables are: 

e Auto Users 

• Pool Usersl 

o Trans it Users 

The independent variables are: 

e Auto T i n1e 

e Auto Cost 

• Pool Time 

e Pool ·cost 

e Transit Time 

e Transit Cost 

The coefficients are: 

• Time Coef 

e Cost Coef 

The bias coefficient are: 

e Auto Bias 

e Pool Bias 

The user is required to input the forrn of the equation, select the 

independent variables fro111 the calibration file and arrange the variables, 

coefficients and bias coefficients in a manner which \'/ill logically explain 
I 

mode choice. The ULOGIT program calibrates the disutility equation to the 

observed trips using the principle of maximum likelihood. The output of 

lNOTE: The "Pool Users" mode can be further broken down into additional 
ruodes indicating various auto occupancy levels. 
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the ULOGIT program are values of coefficients and bias coefficients for 

the estimation forrr.ulas (Figure 3). ULOGIT also outputs various measures 

describing the quality of the calibration effort (see Section 5.3). 

Figure 3. Final Coefficient Values 

THE RESULTS OF THE COEFFICIENT CALIBRATION ARE: 

COEF F fti ENT. -········---- ... _. ... ffNAL ... ~i"t ANo:,\"Rrf·· r- ... G.RA.bTENT-- .... LOWER ····upp"f·R-­
No. NAME VALUE ERROR RATIO (IF BND.) BOUND BOUND 

.. 1 TiME tOEi' 
2 COST COEF 
3 AUTO BIAS 
4 POOL BiAs 

·o:o:276 
0.0028 

-0.2615 ···· o:sisa· 

o. oos8 · ··;co'i 
0.0041 0.67 
0.2214 -1.18 

. 6. 2265 ..... :~·: 36 

•··········· 6:6 5.6· 
0.0 5.0 

Initial estimates of the coefficients and bias coefficients may be 

input by the programmer, otherwise those coefficients are assumed to be 

zero by the program. The coefficients may also be bounded by an upper 

and/or lower value. 

For the three-mode example shown above, the disutil ity of each nJJde is 

as follov1s: 

Auto Users = EXP(0.276 *Auto Time+.0028 *Auto Cost-.2615) = EXP(U(l)) 

Pool Users = EXP(.0276 *Pool Time+.0028 *Pool Cost+.5198) = EXP(U(2)) 

Transit Users = EXP(.0276 *Transit Time+.0028 *Transit Cost) = EXP(U(3)) 

To find the uti 1 it i es of each mode, the signs of the coefficients and 

bias coefficients should be reversed. 
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In specifying (dis)utility equations, appropriate care must be exer­

cised to avoid nonunique coefficients that might seriously disrupt the 

calibration effort. The nonuniqueness may occur due to the following 

conditions (among others): 

• Each (dis)utility equation contains a bias coefficient and the bias 

coefficients are all different. 

9 The same variable is included in all (dis)utility expressions. This 

is unacceptable even if the variable is factored by a different 

coefficient in each equation. 

• Two bias coefficients occur in the same (dis)utility equation but 

neither occurs in any other. 

To avoid these problems, the user should carefully read the ULOGIT Calibra­

tion Pro9ram documentation and the ULOGIT User's Guide. 

Once a calibration has been completed, the (dis)utility expressions 

must be thoroughly checked for logic and statistical reliability. ULOGIT 

produces a series of l'eports to help accomplish this task. These reports 

are described in Section 5,3 and in the ULOGIT User's Guide. 

If the reports indicate that the (dis)utility equations are not valid, 

a new set of expressions must be defined and the calibration process rrust 

be repeated. If the reports produced by ULOGIT indicate an acceptable set 

of equations, one further test must be conducted to accept the equations. 

Since the (dis)utility equations were developed on a 1% - 20% sample of the 

total person trips, there is a need to test the equations on the entire 

trip table. This step is completed using UMODEL (or UMATRIX) through the 

development of an ·~stimated'' trip table. If the estimated trip table can 
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be shown to match the observed trip table, the calibration process is com­

plete and testing of various trans~Jortation strategies can begin. 

If however, the estimated trip table does not acceptably match the 

observed trip table, further calibration is necessary. Such a situation 

may arise, even after the calibration results might apparently indicate an 

acceptable (dis)utility equation. In other words, the calibration process 

is not complete until after the model has been applied to the total trip 

table and the mode split has been favorably matched with the observed mode 

split. A poor match between the estimated and observed trip table may be 

due to an insufficient sample size, a nonrandom or improperly selected 

sample, inadequate equation specification, problems with certain data 

elements or other related problems. If sampling or data variables are 

considered to be a problem, the deficiencies should be corrected and a new 

calibration file should be developed. 'rf a poor match is caused due to 

improper (dis)utility expressions, new equations should be formulated and 

calibrated. Some disparity between observed and estimated trip tables can 

be corrected by applying adjustment factors to the (dis)util ity 

expressions. For example, in the three n10de case if it is determined that 

transit is always under-predicted at all zones by a factor of 10~,, than the 

utility of transit travel can be increased appropriately to "fine tune" the 

model. If there is a problem of under-prediction or over-prediction at a 

few selected zones, then zonal adjustment factors may be applied to rectify 

this. 

3.4 Step 4: -Utilizing the (Dis)utility Equations to Perform ~lodal Split 

This step uses U~10DEL to apply the calibrated (dis)utility equations 

to various transportation alternatives and trip tables (Figure 2). Trans­

portation strategies which can be evaluated using UTPS include new transit 
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operating strategies, adding new bus lines, revising transit fares, cost 

changes, ridesharing, park and ride lots, etc. The transportation strate­

gies to be tested lliJSt inpact the variables which are in the (dis)utility 

expressions. If, for example, a cost variable is not in the (dis)utility 

expression, then a transportation strategy which only impacts cost (such as 

a transit fare increase) can not be tested: 

The probability of selecting a mode is based on the relative utility 

of using a mode. The ULOGIT model provides linear equations in the form of 

disutility as described earlier in this chapter. Therefore, the signs of 

the coefficients must be reversed to perform mode-split in UMODEL. To 

illustrate this, suppose for the three mode situation discussed in Section 

3.3 that the disutilities of using modes 1, 2, and 3 are EXP(U(1)), 

EXP(U(2)), and EXP{U{3)), respectively. Then the probability that a rider 

will choose nude 1 based on the utility of using that mode is: 

EXP(-U(1)) 
p (1) = 

EXP(-U(l)) + EXP(-U(2)) + EXP(-U{3)) 

The total number of people using mode 1 to travel from zone to j is: 

T1 ij = P(l)ij *TPTiJ 

Where: 

Tlij =the nuntber of trips using mode 1 between zones i and j 

P(l)ij = probability of using mode 1 to travel between zones and 

TPT · · lJ 

j {based on the utility of the mode) 

=total number of persons traveliny from zone i to j 

The allocation of trips to each mode (automobile, carpool, and trans-

it) for travel between all zone pairs can be accomplished similarly. 
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4. CASE STUDY: Genesee County Area 

The Flint metropolitan area (Genesee County, Michigan) was used as a 

test site to illustrate the use of the ULOGIT modelling process. The Flint 

area was selected because it is representative of most urbanized areas 

within the State of f•lichigan, it has a viable data base, and because of the 

existence of a transit system which has been in operation for a number of 

years. The emphasis on this pr.ase of the study was to use the Flint area 

as a demonstration site and not to select a particular model which will be 

used in a planning study for the area. As such, a number of different 

models were calibrated and tested for the purpose of evaluating the logit 

modelling process. 

4.1 llescription of the Study Area 

The Flint metropolitan area used in this study encompasses Genesee 

County, f'lichigan. The urbanized al-ea not only includes the City of Flint 

but also includes the Cities of Burton, Mount Morris, Davison, Grand Blanc, 

Swartz Creek, Flushing and several unincoporated areas as shown in Figure ~. 

The 1970 and 1980 population for the urbanized areas in Genesee County 

are given in Table 1. The urbanized area had a population of 33U,178 per­

sons in 1970. An in-house study conducted by the Genesee County Hetropoli­

tan Planning Commission indicates a 1.6~; decrease in the 1980 urbanized 

population to 324,703. The majority of the urban population decrease is 

expected to occur within the City of Flint while population increases are 

expected in outlyipg urban areas such as, Davison Township, Grand Blanc 

Township, Grand Blanc City, Flint Township, the City of Swartz Creek, etc. 
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Table 1 - Genesee County Urbanized Population Data 

Percent 1980 
Population 1970 Projected 

Within Urbanized Urbani zed Percent 
Governmenta 1 Urbanized Area Area Change 

Unit Areal Pooulationl Popul ation2 1970-80 

Flint City 100 193,317 166,739 -13.7 
Flushing City 100 7,190 7,764 +8.0 
Grand Blanc City 100 5, 132 6,815 +32.8 
Mt. Morris City 100 3,772 3,489 -7.5 
Swartz Creek City 100 4,928 6,353 +28.9 

I Burton 97 31 , 660 33,921 +7.1 

I Davison Township 30 2,480 3,695 +50.0 
Flint Township 85 25,758 34,058 +32.2 
Flushing Township 21 1,480 1,907 +28.9 
Genesee Township 85 21 , 675 21,281 -1.8 

Grand Blanc Town. 50 11,593 16,652 +43.8 
Mt. Morris Town. 56 19,393 19,759 +1.9 
Mundy Township 11 903 1 , 166 +29 .1 
Thetford Township 14 847 1 ,094 +29.2 
Tota 1 s 330,128 324,703 -1.5 

1
Estimates prepared by ICF, Inc., based on "1970 Block Statistics, Flint Urbanized Area", U.S. Bureau of Census 

2Projections: Genesee County Metropolitan Planning Commission; May, 1977 

Note: The urbanized area does not correspond to the entire Genesee County study area 



As a resu 1t, the popu 1 at ion for the entire county has remained re 1 at i ve ly 

unchanged since 1970. The distribution of population has changed slightly 

with a shift of people away from the central city to the suburban and rural 

areas. 

The general distribution of land uses in the Flint area is shown in 

Table 2. The city itself has several large automobile manufacturing com­

plexes, making it one of the largest employment centers in the State. 

Industrial land use constitutes a major land activity within the urban 

area. 

Travel within the Flint urbanized area presently represents an exten­

sive utilization of the private automobile. Public transit has been in 

existence in the Flint area since 1961, except for a short period of time 

during 1971 when the Flint t1ass Transit Authority was being formed. The 

current average daily ridership on the transit system is approximately 

9,200 person trips, which represents a very small fraction of the total 

daily travel in the Flint area. A 1974 transit study by ICF1, Inc. found 

Flint to be similar to other urban areas of its size in its need for trans-

it services. 

The transit system which existed in 1978 was used in this study as the 

base transit network. The transit service, as provided by the system is 

designed primarily to serve the Central Business District (CBD). The base 

transit system consists of 12 radial routes which converge on a central 

transfer point in downtown Flint. The 1978 system configuration is dis-

p 1 ay ed i n F i gu re 5. 

1 "A Five Year Mass Transit Development Plan for Flint, Michigan" 
(Draft), ijovernber 11, 1974, ICF, Inc., 1828 L Street NW, Suite 709, 
Washington, D.C. 20023. 
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City Total 

1 Flint 21,171 I 

I Burton 14,805 

Flushing 2,303 

Grand Blanc 2,175 

Nt. Morris 629 

Swartz Creek 2,620 

I Balance of 
I Urban Area* 207, 164 

Total 250,867 

Table 2 - 1975 Land Use Characteristics for the 
Genesee County Urbanized Area 

Res i denti a 1 Non-Residential 

I Multi-1 & 2 Retail/ Cultural/ 
Family Family Other Industrial 

I 
Commercial Recreation 

' 
' I 

6,960 
I 

368 ' 169 1,506 2,165 
I 

1,065 

3,616 44 28 196 714 614 

940 18 16 6 68 101 

660 34 9 57 66 6 

340 8 0 0 23 11 
538 41 0 94 93 41 

28,681 806 1084 654 4,927 2,408 

41 '73 5 1 ,319 1306 2, 513 8,056 4,246 

I 

Vacant 
And 

O,ther Misc. 

1 ,327 7,611 

425 9,168 

79 1 ,075 

503 840 

58 189 
94 1 ,719 

2,725 165,878 
5,211 186,481 

* Includes total area of townships even though only portions of some townships are in the Flint urbanized area. 



Flushing 

~ '---.--!--!I ~..!Rc.!i::!..v e=cr_-"R"-d ·:... 

(/) 

Figure 5 - Flint'l'ransi.t system (1978) 
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Transit service operates for a period of approximately 11 hours, of 

which 6 hours are peak period operation (a.m. and p.m. peak periods) and 5 

hours are off-peak operation. Headways for peak and off-peak service are 

listed in Table 3. 

4.2 Data Base 

All data used in this study 11as provided by the ~lichigan Department of 

Transportation (MDOT) for the Flint metropolitan area with the exception of 

the Transit Trip Table and network which was obtained from the Civil Engi­

neering Department at Wayne State University (as developed in past ~rodel-

ling studies for the Flint area). The following is a summary of the data 

types and sources used in this study include: 

• Auto occupancy trip tables based on trip purpose (work, nonwork) and 

number of occupants in the vehicle (drive alone, one passenger, t110 

passengers, and three or more passengers) were provided by t·iDOT and 

represented 1966 travel data. This trip data was the most recent 

data available for the City of Flint and was based on an 

origin-destination study performed by MDOT in 1966. 

@Highway skim trees based on travel time and travel distance v1ere 

provided by MDOT for the 1978 highway network. 

c. Transit trip tables and the transit network and skim trees, 11ere 

provided by the Civil Engineering Department at Wayne State Univer­

sity. The trip tables do not represent actual or observed trip data 

but were calibrated from matching line loadings as output froi~ the 

UTPS module ULOAD to observed line loadings of the 1978 Flint tran­

sit system.1 

1 "Flint Area Transit Study: The Testing of Short-range and Long-ranse 
Alternatives Using the UTPS Hodelling System", Department of Civil 
Engineering, Wayne State University, 1980. 
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Table 3- Operating Headways For Flint Transit Routes 

(1978) 

Peak Off-Peak 
Route Headway Headway 

No, Route (Minutes) (Minutes) 

4 Civic Park 20 30 

5 Dupont Street 20 30 

2 Detroit Street 20 30 

1 N, Saginaw 20 30 

6 Lewis-Selby 20 30 

7 Franklin 20 30 

10 Richfield 20 30 

9 Lapeer 20 30 

8 s. Saginaw 20 30 

11 Fenton Road 60 60 

3 Genesee Valley 20 30 

12 Beecher-Corunna 20 30 
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Ell Socio-Economic and land use data was obtained from MOOT, some of 

which was taken from 1970 census data and other items represented 

estimated* 1975 data for the study area. Various data e 1 ements 

included: 

- Average zonal income 

- Parking and unparking times 

- Zonal employment 

- Zonal population 

- Zone size and land use 

Number of dwelling units in a zone 

- Auto ownership 

- Land use data 

- Parking costs 

- Others 

Some of the data elements such as income and automobile availability 

v1ere taken from 1970 data. Other data items such as population, zonal 

emp l oyrnent, number of dwelling units and land use are from the year 1975. 

In addition, 1966 auto occupancy trip tables and 1978 transit trip tables 

and skim trees were used. Ideally, all of the data should have been taken 

frorn the same time period. Since all of the data items were not available 

for the same time period, the best available data was used. In many cases 

it was assumed that the data items would be sufficiently representative of 

existing conditions in the study year. By using existing data, significant 
I 

delays and costs for collecting new data were avoided. 

The practice of using data from different years was considered accept-

able in this study for the following reasons: 

*1975 estimates made by the Genesee County ~letropo 1 it an P 1 anni ng 
Comniss ion. 
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l. Population and land uses were considered relatively stable over 

the past 10-15 years. It was further assumed that travel patterns 

and vehicle occupancy levels have also remained relatively 

unchanged from 1966 levels. 

2. This study was designed to be a demonstration of the modelling 

process and not a planning study which will result in the recor;;­

mendation of a new transportation strategy or system impler.~<enta­

t ion. 

It was recognized that problems with the data base r.1ay affect the 

predictive capability of the model itself. The possible occurrence of this 

problem was anticipated and carefully analyzed to avoid rejecting a valid 

model. 
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5, DEVELOPING LOG!T EQUATIONS 

Two modelling efforts were conducted in this study. The first effort 

was to develop mode split model for two modes, auto and transit. The 

second modelling effort was to develop mode split between five modes, 

transit and auto at four occupancy levels. The description of each (dis)-

utility formulation is described below. 

5.1 Auto-Transit Mode Split Model 

This model was used as an example and to compare with past modelling 

efforts Vlhich utilized the diversion curve technique for mode split. The 

observed trip table and skim trees for both modes were based upon 1978 

data. The existing mode split for 1978 was: 

Auto Trips = 1,054,605 (99.4%) 
Trans it Trips = 6 468 ( .6%) 

Total Trips 1,061,073 (100%) 

Because of the small percentage of trans it trips, a large number of trip 

records (21,220) were used for ca 1 i brat ion purposes. These 21,220 trip 

records represented 2% sample of the total trips of which 21,092 (99.47, of 

the sample) V/ere auto trips and 128 (.6% of the sample) \~ere transit trips. 

The use of over 20,000 trip records should generally be avoided because of 

high computing costs, but VIaS necessitated in this case because of the 

extremely small percentage of transit trips. 

Four different (dis)utility formulations were calibrated to the sar,,ple 
I 

of observed trips. Variables used to describe (dis)utility included land 

use, income, population per acre, travel time ratio, travel cost, etc. 

39 



Attempts were made to utilize variables and formulations which are used as 

mode selection criteria, or which describe transportation system attri­

butes. The two-mode JTIJdels are summarized in Appendix 5. 

Of the four rrodels calibrated on the sample of trips, one was selected 

to be tested on a total person trip table. The results for the auto trans­

it mode split nodels are given in Section 6.1. 

5.2 Five Mode Example 

The main thrust of the study 1vas to develop a multi-nomial logit model 

for various automobile occupancy levels along with transit. As such, a 

five node exaiiiple was developed and calibrated. The nodes included: 

t~ Automobile- Drive alone 

• Automobile - One passenger 

~ Automobile - THo passengers 

® Automobile -Three or rnot·e passengers 

o Transit 

Separate models were formulated for work and nonwork trip put·poses. 

The automobile occupancy trip tables (for work and nonwork trip purposes) 

were based on 1966 travel surveys in the Flint metropolitan area. The 

transit trip tables were based on the 1978 Flint transit system developed 

from past rr10delling studies conducted at \~ayne State University in 1979. 

The use of a data base from two different time periods within the same 

rrrodelli ng exercise is generally inadvisible. However, there were two 

factors that should be duly considered in justifying the use of such data 

based. They are: 

1) It has been assu11:ed that during the past 10-15 years relatively 

minor changes in auto occupancy levels have occurred in the study 
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area. Furthmore, the 1966 transit ridership was not expected to 

be greatly different from the 1978 data. 

2) The purpose of the study was to test the feasibility of using the 

1 ogit approach for demand estimation, and not necessarily to 

deve 1 op actua 1 demand estimates for p 1 anni ng purposes. 

The transit trip tables obtained for this study v1ere based on peak ana 

off-peak transit service and were not associated with work or nonwork trip 

purposes. For the purposes of this study, the following conversion VIaS 

made based on observed characteristics made for the Flint transit systen;: 

Peak Transit Trips (3,741 trips) 

30% Work Trips 

70% Nonwork Trips 

Off-Peak Transit Trips (2,727 trips) 

22% Work Trips 

78% Nonwork Trips 

The trip tables Here revised to sho1·1 the follovling: 

Transit 11ork Trips = 1,n1 trips 

Transit Nom;ork Trips = 4,747 trips 

The observed trips for the work trip tables were distributed bet1-1een 

the five nodes as shown in Table 4. There V/ere a total of 203,347 worf. 
I 

trips, a majority of which were by the "drive alone" mode (86.4%). Transit 

represented only .8% of the total work trips. 1'1 o/~ sample VIas randomly 
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Table 4. (Jbserved Trip Distribution and Sample Size For Work Trips 

Observed % of Sampled 

Mode Trips Total Trips 

Auto - Drive alone 175,690 86.4 8,784 

Auto - One passen£er 18,934 9.3 946 

Auto - Tv1o passengers 4,395 2.2 219 

Auto - Three or more passengers 2,607 1.3 130 

Trans it 1 721 .8 86 

Total 203,347 -- 10,165 

Table 5. Observed Trip Distt·ibution and Sample Size For Nonwork Trips 

Observed % of Sampled 

Mode Trips Total Trips 

Auto - Drive alone 438,087 38.2 5,841 

Auto - One passenger 367,304 32.1 4,897 

Auto - Two passengers 152,085 13.3 2,027 

Auto - Three or more passengers 183,002 16.0 2,440 

Trans it 4,747 .4 63 

Total ' 1,145,225 -- 15,268 
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selected for calibration purposes, using a total of 10,165 trip records. 

Trip length frequency curves for each mode are given in Appendix 1. 

Three nudels were formulated to show the (dis)utility of travel for 

work trips using the five modes. Each of these models represent different 

combinations of the impedance and zonal variables that were. selectively 

identified from the calibration file. The models are discussed and evalu-

ated in Section 7.1 of the report. The work models are summarized in 

Appendix 5. 

The observed trips for nonwork trip purposes were distributed between 

the five modes as shown in Table 5. There were 1,145,225 nonwork trips 

which is approximately 5. 6 tin,es the number of work trips. The nost common 

modes used were "drive alone" (38.2% of the nonwork trips) and "automobile 

- one passenger" (32.1% of the nonwork trips). Unlike 1vork trips, the 

number of "three or more passenget'" auto trips 16.0~i) was larger than the 

"two passenger" auto trips (13.3%) for nonwork purposes. The transit rrode 

represented .4% of the total nonwork trips. A 1.3% sample of trips was 

randomly selected for calibration purposes, using a total of 15,268 trip 

records. Trip length frequency curves for each mode are provided in 

Appenct·ix 1. Two noC:els were formulated to sho1v the (dis)utilities for the 

five rrJJdes. The models are discussed and evaluated in Section 7.3 of the 

report. The nonwork n;ode l s are sh01m in Appendix 5. 

5.3 Tests to Evaluate Logit Formulationsl 

As described earlier, the technique of maximum likelihood is used to 

develop linear (dis)utility equations for each mode being analyzed 1-1hen a 

1 J~aterials presented in this section are a adopted from the draft publi­
cation "ULOGIT User's Guide" published by U~ITA. 
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set of independent variables is specified. Unlike the regression tech­

nique, however, there is no unique and direct means of determining the best 

model from amongst a set of candidate logit models developed. The ULOGIT 

program produces a variety of statistical measures concerning the signifi­

cance of the coefficients and the "goodness of fit" of the model. But it 

is important to point out that the user should not rely too heavily on the 

statistical tests to identify the "best" model. These tests are designed 

more for elindnating unacceptable n;odels, rather than making objective 

comparisons among the models or chaos i ng the best one. The best ULOGIT 

model should not be identified based on the highest statistics alone. Sig­

nificant emphasis should be placed on factors such as reasonableness, and 

an intuitive understanding of causal factors that might determine mode 

choice. 

A total of seven tests as output by ULOGIT that should be used in 

interpreting the results, rejecting the unacceptable models and choosing 

the acceptable ones are described below. 

5.3.1 Correlation Between Variables: Report 2 of the ULOGIT Output 

presents a statistical summary of all the independent variables used in the 

model along 1vith a correlation matrix. The correlation matrix should be 

used in deciding which variables should not be used in the same composite 

(dis)utility equation, as explanatory variables with a high degree of 

correlation should not be used together. Implicit in the forn;ulation of 

linear equations common to dis aggregate models is the assumption that the 

variables are independent. While it is virtually impossible to have uncor­

related variables, the use of the high.ly correlated variables in the same 

(dis)utility equation should be avoided. i~ithin the san;e calibration 
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exercise, the use of correlated variables in different (dis)utility expres­

sions (for different modes) is permissible. A sample copy of Report 2 is 

enclosed. 

Table 6 - Sample Copy of ULOGIT Report 2 

S T A T I S T I C A L S U M M A R Y 

0 F I N D E P E N D E N T V A R I A 8 L E S 

THE VARIABLES USE~ FOR CALIBRATION ARE: __ 

VARIABLE STANDARD LARGEST SMALLEST 
NO. NAME MEAN DEV. VALUE VALUE UNITS 

------------ ------- -------- -------- --------
AUTO TIME 16 .76 6.60 46.51 4.00 MINS 

:i .iutii cost· 40. 34 3L.b7 ······ ·· 16o: so ··· r:so cENt·· 

3 POOL TIME 2 1 . 76 6.60 51.51 9.00 M!NS 

4 POOL COST 17.54 13.51 69.96 1.00 CENT 

5 tilliNsn TIME 5o:-4o 27. 37 i6a.oo ···· 2 :3o .. M!Ns . 

6 TRANSIT COST 39.31 15 .41 120.00 30.00 CENT 

tbR~~LAttoN MATRIX OF INDEPENDENT VA~tA~[~~;··· 

1 2 3 4 5 
:i 0.4614 
3 0.9999 0.4614 
4 0.4614 1.0000 0 4614 
5 0.6182 

.. 
0.2105 0 6182 0. 2105 

6 0.6809 0. 3889 0 6808 o· 3889 0.5364 

~.3.2 Test of (Dis)utility Coefficients: Report 3 of ULOGIT Output 

provides a series of statistical tests that are considered extreJ;tely valua-

ble in interpreti119 the test results. The signs of the coefficients under 
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the "final value" column in Report 3 are reversed from how they should be 

used in the application of the logit formulation in UMODEL (mode-split). 

Typically, the impedance variables (e. g., travel, time, cost, distance) are 

expected to have a positive sign in ULOGIT Report 3. A sample copy of the 

Report 3 is enclosed herewith. 

Table 7 -Sample Copy of ULOGIT Report 3 

F I N A L C 0 E F F I C I E N T VALUES 

··········r·· 

THE RESULTS OF THE COEFFICIENT CALIBRATION ARE: 

COEFFiCiENt·-····················Fi'NAL .. S'rAN6ARD·············r:.:··· .. GRA6i'ENT LOWER UPPER 
NO. NAME VALUE ERROR RATIO (IF BND.) BOUND BOUND 

.... 1 .. r !ME. cbe F ............ 6. 0276 
2 COST COEF 0.0028 

6.6668 ·;;:67' 
0.0041 0.67 
0.2214 -1.18 
o.22iis ... 2::is· 

..... 6.0 

0.0 
3 AUTO BIAS -0.2615 
4. ~bdL ~lAi. 6.~19j 

THE INitiAL iii\LiJE 6F THE LOGLiKELTHi'i6fi.wiis ·c·ci".43944E ii3. 
THE FINAL VALUE WAS -0.38295E 03 AFTER 3 ITERATIONS. 

THE LOGLIK'ELI HDbb' WitH ALL iERO ··cotF"F"ICIENtS···r·s····.:·6:-43944E 03 ~--· 
BY INCLUDING PURE ALTERNATIVE EFFECTS IT IS -0.39354E 03. 
THE LARGEST LOGLIKELIHOOD FOR THEg .. ()~TA AND ANY MODEL 0.0 

TEST OF EQUAL PROBABILITY HYPOTHESIS IS 
WITH 4 DEGREES OF FREEDOM. 

113 .o 

TEST OF ALTERNATIVE DEPENDENT PROBABILITY HYPOTHESIS IS 
WITH 2 DEGREES OF FREEDOM. 

PSEUDO R-SQUARE = .129 

MATRIX OF APPROXIMATE CORRELATION COEFFICIENTS 
FOR COEFFICIENTS NOT AT BOUNDS: 

COEF. 1 2 3 
2 -0.077 
3 0.79:2 co.\15' 
4 0.609 0.317 0.743 
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5.3.3 T-Test of Coefficients: The values in the "T-Ratio" column in 

Report 3 are designed to indicate if the variable in question has a nEan­

ingful role in the (dis)utility equation. The test seeks to determine if 

the coefficient is not significantly different from zero, where the null 

hypothesis is: 

HO: ~ = 0 (~ =coefficient) 

The null hypothesis is tested against the alternative hypothes H1: \-1 = 0, 

making this a two-tail test. If the hypothesis is accepted, the conclusion 

is that the variable is not making a significant contribution in explaining 

part of the variation in the observed data. The rejection of the hypothe-

sis would indicate otherwise namely: the contribution of this variable is 

significant. In testing the hypothesis, the "t" value is calculated as: 

Final Value of Coefficient 
teal = 

Standard Error 

If tea 1 exceeds "t" cri t i ca 1, the null hypothesis is to be re­

jected. The critical "t" value is obtained from standard "t" tables at an 

acceptab 1 e leve 1 of confidence appropriate for the number of degrees of 

freedom (df). The (df) in this case equals the difference bet1veen the 

number of observations and the number of parameters used in the model. At 

95% confi dance leve 1, for degrees of freedom exceeding 120, the crit i ca 1 

''t'' value is +1.96. 

5.3.4 Test of Equal Probability Hypothesis: The null hypothesis 

tested here can be stated as: 

HO: All rwdes have the same probability of being chosen, and that 
probability is equal to 1/(# of nDdes). 
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Report 3 also prints out the value of Log-Likelihood (LL) for the data with 

the initial and final model coefficients. From the LL values, the quantity 

"CHI" is calculated as: 

CHI = 2*(Ll-LO) 

Ll = Final value of the log-likelihood function (pertaining to the 
fitted model) 

LO = Initial value of the log-likelihood function (pertaining to the 
assumption that all modes have the same probability of being 
chosen). 

In order to test the hypothesis outlined, the user should compare the 

value of CHI with a Chi-Square statistic of the appropriate degrees of 

freedom at a specified confidence 1 eve l. The associ a ted degrees of freedon' 

is equal to the number of coefficients in the fitted model. If the value 

of CHI is greater than that obtained from the Chi-Square distribution, the 

null hypothesis HO is to be rejected. The fitted n10del is considered 

better than the equa 1 shares mode 1: i.e. , the effects due to the coeffi­

cients are to be regarded as significant. 

It should be noted that this is a relatively "weak" test for 1.10del 

significance and can only reject extremely poor models. Unless the liXJdel 

specification is totally erroneous or the model contains only irrelevant 

explanatory variables, it will typically be found acceptable by this sta­

tistical tests. 

5.3.5 Test of Prior Probability Hypothesis: 

tested here can be stated as: 

The nun hypothesis 

HD: The probability that a 1node is chosen is proportional to the total 
nunber of users, in all observations, selecting the n10de. 
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In Report 3, the value of the log-likelihood is printed by including 

pure alternative effects and by allowing the choice probabilities to equal 

the actual proportion of users observed selecting each mode. The quantity 

"CHI" is calculated as: 

CHI = 2*(Ll-LO) 

vJhere: 

L1 = Final value of the log-likelihood function (pertaining to the 
fitted model) 

LO =Value of the log-likelihood function including the effects of the 
pure alternatives (pertaining to the prior-probability or "market 
share" model) 

In order to test the hypothesis, the value of CHI calculated is com-

pared with a Chi-Square statistic for the appropriate degree of freedom at 

a specified confidence level. The associated degrees of freedom is equal 

to the number of coefficients in the fitted model excluding the bias 

coefficients. If the value of CHI is greater than that obtained from the 

CHI-Square distribution, the null hypothesis is to be rejected. It can 

then be concluded that the fitted nDdel is better than the prior probabili-

ty model: i.e., the probability that a mode is chosen is not proportional 

to the nurnber of users observed selecting the mode. 

This test, like the previous one, is also a relatively weak test for 

model significance. However, it is more stringent than the equal share 

likelihood ratio test since the prior probabilities contain more informa­

tion than the equal shares. Past experience shows that models developed 

from large samples (over 150) will rarely fail both tests. 

5.3.6 Pseudo R-Squared Test: The value Pseudo R-Square is also 

presented in Report 3. Pseudo R-Square is often referred to as the Likeli-

hood Ratio Index, is conrputed as follows: 

49 



Pseudo R-Squared = 1 - (Ll/LO) 

Where: 

Ll =Final value of the log-likelihood function, 

LO =Initial value of the log-likelihood function. 

The value of Pseudo R-Square should lie between 0 and 1. The pseudo 

R-square statistic provides a gross measure of how well the model fits the 

data compared to other disaggregate mode choice models. In the past, typi­

cal mode choice mode 1 s with three to five alternatives have been ca 1 i bra ted 

with pseudo R-Squared in the range of 0.2 - 0.4. Although a high value of 

Pseudo R-Square is desirable, models should not be selected on the basis of 

the highest pseudo R-Square value alone. 

5.3.7 Observed vs. Estimated Totals: Report 4, as output from 

ULOGIT, is a contingency table that can be used to test the null hypothe-

sis, HO, 

HO: The data is fitted v1ell, i.e., the observed demand indeed comes 
from a population having the estimated choice probabilities. 

The testing of this hypothesis is accomplished by computing Chi-

Squared statistics as: 

SUM ((EST (A,O) - OBS (A,0))2 * /EST(A,O): A=l,-----,NA; 
0=1,----,NO), 

vJhere: 

NA = Number of alternatives (modes) 

NO = Number of observation 

OBS(A,O) = W(O) * X(A,O) 

EST(A,O)=W(O) * P(A,O) * SUM(X(Al,O): Al=l,-----.# of alternatives. 
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X{A,O) = Value of the dependent variable corresponding to alternative 
A, at observation 0, 

P(A,O) = Probability that alternative A is chosen at observation 0, 
based on the calibrated model, and 

{0) = Weight associated with observation 0, or unity if no weight 
is specified. 

The associated degrees of freedom V, is computed as: 

V = (NO-l)*{NA-1) 

The value of Chi-Squared calculated as printed in Report 4 can be 

compared to a Chi-Square statistic from a distribution with V degrees of 

freedom at a specified confidence level. The acceptance or the rejection 

of the hypothesis is accomplished following the same set of rules described 

above. A copy of Report 4 is attached. 

Table 8 -Sample Copy of ULOG!T Report 4 

27MAR/~ 0 II Jl UlCHoi r fH hliH 4 PAG( ~ 

0 B S E R V E 0 V S ESTIMATED VALUES 

THE OBSERVED. ~~:·-~~fjMj~~b N0Ms~~--fd~·~·t~ Alt~~~~iiVt 
AT EACH OBSERVATION IS: 

AUTO USEriS. POoL- "liSERS. . . . -·---tRANSit uSER 
OBS. OBSERVED ESTIMATED OBSERVED ESTIMATED OBSERVED ESTIMATED 

i 
2 
3 
4 
5 
6 
7 

397 
398 
:i99 
400 

i.oo 
1.00 
0.0 
Loa 
1.00 
1.00 
6.6 

1.00 
0 0 
; .00 
0.0 

. 6. 57 
0.53 
0.63 
0.62 
0.58 
0.56 
0.55 

0 63 
0. 54 
0. 55 
0.51 

o:o . 6.24 
0.0 0.22 
1.00 0.27 

. 6.6 6.26"" 
0.0 0.24 
0.0 0.23 
o.o·· o.23. 

0.0 0.27 
0.0 0.24 ·o.o ·~···~····a.ii · 
0.0 0.22 

·o.o 
0.0 
0.0 

. 6.6 
0.0 
0.0 
1 .00 

0.0 
1.00 
0.0 
1.00 

...... ().19 

0. 25 
0.10 
0. 1 i 
0. 18 
0.21 
(): 2 1 

0.10 
0. 23 

. 6. 22 
o.:n 

CHI-SQUARED FOR ALL ENTRIES IN PRECEDING REPORT O.B26869E 03 
NUMBER OF CASES WITH FEWER THAN 3 PRED!CTE.D. I~ ........ 1200. 
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In addition to the above seven tests a nunller of other reports and 

diagrams are printed or a part of the ULOGIT output. These include scatter 

diagrams for all alternatives, comparison between observed vs. estimated 

totals, compound (dis)utility difference plots and a table of elasticities. 

These are not discussed in this report. A complete discussion of these 

results is available in the publication entitled "ULOGIT User's Guide" pub-

1 ished by the UMTA. 
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6. ULOGIT RESULTS FOR THE TWO-MODE MODELS 

Using the procedure described in Section 3, a number of logit models 

were fornulated and calibrated for the bimodal and multi-modal situations. 

This section of the report describes the formulation of each of the 

models, and presents a discussion on the statistical tests output by 

ULOGIT for each model. To assess the effectiveness of the models in 

representing the observed trip characteristics for the study area, the 

following factors were revie1ved: 

e The application of the variables in explainins trip characteris­

tics' 

• The significance of variables in explaining the trip characteris­

tics, 

• The comparison of "observed" versus "estimated" trips by mode, and 

e Other statistics used in correlating the variables and trip charac­

teristics. 

The application of the variables in explaining the trip character­

istics can be shown by the sign of the coefficients. The sign of the 

coefficient associated with each variable identifies the "disutility" or 

"utility" of the variable in explaining the trip characteristics. For 

example, the variable "highway travel time" can be used to explain the 

trip charactel'istics of the automobile mode. If the coefficient for 

"high1vay travel time" is output as a positive value, the variable repre­

sents a "disutility" (since a "positive" variable is setup as a disutili­

ty in ULOGIT) in explaining the characteristics of automobile trips. 
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Therefore, as travel time increases, the disutility of travel increases, 

which is logical. If the coefficient corresponding to travel tinE is out­

put as a negative value, it would be interpreted as having a utility. In 

other v1ords, as travel time increases the utility of the auto trips in­

creases. Situations where utility might increase with increases in travel 

time should be considered illogical. 

In addition, comparisons are made between the observed trip tables 

and the estimated trip tables as output by the r,mdels to further evaluate 

the "goodness of fit" of the developed equations. 

6.1 Description of the Two-Mode Logit Models 

A set of four models 1vere formulated and calibrate<] to explain the 

trip characteristics for the bimodal situation. These models did not dis­

tinguish between a trip purpose (i.e., work and nonwork) and the nodels 

were related to home based trips. The results of two models are presented 

in this Section, and the ULOGIT reports describing the specification, 

calibration and statistical summaries of all four models can be found in 

Appendix 3. A summary of the two mode models is provided in Appendix 5. 

The variables used to define trip characteristics of each node were 

obtained from the calibration file. These variables were selected for use 

based on the anticipated effect on the trip-making characteristics for 

each mode. A list of variables and variable names from the calibration 

file is shown in Table 9. A description of these variables is provided in 

Appendix 4. 

~lODEL 1 

The fornulation fol' this r,Jodel is sho1vn in Table 10. The first col­

umn of Table 10 indicates the mode as follo1vs: 
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Table 9 - List of Variables in the Calibration File for 
the Two-Mode Models 

+--------+------------------------+--------+ +--------+------------------------+--------+ 
jvAR ID ujvARIABLE NAME juNITS I jVAR ID NjVARIABLE NAME jUNITS 
+--------+------------------------+---~----+ +--------+------------------------+--------+ f f ··1 toNE NUMBER.. ..... . ·r ···················[ .f:i4·····TfitMoaE:·············· ... Tfif ........... i 
+--------+------------------------+--------+ +--------+------------------------+---~----+ 

. L ... 2 UNC:DME . •.•. ... LW.EAR. J .J .......... 2.5 ......... .i.O.T ___ M_O_DE...... . .•.... H ••••••••••••••••••••• \(JT ................. J .. +--------+------------------------+--------+ +--------+------------------------+--------+ 
I 3 I LANDUSE I CLASS I I 26 lA MODE I• TRIPS I 
+--------+------------------------+--------+ +--------+------------------------+--------+ r· ·· 4·······rniiMrii.ActtME i> ················ !Mtiiotts· r .,.. 27 .. TTriiis MiitiC . . . Ttil.YRifisT. 
+--------+------------------------+--------+ +--------+------------------------+--------+ 

.J .......... 5 ........ I TERM!_NAL .... TI_M.E. ... A ......................... J.MI.t-J.UT~S.J .. 1 ........ 28_ JPOP_PER .CJL) . jP()P/.Ol! .... J +--------+------------------------+--------+ +--------+------------------------+--------+ 
I 6 I EMPLOYMENT ·I PERSONS I I 29 jPOP PER ACRE jPOP/ACREI 
+--------+------------------------+--------+ +--------+------------------------+--------+ f .. 'i ·······rrot.AL: AcREs . TAcfiEs· ·r 1 :Jo TraP" ·········· ·· ·· ··· Tfibfi/iooT 
+--------+------------------------+--------+ +--------+------------------------+--------+ 

.. J .......... a ........ J~E~_IDEI'JT.IAL .. A.CR_E_S ................... JAC_R_E.~ ....... J. +--------+------------------------+--------+ 
.J 31 JEM~LY. . . . JE.':'P./1(J(J J +--------+------------------------+--------+ 

I 9 I INDUSTRIAL ACRES I ACRES I I 32 jiNPENT jPENTILE I 
+--------+------------------------+--------+ +--------+------------------------+--------+ r· · n> ·· TOiioEV£Uifito t:d~ES··················ri\tREsr r 3~ .. TwtR TitAE .. ··························· ..... !MiNUtEs T 
+--------+------------------------+--------+ +--------+------------------------+--------+ 

.J 11 JRET.AI~ WHOLE~AL.E AC:R.ES JACRE.S .J .J ......... 3.~ ......... .i.~f>l,JTO.I.I.M_E ....................................... \.M_INU_T_E.~-~-+--------+------------------------+--------+ +--------+------------------------+--------+ 
I 12 !RECREATIONAL ACRES jACRES I I 35 I TTR\1 I MIN/MIN I 
+--------+------------------------+--------+ +--------+------------------------+--------+ ·r····r3····Tficii'UUiflbN············ ........ ffiEfisoiisT I :36 ... Titil . ....... .. ....... Tf.iiN/Miii T 
+--------+------------------------+--------+ +-7~-----+------------------------+--------+ 
I 1~ JOWEL.I,II:JG ~NIT~ . JUI'JI!~ L +--------+------------------------+--------+ 
I 15 jHIGHWAY SKIM TREE jMINUTES I 
+--------+------------------------+--------+ T. 16. ···Ttiiiis ·skiM tliEE" ................... fi-iiNUtEs·T 
+--------+------------------------+--------+ 

.. J. ...... 1.7 ........ Jf.RI'J~ .... ~l!N .. TI_M_E ......................... JM.IN_U_T_E~ .. J .. +--------+------------------------+--------+ 
I 18 jTRNS WAIT TIME !MINUTES I 
+--------+------------------------+--------+ ··r· ni TAwv oEt ·· ·· ··· ··· ·· fi-iilTs · T 
+--------+------------------------+--------+ 
L 2Q. JHWY cosr JL J +--------+------------------------+--------+ 
I 21 !EXCESS TIME jMINUTES I 
+--------+------------------------+--------+ 
f 22 TORiii!N ZoNE T T 
+--------+------------------------+--------+ 
L 23 JD~STINAT!Of< ZOI'J~ L J 
+--------+------------------------+--------+ 
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A NODE = Automobile Hode 
TRNS VDDE = Transit mode (bus service) 

Table 10- Formula Specification for Model 1 

Mode 

A MODE 

Coefficient 

A2 
+""'"82'" 
+ A BIAS 

Variable 

• LANDUSE ······-e-MPLY··· ·-· -

.............. .' .... .. A 1 ··-··· ·····- ···········-····*· TTRW 

+ 81 * INPENT 
+ C1 • POP PER ACRE 

Travel tin1e for both modes is used to describe the characteristics of 

transit trips by using the variable TTR\' (weighted travel time for tran-

sit/weighted travel time by automobile). Other variables used in this 

model were basically socio-economic and land use variables which include: 

income (I NPEIH), emp 1 oyment ( ENPL Y), population density (POP PER ACRE) and 

land use (LANDUSE). 

Values for the variables used in the model, along with the correla­

tion matrix of independent variables are shown in Table 11. 
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Table 11 -Statistical Summary of Independent Variables 

Tl-iE .. Vii"iiiiiili:E!fOstti ... 'i'i'iii ci.DiiRiiifi'iN .. AREi·········································································· 

VARIABLE 
··Ncr:·· NAME 

STANDARD LARGEST SMALLEST 
MEAN ··········ofv·:· ···········vALUE ............. ,i"ALUE ····uNtts·· .. 

1 LANDUSE 1. 60 ................. 

2 EMPLY 16.21 

.. a··wii~r .. ·········· 

.... Q, 7.! ........ ... }.-99 

26.59 169.52 

1 ,.QQ .... ~-~-AS~ ........... . 

0.0 EMP/100 

f:i'iii ... MIN/MIN. 

4 INPENT 3.89 1. 02 ......... 5 .. 00 1_,00 ... ~EN.I}.LE 

5 PDP PER ACRE 12.77 20.28 299.11 

··coiiiiELiitibN .MJiiiii·x··aF···I·NaEPENbENt· VAR!ii8Us:· 

1 2 3 ·· ... 2···· ·· ·.:·cr: ·1a ~:i"3 · · ······· · ····· ·· -·-·-···········-.. · · ··· ·········· 
3 o. 4459 
4 o. 1929 ····5 .... ~o:3aoa· 

-0.0920 
0.0221 0.3441 
o. 0392······:o-:·2867 

4 

0.0 POP/ACRE 

The variables were obtained from the calibration file (Table 9) which 

was developed in an earlier step. It should be noted that a travel time 

ratio of 10 (TTRW=lO) denotes an unconnected zone pair for the trans it 

mode. 

From the ULOGIT calibration process, the final values of the coeffic­

ients were calculated as shown in Table 12. 
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Table 12 -Final Coefficient Values and Other Statistics for Model 1 

THE RESULTS OF THE COEFFICIENT CALIBRATION ARE: 

COEFFIcIENT ·················Ffi\iA"L ·····sTtd\iDARtl.. T- ....... GR-ADftNi IOWfR .. "UPPE'R··· 
NO. NAME VALUE ERROR RATIO (IF BNO.) BOUND BOUND 

'f'"A'f' 
2 81 
3 C1 

f:'T217 .. ···o.1o34 · 'fo:as .. · ....... .. 
0.1881 0.0799 2.35 
0.0212 0.0051 4.13 

.4 ... A'i ... ::,,.:-::f77S ·····o·:·2·r4·1 ·····:.:·r:·tG ----------···--·---··-··-------··--·········- -----·--·--···········-······-· 
5 B2 0.0100 0.0024 ~-1~ 
6 A BIAS .... " 0. 4 71 .. 4. 0. 3868 ........ 1_,,2_~ ................................. . 

THE INITIAL VALUE OF THE LDGLIKELIHDDO WAS -0.14709E 05, 
·wk!CE THE.FiNAI'Vi\IUt .. wils .. co:63663Eo3· liFtER . 9 ITERATioNs·. 

THE LOGLIKELIHDDO WITH ALL ZERO COEFFICIENTS IS -0.14709E 05, 
"wk!iTii'i. ificl.l!ti!NG' PiJiiE ALttiiNi\tivE EFFEcts .. if Ts "co:·taT7iiE"o3·. 

THE LARGEST LOGLIKELIHOOO FOR THESE DATA AND ANY MODEL 0.0 

'TE:.st ·of' ·toUiiL .. ?iibs'As iUtv··H'ii'iitHfsls "is ..... o.·2af4E' 'bs 
WITH 6 DEGREES OF FREEDOM. 

"fE.SY O"F···Act-ERN)\f'iTiE···oe:·p·eNCIE'Nt ··p-RQB.ABIL1TY HVfitn'HE"S"I·s···x·s ....... f.f9C'f:·:r· ······················· 
WITH 5 DEGREES OF FREEDOM. 

The final values for the coefficients in Table 12 are in tern.s of a 

disutility. To find the utility of a mode reverse the si9ns of the coef-

ficients. A review of the application of the variables in explaining 

travel characteristics reveals the following: 

• The LANDUSE variable represents a "utility". 

coded as follows: 

1 = Urban Land Uses 
2 = Suburban Land Uses 
3 =Rural Land Uses 
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Therefore, there is a higher utility associated with using the auto nDde 

in urbanized areas. 

o The variable EMPLY represents a "disutility". As the employment in 

an area increases, the number of trips by the auto mode decreases. 

0 Similarly, the TTRW factor represents a "disutility". As the 

weighted travel time ratio (transit/auto) increases, the trips by 

the trans it mode decreases. 

0 The INPENT factor also represents a "disutility". An increase in 

the income of a group vlill result in less trip-making by the 

transit nDde. 

o Finally, the POP PER ACRE factor is a "disutility" factor. As it 

increases, the trips by trans it will decrease. 

These factors generally agree v1ith general transportation planning­

related considerations. 

A review of the significance of factors is performed by utilizing the 

"T-ratio". The T-ratios are given in Table 12. Values of 1.96 are used 

to represent the 95.0~; confidence level in the variables. These ratios 

sh01v the significance of all variables except LANDUSE and the A GJAS 

factor. 

These two variables represents an insignificant factor in explainins 

auto trip-making characteristics. They could be excluded from the equa­

tion and an alternate variable may be selected to improve the modelling 

capabilities. The exclusion of the LANDUSE variable or the A BIAS factor 

would result in slight change in trip-making characteristics for each 1110oe 

as predicted by the model. 
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A comparison of the observed vs. estimated trips is provided in Table 

13. 

Table 13 - Comparison of Observed vs. Estimated Trips for Model 1 

......................................................................................... sTo. "ctiRlf. ..... ctiR.if:'"""""No. 

ALTERNATIVE OBSERVED ESTIMATED RESIDUAL COEF. RATIO CELLS 

·;c;.;ooE '21692:6 ····· "21618:2 

.. :t:~N-~ ... M.9.0..E ..................... 1.~~-'-() ................ 1.~-~-· 9 ........... :.!.o.!J.2() ...... ().-.Q.1() ...... <:>.,Q.1.Q... 18 

By a general comparison, Table 13 indicates a reliable match of the 

auto and transit mode data. However, this test is not considered a con-

elusive statistical test since the comparison is conducted on only a 2% 

sample of the total person trip table. An appropriate comparison would be 

to use 100% of the observed trips to identify the degree of likeness to 

the model results. 

Other statistics relating to the model indicate: 

~The "pseudo R-square" value (Table 12) for this model is 0.957 

which represents a highly acceptable fit to the data. 

• The "standardized residual" (Table 13), indicates the number 

of standard deviations that the observed ano estin,ated trips 

by mode differ. A higher value 1;ill denote a more si91ificant 

difference. The standard residual for the transit nDde indi-

cates an acceptable conrparison exists. For the autG r,ode, a 

lower confidence level in the match of the results exists. 

• The "correlation coefficient" and the "correlation ratio", as 

defined for this model (Table 13) indicate an acceptable com­

parison of results. 
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0 vera 11, this model presents a reasonable representation of the ob-

served trip data. some inaccuracies may result from the use of certain 

variables and the sample size used for the transit mode. 

MODEL 2 

The formulation for Model 2 is shown in Table 14. 

Table 14 -Formula Specification for Model 2 

Mode Coefficient , Variable 

"' A2 "' HWY COST ........................ s2···························-··-,..-·-i'NPE.Nt································ 

+ A BIAS 

-YiiNs -M'oot·- -------·-------- ---------------------~----.ii-r-----------------------··-----.----nRw --------------------------------------
+ B1 • RETAIL WHOLESALE ACRES 

............................................................... ----·---~----~.1. ............................. --~----~-~f.'. ... ~-~B .... ~-~~~---···························-·-

Model 2 utilizes the travel time for both modes (TTRW) as v1ell as 

travel cost for the automobile rrode (HWY COST) to explain travel charac­

teristics. Other variables used include Income (INPENT), land use (RETAIL 

WHOLESALE ACRES) and population density (POP PER ACRE). The variables 

used in this n.odel were taken from the calibration file listing shown in 

Table 9. 

Values for the variables used in the model, along with the correla-

tion matrix of independent variables is shown in Table 15. 
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Table 15 -Statistical Summary of Independent Variables 

- ··tHi(\iAii1Aii"Lts·usti'i···roif"C:iiU:i3Riitfi'iiJ""ARE·:········································································ 

VARIABLE 
.. No. NAME 

STANDARD LARGEST SMALLEST ......... MEAN .......... ···otV: ··vi\Ct:it ·······. VALUE .. iiNtts· 

... . . 1 .. 1:1w.v.. ~-D~.I .................. <J,n .. 
2 INPENT 3.89 

···· ·3 ttifw ··· ···················· 1:15 

4 RETAIL WHOLE 37.63 ........... ··s:A· i..:.-t:· ... jj:C 'tfE" s:. .. . .. . ······ .............. . 
5 POP PER ACRE 12.77 

0 ,_6_~·················~·'··80 0 , __ 1.<l ..... J ................ . 
1.02 5.00 1.00 PENTILE 

3. 17 1o·:oo·············· ·r:oa·····MIN/MIN··· 

42 .. 8~ ............ ?~.3., ()(;) ............... ().,.<J. ........ ~gR E S 

20.28 299. 11 0.0 POP/ACRE 

···2···· ·o:263e ............ ~ ..................... ~........... --~···································· ······················· 
3 0.2962 0.3441 
4 0.0639 0.0799 0.0887 ·····s·····:::o·:oo75·········ti":"oos3······:<r:·28s7······:o·:·:z-532 ........................................................................ . 

The final values of the coefficients as calculated from the ULOGIT 

calibration process are shown in Tat,le 16. 
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Table 16 - Final Coefficient Values and other· Statistics for Model 2 

THE RESULTS OF THE COEFFICIENT CALIBRATION ARE: 

"coEf'i'Tt!"EN'f·----------------------F'ffiiiC"'"sfANiiAR[i' ----------t:---------GRADiENf _____ {i'iwi'if' -UPPER 
NO. NAME VALUE ERROR RATIO (IF BNO.) BOUND BOUND 

'""f' 'j;'j 
2 B1 

......................... 

3 c 1 
4 A2 
5 82 
6 A BIAS ........... .. 

0.9934 
0.0059 
0.0259 
1:5765 
0. 1629 

- 1 . 9359 

· ·o:oi~4 ·Ta:t2 
0.0021 2.81 
0.0049 5.23 
o.i273 12:39 -------------- ------------ ------------------------
o.o749 2.18 
0.3166 -6.11 ··············-··· 

THE INITIAL VALUE OF THE LOGLIKELIHOOD WAS -O. 14709E 05, 
·wHILE tHE FiNACiiALUE- wiis·cc;:65\6iE 63 -AFiTR ii iti'RAt!iiNs. 

THE LOGLIKELIHOOD WITH ALL ZERO COEFFICIENTS IS -0.14709E 05, 
.. WHfLE····sv···fNtU.ibtNG···puR·E···ATTtRNA"t"f\if-·E-Fl'tCT"S···iT"--ls···::Q":·:fBTtB·E"··o:r. 

THE LARGEST LOGLIKELIHODD FOR THESE DATA AND ANY MODEL 0.0 

··nsr···oF·- EoO'AC PRiiiliisiL!tv-HvFiotHEsfS···fs - o:2iii\t os·· 
WITH 6 DEGREES OF FREEDOM. 

··rE·sr .. ·o·F" .. ALT-ERN'AT1Vf··oE·P·ENO"E"NT ... P.ROErA"E~"iTI'f'f"''HVPCiTHES'fS'·-ys·········:fGiY:·:r ---··········­
WITH 5 DEGREES OF FREEDOM. 

rstUi'iii -R-.::soU'AilE··-;;·--·:-956------------------- ·······················~·-·-·················································-·······--·-------

A review of the application of the variables in e)(plaining travel 

characteristics reveals the following: 

• The weighted travel time ratio variable (Transit/Auto) represents a 

"disutility". The number of transit trips will decrease as transit 

travel times increases. 

e The land use variable represents a "disutil ity" for transit trips. 

The more acres of Retail/Wholesale land use in a zone, the fewer 

trips by transit. 

e The POP PER ACRE factor represents a "disutility". The greater the 

population density, the fewer number of transit trips . 

., The HWY COST variable associated with automobile travel represents 

a "disutility". Higher travel costs will decrease the number of 

automobile trips. 
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The Income factor, INPENT, associated with the auto mode represents 

a "disutil ity". Higher income groups will tend to use automobile 

to a greater extent. 

Two factors produce unexpected results, RETAIL WHOLESALE ACRES and 

POP PER ACRE. However, using a variable such as the number of retail 

acres in a zone may be a poor variable to use and may provide misleading 

results. Population density variables may also be poor variables to use 

to describe trip characteristics in some instances. Althoush transit 

lines are planned to serve the heaviest populated trip interchanges, there 

may be instances where transit will not serve heavily populated areas. 

This is especially true in areas where transit service is "under-

developed". Therefore, during calibration, a density variable n'ay not 

always pro vi de adequate results. 

A review of the significance of factors is performed by utilizing the 

T-ratio. The T-ratios for Model 2 are give in Table 16. Values of 1.96 

are used to represent the 95% confidence level in the variables. These 

T-ratios shmv that of all variables are significant in explaining travel 

characteristics. 

A comparison of Observed vs. Estimated Trips is provided in Table 

17. 

Table 17 -Comparison of Observed vs. Estimated Trips for Model 2. 

ALTERNATIVE OBSERVED 

TRNS MODE ........... 1.28 .0 

ESTIMATED 
s fif: ... coRii·:·····ciitirf:"········ ·tJa:···· 

RESIDUAL COEF. RATIO CELLS 

165.9 .... ~.3.,()63 0. ()()! ..... .<?.:.9.1.6 23 
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A general comparison of observed and estimated trips in Table 17 

indicates a very good match for automobi 1 e trips and a moderate 

over-estimation for the transit trips. 

Other statistics relating to the model includes: 

It The "pseudo R-square" value (Table 16) for this model is 0.%6 

which represents a highly acceptable fit to the data. 

It The "standard residual" (Table 17) for the transit mode repre­

sents an adequate comparison between observed and estimated 

trips. A 1 ower confidence 1 eve l in the match of the results 

exists for the auto nDde. 

e The "correlation coefficient" and the "correlation ratio" as 

defined for this model (Table 17) indicate an acceptable com­

parison of results. 

Overall, this model presents an acceptable representation of the 

observed trip data. It would be advisable to use different land use 

variables and density variables for use in the transit (dis)utility 

equation. 

6.2 Comparison of the Model Results to the Observed Trip Table: 

As described in Section 3, one of the n:ost important tests for the 

model is a comparison of the mode 1 is a comparison of the estimated 

results to the observed results for the entire trip table (100% sample). 

If the comparison to the observed nnde split for the total trip table is 

favorable, then the nndel can be accepted. If not, new logit formulations 

must be specified and calibrated. 

Because the development of a two-mode model was not a maJOr element 

in this study, only one of these models \vas applied to the total person 
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trip tab 1 e and used to compare with the observed mode-sp 1 it. ~lode 1 1 ~;as 

used in UMODEL to develop estimated rrKJde-split results as sho~;n in Table 

18. 

Table 18 - Comparison of Observed vs. Estimated 

Mode Split for Model 1 

ESTHV\TED TRIPS 
MODE OBSERVED TRIPS (MODEL 1) 

Automobile 1,054,605 1,057,014 

Transit 6,468 4,059 

TOTAL 1,061,073 1,061,073 

This table shows that the nKJdel under-predicts transit trips on an 

overall basis, but not by an extreme measure. This error in modelling 

trans it trips may be due to a number of factors such as the method in 

which the transit trip table was developed, the extremely small sample of 

transit trips used in calibration, inadequate formula specification, 

errors in the data base, etc. Further, analysis should be completed to 

compare the model results to the observed results on a trip interchange 

basis. It may be advisable to recalibrate the model on a different or 

larger sample of transit trips to increase the accuracy of results. 

Adjustment factors may be used (on a zonal basis or on a "global" basis) 

if needed to attain a reliable match to the observed data. 
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7; ULOGIT RESULTS FOR THE FIVE-MODE MODELS 

Five models were developed to explain the trip characteristics for 

the five mode situation (transit and four auto-occupancy levels). Of 

these, three models were developed to fit the observed v1ork trip data 

(Models 3,4 and 5) and two models identified the nonwork trip character­

istics (~1odels 6 and 7). These models were used to identify an "esti­

mated" number of trips for each mode using the program UMODEL in the mode 

split process. The models are listed in Appendix 5. 

In evaluating the models, the same factors described in Section 6 

were carefully reviewed. These factors included: 

• The application of the variables in explaining trip characteristics 

(sign of the coefficient), 

e The significance of variables in explaining the trip characteris­

tics' 

t1 The comparison of "observed" versus "estimated" trips by mode, and 

• Other statistics used in correlating the variables and trip charac­

teristics. 

A final test for the adequacy of the n1odel was the application of the 

(dis)utility equations to the entire trip tables (100% sample) for the 

respective trip purposes. If a favorable comparison occurs between the 

"estimated" trip tables (as output by the model) and the observed trip 

table, the model can be accepted. 
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7.1 Description of Legit Models for Work Trips: 

The results of the three legit models l'lhich \'/ere formulated and cali­

brated to describe mode-split for 1'/ork trips are presented in this section 

of the report. In formulating the equations the variables \'/ere selected 

from the calibration file to define the 1'/ork trip characteristics of the 

specific modes. The candidate list of variables in the calibration file 

is shol'ln in Table 19. For each of the three models, variables \'/ere 

selectively identified from the calibration file (Table 19) for incorpora­

tion into the legit equations. A description of these variables is pro­

vided in Appendix 4. 

MODEL #3 

The formulation for this model is shown in Table 20. 

column of Table 20 indicates the mode as follov1s: 

e l'DA = Automobile - drive alone 1'/0rk trips 

• WONE = Automobile - one passenger work trips 

Ell WTWO =Automobile two passenger work trips 

e WTHREE = Automobile - three or more passenger work trips 

ell TRANSIT = Bus service - work trips 

The first 

The variable travel time is used in each equation to describe the 

(dis)utility of usin9 a mode along with other variables such as income 

(PENTILE), zonal employr;rent (EMPLY), automobile availability (AUTOS PER 

POP), etc. 
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Table 19 - List of Variables in the Calibration File for 
the Five-Mode Models for Work Trips 

+--------+------------------------+--------+ 
IVAR ID NIVARIABLE NAME !UNITS I 
+--------+------------------------+--------+ r i TiofJE"NliMstii" . .. . •.. , ........ r·· 
+--------+------------------------+--------+ 

.. L ......... 2 ........ II.NCOME ............................................... JW.E.~R ....... L. +--------+------------------------+--------+ 
I 3 !TERMINAL TIME p !MINUTES I 
+--------+------------------------+--------+ ·r· 4 . ]TERMINAL TIME .. A .... TMii'JuttS·T· 
+--------+------------------------+--------+ 

... L .......... s ........ J.E.MPL.OYM~.N.T ...................•............ [PE.R..~OJ":I~ .... I .. . 
+--------+-----------~------------+--------+ 
I 6 !TOTAL ACRES !ACRES I 
+--------+------------------------+--------+ r .. 7 l iiESiOENT!ACAtRES···· ... . Ti>.ciits .. r 
+--------+------------------------+--------+ 

... 1 ........... 8 ........ IINDUST.RI.AL ... A.<:.R.E .. s ...................... [A(;R.~.L ...... I .. . +--------+------------------------+--------+ 
I 9 !UNDEVELOPED ACRES !ACRES I 
+--------+------------------------+--------+ ··r · 10 1 RETAiL wHasCAciH's ]AciiEs · r 
+--------+------------------------+--------+ 

. L .. 11 ... 1.RECREAT.l0.N.A~ .... •t::~.~.~ ................. L•<:RE~ .... L +--------+------------------------+--------+ 
I 12 !POPULATION !PERSONS I 
+--------+------------------------+--------+ ·r ... 13········1 bwEl.TiNG Uf.ifi's················· ..... lUNfi'"s··r 
+--------+------------------------+--------+ 

.J ......... 1.~ ....... .J RES LABOR FQR..~E . ..... ~~~R~(lf":l!; j +--------+------------------------+--------+ 
I 15 I PARKING cosTS I cENTs I 
+--------+------------------------+--------~ . f.. 16 . I I>Ui'o ii\iNERsH!P················ ······[Autiis/ir< I 
+--------+------------------------+---------; 

.. L ........ 1J. ..... tzERO .. AUTDs ..................................... JFA.~J .. L.I~S I +--------+------------------------+--------\ 
I 18 I TIMEDA !MINUTES ! 
+--------+------------------------+--------J r·· 19 ·1 '!'fiNs tiME··············· ·········· TMTf.iut£5 I 
+--------+------------------------+--------' 

... t .... ouoo2.0. ........ IT.RNS .. I<UN. . .TI.ME... jMitJUJES I +--------+------------------------+--------+ 
I 21 ITRNS WAIT TIME !MINUTES ! 
+--------+------------------------+--------4 f 2:f· Ti'liiwY sKiM i'iiSf ............. Tf.iiUs 1·· 
+--------+------------------------+--------+ 
L .. 23 .... Jo.RIGIN ZDJ":IE .. ..... . .. L ............ J +--------+------------------------+--------+ 
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+--------+---------- --~ .:.:-.;:: .. ::.:.:·.:.:·.:::.:::.:-- -+·.:.::.:::.::.:.:·.:.:_- -+ 
tvAR 10 niVARIABLE NAME tuNITS 1 
+--------+------------------------+--------+ T. 24····TotSi'INAi'totJ···zoiJE··· T ···········r 
+--------+------------------------+--------+ 
L ~~ JWD~ JTI<!~S . L +--------+------------------------+--------+ 
I 26 IWDNE !TRIPS I 
+--------+------------------------+--------+ ·l· ··21 ·Twtwo TtRTF's ·· ·r 
+--------+------------------------+--------+ 

.. 1 ..... 2.a ... J•rct:JR.~.~ . ....... ........ ......... . .. JTI<!.P..~ L +--------+------------------------+--------+ 
I 29 !TRANSIT !TRIPS I 
+--------+------------------------+--------+ ··r·······3o········l·ra?·· PER .. oo·········· .... . ... I fii'i?/i'il:i ··r·· 
+--------+------------------------+--------+ 

J 31 JPOP..~ER .A.gRE JP.CJ.P./~C~E[ 
+---~----+------------------------+--------+ 
I 32 ITRNS FARE fcENTS I 
+--------+------------------------+--------+ f .. 33 ]Er.ifi['i .. ............... ..TE'i.ir/foo··r· 

+--------+------------------------+--------+ 
L 34 JP()P . ... . [PIJP./!9() L +--------+------------------------+--------+ 
I 35 I AUTOS PER POP I AUTO/POP I 
+--------+------------------------+--------+ r·. 36 .. TfiENtfLE"··· .Tf'EtJi'"·····-·r 
+--------+------------------------+--------+ 

.. L ........ 3.!. ....... J!I..ME .. 1 ................................................... J~.I.t:JU.TE~ ... J +--------+------------------------+--------+ 
I 38 ITIME2 !MINUTES I 
+--------+------------------------+--------+ T . 39 ·····ltfi.iE3 .. , .. ················· ... "fi.iiNUftS r· 
+--------+------------------------+--------+ 
1 . 4() JcosrD~ ~~~t:JT~. J +--------+------------------------+--------+ 
I 41 JcosT1 tcENTS 1 
+--------+------------------------+--------+ r· . ·42 . ··Tcost2 TtEi'Ji'"s . l. 
+--------+------------------------+--------+ 
1 ...... 4.3 .Jell~!.~. .......... ....... . .... J~Er-JT.~ .. L +--------+------------------------+--------+ 
I 44 IWTRNS TIME !MINUTES I 
+--------+------------------------+--------+ ·· r ·-·4s TEXtEss - \MINutE 1·· 
+--------+------------------------+--------+ 

... L ......... 4.~ ......... .1UR ........................................................... LM.IN/M..l.!'l .... L. 
~--------+------------------------+--------+ 



Table 20 - Formula Specification for Model .3 

Mode Coefficient Variable 

WDA = A1 * HGWY SKIM TIME ................................................... ··········+···sT·········· .. ··· ·*····PtNTTLE' ................... . 
+ A BIAS 

.. WCIN'E·······--···-····--·--····································;;;··A·1······ ....................... * ... HONE··· ........................ .. 

.. w'tHREE __________ _ 

TRANSIT 

+ 82 * EMPLY 

······;···;\'1 
+ 83 

·················· ............ 'd. .. ··;;,·1 
+ 84 

---. ··HtWCI···-·-···--·-·-·· 
* RLF PER ACRE 

.......................... 
* HTHREE 
* AUTOS PER POP 

.................. ···············:;.···As ...........................•.. WTRNS TIME 

+ 85 * ZERO AUTOS 

The names of certain variables in t~odel 3, such as HONE, are not 

listed in Table 19. This is because after Model 3 was developed the cali-

bration file was revised to include additional variables. During this 

time some of the variable names were also modified. These 1oodifications 

were intended to make the variable names more descriptive of the nature of 

the variable. As such, the variable name HONE was changed to TIMEl 

(hi gh11ay ski 111 t i 111e for the one-passenger automobi 1 e mode). Although 

several variables names were changed, the values of the variables remained 

unchanged. To find a complete description of all variables and variable 

naliies see Appendix 4. 

Values for the variables used in the nDdel along with the correlation 

matrix of the independent variables are shown in Table 21. 
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Table 21 -Statistical Summary of Independent Variables 

THE ·viliHI\sCEs·useo···F'oii···tATtsili.t!oiriiilE·;························································ 

VARIABLE STANDARD LARGEST SMALLEST "i'io·:·;NAME .................................... MEAN ............... oev·:· .......... vACUE' ......... V'Ai:OE ..... Tif.l'fts···· ....... .. 

1 HGWY SKIM TI 18_._?1 ............... ~.:.~.6 ............ J<J . .-.9<:J ................ 2..:.9.9 MINUTES ............ i.le···---............................... .. 

2 PENTILE 3,91 0.97 5.00 1 .00 PENT 
·a 'R6f.lC ........................... Hi.32 .~ ...... :'i:To····i.\!'NUtes· 

4 EMPLY ······························ 48 ._2_8 ___ ..... 1~~_._99: ... o.o ........ ~MP/100 35.66 

5 HTWO 20.32 9.00 72. 10 4. 10 MINUTES 

7 HTHREE ····································· . _2_1 _ _. __ 9..~......... 8. 96 ...... J~ . .-. .1.9........... -~-:.!.<l ...... I:I~.~UTES 

8 AUTOS PER PO 0.98 
p 

·s···wYiiNs TiME. "266, oo 
11.47 

:nT:sa"· 
253.00 0.0 AUTO/POP 

2:f:·oo"" MINUTES 

..... 1() JE.RO __ Al)!()~ ............. ~ .. 1.-.1.2. ... . 7().:4.~ ............ 328. 00 .............. 9. :.<J ..... J.~.f:1.I.~.J..E.2 .. . 

CORRELATION MATRIX OF INDEPENDENT VARIABLES: 
··-r- ................... 2 .............. ---···:r···---............ 4 ·s··-.................. 7 ...... · 

8 9 
2 o. 1640 .... :r· .. ··o.sii'io o:··r693 
4 0.1510 -0.0680 0.1524 
5 0.9967 0.1696 0.9992 0.1524 
s· -----··cf:03G·G··· .... o-~·oGG'4 ····-··cr:·o3aCf · --~6:T4·1·s ----·--c,.:o37·s·· ····------.. ····· 
7 0.9971 0.1626 1.0003 0.1518 0.9992 0.0362 
8 -0.0126 -0.0883 -0.0123 -0.0104 -0.0123 -0.0365 -0.0125 
9 ·····cf ... 33::n5· ·······c;~-32"i.f7 ·······6:-3"3'49 ·····.-.:o·~-O"Gsa· ·······a·:-33~ra··· ··:.:·<f:·1·3·:r2·· ·····o·:·3-3-46 .. ·· 

-0.0185 
10 -0.1946 -0.6326 

· · · ······c;·:·i46·a -~··:o-: 3o4t -0. 1923 ....... C>-0.4_1_~------~_(). 19~-~ ........ 0.· 0853 .... :9..: .. 1.~45 

From the ULOGIT calibration process, the final values of the coeffi­

cients were calculated as shown in Table 20. 
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These variables were obtained from the calibration file built during 

an earlier step. It should be noted that the "auto per population" varia­

ble shows an error in the data. It indicates that a va 1 ue of 253 autos 

per population occur, which is a gross exaggeration. Upon close examina­

tion of the data file, it was noted that this unrealistic value of autos 

per population occurred at only one zone in the 315 zone study area. 

Since all of the auto per population values were within realistic limits 

for the remaining 314 zones and the average zonal value for this variable 

was .% autos per population, this error in the data base was considered 

to have a minor impact on the model. Since an error was discovered in the 

data file, an effort was made to search for similar errors in other varia-

bles in the data file. 

Table 22. Final Coefficient Values and Other Statistics for Model 3. 

THE RESULTS OF THE COEFFICIENT CALIBRATION ARE: 

··cotFFICiENT .. ····· ...... FfNAL ·····sfii"i.JOiiko ........... F ..... GRADfE}jf"'"(oWER '"l}pi'E'if" .. 
NO. NAME VALUE ERROR RATIO (IF BNO.) BOUND BOUND 

..... f" ;;r··· 
2 B1 
3 A BIAS 
4 .... 82'•••• 
5 B3 
6 84 
7 "'ii5 . 
8 B5 

. ·o: 3466 ... 6 ... 6234. "'f;LiiT ... 
-0.0830 0.0300 -2.76 
-1.7602 0.1278 -13.77 

· .......... ~o:·oo:i4 .. ... o:·00o1 .. ·c·'Lii'i 
0. 1225 0.0145 8.47 
1.5972 0.2370 6.74 
o:r2ot ·· o.6oa3 14:41 ·· 

-0.0007 0.0013 -0.55 

THE INITIAL VALUE OF THE LOGLIKELIHOOD WAS -0.16360E 05, 
.. 1\'f!I.L.E .... I.H..E ... f..INA.~ .. v A_L uE ... w ~s ... ~CJ ,5.J.32~. ~ ... Cl~ .... A.f.I.E R_ .. 9 .. ) I~.R~no.l'l~.·...... . 

THE LOGLIKELIHDOD WITH ALL ZERO COEFFICIENTS IS -0. 16360E 05, 
WHILE BY INCLUDING PURE ALTERNATIVE EFFECTS IT IS -0.53464E 04 . 

.. THiCTA'RGE·sy··ca-GLfkELfi-RlOD···FoR··-THtSl···oA·fA···;a:r,iD···A"i\iY···MotiiC····cr:·<r·· 

TEST OF EQUAL PROBABILITY HYPOTHESIS IS 0.2206E 05 . wftH·······s··oEGRE'E s·· af'···FREEbbi.i:................. ................................... . ......... ................ ... .. ................ .. 

TEST OF AL TERNATl VE DEPENDENT .P~OB.A.BI'ol ~.Y. ... H.Y._P.().TfiE~n. IS 28. 26 
wii'H········4"i:iEGili'Es·· OF FiiEEilbi.i :····· 

PSEUDO R .. SQUARE ...... .-.~74 ...... 
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The final values for the coefficients shown in Table 22 are in terms 

of a disutility. To find the utility of a mode, the signs of the coeffi-

cients are to be reversed. A review of the coefficients associated with 

the variables reveals the following findings: 

e In this fllodel, travel time data (highway and transit) was consi-

dered a "disutility" factor, i.e., as the highv1ay travel time for a 

specific mode increased, the desirability of a trip being ~r,ade by 

that mode decreased. 

II& The PENT! LE factor represented the income group of trip-makers. 

Its negative coefficient identifies it as a "utility" factor, i.e., 

as the income level increases, the more desirable the "Automobile-

drive alone" (WDA) mode becomes. 

e The employment factor also represents a "utility." As the number 

of employed individuals in an area increases, the trips made in the 

"automobile - one passenger" (WONt) mode increases. 

II& The RLF (resident labor force) per acre factor represents a "dis-

utility" factor. As the RLF per acre increases, the trip-making 

characteristics of the "Automobile - two passengers" (I·JTI,Q) mode 

decreases. 

$The "autos per population" factor also represents a "disutility". 

As the number of autos per population increases, the "Automobile -

three' or more passengers" mode decreases. 

e The "zero auto families" factor represents a "utility" factor. As 

the value increases, the desirability of transit trips also in-
; 

creases. 

In all cases, except the RLF PER ACRE factor, the variables and 

coefficients adequately explain the trip characteristics. 
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The significance of the factors is performed by reviewing the figures 

under the "T-ratio" column. The T-ratios for Model 3 are given in Table 

22. Values of 1.96 are used to represent the 95.0% confidence level in 

the variables. These ratios show the statistical significance of all the 

included variables except ZERO AUTOS. This variable thus represents an 

insignificant factor in explaining transit trip-making characteristics as 

it exists in the model. It could be excluded from the analysis and an 

alternate variable selected. These steps would result in a sli~ht change 

in the corresponding disutility equations. 

A comparison of the observed vs. estimated trips is provided in Table 

23. 

Table 23 -Comparison of Observed vs. Estimated Trips for Model 3 

............................................ - ............................................................... STD. CORii": ...... ciiiiif:"""" ... NO. 

ALTERNATIVE OBSERVED ESTI~ATED RESIDUAL COEF. RATIO CELLS 

Hi .. 

WONE 946.0 8 __ 15_,}, .............. ~.J6.3. ...... 9., .. C><XJ. .... .9..:.<J9.2 ..... ...... !.0 

WTWO 219.0 324.5 -5.971 0.001 0.004 8 

WTHREE ·················· ..... rJo-:·cr······ ········n,2 . 3 ···········::·:c~ffS 

.. !. R.~ .N~ !.! ............................. ~ _(; ·'· <:! ................. 1 .. 1 <J.:.~ ......... :. ~-'· 5_1_9 .... (:> .·. Q<:>~ ...... 2.:.<J.~!J .............. 2 4 

This table indicates an excellent match of the "Automobile-drive 

alone" (viDA) trips. Other alternatives have some differences. These 

differences may be attributed in part to the small number of trips sampled 

or inadequate variable selection. However, Table 23 is a comparison of 

the sampled trips (5% of the total observed 1vork trip table) to the re­

sults of the model. The model was calibrated based on the sample of ob-

served trips and only gives an i ndi cation of how the mode 1 re 1 ates to the 
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sampled trips. It does not necessarily give a good indication of how the 

model compares with the total person trips. 

i ng: 

A review of other statistics related to the model reveals the follo1·1-

e The "pseudo R-Square" value for this model is 0.674 (Table 22). It 

represents an acceptable fit of the data. 

e The "standardized residual" indicates the number of standard devia-

tions that the observed and estimated trips by mode differ. A 

higher value will denote a more significant difference. Values of 

this statistic are shovm in Table 23. 

e The "correlation coefficient" and the "correlation ratio" as de-

fined for this model, indicates an acceptable comparison of results 

(Table 23). 

Overall, this model is a reasonable representation of the observed 

trip data. Some inaccuracy may result frorn the use of certain variables 

and the sample size used for several alternatives. The model provides an 

excellent fit to "Automobile-drive alone" trip patterns, although in other 

cases, some differences are observed. 

MODEL 4 

The variable travel time was used (in one form or another) to ae­

scribe the (dis)utility of using a particular mode for work trips along 

with other variables in this model. Model 4 is somewhat similar to ~rodel 

3. The major differences bet1veen the two models are that the variables 
' 

indicating zonal employment (EMPLY) and Resident Labor force (RLF PER 

ACRE) are elin;inated in Hodel 4. A cost variable is included fot· the 

"Autonrobile- three or more passenger" mode (fJTHREE), some bias coeffi-

cients are eliminated along the variable ZERO AUTOS (The number of zero 
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auto families per zone). The disutility equations for Model 4 are shown 

in Table 24. 

Table 24 -Formula Specification for Model 4 

Mode Coefficient Vari ab 1 e 

WDA = A1 • TIMEDA ························································-··············+ ·s·1 .. ······················-·······,;,····p·ENT I L E 

+ A BIAS 

··woFiic-····························· ······················-~ ·P.·r-· ......... T1Mf1 ················· 

WTWO A1 • TIME2 
----·············· -------····················· ·:.,.·· 83 ... ···········.;. ··pap···P"ER···;rCRE···· 

+ P2 BIAS 

.. WTHREE ········-······································ ~-··-;. 1 -----··········· ··rtMt:r· .. ··············-------
+ C4 • COST3 

.................. .................... . .......... ·········---~----~:J.B_I":~ ........................................................ . 

TRANSIT = AS * WTRNS TIME 
................................................ + BS ·····---~ .... f::Y.I.~-~---f.':~-~---P..!?.P. .... ·····················:.c··-y··aTP.s·········· 

The values of the variables and the correlation matrix of the inde-

pendent variables are shown in Table 25. The independent variables were 

obtained from the calibration file (Table 19). 

76 



Table 25 -Statistical Summary of Independent Variables 

.. THE .. VA R i AB L Es··us E o····i'oR···cAC!BRAflo;;f··A fif:·······································-·································· 

VARIABLE 
··No·: NAME 

STANDARD LARGEST SMALLEST 
····------·····-· --------MllN···--··-·-·· oE·v·:··············vA·cut··········· .. VALuE·····TfNirs············ 

1 T I MEDA ........................... 1.~.: . .2~ ................. ~.· 96 

2 PENTILE 

... 3.Ht.1ET 

4 TIME2 

5 POP PER ACRE 

3.91 

· · ·rs:32 

20.32 

15.06 

0.97 

·a:·99 

9.00 

19.79 

79.:.99 ................. 2..:.()() ...... ~l..N.IJ.!.~.~······ 

5.00 1.00 PENT 

..... ?., ... 19. .............. <1: .. 19 ... ~}N.IJ.!J~ ..... . 
268.69 0.00 POP/ACRE 

.. if TIME3 ..... ··················2y:·93 ·a:96 ... ···73:76 ...... s:?if .MiNUtEs··· 

7 COST3 ............................... 1.:02 3.63 19.36 .. <:l.:QB ...... <:.E.t-1!_~ ............ . 

8 WTRNS TIME 266.00 211. 53 500.00 22.00 MINUTES 

.. ··9 AUtos PER po. ········a·:sa ...... n:47 ·253 :oif············ o. o ···Aufo/roi> . 
p 

CORRELATION .~~.TR.I~ ... CJF. ... I NOEPENDENL_~.~RI.~.BL~~.: .. 

1 
8 

2 

·····2······ o:·i64o ························ 
3 0.9970 0.1693 

3 

4 0.9967 0.1696 0.9992 

4 5 6 

· s· o.o412 ···a:o7o9 o:o4:lo ····o:o432 ·············· ····························· 

6 0.9971 0.1626 1.0003 0.9992 0.0421 
7 0.0579 0.0565 0.0585 0.0585 0.5053 0.0583 

7 

·· a ····o.333s o:32iii····o:3349····o:3:i4a ·ca:·r324 ···o:334o· -o:·o716 
9 -0.0126 -0.0883 -0.0123 -0.0123 -0.0366 -0.0125 -0.0112 

~Cl-.9.1.8.~ .............................. ··············································································································· 

From the ULOGIT calibration process, the final values of the 

coefficients were calculated as shown in Table 26. 
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Table 26 - Final Coefficient Values and Other Statistics for Model 4 

THE RESULTS OF THE COEFFICIENT CALIBRATION ARE: 

··coEF'.rftTE'Nt ·······················rfN"ii"C······sr ANDARo ·············F········G"i?iio·i·E·N"-r·--··"LowE·R ··uii-PE'ii .. 
NO. NAME VALUE ERROR RATIO (IF BND.) BOUND BOUND 

..... T ..... A-·1···· ··········a·:·262o ···o·:o2l~f ·····1·1·:·ser··· ························ ...................................... . 
2 81 -0.1010 0.0295 -3.43 
3 A BIAS -1.5290 0.1218 -12.55 

····4 a:;· ··········· ········a:onc·· · o:oMif · 2:21 · 
5 P2 BIAS 1.0760 0.0971 11.08 
6 C4 -0.0740 0.0148 -5.02 

.. 7 ··--p-:; ·an\s f. 4480 ·o·.Ti6T .. "f'L4i' 
8 AS 0.0810 0.0070 11.58 
9 85 -0.0070 0.0039 -1.80 ···;·6 ····r····stAs· ·ts-:·a-:3"1-<f .. ······o·:·:l'2B·3· ·······:;L-s3··· ................... ························ ·················· 

.. "fi'iE···IN!"fi Ac···viiUit .. ar··tHt···Lti"GiC!Kt CiHooo ·w;;s··co :s 242at···o4 :· 
WHILE THE FINAL VALUE WAS -0.52428E 04 AFTER 1 ITERATIONS. 

tHE TtiGCii<ECiHOOD w iti'i ·lice iEii6 tOE fi'itiEN'is .. Ts···c·o·.--n336ot· O"!r;······ ...... 
WHILE BY INCLUDING PURE ALTERNATIVE EFFECTS IT IS -0.53464E 04. 
TH.E ~ARGES! .. ~gGL IKE~If:IDQD.FQR .!HESE OAT.~ A"[)-~N_Y ___ f,IODEL . .<:l.:CJ ................... . 

TEST OF EQUAL PROBABILITY HYPOTHESIS IS 0.2223E 05 
W,l.!f.l ....... 10 DEGREES OF JF~_E[)QM. . ............................................................................. . 

TEST OF ALTERNATIVE DEPENDENT PROBABILITY HYPOTHESIS IS 207.2 
.1</!J.f.l ..... ~ _pE(;~~ E..~ Of. .. f..~ ~.f'IJ.9.r.\: ... ···---· ................ _ ............................................... -.......... .. 

PSEUDO R-SQUARE • .680 

In assessing the effectiveness of the model in explaining the re­

sults, a review of the application of the variables was conducted as fol-

1 ows: 
J 

e The travel tin,e data (TIMEDA, TIMEl, TIME2, TIME3, WTRNS TIME) 

represents a "disuti lity" factor. Longer travel times will result 

in less trip-making by the specific nnde. 
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• The PENTILE factor represents a "utility". As the income le ve 1 

increases, the rnore desirable the "Automobile-drive alone" (WDA) 

rnode be comes. 

• The "population per acre" represents a "disutility" factor. The 

higher the population per acre, the lower the trip-making charac­

teristics by the "Automobile-two passengers" (WTWO) mode occurs. 

tl The travel cost factor (COST3) represents a "utility" factor. As 

the costs of a trip increases, the more likely that the "J\utomobi le 

- three or more passengers" (vJTHREE) mode would occur. 

• The "autos per population" factor represented a "utility". It is 

assumed that the nun1ber of transit trip would increase with an 

increase in the number of autos per population. 

For all cases, except the "autos per population" factor, the varia­

bles and coefficients adequately explain the trip characteristics. The 

"auto per population" factor results in some inaccuracy for the transit 

trip estimates. This factor, however, is not considered significant in 

the nudel descripton of the observed data. 

In reviewing the significance of the factors, the T-ratio's are given 

in Table 26. Considering a 95% confidence leve-i (T-ratio=l.96), all vari­

ables are considered significant in defining the trip characteristics 

except for the "autos per population'' data used in explaining transit trip 

chal'acteristics. Excluding this factor would l'esult in a slight change in 

trip-making characteristics. 

A comparison of the observed vs. estimated trips is provided in Table 

27. 
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Table 27 - Comparison of Observed vs. Estimated Trips for Model 4 

............................................................................................................. sto".""""t6'firc .... ·coiiif: ............ N'tL .. . 
ALTERNATIVE OBSERVED ESTIMATED RESIDUAL COEF. RATIO CELLS 

"""'"'87'84. 0 8727:·7'·· ...... T:6T7 .. ''i'i'."oo2""o.'608 ............ T5 .. 

WONE ..... ~.~-~-:.9 ..... 
219.0 

958.9 -o.,_~-~-9. ..... .<l.:.CJ?<l . ... 9.:. 0()_1 ............... .? .. 

217.7 0.086 0.001 o.ooo 3 WTWO 

wtAfiEE" .......... TaO': 6 ........ ·r2a:s .......... o.oss · ·a·:oo2 ... 6.016 ............ ·s · 

TRANSIT ...................... 86 . 0. ............... 1 .. 18_:.~ ............ ~-~.: . .1..1.9. ...... <J..:.<J..1.<J. ..... 9..:.<>.J..J. .............. n .. 

This comparison displays an excellent match for trips by all modes 

except "transit" trips. The discrepancy occurring in transit trips can be 

partially attributed to the small sample size used to define the model and 

the variable selection mentioned earlier within this model description. 

Other statistics relating to the model include: 

e The "pseudo R-square" value is 0.680 which relates an acceptable 

fit of the data (Table 26). 

f» The "standardized residual" (Table 27) indicates acceptable compar­

isons of the observed vs. estimated data for a 11 rrodes except the 

transit mode. The transit comparisons, however, represent a moder-

ate level of confidence in the compared data. It should be noted 

that transit is a small percentage of overall trips (<1.0%) and the 

small sample size may cause some of the discrepancy. 

• The "correlation coefficient" and the "correlation ratio" (Table 

27) indicate an acceptable comparison of results. 

This model produces a highly favorable representation of trip-1;1aking 

characteristics for the observed data. Some discrepancy exists with·in the 

trans'it J<Jode, however, which may be related to the lack of an adequate 

sample size. An adjustment factor included in the disutility equation for 

the trans'it mode may alleviate so111e of this discrepancy. 
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MODEL 5 

In specifying the formula in this model a variable for "out-of-pocket 

costs per person" was defined and used to describe the (dis)utility of 

using a particular mode for work trips. The out-of-pocket costs for auto 

modes include a travel cost (per mile) plus parking costs. The costs are 

assumed equally divided amongst the riders. For transit trips, a 35f fare 

is used for all trips (which is representative of the fare system and rate 

used in 1978). In addition, to variables representing travel time (TTR) 

was used to describe the (dis)utility of travel by transit. The formula 

specification for Model 5 is shown in Table 28. 

Table 28 -Formula Specification for Model 5 

Mode 

WDA 

WONE 

WTWO 

WTHREE 

TRANSIT 

Coefficient 

o A1 ................... + ··s:T·--.. -· 

82 
... +,..Bt~fsT·· 

B3 
···+····s fA·s·::;·· 

+ C5 

Variable 

• PENTILE 
*····c·os·:r:o-A··· 

• COST1 

"' COST~---

"' TTR 
"*TRNS i'ARE 
* AUTOS PER POP 

The values of the variables and the correlation matrix of the 

independent variables are sho1vn in Table 29. 
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Table 29 -Statistical Summary of Independent Variables 

··rHE···vMH/itil"Es·usto···Foii 'CiiUilii~:t"foN···AiiiCi································································ 

VARIABLE STANDARD LARGEST SMALLEST 
··iiia·:···NAME ···································;;,niiii ···············atv:·············vALUE······ ·······vt.t:ui'· ···uNITs 

........ LP..~.N..T..l.L_E 3. 91 0. 97 .......... !;_ .. 0.>. .. . 1.00 PENT ........................ 

63.35 47.61 330.00 7.00 CENTS 2 COSTOA 

····3· ·c:astT········ a:LGi ····23:ar·········i6't":oo ·· ········s:sO" ···ci'iitS 

25. 10 ··················· 15. 89 ........... 1 .. 1~ .... 0.>. .. 6.33 CENTS .............•.•.... 

5 POP PER ACRE 15.07 19.78 268.69 0.00 PDP/ACRE 

··aa·:sa········· ·····y:'fs······ci'iits············ 

7 TTR _5 _ _. 03 ........... 1 . 99 ........ ..!.·.99. ............ 1 .. : .. 1.9. .... M_IN(~!N 

8 TRNS FARE 19.30 17.4 1 35.00 

....... 9 ... /iui"os ... P"Eii .. Po ..... ,o.45 .......... o:·ni' ............ :r.-45· 
p 

1 
B 

'"2 .... 0"':2367 

2 

3 0.2365 0.9986 

3 

4 0.2385 0.9987 0.9994 

4 5 

0.0 CENTS 

o. o ....... AUto/PoP ... 

6 7 

.... s ........ o:o6sii' ·····O":··r427 ·o:·i42s ....... ,:;-:·1429 ...................................................................... .. 
6 0.2367 0.9994 0.9996 1.0002 0.1424 
7 0.3354 0.2308 0.2302 0.2311 -0.1766 0.2306 

.... ii ...... ~·o:"3 i75"""Co. 3616 ... co:·3616 .... co·: 3666 ...... o.:Tf96' ... C(i':.36'2T'""Co:·aii'\6. 
9 0.0810 0.0628 0.0620 0.0634 -0.0979 0.0611 0.0762 

...... ~.9.:.2?3~ .. .................................................................................................................................. . 

The final values of the coefficients were calculated from the ULOGIT 

calibration process as shown in Tabie 30. 
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Table 30 -Final Coefficient Values and Other Statistics for Model 5 

THE RESULTS OF THE COEFFICIENT CALIBRATION ARE: 

··coEFFICIENT 
NO. NAME 

....... FTNAC····sfl\"f~iiAiiti" ············y:-·· ..... GRAOIENf····TowE"if····uri'E"R". 
VALUE ERROR RATIO (IF BND.) BOUND BOUND 

······1··· ··;;·1 ·················· ··············cO":·:Ei.94 ··········o·:o:26tf ·"T2·:·4o······ .............................................................. . 
2 B1 0.0146 0.0026 5.65 
3 B2 0.0272 0.0053 5.11 

····;,····s!A"s"f· ·················o·:·s714 o.1os3·······s:T;,······································································· 
5 B3 0.0498 0.0090 5.52 
6 BIAS2 2.1111 0.1559 13.54 

· ·7· · A4 · ···· ···O":o4o7 o:oo'iii ··· s:ra··· 
8 84 0.1566 0.0107 14.67 
9 AS 1.3294 0.1439 9.24 

ro·· ·ss o.oo31 o.o138 ··o:23······································································ 
11 cs -0.1500 0.6023 -0.25 

THE INITIAL VALUE OF THE LOGLIKELIHOOO WAS -0.16360E 05, 
.WHI~EJHE FINALY~LLIE.W.JIS .. -0.54299E.()4 .JIFTER 9 I.TERAT!Ot:JS. 

THE LOGLIKELIHOOD WITH ALL ZERO COEFFICIENTS IS -0.16360E 05, 
WHILE BY INCLUDING PURE ALTERNATIVE EFFECTS IT IS -0.53464E 04 . 

. THE Tli.iiiitSTToiiCiKELiHdbti Foil THESE olii'A li.Nb .iiNY Miiotc··o:o··········· 

TEST OF EQUAL PROBABILITY HYPOTHESIS IS 0.2186E 05 ··witil ····1T··o·e GRTE"s···b'F···F·R E'EDtiM·~---·························· .. · .................. . 

TEST OF ALTERNATIVE DEPENDENT PROBABILITY .. f4.~P._9T.H.ES_l.~ IS 
"ihi'H 'iiiECiilEEs iiFi'iiEtoOf.i: 

-166.9 

PSEUDO .. R.~SQUA.R.~ ... ~ .... .-.. 6~.8 ............................................................................................................................... . 

In assessing the effectiveness of the model in explaining the re­

sults, a review of the application of the variables was conducted as shown 

bel ow. 

• The PENTILE factor represents a "utility". As the income level 

increases, the more desirable the "Automobile-drive alone" (viDA) 

mode becomes. 

• The COSTDA factor represents a "disutility". As highway user costs 

increase, the "Automobile-drive alone" trips decrease. 
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e COSTl represents a "disutility" factor. As the highway user costs 

increases, it is expected that the "Automobile - one passenger" 

(WONE) mode trips wi 11 decrease. 

411 The COST2 factor represents a "disutility". As the highway user 

cost increases, the likelihood of trips in the "automobile - two 

passengers" (WTWO) mode decreases. 

e "Population per acre" represents a disutility factor. As popula­

tion density increases, the "Autornobi le - three or more passengers" 

(WTHREE) mode is expected to decrease. 

e The COST3 factor represents a "disutility". As the cost increases, 

the "Automobile - three or more passengers" (WTHREE) trips de­

creased. 

e The TTR factor represents a "disutility". As the travel time ratio 

(TRANSIT/AUTOMOBILE) increases, the likelihood of transit use would 

decrease. 

e The TRNS FARE factor represents a "disutility". As the fare in-

creases, the trips using transit are expected to increase. 

e The "AUTOS PER POP" factor represents a "utility". It is assumed 

that as the automobile availability increases, the number of trans­

it trips would increase. 

In one instance, the variable did not represent the "disutility" 

which would be expected. The variable is the AUTOS PER POP factor for 

TRANSIT TRIPS. Zones in which aut01nobile availability is low should 

encourage more travel by transit. For the other cases, the variables and 

coefficients adequately explain the trip-making tendencies. 

In reviewing the si9nificance of factors, the T-ratios are given in 

Table 30. Using a 95% confidence level (T-ratio = 1.96), all factors for 

the "Automobile-drive alone", "Automobile - one passenger", and "Automo-
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bile - two passengers" and Automobile - three or more passengers" modes 

are considered statistically insignificant. The T-ratio corresponding to 

the TTR variable for the transit mode is also considered significant. The 

other variables for the transit mode, TRNS FARE and AUTOS PER POP have an 

insignificant impact on the disutility equations as shown by the T-ratios. 

A comparison of the observed vs. estimated trips is provided in Table 

31. 

Table 31 -Comparisons of .Observed vs. Estimated Trips for Hodel 5 

············ · ········ · ·· ························ ······························· ··· ···············sro·:······caiiti :······c6iiir:·· ········l~iL 
ALTERNATIVE OBSERVED ESTIMATED RESIDUAL COEF. RATIO CELLS 

·woii ················· ······ · ·a'fs;;:·o · ····"iisas:s ·············:~:·aoti"····a·:oo3····cLooa····· ·······Hr · 

.1</0.r-JE .......................... 946.0 

WTWO 

··wrHiiEE 

219.0 

················T3o.o 

~~ 4_,:3 ······ ... .0..:.9.!5.~ ..... 0 · . .o.<?Q ..... 9..:003 12 

218.9 0.009 0.002 0.001 6 

TRA_NSI.!._ ........................... ~.6..:.<J. ................... B6. 4 ... :.0..:.94 a . .<l.: .. <>c:>~ ...... c:> .•. ().().~........... 1s 

This comparison indicates an excellent match of all modes except the 

"Automobile - three or more passengers" (lvTHREE) mode. This discrepancy 

can be primarily attributed to some degree of insensitivity to cost fact­

ors in the 1966 travel data. To reflect the impact of existing cost fact-

ors, more recent trip data should be acquired. 

Other statistics relating to the model include: 

!Ill The "pseudo R-square" value is 0.668 (Table 30), which represents 

an acceptable fit of the data. 

e The "standardized residual" (Table 31) indicates very good cornpari-

sons of the data for the "Automobile - one passenger", "Auto1:1obi le 

- two passengers", and "trans H" modes. The "Automobile-drive 

alone" represents an adequate comparison, and the "Automobile -
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three or more passengers" modes represents a poor comparison of the 

estimated results to the observed data. 

The "correlation coefficient" and the "correlation ratio'' {Table 

31) indicate a good comparison of the data. 

7.2 Comparison of Work Model Results to the Observed Trip Tables: 

As described in Section 3, one of the most important tests of the 

model is a comparison of the estin1ated results to the observed results for 

the entire trip table {100% of the sample). 

Each of the models for work trips described in 7.1 were tested using 

the total person trip table (for work trips) to provide mode split infor-

mat ion using the UrltODEL computer program. The results of node split are 

sh01;n in Table 32. This table shows the following results on a total trip 

end summary basis. 

Ill Model 3 appears to be an excellent predictor of "llri ve - Alone" 

automobile trips. This nodel under-estimated the number of ·~uto-

mobile - one passenger" trips by a small amount and over-estimated 

the higher occupancy automobile trips and trans it trips. 

4111 I~ ode l 4 did a very good job of predicting mode split for all of the 

auto modes but over-predicted for transit trips. This over-predic-

tion of transit trips may be due to poor formula specification or 

inaccuracies in developing the transit trip tables {see Section 

4.2). 

Ill Model 5 did an excellent job in predicting the number of trips for 
; 

the "drive alone", "one passenger" and "two passenger" auto occu-

pancy modes and trans it. This model, however, over-predicted the 

number of "three or more passenger" auto trips. 
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Table 32 - Comparison of Observed vs. Estimated Mode Split for Work Trips 

Estimated Trips 
Observed Model 3 ~iode l 4 Model 5 Model 4 

Mode Trips Trips Trips Trips Adjusted 

Drive Alone 175,690 175,262 174,870 173,943 175,759 

1 Passenger 18,934 16,357 19,205 18,947 19,306 

2 Passenger 4,395 6,485 4,355 4,386 4,386 

3+ Passenge 2,607 3,055 2, 578 4,349 2,569 

Transit 1, 721 3,027 3,337 2,386 1,879 

203,347 

Table 33 -Comparison of Observed vs. Estimated (Model 4) Trip Length 
Frequency Means and Variances for Work Trips 

Drive 3 or More 
Alone 1 Pass. 2 Pass. Pass. Transit 

Mean * -- * * * --
Observed 18.320 17.930 17.924 18.498 40.152 

Estimated 18.279 18.125 18.147 18.320 40.369 

Variance * * * * --

Observed 79.195 93.990 95.486 91.193 199.055 

Estimated 81.271 80.090 82.500 80.400 263.571 

* = No significant difference at 95% level of confidence. 
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In an attempt to test the "goodness of fit" of the models to the ob­

served trip data on a trip interchange basis, a comparison of trip length 

frequency (TLF) curves for the observed vs. estimated trips by each mode 

was performed. This check would assure that the trip data from the two 

sources were from the same population or distribution. This test, al-

though not entirely conclusive, would be a good indication of the accepta­

bility of the rnodel. 

The comparison of observed vs. estimated trip length frequency curves 

was conducted for Model 4. This model was selected for this test because 

it had best match of l•iOde split to the observed trip table. The TLF 

curves for Mode 1 4 were obtai ned using the UTPS program UFf'rTR. These 

curves are shown in Appendix 1. The observed TLF curves for work trips 

are also shown in Appendix 1. 

A visual comparison of the TLF curves shows similarity in the curve 

form, particularly for the "Drive Alone" automobile mode. The observed 

TLF curves for the other auto modes and transit niOdes, however, are not as 

continuous (or smooth) as the estimated TLF curves. In most situations, a 

sniOother, more continuous TLF curve is expected for observed trip data. 

The small number of trips, some "locational biases", or other reasons n:ay 

be the cause of the discontinuities in the observed TLF curves. 

A more accurate comparison between the observed and estimated TLF 

curves can be made using statistical testing procedures. The outputs of 

the trip length frequency data computes the mean, variance, standard 

deviation, and the sample total used for the TLF curves (see Appendix 1). 

Using these data, statistical tests for the nEan and variance of the two 

populations were performed. The test of the means of two populations v1as 

performed as follows: 

88 



Where: Z = difference in means 

xl = mean of population group 1 

x2 = mean of population group 2 

2 
s1 = variance of population group 1 

2 
s2 = variance of population group 2 

nl = sample size of population group 1 

n2 = sample size of population group 2 

To use this test, the hypothesis: that there is no difference in the 

mean is made, or: 

HO: fo1 =JJ-z 

At the 95% level of confidence, if Z > 1.96 the reject HO and the 

conclusion is that the means are from different populations. If Z < 1.96, 

then HO is accepted and the conclusion is that the nEans are from tl1e same 

population. 

Similarly, the test of variance (the shape of the curve) is used to 

determine that the population groups are from the same population. This 

F-test is of the form: 

2 2 
s1 sz 

F = or F =- [whichever is larger] 

2 2 
s2 s1 

Where: F = distribution of variance test 
s1 = variance of population group 1 
s2 = variance of population group 2 
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In the F-test, it is customary to utilize the larger value of vari­

ance in the denominator regardless of the population group. For large 

population groups, the critical F value is 1.20. As such, if the calcu­

lated "F" value is less than 1.20, the variances are considered similar 

and represent population groups from a similar population. Using the 

F-distribution tables and a 95% confidence level, the similarity of vari­

ances can be determined for all situations. Table 33 shows the results of 

these tests on comparisons of the estimated and observed trip data. 

The results of the T-test of means and the F-test of variance indi­

cates an acceptable fit between the TLF curves from Model 4 and the ob­

served TLF curves in 8 out of 10 cases. 

In an attempt to investigate the possibility of more closely matching 

the estimated trips (Model 4) and the observed trips, an adjustment factor 

1;as applied to the (dis)utility function for transit trips. The results 

of the trip end summary is shovm in Table 30 under the column "Model 4 

adjusted". The adjustment factor· used was 0.54 times the utility of 

travel by transit. The adjustment used in this model does not result in 

significant changes in the travel patterns. It is generally not advisable 

to use models 1vhich required large adjustment factors. 

7.3 Logit Models for Non-Work Trips 

The results of the logit models which were formulated and calibrated 

to describe mode split for nonwork trips are presented in this section of 

the repor·t. At the outset of the n;odelling exercise, the variables were 

selected from the calibration file to define the nonwork trip character-
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Table 34 - List of Variables in the Calibration File for 
the Five-Mode Models for Non-Work Trips 

+--------+------------------------+--------+ +--------+------------------------+--------+ 
IVAR ID •!VARIABLE NAME !UNITS I fVAR 10 ufvARIABLE NAME fUNITS I 
+--------+------------------------+--------+ +--------+------------------------+--------+ ··r·· ·····1 ·······]zdNE .. NDi.iseif···································r····················r· ··1········24·· ·····loEStlflAtloN···zaNE······················r·····················T·· 
+--------+------------------------+--------+ +--------+----------~-------------+--------+ 
J 2 J!NC_(Jf,lf' - Ht.Yf'~R J .. J ........ :1, 5 ......... J .N.W[l A.. • ....... . . .................................. 1.!1< .I.P..S. ........ J +--------+------------------------+--------+ +--------+------------------------+--------+ 
I 3 !TERMINAL TIME p !MINUTES I 26 INWONE !TRIPS I 
+--------+------------------------+--------+ +--------+------------------------+--------+ ·r· .. 4 ····1 ttiiMINACtii.iE .. ii. . . fMiNOtts··r .. ,.. 21· ·····1 Nwtwa········ ........................................... TtRi rs·········r· 
+--------+------------------------+--------+ +--------+------------------------+--------+ 
J. . ~ .. Jf'f:lP.i,()YMENT . jP~R..S.IJ.f:l~ ... L .. J ....... 2.a ....... JN.WT.t;R.EE ............................................... JTR. .. I.~.S. ......... L. +--------+------------------------+--------+ 
I . 6 ITDTAL ACRES I ACRES I 

+--------+------------------------+--------+ 
I 29 !TRANSIT !TRIPS I 

+--------+------------------------+--------+ +--------+------------------------+--------+ T ·······-;··· l iitsibti.ittAC iiciiEs··········fAtiies·····r ... , ........ 36·······1 r·ap· PER···ou································ ...... flitir/ou······r· 
+--------+------------------------+--------+ +--------+------------------------+--------+ 

... L ...... ~ ....... .J IND.u.s.T.R}.A.L ... A.~.RE~.......... . jACR..f'.S. ........ L L . :31. Jr.o.r. P.EI<. ~.~R.~. .. .. . JPO~/A.<:Rn. +--------+------------------------+--------+ +--------+------------------------+--------+ 
I 9 !UNDEVELOPED ACRES !ACRES I I 32 IPDP IPDP/100 I 
+--------+------------------------+------~-+ +--------+------------------------+--------+ ·T···· 1o TiiHA!Cwiiiisl. Aciies .. TACilES . ··r .. , ......... a:i·······]Autas···i'eii··i'a?········· ········· · ·T"ADto/i'arr 
+--------+------------------------+--------+ +--------+------------------------+--------+ J 11 ]RECREATI(JNI\L .AC~~s. JAC~E~ L .. I ......... :J 4 .......... I.P..E. f,l II..L..E ................................................ l.~ E. N.!... ·- .. L +--------+------------------------+--------+ +--------+------------------------+--------+ 
I 12 IPDPULATION !PERSONS I I 35 ITIME1 !MINUTES I 
+--------+------------------------+--------+ +--------+------------------------+--------+ 1 1a ····· ToliELUN<i.ufins··· · TDi.iirs·······r .. , ......... :Js········Jrif.iE:c··························· ·················r"Mti.iotts·r· 
+--------+------------------------+--------+ +--------+------------------------+--------+ 
J 14 jRE? L~f3()~f()R.CE JP.E~.§gf:lS j ; L ..... :J! ... JTif:i~~. ..... ........ ... . . .J.~If:ll).!E~ L 
+--------+-----------~------------+--------+ +--------+------------------------+--------+ 
I 15 !PARKING COSTS f$/DAY I I 38 I COSTDA I CENTS I 
+--------+------------------------+--------+ +--------+------------------------+--------+ ··r... ni · ·T;;ota awi.itlisf'ifp · · · TiiutosnflT ·r·· ··· 39····· ·1 casr1···· ·············································rcei.irs·······r 
+--------+------------------------+--------+ +--------+------------------------+----~---+ 

. .J ....... ..1.7. ....... JZER.O. .. :AIJT.O.S. ..................................... JF..A.~.J..L..I.~.SJ +--------+------------------------+--------+ L ~(l J~O.S.TL . . JCEt:JIS. J +--------+------------------------+--------+ 
I 18 fTIMEDA !MINUTES I I 41 fcosTJ !CENTS I +--------+------------------------+--------+ +--------+------------------------+--------+ ·r· .. 19 ]ti<Ns TiME ............................. TMfNUi'Es···r 1·· ···42· ····TwtRNs.Tii.1t ..... . .. [MiNOtE5T 
+--------+------------------------+--------+ +--------+------------------------+--------+ L . 2(? jTRf,JS RIJN TIME Jf:ilt:Jl)g~ L 
+--------+------------------------+--------+ J .4~ JE)(~f'S.L . .. J~I~l)T~SI +--------+------------------------+--------+ 
I 21 fTRNS WAIT TIME !MINUTES I I 44 ITTR fMIN/MlN I +--------+------------------------+--------+ +--------+------------------------+--------+ r· . 22 ... ]HGWY skiM ofST . . ...... !MiLEs . ·r r· "4s····]TiiNs FARE············ [CENTS ·r 
+--------+------------------------+--------+ +--------+------------------------+--------+ 
J ... 2.3 ...... .1 ORI.G.Ii'JZOf:-!E.......... . .. ..L ............. L +--------+------------------------+--------+ 
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istics of the specific modes. Variables were selectively identified from 

the calibration file (Table 34) for incorporation into the logit models 

for nonwork trips. A description of the variables is provided in Appendix 

4. 

~lODEL 6 

The variable "travel time" was used (in one form or another) to des­

cribe the (dis)utility of using a particular for nonwork trips. Other 

variables used in the formulation include Income (PENTILE), Family size 

(POP PER DU) and automob"ile availability (AUTOS PER POP). The formula 

coefficient specification for Model 5 is shown in Table 35. The first 

colur.m of Table 35 indicates the mode of travel as follows: 

0 NWDA = Automobile - Drive alone nonwork trips 

o NlvONE =Automobile -One passenger nonwork trips 

• NlvHJO =Automobile Two passenger nonv1ork trips 

G NWTHREE =Automobile- Three or more passenger nonwork trips 

• TRANSIT = Bus Service - Nonwork trips 

Table 35 -Formula Specification for Model 6 

Mode 

.. f'.IW.D.A 

NWONE 

NWTWO 

TRANSIT 

Coefficient 

= A1 ·+···en 

A! 
+ BIAS2 

• A1 
·················· ··········+···BIAS3 

• A 1 
·········+···s4 

= A5 ................................... ···+···as 
+ BIAS 
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Variable 

~ HGWY SKIM TIME 
············•rtNt!LE'··············· 

* HONE 

* HTWO 

* HTHREE 
*· .. ·pop· ... P"ER ··ot:r· 



The values of the variables and the correlation matrix of independent 

variables are shown in Table 36, as taken from the calibration file for 

nonwork trips (Table 34). 

Table 36- Statistical Summary of Independent Variables 

.. THE ··viiiiT/iiiUs··usti:i i'tiii ··cliCI8Riii'TtiN .. ARE·;······················································· .. ···· 

VARIABLE STANDARD LARGEST SMALLEST .. ;;uy-:· NAME···································MUiN ·············or\i·. ·············vi\IDE .......... VALUE ·····uNITs 

1 HGWY SKIM TI 
•p,;t················ 

2 PENTILE 

4 HTWO 

5 HTHREE 

12.64 7.50 

3.78 1.05 

95. ()9. ............... 2.,.9.0. ..... ~.li'J~TES 

5.00 

95 .. 26 

1.00 PENT 

·2:26 MiNUTEs 

.1.3 . .-.92 ............... .?..· ~1 ........ 95.· .. 4.9. ...... . ..?.,.4.Q ..... ~~t:Jl)T E S 

2.60 MINUTES 13.21 7.52 95.60 

·······;;··fiar··fitii ·alr····· ·····:~·:st ···········T:·4a··············2a :yt,·········· ····cr:-ro·····r·oP/au········· 

....... .!. . ."'!RN..S. .T.I ME 

8 AUTOS PER PO 
p 

298.79 .......... 2..1.0..,.81 

0.87 10.21 

5()9.:. 00 .............. 25. 5() ... }1INU!ES 

253.00 0.0 AUTO/PDP 

··caiititUiYfoN···;;;iiYtitx ·or ·-rNotrtNi:iENr vARIAau·s :··············· ························ ·················· 

1 2 3 4 5 6 7 
·····2 ·a·.of2a ···································· .................. ·················· ..................... . 

3 0.9959 0.0112 
4 0.9963 0.0162 1.0003 ·····s···- ·-·<r ... esG·4··· ··-·o·:·o·fs·s ·····--c,.:·s·gs7 ····r;·oo:fc 
6 0.0196 0.0856 0.0216 0.0238 0.0261 
7 0.0577 0.2461 0.0579 0.0594 0.0608 0.0627 

·· .. ii ·······o:·oo?ii -o. ci66o ······o-:·oots ·o-:·oo79 ······o·:ooao co.os4s ·····co·:o3a7 

The final values of the coefficients were calculated from the ULOGIT 

calibration process as shown in Table 37. 
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Table 37 - Final Coefficient Variables and Other Statistics for Model 6 

THE RESULTS OF THE COEFFICIENT CALIBRATION ARE: 

··co(FffCTtNT ................... F"!Niic····st liii"oi\iio·············y:·········G'iHii5fENT"" .. Towi'·i'i·····u-p-p[R .. 
NO. NAME VALUE ERROR RATIO (-IF BND.) BOUND BOUND 

.... 1 ····;;;T"···· ... 
2 B1 
3 BIAS2 

.. 4 .... EffA·s·3··· 
5 84 
6 AS 

···0":"2103 
-0.0349 
-0.0204 

------·-·o-:·a·-1-tf:r·· 

·o~o-nHi··· ··rc·T4. 
0.0141 -2.48 
0. 0559 :9.: .. 31... ......... ·················· ····o·:·osa·s····· 13 . sg 
0.0196 9.45 
0.0021 7.33 

·· 1 ·ss·· 
0. 1853 
0.0155 ····=o:oo;;r-· · o:oo4T =-r: 4a··· ······················ ····························· 

8 BIAS 5.4663 0.2773 19.72 

THE INITIAL VALUE OF THE LOGLIKELIHODD WAS -0.24573E 05, 
.. I'JH~_LE !_HE .. f.lt:J~L. \1~.~\!.E _Y/AS. ... :O..· 20 118 E <J.5 .. _Af..!.ER ...... 7 ... IT_E~A!}{)f<~: ............ . 

THE LDGLIKELIHOOD WITH ALL ZERO COEFFICIENTS IS -0.24573E 05, 
WHILE BY INCLUDING PURE ALTERNATIVE EFFECTS IT IS -0.20094£ 05. 
tRCU\kdEst i:.bGURE:LIHboo i'biftHtsE oAt A. AND. ANY i.\ooEC···c;:·o .......... . 

TEST OF EQUAL PROBABILITY HYPOTHESIS IS ....... 8.9.'?9: ..................................... . ""witH .. ·a iiEGREEs iii' FREttioi.\. . .. . ....... .. 

TEST OF ALTERNATIVE DEPENDENT PROBABILITY HYPOTHESIS IS -48.70 . wr i'H·······4··oEGREE s···ai'···riittbb"i.i:·············· .. ···················· ................................................ . 

. P. S. ~!J.D.() .. ~: S.(l!J.A. R. E .. ~ . .. : .1.~ .1.. ....................................................................................................... . 

In assessing the effectiveness of the nudel in explaining the result, 

a review of the application of the variables was conducted as shown 

below. 

~The travel time by automobile represents a "disutility" function. 

As the skim time increases, tr, trips for automobile modes de-

crease. 

o The PENTILE factor represents a "utility". As the income level 

increases, the more desirable the "Automobile-drive alone" mode 

becomes. 

~The POP PER DU factor represents a "disutility". As the population 

per dwelling unit increases, the "Automobile three or more 

passengers'' trips decreases. 
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• The fJTRNS TIME is a "disutility" factor. As the weighted transit 

travel time increases, the desirability for the transit mode 

decreases. 

• The AUTOS PER POP factor is a "utility" factor. As the automobile 

availability increases, the transit usage increases. 

For most of these variables, the sign of the coefficient adequately 

represents the trip characteristics. The "auto per population" factor 

results in a slight inaccuracy in the transit trip estimates. This 

factor, however, is not considered significant in the model description of 

the observed data. 

For reviewing the significance of the factors, T-ratios are given in 

Table 37. Representing a 95% confidence level (T-ratio = 1.96), all 

variables are considered significant in defining the trip charactel·istics 

except for the "autos per population" data used in explaining transit trip 

characteristics. Excluding this factor would result in only a minor 

change in trip-making characteristics for the other 1110des. 

A comparison of observed vs. estimated trips is provided in Table 38. 

Table 38- Comparison of Observed vs. Estimated Trips for l<lodel G 

········-·----··········--··-···································-··-········· .. -----·····---------··-········ sr-c:;-:······c·oRR ·:······ca·rrrr:············;.;;cr:·-·--· 
ALTERNATIVE OBSERVED ESTIMATED RESIDUAL COEF. RATIO CELLS 

NWONE 

NWTWO 

NWTHREE 

4897.0 

2027.0 

.. _4~_79_, 9 

202 1. 9 

"6 . 

0.297 .................. o. ooo .... .<:l.: ooo ................. G 

0.122 0.000 0.000 5 

··········24"4a·:·o············2s7tr:s·········:·:r:·s9'i·····o:o<fi ····<L.oo:f·············12······ 

.. !R.A_N_~_I.~·-·····-····················-~.3..:.c> ............... _ . .!.7..: . .1.. .......... :.L· 6.~.2. ..... .c>.:.2'?2. ...... 9..:29.! ............ _!.€i . 
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This comparison indicates an acceptable match for all modes. This 

test is, hov1ever, a 11eak statistical test and does not necessarily pro­

vide conclusive evidence regarding the model's accuracy. A further test 

has to be made with this model on the total nomvork trip table (100% 

population). 

Other statistics relating to the model include: 

0 The "pseudo R-square" value (Table 37) is 0.181, representing 

a moderate fit of the data. 

o The ''standardized residual'' (Table 38) indicates acceptable 

comparisons of the data for all nonwork trips. In particular, the 

"Automobile - one passenger" and "Automobile - two passengers" 

modes are highly accurate. 

o The "correlation coefficient" and "correlation ratio" (Table 38) 

indicate acceptable comparisons of the data. 

Overall, this model is a reasonable representation of the observed 

nonwork trip data. Its use is favorable for all of the specified mdes. 

~iODEL 7 

In the formula specification for this 11odel, a variable representing 

out-of-pocket costs was used to describe the (dis)utility of each moae for 

nonwot'k trips. The out of pocket costs for auto modes included travel 

cost (pel' mile) plus parking costs. The costs are assumed equally shared 

amongst the riders. For transit trips, a 35f fare \vas used for all trips. 

In addition, a variable relating to travel time (TTR) is included in the 

(dis)utility equation for the transit mode. The formula specification for 

~·Jodel 7 is shovm in Table 39. 

96 



Table 39 - Formula Specification for Model 7 

Mode - Coefficients 

NWDA AI -----·-··········· ... --·s-1 

NWONE B2 .................................................. + .. iff A'S r·· 

NWTWO 83 ...................... 
+ BIAS2 

NWTHREE A4 ........................................... "+""'84 

TRANS.J.T.... AS 
··--·--·~:-··a·s··· 

+ C5 

V qr i able 

* COST1 

* COST2 

* POP PER ACRE 
*···cosY:~i--· 

* TTR 
. ......•.. TRNS''''FARE 

* AUTOS PER POP 

The values of the variables and the correlation matrix of independent 

variables is shown in Table 40. 
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Table 40 -Statistical Summary and Correlation Matrix of Independent Vari­

ables 

·tm VARfAsU:'s iistb ·FoR c:AU8Ri.HbN iiRE··; .............................................................. . 

VARIABLE STANDARD LARGEST SMALLEST . Nb. Nlif.\E .................... MEAN ...... bE\i ...... Vi.LUE ...... \iiiWC .. LiNHs·· 

1 PENTI~E .......................... 3., . .!8....... ..... 1., 05 ....... 5,QQ .. 1.00 PENT .................•................•.. 

2 CDSTDA 40.42 39.20 430.00 7.00 CENTS 

·····3·casn·························· 22:21 Hi:6i ····2f7.oa·······s:so .. tENtS 

4 COST2 ... 17.46 13.08 

5 POP PER ACRE 11. 14 16.83 

............................. ..... 5., .. ~!3 ................ 1 .. ,.!5 7 TTR 
...... ·············· 

8 TRNS FARE 18.26 17.48 

147. 3.3 .. 

278.29 

. J.,.99. 
35.00 

·9 Alitiis PER Pb ... 6.45 .. ·o:2T ..... :L45 
p 

CORRELATION MATRIX OF INDEPENDENT Y.AR.I.ABLES.' .. 

1 
8 

2 o: 1026 
3 0. 1023 

2 

0.9987 
4 o. 1050 0.9999 

3 4 

0. 9989 
·····5··· ·····o·:oss:i· ······o ~-2 ·1"s3··· --·-o-:·:rf49-- -----6~-:;n-s::r· -

5 

6 0.1027 1.0006 0.9991 1.0004 0.2147 

6.33 CENTS 

0.00 POP/ACRE 

1. 31 M}I>J/MI .. N ..... . 

0.0 CENTS 

b :·o .. i.iifb/PbP . 

6 7 

7 0.2631 -0.0224 -0.0235 -0.0217 -0.3017 -0.0251 
····a· ·······o~--2-h)4 --------0"~-·r::n 6 ------·<f:··r:-f1·s --- ···o·:-·1"32 ·1·-----.:.·(f."-24'7'4 --------0"-:lJTf .. -···cr:-7EHi.'f __ _ 

9 0.1326 0.0241 0.0237 0.0260 -0.0726 0.0234 -0.0287 
-0.0020 ........................ . 

The final values of the coefficients were calculated from the ULOGIT 

calibration process as shown in Table 41. 
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Table 41 -Final Coefficient Values and Other Statistics for Model 7 

THE RESULTS OF THE COEFFICIENT CALIBRATION ARE: 

COEFFICIENT 
NO. NAME 

.. 'FlNii[ stiiNtiARD T- ·aiiiioiENt TowEii ... OPPER 
VALUE ERROR RATIO (IF BNO.) BOUND BOUND 

.... f .... id.. . .............. ,(;-: 5269 .. 6.6123. 'T 76. 
2 81 0.0268 0.0020 13.75 
3 B2 0.0478 0.0039 12.36 
·4 . 8fAsT··· .......... 6:1645 .. 6.6463 . 2:26 
5 83 0.0773 0.0060 12.99 
6 BIAS2 0.6938 0.0508 13.66 
·i ··:;;4·· ·0:·0o-35 o.oo15 ·····:;::Js· ··················· 
8 84 0.1108 0.0073 15.26 
9 AS 1.0508 0.1111 9.46 ···ro ····as··· ········---------------· o-:··hba ··········<:;-:·2o~;(;- -·--- 6:·as··-- · ·· 

11 C5 4.3457 0.7905 5.50 

THE INITIAL VALUE OF THE LOGLIKELIHOOD WAS -0.20049E 05, 
WHILE THE FINAL VALUE __ y_~_S ____ :-0:200_~-~-~---9.? .... ~-~-"fER ___ 2 ITERATII?.~?.: .. 

THE lOGLIKELlHOOO WITH ALL ZERO COEFFICIENTS IS -0.24573E 05, 
WHILE BY INCLUDING PURE ALTERNATIVE EFFECTS IT IS -0.20094E 05. 

··tHE. TARGE:st Todlfi<EliHoiioi'd,fiTfiE:sE· oiifii iiNii iiki MdotC 6:6 ... 

TEST OF EQUAL PROBABILITY HYPOTHESIS IS 9048 . 
.. witH ··11· DEGREEs bi' FiiEtooM.·················· 

TEST OF ALTERNATIVE DEPENDENT PROBABILITY HYPOTHESIS IS 90.91 ··wfTt:-(' ·····.:rtiEGR-E"E_S ___ b'F ___ F_f-iE'ED-bM:· .......... ·············· 

PSEUDO R-S_()_UAR_E_ .. ~ .... :)84 ...................... . 

In assessing the effectiveness of the model in explaining the result, 

a review of the application of the variables was conducted as shown 

below. 

(f The PENTILE factor represents a "uti 1 ity". As the income level 

increases, the more desirable the "Automobile-drive alone" (N~vDA) 

mode becomes. 

Ill The COSTDA factor represents a "disutil ity" in this model. As the 

highway user costs increases, the "Automobile-drive alone" (NI1DA) 

trips are expected to become less attractive. 

(f COSTl represents a "disut il ity" factor. As the highway user costs 

of this mode increases, the "Automob i 1 e - one passenger" 

trips decrease. 
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8 The COST2 factor also represents a "disutility" similar to the 

other cost variables. As costs increas, the "Automobile - two 

passengers'' trips decrease. 

8 The POP PER ACRE factor represent a "disutility". As the population 

per acre increases, the trips using the "Automobile- three or more 

passengers" mode decreases. 

e The COST3 factor represents a "disutility". As the highway user 

costs for this mode increase, the trips by "Automobile - three or 

more passengers" mode decreases. 

411 The TTR factor is a "disutility". As the travel time ratio 

(Transit/Automobile) increases, the trips using the transit mode 

vlill decrease. 

• The TRNS FARE represents a "disutility" factor. As the transit 

fare increases, the transit mode will become less attractive. 

411 The AUTOS PER POP factor represents a "disutility". As the 

automobile availability increases, trips using the transit mcde are 

expected to decrease. 

In this model, the variables relate to the expected travel character­

istics, with the possible exception of the POP PER ACRE variable. 

In reviewing the significance of factors, the T-ratios are given in 

Table 41. Using a 95j; level (T-ratio = 1.96), the significance of the 

cost factors in explaining the nonwork trip data for the automobile modes 

is evident. The T-ratio associated v1ith the transit fare variable indi­

cates that it is not a significant factor. The travel time ratio and the 

automobile availability represent significant factors while income 

(PENTILE), appears to be an insignificant factor in explaining travel 
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A comparison of the observed vs. estimated trips is provided in Table 

42. 

Table 42 -Comparison of Observed vs. Estimated Trips for Model 7 

............................................ . ........ ''Stb . .. CORR .······co·i:rR·:············r~itf:····· 

ALTERNATIVE OBSERVED ESTIMATED RESIDUAL COEF. RATIO CELLS 

5841.0 7 

NWONE 4897.0 4885.0 .0:20.9. 0.003 .. C:l· . .OOJ. ...... 9 

NWTWO 2027.0 2023.9 0.073 0.000 0.000 5 

TRANS~_T... 63.0 71.3 -1.037 0.003 0.014 19 

This comparison indicates a very good match for all modes. 

Other statistics relatins to the nKJdel include: 

1111 The "pseudo R-square" value (Table 41) is 0.184, a rrKJderate fit of 

the data. 

e The "standardized residual" (Table 42) indicates a very good corn-

pari sons for the "Automobile - one passenger" and "Automobile - two 

passengers'' modes. For the other modes, the standard residual 

indicates an acceptable comparison. 

1111 The "correlation coefficient" and "correlation ratio" (Table 42) 

indicate a good comparison with the observed data. 

Overall, this model represents a very good representation of the observed 

non-work trip data. The model was primarily designed to include cost 

factors to describe the (dis)utility of nonwork trips. Due to the differ-

ences in behavioral characteristics (since 1968) relating to cost factors, 

an in1proved model may be calibrated with more recent travel data. 
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7.4 Comparison of the Nonwork Model Results to the Observed Trip Tables: 

To evaluate the predictive capability of the model, a comparison was 

made to the total observed nonv1ork trip tables. Previous comparisons of 

the mcdel results made by the ULOGIT program only utilized 1.3% sample of 

the observed Nonwork Trip Table (which was used to calibrate the model). 

Models 6 and 7 were both applied to the total person trip table (for 

nonwork trips) to provide model split information using the U~1DDEL 

computer program. The results of the mode split are shown in Table 43. 

This table shows the following on a total trip end summary basis. 

e t1odel 6 predicts mcde split at an acceptable level for the first 

three auto-occupancy levels (Drive alone, one passenger and two 

passengers). There is a slight over-prediction for the "three or 

more passenger" automobile r.,ode and a over-prediction for transit 

trips. 

8 ~1ode l 7 does an exce 11 ent job of matching mode split for the "one 

passenger" and "two passenger" auto mcdes. Under-predictions occur 

for the "drive alone" auto modes and trans it modes, and an 

over-prediction occurs for the "three of more passenger" auto mode. 

In an at tempt to test the "goodness of fit" of the n;ode l to the 

observed data on a trip interchanges basis, a comparison of observed vs. 

estimated trip length frequency curves was performed. 

A comparison of observed vs. estimated trip length frequency curves 

was conducted for i'lodel 6. This mcdel was selected because it had the 

best match to the observed nomvork trip table. The TLF curves for model 6 

were obtained using the UTPS program UFMTR. These curves are shown in 

Appendix l as are the observed TLF curves for nonwork trips. 
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Table 43 -Comparison of Observed vs. Estimated Mode Split 
For Non-Work Trips 

Estimated Trips 
Observed Model 6 Mode 1 1 

Mode Trips Trips Trips 

Drive Alone 438,087 427,874 432,423 

1 Passenger 367,304 366,755 368,792 

2 Passenger 152,085 151,878 152,726 

3+ Passenger 183,002 193,534 190,506 

Transit 4, 767 9,597 760 

1,145,245 

Table 44 -Comparison of Observed vs. Estimated Trip Length Frequency 
Means and Variances (Model 6) For Non-Work Trips 

Drive 3 or More 
Alone 1 Pass. 2 Pass. Pass. Transit 

Mean - - - - ---
Observed 12.317 13.236 12.580 12.364 47.261 

Estimated 12.650 12.646 12.645 12.635 53.481 

I. 

Variance * * * * -

Observed 52.784 62.703 57.418 54.239 250.003 

Estimated 57.222 56.889 56.870 55.831 423.401 

* = No significant difference at 95% level of confidence. 
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A visual comparison of the TLF curves sho1vs a similarity in the curve 

form to all auto-occupancy levels. A statistical comparison v1as made for 

the TLF mean and variances between the observed data points and the re­

sults of Model 6. The means and frequencies are shown in Table 44. This 

table indicates that there is a difference in the TLF means for all modes 

(at a 95% level of confidence). The test for variance indicated no signi­

ficant difference between the observed and estimated results for automo­

bile modes. 
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8. SENSITIVITY ANALYSIS 

One of the most important attributes in a travel demand nJJdel is its 

sensitivity to changes in transportation system characteristics. A model 

should be developed so that it accurately reflects the possible impacts 

resulting from changes in the transportation system due to new alterna­

tives. The model must be able to test new transportation strategies (or 

variations in existing transportation strategies) which are of concern to 

transportation planners. These transportation system strategies may in­

clude ridership incentive prosrams, park-and-ride facilities, ne~1 transit 

systems, etc. As such, the travel demand model must incorporate those 

variables which will be effected by the transportation strategy. For· 

example, if a new parking management program for CBD area calls for in-

creased parking costs, a variable representing parking costs should be 

incorporated into the (dis)utility function. If new operating headHays 

for bus service are to be tested, the model must· be sensitive to travel 

time (or accessibility), particularly for transit modes. 

The ULOGIT program produces a table of elasticities (Report 8) for 

each variable which can be used to evaluate the sensitivity of the model. 

The elasticities as reported by ULOGIT are defined as "the per·centage 

change in alternative choice probability (i.e., demand) expected from a 

one percent change in the associated independent variable.l The elasti­

cities provided by ULOGIT are only defined at a particular point which is 

the mean value of independent variables used in the model formula specifi­

cation (as shown in Report 2). The elasticities will generally not be the 
; 

same for other values of the independent variables. A listing of the 

elasticities for each model is provided in Appendix 3. 

1 "ULOGIT" Calibration Program", UHTA, FHiiA, USDOT, April 1979. 
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As a part of this project a tot a 1 of six trans port at ion system a Her­

natives were tested on three logit models developed in the project. Three 

of the transportation system chanses involved operational chan>,es to the 

transit (bus) system and were tested on f~odel 4 (five-mode 1110del for v1ork 

trips). 

The second set of alternatives involved changing various costs asso-

ciated 1vith travel by autombile and transit. These transportation syster:1 

changes were tested on Model 5 (five-mode model for· work trips). These 

tests and their results are described below. 

8.1 Changes in Transit Operating Strategies 

The changes in operating strategies which Here tested incluoed in-

creased transit accessauility by adding nev1 transit lines and variations 

in the transit headway. Travel tirne by the atomobile mooes and the other 

independent variables remained unchanged. The transit systen• changes Here 

conceived based on alternatives tested in previous UTPS studies for the 

Flint Area.l These alternatives reflected rear-world changes which can 

occur in the study area. 

The sensitivity tests on transit operating strategies were conducted 

using Hodel 4 (five-mode model for 1vork trips) which Has adjusted to lliatch 

the observed r;rode split for Hork trips. As described in section 6.2.1, 

this rilodel incorporated the variable "travel time" into tire (dis)utility 

formulation. 

1 "Flint Area Transit Study: The Testing of Shor't-range and 
Long-ran\)e Alternatives Using the UTPS l>lodelling System", Department of 
Civil Engineering, hayne State University, 1980. 
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Based on changes in the (dis)utility for the transit mocie (due to 

variations in the travel time variable), the proportion of trips assigned 

to the transit mode are expected to increase or decrease accordingly. 

S i nee the total number of trips remains constant, the number of trips 

assigned to the auto modes are also expected to vary. 

The three alternatives tested are described bel ow: 

0 Alternative A: This alternative is to decrease transit travel tirre 

by increasing the frequency of bus service. Travel time by transit 

is comprised of walk time, plus time waiting for the bus, plus 

in-vehicle run time. Wait time for transit, as computed by the 

UTPS computer progran,, is a function of l/2 the operating headVIay. 

When operating headways are increased, 11alk times and in-vehicle 

run tin,es remain relatively unchanged, howeve1·, the wait time will 

decrease. As such, in modelling this alternative, wait time was 

decreased by 50%. The decrease in wait time represents an increase 

in frequency of service. The mode split results for this alterna­

tive are shovm in Table 45. 

0 Alternative B: This alternative is to add three transit routes and 

increase ope rat in~ headv1ays to 30 111i nutes. The transit system 

used in this alternative represents the Existing and Conm1itted 

transit system for the Flint metropolitan area which is shown in 

Figure 7. This transit skim tree for this particula·r system was 

developed in a study conducted at l~ayne State University us ins 

UTPS. 

The three transit routes added to the existing system consists of 

the Bristol loop which encircles the City of Flint, a route from 

the Flint CBD to the City of Davison (east of Flint) and a route 
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from the Flint CBD to the City of Flushing (west of Flint.) The 

operating headway used for the Existing and Committee transit 

system is 30 minutes. It is important to note that ~1odel 4 was 

ca 1 i brated using a 20 minute headway for the base trans it system. 

As such, the accessibility of transit service will increase, but 

travel times by transit will also increase. The results for this 

alternative are shown in Table 45. 

0 Alternative C: This alternative is similar to Alternative B, with 

respect to system confi9uration (Figure 7). However, the headway 

for the entire system is reduced to 10 minutes. The results for 

this alternative are shown in Table 45. 

Table 45 - Mode Split Results For Changes In 
Transit Operating Strate9ies Using Model 4 {Adjusted) 

BASE CONDI TJONS ALTERNATIVE 
(~iODEL 4 ADJUSTED) A B c 

Drive A 1 one 175,759 173,306 176,302 172,165 
1 Passenger 19,306 19,026 19,376 18,908 
2 Passenger 4,386 4,316 4,397 4,295 
3+ Passenger 2,569 2,553 2,607 2,535 
Transit 1,879 5,786 1,179 9,387 

The reduction of waiting time by 50% (alternative A) resulted in in-

creasing the transit ridership by a factor of 3 over the base conditions. 

Transit usage increased from .9% of the total work trips to 2.8% of the 

total work tri~s. The auto-occupancy modes each decreased by an amount of 

1. 5% to .6%. 

Alternative B (adding 3 routes and increasing bus headways to 30 min­

utes) resulted in a sizable reduction in transit ridership, as shown in 

Table 45. As a result of the reduction in transit ridership, a slight 
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increase in each auto-occupancy mode was recorded. 

Alternative C (adding 3 routes and decreasing bus headways to 10 min­

utes) resulted in a significant increase in the use of transit over the 

base conditions. This increase is approximately five times the base 

condition ridership of 1879 daily transit work trips. As a result, rider­

ship of each automobile-occupancy mode decreased by approximately 2%. 

These results indicate that the model is highly sensitive to changes 

in travel time. Changes in transit ridership also have some form of an 

impact on ridership levels for all four remaining modes. 

8. 2 Changes in Transportation System Costs 

Tests on the sensitivity of the model due to variations in transpor­

tation system costs were conducted on Model 5 (for work trips). Model 5 

incorporated out-of-pocket costs to describe the (dis)utility of travel 

for each particular mode. The costs were defined as a cost per person 

(per trip), thus making travel by a high occupancy vehicle financially 

desirable. Three alternative cost (or pricing) strategies were evaluated 

as described below. 

8 Alternative 0: This alternative involved an increase in the out­

of-pocket travel cost (per mile) associated with each automobile 

mode. Travel costs were increased from lOf per n1ile (per person) 

to 20f per mile (per person). The results are shown in Table 46. 

ell Alternative E: This alternative involved the development of a 

downtown parking system management program in the form of a fare 

increase. In this alternative, each zone within the City of Flint 

which had a high number of employees per acre was assessed an 
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additional 50f per vehicle parking cost. This plan is intended to 

increase the utility of travel by higher occupancy vehicles along 

with transit travel for work trips in the Flint area. The results 

of this alternative are shown in Table 46. 

e Alternative F: Alternative F is a plan to increase transit fares 

from 35f to 70f. A reduction in transit ridership is expected 

unless the current transit users are "captive" riders. The results 

are shown in Table 46. 

Table 46 -Mode Split Results For Changes In Transportation 
System Costs Using Model 5 

BASE CONDITION ALTERNATIVE 
MODE MODEL 5 D E F 

Drive Alone 173,943 175,738 174,176 17 4 ,086 
1 Passenger 18,947 19,273 19,579 18,962 
2 Passenger 4,386 3,284 4,144 4,389 
3+ Passenger 4,395 910 2,701 4,353 
Trans it 2,386 5,960 3,434 2,134 

The results for Alternative D and E indicate that the model is not 

properly sensitive to increased ridership costs for the automobile modes. 

In the calibrated model, the signs of the coefficient are all correct for 

the cost variables, however, the T-ratios indicate that cost is a much 

more important factor for the higher occupancy modes for automobile tra-

vel. As such, the impact due to an increase in cost per person in the 

high occupancy auto modes outweighs the increased di suti 1 ity cost (per 

person) in the drive-alone automobile mode. This results in an apparent 
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shift in ridership to the lower occupancy automobile mode (Drive Alone) 

which is not representative of what is expected to occur. In both alter­

natives, however, transit is seen as an increasingly attractive node of 

t ravel. 

These sensitivity results indicate a need to re-structure the cost 

model (~iodel #5). To correct the apparent discrepancy, the new formula­

tion should have the same coefficient for cost for all auto nodes so that 

everyone will have a sinlilar sensitivity to cost. Income and other like 

variables can be used to differentiate between individuals who are more 

apt to travel in lower occupancy vehicles. A similar reformulation should 

be made for Model 7, the cost-based model for nonwork trips. 

In Alternative F, transit becomes slightly less attractive due to 

increased transit fares. The model indicates, however, that transit fare 

at its present level, is not a major decision criterion for using transit 

by the current riders. 
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9. CONCLUSIONS 

The broad purpose of this study was to investigate the feasibility of 

using the logit approach for (multi )modal-split purposes in urban areas 

with populations above 200,000 through the use of commonly available data. 

A number of conclusions can be drawn from this study regarding the logit 

approach, the feasibility of using aggregate data for demand estimation 

purposes, and the transferability of the model to other urbanized areas 

within the State. The conclusions are outlined below: 

1. The logit approach is a valid approach to travel der.1and model-

ling both for biiTJOdal as well as for multi-modal analysis. The 

use of a (dis)utility function to describe ITJOde selection based on 

a resistance (impedance) to travel is consistent with the be­

havioral aspects of the trip-maker that might influence his travel 

decision. Trip-makers normally consider several factors prior to 

selecting their n~de of travel based on the (dis)utility charac­

teristics of each mode. A multi-nomial logit ITJOdel attempts to 

calibrate a set of travel, socio-economic and land use variables 

to replicate such a decision-making process. This approach is 

more logical than the diversion curve method and is rrore consist­

ent with the theories of travel demand behavior. The diversion 

curve technique can treat only two nudes at a time unless a sighi-

ficant amount of adaitional effort is expended using complex form-

ulations. Furthermore, diversion curves allow fewer variables to 

be used in defining trip-maker characteristics for the same amount 

of effort expended in the logit modelling process. 

2. Once a calibration file has been created, several different logit 

formulations can be tested by selectively including explanatory 
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variables in (dis)utility equations through the use of ULOGIT. 

The calibration and evaluation of the (dis)utility equation can be 

accomplished within a short period of time. The traditional 

diversion curve technique, on the other hand, requires a signifi­

cant amount of manpower and effort to calibrate a single set of 

variables to travel in an area. If a new variable is revised or 

added to the calibration effort in the diversion curve technique, 

a large amount of effort has to be invested to calibrate the new 

model. 

3. The computer cost to calibrate a logit model (usin9 the UTPS 

program ULOGIT) to a set of observed lillde-sp lit data is a function 

of the number of data points {observed trips), the number of equa­

tions (mooes) and the number of terms (independent explanatory 

variables) used in the model. The number of observed trips (sam-

ple size) is one of the most significant factors. A typical 

ULOGIT computer run in this study which used a 5% sample of the 

observed trips {10,165 of 203,347 total trips) in the five nnde 

model for work trips cost approximately 3 to 5 times the amount of 

a calibration run for the diversion curve method (U~IODEL) using a 

lUO% sample of trips. Although the ULOGIT computer costs are 

appreciably higher for a single calibration run than the U~10DEL 

computer costs, there is a significant savings in the alillunt of 

time, n,anpower and number of computer runs required 1~hen the 

ULOGIT computer program is utilized properly. This can result in 

a sizable reduction of in the total calibration costs while 

obtaining an enhanced travel demand model. 
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4. For large sample sizes, the calibration of a multi-modal logit 

model (comprised of several independent variables and coeffi­

cients) may utilize a significant amount of computer costs. 

However, i nsuffi ci ent sample sizes will result in inadequate 

formula calibration. The trade off between computing costs in 

model calibration and the predictive capability of the model 

must be duly considered at the outset of the ca 1 i brat ion process. 

5. Many of the statist i ca 1 tests and model eva 1 uat ion measures pro­

duced by the ULOGIT computer program are inconclusive. The sta­

tistical tests should be used primarily for the purpose of elimi­

nating unacceptab 1 e mode 1 formu 1 at ions. The selection of the best 

model requires a clear understanding of all the statistical tests, 

and should not be based on the highest statistics alone. 

In addition, the model should be tested using the total 

person-trip table {100% population) to properly evaluate the 

models' demand estimating capability. This step requires the use 

of the calibrated (dis)utility equations to allocate the total 

person trips among the candidate modes through the use of the 

U~10DEL progra1<1, and conducting another set of statistical tests to 

assess the goodness of fit of the model. The calibration effort 

is not considered finalized without completing this step. A model 

that might appear acceptable based on the initial ULOGIT reports 

may be found unacceptable when applied to the 100% population. 
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6. The losit approach lends itself quite well to the simultaneous 

modelling of several modes representing various levels of automo­

bile occupancy in addition to transit. The ULOGIT program can 

calibrate up to 10 modes at a time. It is extremely difficult, if 

not virtually impossible, to accomplish this task with the diver­

sion curve method. 

7. The process of logit modelling can be transferred to other urban 

areas across the State. The specific logit models, however, re­

quire reca 1 i brat ion to each new study area. In reca 1 i brat in~ an 

existing model to a new area, it is advisable to use past values 

as initial estimates of the coefficients. This may reduce the 

calibration effort as well as the computer costs. Because of fea­

tures unique to a particular area, it may be necessary to include 

additional (or revised) explanatory variables within the logit 

formulations. 

8. Because the type of data used in the Flint Case Study is commonly 

available for similar urban areas, the transferability of the 

mode 1 to othe1· urGa n areas for further validation purposes, does 

not appear to pose any major problem. 

9. The study shows tliat the nonavailability of disaggregate, house­

hold data is not a major problem for logit models. While it is 

desirable that such disaggregate data be used \then available, in 

the absence of such data, the use of travel data (being assumed to 

be representative of tt1e household in question) can produce valid 

and acceptable results. 
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10. The use of zonal averaging of data reduces the variability of the 

socio-economic information for the individual trip maker. This 

reduction in variability causes additional calibration effort and 

less "accuracy" in the model. This loss in accuracy, however, is 

not to the extent such that the aggregate approach is invalid. 

Travel data available to most planning agencies is typically 

aggregated on a zonal basis, making the availability of household 

level (disaggregate) data virtually impossible for demand estima­

tion purposes. Because of the tin1e, manpower and monetary savings 

associated with using existing aggregated data, this method is 

extremely attractive. 

11. When developing the (dis)utility formulations to be applied to a 

study area. The explanitory variables should be carefully 

selected to reflect actual mode choice decision criterion used by 

the trip-maker such as travel time or cost. In addition, the 

explainatory variables must be quantifiable, predictable and 

available for use in the design year. The use of variables that 

do not have the above properties shou 1 d be discouraged. 

Furthermore, the model should be designed such that it is 

sensitive to the transportation alternatives which are to be test­

ed. For example, if alternatives in the design year vary with 

respect to cost, then travel cost must be included in the model 

formulation. If travel costs are not expected to vary betvteen 

future alternatives, then cost need not be an integra 1 part of the 

model formulation. 

These same criteria shou 1 d ho 1 d true when se 1 ect i ng between 

different logit models. The selected model must be 

117 



sensitive to the appropriate travel characteristics, and the variables 

should be quantifiable, predictable, available and should represent factors 

used in actual mode choice decisions. 

9.1 Recommendations 

This study represents an important effort in utilizing the logit con­

cept to develop mode-split models for urban areas of 200,000 population. A 

review of the relevant literature conducted during the course of this study 

indicated that only limited efforts have been made in this direction, al­

though the theoretical use of the logit approach has been long established. 

The reasons for such a limited use of this concept in the past is the lack 

of requisite data on the household level, and the lack of effort in the 

past to orient the use of zonal data to these types of models. As such, 

the prime emphasis of this study was to test the feasibility of using logit 

models utilizing the type of data most commonly available for urban areas 

of 200,000 population or above. 

In particular, there are two elements associated with logit models 

that make them extremely powerful tools for mode-split analysis. These are 

its ability (1) to treat more than two lliOdes at a time, and (2) to allocate 

trips in a manner that appears to be consistent with the behavioral aspects 

of the trip maker in making actual lliOde choice decisions. 

As outlined earlier in the chapter, this study has successfully 

addressed this issue and a number of logit models have been developed \;ith­

in the framework of the available data base. The study indicates that the 

potential for applying this approach in other urban areas, is quite high, 

although further calibration and validation effort is warranted before a 

more widespread application of this concept is practiced. 

the fo 11 owing recommendations are made: 
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1. More effort should be made to improve the predictive capability of 

the models through further "fine-tuning" of the (dis)utility equa­

tions. 

2. Additional data (socio-economic, land use and transit) should be 

collected with the objective of further validation of high occu­

pancy mode mode 1 s with rising energy costs and increased 

ri deshari ng programs. Further planning studies are v1arranted to 

address travel demand issues related to high occupancy modes. 

3. Since cost is a nldjor incentive in high occupancy modes, consider­

able attention should be diverted to developing models which in-

c 1 ude cost va ri ab 1 es. Studies should also be directed towards 

identifying various time or cost "penalties" related to high occu-

pancy vehicles (i.e., time or cost penalties 

picking up/dropping off passengers). 

associ a ted 11ith 

4. Further studies should be directed towards selecting proper sarrple 

sizes for calibrating formulations. In particular, studies should 

be directed towards the use of a higher percentage of trans it 

trips within the sample to improve the calibration of transit 

characteristics. A constant sampling rate for all candidate wodes 

(as used in this study) might result in a very small sample size 

for transit trips. On the other hand, in order to increase the 

sample size for transit trips, it would be necessary to increase 

the sample size for all other modes by the same proportion. Fur­

ther studies should be made to investigate the use of different 

sampling rates for different wodes to provide improved formula­

tions for modes with low ridership. 
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5. Further analysis is needed to develop measures for optimum samp­

ling rates that would take into account the trade off's between 

the predictive qua 1 ity of the nude 1 and the associ a ted computer 

costs for larger sample sizes. 

6. Additional studies are necessary to determine the type of socio­

economic and land use data that may be collected with a conllllitment 

of minimum resources, but which can considerably improve the pre­

dictive quality of the logit model. 

7. There is a need to collect transit trip data to develop an 

"observed" transit person-trip table (which can be stratifieo by 

trip purpose) to use in model calibration. Observed transit trip 

tables were not available for this study and therefore had to be 

synthesized based on kno1vn travel patterns and characteristics of 

transit users in the Flint area. It is preferable to use actual 

observed data for planning purposes, especially in situations when 

transit represents a small portion of the total trips. A small 

change in transit ridership may make a significant difference in 

the ca 1 i brated model. 

8. The logit concept should be used in a similar urban area in Michi­

gan. The prime emphasis should be on the sensitivity analysis 

of the nudels developed in this study. In testing the sensiti vi­

ty, the air qua 1 ity impact and the impact of various transporta­

tion strategies should be of primary concern. When such a study 

is undertaken, the models developed in this study can be further 

"fine tuned" with new data. 
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**** FLINT **** OBSERVED TLF CURVE - WORK D.A. TRIPS 

UFMTR PAGE 3 

WORKDA 
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iMPEDANCE iJ~1dbEC (fii8LE :2661) ...... TRIPS UMbbEL. (Ti\sLE 166f) 

0 8 16 24 32 40 48 56 64 72 80 
···· ·· -·-+·.:::.:·:.:·.::+:.:::.:·.::·.:.:+-:.:·.::·.:::.::.+::.:·.:::.::::·+-~-:::::·.::+·:.:::.:·:.:-.:.:+-:.:·:.:·.::·.:::.:·:.:·.:.::.:-::·:,:·~--~·:.:·:.:+·~·:.:·:.:·.::+ ········--y,; ····cuM0/o ·c·ouN'f'. 

0. 
1 . ........ 2.~"" .................................... . 

3 .. 
4 ... 
5: :·:.:::·.: ... 
6, ........ . 
7 ................... . . . . . . . . 'tf ~-- :·.:. -.- -~-. :·.:. ·:. :·. :· ·:· ·: .... ·:--:· .... :· .......................... . 

9 ..................... . 
10 .......................... . 

... fj : :·:·.:·:· ::·:··:··: :·: :··:·. :··:· :·: ::··:·::: .:·: :·: ·:·· . 
12 ................................. . 
13 ................................... . 

. T4: : :. : : :. :·:: :. : :·.:::.: :·:.:: :.: : :. : :·:: . 
15 .................................. . 
16 ................................ . 

. 17:·::.·:::.:::·::::::::.:::::::.:· 
18 ...................................... . 
19 .......................... ·. 
26.: .. : : : : :: :·:::::. :: . ·.:: :. : 
21 .......................... . 
22 ...... ····· ..... · .... . ..... ~?"3-:··:--:··:·:··:··:··:·:··:··:··:·:--:--:··:·:· ............................................. . 
24 .............. . 
25 ................. . 
26:::.·:·::. :: :.::· .. . 
27 .......... . 
28 ........... . . .. 2~L··:··:··:·:··:··:--:·:--: .. : .. 
30 .......... . 
31 ........ . ·····:Ef:··:··:--:·:··:--;·· 
33 .. . 
34 ...... . 

--·-·-·······1··········· 
35.· ... . 
36 ... . 
37 ... . 
3a::: 
39 ... . 
40 .. . 
'41:: .. I 
42 ... 
43 .. 

l-2 

0.0 0.0 0 
0.0 0.0 0 ······ ····O":·o- ·······o ~-o ·········-G·s·--
o.1 o.2 2s1 
0.9 1.0 1519 ···········r-:·2 ........ 2" __ .. 3-· ---2'188'"" 
1.4 3.7 2477 
3.0 6. 7 5251 

···········::;r:·!:r·· ----~f~-2- ·····44:39·----
3.4 12.6 5990 
4.2 16.8 7301 ·s :a · 2T.a ··· sa2a 
5. 3 27. 1 
5.6 32.7 

9281 
9820 . ...... --·s·:-s ·--··3s·:·2· · ···9743 __ _ 

5.4 43.6 9451 
5.1 48.7 8944 ···· ...... 4 .. :·4 ·····s3·:··1----·7"tss --
6.1 59.2 10739 
4.2 63.5 7421 

-----······:r:-0" .... Gf:·s--- -7643 ... 
4.2 71.7 7348 
3.3 74.9 5715 

·· ·2.6 77:5 ;wis 
2.3 79.8 4029 
2.7 82.5 4767 . ......... 2··:T· ... s-;c-G ···"3763 .... . 
1 . 6 86. 1 2772 

3047 1.7 87.9 
····----·--T.--6 ---··a·fL·s· ... 2830" .. 

1 . 6 91 . 1 2770 
1 . 3 92. 3 2239 

· r:o s3:3 T7h 
0.4 93.7 622 
1.0 94.7 1725 ........... 0":-7 ·····s·s·:·3 .... T19B ... 
0.5 95.8 862 
0.4 96.3 745 

.......... 6"."'4 ... "96 ~'6" """6-17"" 
0. 5 97. 1 860 
0.3 97.4 546 

---····----o·:-2 -----~i'rG· ··--···3·ss··· 
0.3 97.9 527 
0. 2 98. 1 307 



**** FLINT **** OBSERVED TLF CURVE - WORK O.A. TRIPS 

UFMTR PAGE 4 

WORKDA 
TRIP LENGTH OISTRI8UT!ON 

... IMPEDANCE uMooEL (TABLE 2661) tiiTi's ; uMooi'T '(t;\iiCC i66f) 
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**** FLINT **** OBSERVED TLF CURVE - WORK 1 PASS TRIPS 
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WORK 1P 
TRIP LENGTH DISTRIBUTION 
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**** FLINT **** OBSERVED TLF CURVE - WORK 2 PASS TRIPS 

UFMTR PAGE 3 

WORK 2P 
TRIP LENGTH DISTRIBUTION 
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UFMTR PAGE 3 
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16 .. ........... ' ............... . 17: ·················································· 
18 ............. . 
19 ................ . 
26:: .:: ......... . 
21. (ALL COUNTS FROM INTERVAL 
27 .... 

0.0 0.0 0 
0.0 0.0 0 ················· · · ·0:5·· 5.o 0·· 
0.0 0.0 0 
2. 5 2. 5 64 

··································a:5·2.s··········6 
0.0 2.5 0 
0.0 2.5 0 · ················· -··· ··-·------------3·:·a· ····-- s··_ 1 ··········as 
0.0 5.7 0 
7. 7 13. 4 200 ........................... ·········· 7--~-:r-- ·2·o-·.·6 ------··n3·7··· 
5.2 25.8 136 
0.0 25.8 0 · · -------- ............................. ·---!~i":·s- --- 3-s·: 3 --- ----:iLi"?. · 

6.3 41.6 165 
13.0 54.6 340 

· a·:5 54.6 a 
5.4 60.0 140 
6. 5 66. 5 170 ----1-s :t>- ----tft :·s ·····-- 3i:E? ·· 

21 THRU 26 ARE ZERO) 0.0 81.5 0 
5.1 86.6 132 · · 2·a··.--.--.- -.---_--:··_---.-·:··· ---- ·-------- ········--· ····· ·· ···· ·--~f:·a --s·g. g· ---- --s·s· 

29. 0.0 89.9 0 
30.. 5.1 94.9 132 

.. 81: (ALLCiiUNfs FROM TNi'Eil\iA[ .. 3i fHRO 56 AiiCZERb) o:O 94:s···········o 
51.......... 5.1 100.0 132 
52, .(ALL RE~AININGCDUNTS ARE ZERO) 0.0 100.0 0 

MEAN VARIANCE STD DEV SUM(COUNT(I)) SUM(I•COUNT(J)) 

J.-6 



**** FLINT **** OBSERVED TLF CURVE - TRANSIT WORK TRIPS 

70CT80 14.35.05 UFMTR PAGE 3 

TRAN WORK 
TRIP LENGTH DISTRIBUTION 

ui'sui.i Cti.sLE 2661) tiii PS UMODEC (TABLE 1001) 

0 6 12 18 24 30 36 42 48 54 60 +.:. _.:..:·.:.:+·-.:.-~·.:.::.:.-+ :..:·.:..:· .. :::..:.·+·.:.:·.:::.:.·:..:·+---:.-: .. :.-:..:·.:.:+:.:·:..:·.:.:··..:.·+-- _·:..:.+·.:..-.:.-:.:.-:..:.+·..:. :..::..:·.:.:+:.:.-:..:·.:.:-.:.+·· ····· % -- c·u-~1% 

0. 
1. (ALL COUNTS FROM INTERVAL 

15.. .,,., 

16. 
17 ... 
1il.:.:.· 
19. 
20 ......... . 
~~-·:· ....... ' ..... . 
22 ............. . 
23 ................ . 

27. · ... ' ' ' ' ..... . 
28. 
29. 
30 ......... . 
31. 
32. 
33, 
34. 
35. 
36. 
37. 
38. 
jg .. 

40. 
4 1. 
42. 
43. 
44 .... 
.45. . ..... .. 
46. 
47. 
48 ·: 
49. 
50 .. 
51 .. 
52. 
53. 

····s,L 
55 .. 
56.' .. 

1 THRU 

l-7 

0.0 0.0 
14 ARE ZERO) 0.0 0.0 

6:2 6.2 
o. 1 0.2 
0.3 0. 5 . o:s 
0. 7 1. 8 

3.2 
4.8 

1. 4 6. 2 

. ...... ······ ;;·0 8.2 . 5 ''i 1. 7 
2. 6 14.2 
2. 9 17. 1 
2.8 . 'T9.9 

23. 1 
27. 1 
.30 .. 7 

3.2 
4.0 

··········3·. G 
2.0 32.7 
4. 1 36.8 
:f. .3 39. 1 
2. 4 41.5 
3.0 44.5 ........ ':3"':'4 ····-4 7 -_ g' 

1.9 
1.9 
2.6 
2.7 

49.7 
51.7 
5.::1.2 
56.9 

1.6 58.5 
'2 .. '7 61. 
3. 1 64 . 2 
1.5 65.7 

. ......... L 6 -~67. 3 

1.5 68.7 
2. 8 71.6 .......... 1. 3 72.9 

1.2 74. 
1. 5 75.6 

· ····3 :·cs ··7s. 6 

2. 5 81. 1 
2 

. f 
. .. 

0.7 
0.7 

82 
84 
85 
85 

.3 

.5 

.2 

.9 

COUNT 
0 
0 
3 
1 
5 

16 
12 
24 
28 
24 
34 
60 
44 
50 
48 
55 
68 
62 
35 
71 
39 
42 
51 
58 
32 
33 
44 
46 
27 
46 
53 
26 
27 
25 
49 
22 
21 
26 
s2 
43 
2 1 
37 
12 
12 



**** FLINT **** OBSERVED TLF CURVE - TRANSIT WORK TRIPS 

UFMTR PAGE 4 

TRAN WORK 
TRIP LENGTH DISTRIBUTION 

... iMPEDANcE iJPSUM .. (rMil.E 2()of) TRIPS UMDilEL (tABLE iob1) 

0 6 12 

57 ........... . 
58..... . ..... . 

--59 ......... . 
60. 
61 . 
-62 .--
63. 
64. 
65. 
66. 
67 ... . 

.. 68.: ... . 
69 .. . 
70 .... . .... 7'1: .. 
72. 
73'' . 74-_ .. :--.·. 
75.' 
76. 
77. 
78. 
79. 
80. 
81. 
82. 
83'."" 
84. 
85. 
86: 
87. 
88, 
89. 
90. 
91' 
92. 
93. 
94. 
95. 

18 24 30 36 

96. (ALL REMAINING COUNTS ARE ZERO) 

42 48 54 60 
% CUM% 

1.3 87.2 
1 .6 88.7 ·· ............ 1 .. o ···as: a· 
0.6 90.4 

.2 91.5 .-a· ... 92. 3 

1 . 0 93. 3 
0.9 94.1 ............. b.9·· 95:() 
0.3 95.3 
0. 5 95.8 
Q,6 .... !'HL5 
0.2 96.7 
0.5 97.2 

""6. 2 ... 97:3 
0.4 97.7 
0.2 97.9 
6":":3·--. 98. 2 

0.2 98.4 
0.1 98.4 

······a. r 98.5 

0. 1 98.6 
0.2 98.8 
6:3 99.2 
0.0 99.2 
0. 1 99.2 .. .......... 6". 6"" ·gg. 2 

0.3 99.6 
0. 1 99. 7 
0. 0 ----99.7 

0. 1 99.8 
0. 1 99.8 
6'."6"" 99 . 8 
0.0 99.8 
0.0 99.8 

·--c:i".1.99.9. 

0.0 99.9 
0.0 99.9 
o:i ioo.o· 
0.0 100.0 

CoUNT 
22 
27 
18 .. 
10 
20 
13' 
17 
15 
is 

5 
9 

. 11 

4 
8 
:i 
7 
3 
5 
3 

2 
4 
6 
0 
1 
6 
6 
2 
0 

' 
' 0 
0 
0 
2 
0 
0 .. -.. 1 

0 

MEAN . VAR lANCE ........ s'rb bEV su'i( coUNT OJ j . suM(i 'COUNT ( f J) 

40. 152 199.055 14. 109 1721. 69102. 

l-8 



**** FLINT **** OBSERVED TLF CURVE - NONWORK D.A. TRIPS 

UFMTR PAGE 3 

NONWORK OA 
TRIP LENGTH DISTRIBUTIDN 

... iiiirtbANct ~ UMbtiEL (TiisL£ 2661) . TRIPS ~ iJiiibtitC (tiisL£1661) 

0 10 20 30 40 50 60 70 80 90 100 
·-· ....... +·.::::::.:·.:.:+·::::.:·.:.:·.:::.-::.:·.:.:·.:::.:·.f:.:.:::::.:·:.:·+·-:::..:·:.:·.:.:+· .. :::.:·.:.:·.::+·:.:·.:.:·.:.·:.:-+-:.:·.::::::.:+::::.:·:.:·:.:+:.:·:.:·.:.:-.:.:+· .......... % ..... C'UM% "C6Ui\if' .. 

0. 0.0 0.0 0 
1. 0.0 0.0 0 

···2.::·. ····· ····· ········ ····o:;; ·o:s 2497·· 
3. . . . 0. 6 1 . 2 2845 
4 ........... ''.......... 4.4 5.6 19262 

........ 5 .. _--:· :··.---.--:··:--.---.--:--:--_- .. _--~--:--:·:--:--:--.---_--:--:--:·:-·:--:--.---_--:--: .............. --- ................... Ef:·g·. --T~f. .. 5 --:i0684 .. 
6 ........ ' .. ' ... ' . . . . . . . . . . . . . . . . . . . . 1. 1 19.6 30993 

..... ~- · .. :: : .. : .. :.: .. : .. : .. :.: .. : .. : .. : .. :.: .. :. :. · .... · . . . . . . . . . . . . . . . . . . . . . . . 8. 1 28. 3 38 14 1 
a. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ............................... ........ s·:·a· ----3·5--. 1· :2'983 f 
9.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7.4 42.5 32563 

10 ............................. ,., 6.1 48.6 26784 
... '1"1·:--: --:--.· ·:--:--.---_. .. _.-: --:--.---.-·:--.---.- ·:--: --.---.-·:· -:--.---.-·:--:--:--:·:-- :--:--.-·-.-·:--· .... ........... ... .. ................... 6 .. "6' ... 55': 2' '.2'964'1 

12............................ 5.3 60.6 23421 
13 ....... ' . ' ' .. ' .......... ' . . . . . 5. 8 66.4 254 17 14:: :.:·:·: .. : :::::.......... . ... ···4.1 71.1 26860 
15 ........ ' . ' . . . . . . . . . . 4. 0 75. 1 17348 
16 ............... '.. 3.3 78.5 14662 

.... 17 .. :·:.:·:.:·:·:.:·:· .. :·:· .. ·······3.4 8L8 ki5b 
18................ 3.1 84.9 13488 
19 .. ' ..... "' 2.0 86.9 8597 

.... :2'6:·:--.---.--:-·:--: .. :·:--:· .. · --···--·--c·? ..... Bi:f:·G-- ·7si2'. 
21 ...... '.. 1.7 90.3 7359 
22... ... . 1.2 91.5 5305 ----·2a·: -:--.--·.--:--:--.--- ----- · ...................... · ----- ---------r:·a ·---s-:L-7 --·--ss36 
24.... ... 1.2 93.9 5114 
25..... 0.8 94.7 3499 

... ·::2'6' .--: -.---.-----· ....................................... ''()':'5" '"95·:--2 .. "2'3-;.fj" 
27.... 0.6 95.8 2527 
28. . . . 0. 5 96. 3 2201 ""'29' .··:--.---.--- ........................................... 0.:'5'· '"9'6 _-g· -----2'250 
30... 0.5 97.3 2110 
31. .. .... 32": ... 

33. 
34 .. 
35:.··· 
36 .. 
37 .. 

. 38 : 
39. 
40. 

. 4T .. ·. 
42 .. 
43 .. 

44. 
45. 
46. 
47 ,I 
48 .' 

.... 4.i=L·--
5o. 
51. 

53.! 
54. 

. 55. 
56. 
57. .. 58 ... 
59. 
GO. .... GL--
62. 
63. J.ALL. COUNTS FROM INTERVAL 
83: 
84. 

63 THRU 

85, .. (ALL REMAINING COUNTS ARE ..ZERD) .. 

0. 3 97.6 1449 . .................................... 6':'3· ... 9'7·:·g 

0.3 98.2 
0.2 98.4 

"1"166' 
1339 
917 

·c_,-;-2---- 98 :·G .... 982 .. 
0. 1 98.8 602 
0.1 98.9 481 .......................................... ()';·1·----g·g·:-iY". 365 .. 

0.1 99.1 
0. 1 99.2 · ----------------------------------------6'.-·r --s·g·:--3 

487 
313 
6:29 

0. 1 99. 4 549 
0.1 99.5 502 

0.0 99.6 189 
0.0 99.G 178 

.. ........................................ ()':'(j ----g·g·. 1" .... 193 .. 

0.0 99.7 84 
0.0 99.7 f06 

..................... 6'."'1""'99-: 8 279 
0.0 99.8 54 
0.0 99.8 106 . ......................... 6 :o ... 99.9 ... 176 

0.0 99.9 148 
0.0 99.9 175 . ....................................... O'."(j" g·g. 9 -- 5'5 .. 

0.0 99.9 16 
0.0 100 0 43 

·----6':·6 "fbo · 6 ----- · -92' .. 
0.0 100.0 0 
0.0 100.0 0 
o:o 166.6 . 36 
0.0 100.0 36 

82 ARE ZERO) 0.0 100.0 0 · o·:o ioo:o ····· 33 
0.0 100.0 17 
0.0 100.0 0 

MEAN VARIANCE STO DEV SUM(CDUNT(I)) SUM ( I • COUNT ( I ) l 

.. 438607: ............ " ..... 539588'(). 



**** FLINT **** OBSERVED TLF CURVE - NONWDRK 1 PASS TRIPS 

UFMTR PAGE 3 

NONWORK 1P 
TRIP LENGTH DISTRIBUTION 

.......... if.\?ttii\Nd ~ Uf.\OoEL ... {TABLE 2661) tiiiiis Uf.1d6EL {tA8l.C 1660 

0 8 16 24 32 40 48 56 64 72 80 
···········+·.:::.:::.:·..:.:+:.:::.:·..:.::::+·:.:·..:.:·..:.-:..:.·+·..:.:·.:::::.:.:-.+·..:.·:.:.·:.:·.:.:+:.::..:.:·.:.:·.:·+·:.:·..:.:·.:::.:·+·..:.:·..:.:·..:.·:.:+·..:.::..:.·:.:-:.:+·..:.·:.:·.:.:·.::+·-· ........ %····cUM% .. C"O"UNT". 

0. 
1. ·······:;:::.:· 
3 .... 

0.0 0.0 0 
0.0 0.0 0 

....... ()".""6"'" .. ··0":·6·-- "2 fj{f"" 
0.4 1.0 1620 
4.0 5.0 14532 
5:5 ·1cL·s ·-2o"2ss·-

G........................................ 6.2 16.7 22786 
7 _,_,,,_,_,c· .......... 7.9 24.6 29174 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...... E;-:·o· --··J(s:·e; ·21·9 ·; 4 · 
9 ................ ' .................... '.. 7.3 37.9 26696 

10 ........... ·. , __ .... ·.: . . . . . . .· .. c .. · :.:.c .. : .. , ... .............................. ;5: .. 9 4 3. 8 2 1588 
..... TL·-....................... ......... .1 4~f.9.2is46 

12. '' '' .... '' ........... ' .... '......... 5.7 55.6 20886 
13 5. 5 61 . 1 20334 

15 .......•................. 
16.,, ............... ' ...... ' 
f7 .. :.·. :·: .. : :.::: :::·:.·:: .·:· 
18 .......... ' ' ..... ' ..... . 
19 ..... ' ..... '' .. . ·····2·o:··:··:··:--:·:··::·:--:·:··:··:··.-·:·-· 
21 .......... . 

--·-··s·.-:;f ····6·6 :·4 fs-246-
4.1 70.5 15176 
3.8 74.3 14044 

·--··--fi".""i"" ""7 8 :0 -1 356"if" 
3.6 81.6 13342 
2.5 84.1 9048 

. ...... 2 .. "6" .. 86 :··r 7410 
1.6 87.7 5766 

' .. : .. : .. ,...................................................... ...................................................... , __ ,6 89. 3 5954 . 2 · · ·s6·.·5 · 45o6 
22 

24 ...... . 
25 ....... . ..... 26':··:··:--:·:··:··· 
27 ..... . 
28 ... . 

.. 29: : :. : . : 
30 ..... 
31. 

"""""3:2 ._. 
33. 
34. 
35.: 
36 .. 
37. ' 

"""""3"8"".""". 
39 .. 
40 .. ..... 4 .. L. 

42 .. 
43 .. 

44 .. 
45 .. 

'""46". :··· 
47. 
48. 

. 49 .. 
50/ 

56. 
57. 

·sa: 
59. 
60. 
i; f. 
62. 
63/ (ALL_ COUNTS FROM INTERVAL 

. 69. 
70. (ALL COUNTS FROM INTERVAL 

1.0 91.5 3714 
92.7 4154 
s3 >f 27s:2 
94.2 2686 

1.1 
···o:T 

o. 7 
0.7 94.9 2646 ··----·c.,-:·g ··· ·ss: a- ... 331 if 
0.6 96.4 
0.4 96.8 

""'""'"(f:"4""" ··g-;. 2"" 
0.4 97.6 
0.4 97.9 

· ..... 6:·2··· ·sa·:--1 
0. 1 98' 2 
0. 1 98.3 

.. · 6:2 9a. 5 
0.1 98.6 
0.2 98.8 ·a:i 99.o 
0. 1 99. 1 
0. 1 99.2 

0. 1 
0. 1 

····a:;.· 
0.0 

99.3 
99.4 
99.6 
99.6 

0.0 99.6 
o:6 99.7 
0.1 99.7 
0.0 99.8 

---····6": 0 ····gg ·. 8 
0. 1 99.9 
0.0 99.9 

·-··-··0":"6 ····g·g: g·--
0.0 99.9 
0.0 99.9 ......................... 6":"6·--·- 99 _·g··· 

0.0 99.9 
0.0 99.9 ...................... 6".""6·-. 99. 9 

2148 
1456 
"15 !6 
1436 
1316 
672" 
376 
456 

-"758" 
326 
562 
880" 
338 
432 

374 
380 
59.2 .. 
104 

0 
'138 
250 
110 

"174 
282 

40 
0 
0 

138 
a· 
0 
0 
0 

0.0 99.9 
63 THRU 68 ARE ZERO) 0.0 99.9 

..... 6":0"- 100.0 

66 
0 

34 . 

70 THRU 86 ARE ZERO) 0.0 100.0 
87. 0.0 100.0 
iiii. (ALL coUNTs FRoM lllli'EiiiiJ\L ·as i'i'ii<0···94 ARE iEiio)·····o-:o 100.0 

0 
80 

ci 
72 

0 
95. 0.0 100.0 
96. __ (ALL REMAININGCOUNTS ARE ZERO)_, 0.0 100.0 

MEAN VARIANCE STO DEY SUM(COUNT(I)) SUM( I" COUNT ( I I ) 

. 367'304:. ri8G150e l 



***"' FLINT **** OBSERVED TLF CURVE - NOf..JWORK 2 PASS TRIPS 

UFMTR PAGE 3 

NONWORK 2P 
TRIP LENGTH DISTRIBUTION 

............. iMPtoilflct ~ UMobEL (tiisi.E. 2661 ) .................. tRIPs ~ UMobtl Hii8i.E .. i66f) 

0 2 4 6 8 10 12 14 16 18 20 
... ·······+·.:::.:::.:·.:.:+:.:·:..:·.:.::.:::;..·:.:·.:.:·.::::::.:.·.:.:·.:.-::::.:·+::.::.::.:.:·.:.::+::.::.:.:·.:.:·.:::;._·.:.:·.:.:·.::::::.:.·.:.:·.:·: . .::.:.:·+·-:::.::.:.:·.:.:+:.:::.:·.:.:·.:.:+--- -· --··%· ····ciir~% ··c-OUNT" .. 

0. 
1 . "'"'""'2':··:--:---··- ......................................... .. 
3 .. 
4 ........ .. 
5::::.:::.:::::::. 
6 ... '.' ........... . 

0.0 0.0 0 
o.o 0.0 0 ···· · o:'f · ··a: i 1695 
0. 4 1. 1 603 
3. 6 4. 7 5451 

-··s·:·4· .... Tf~--1' -----9'is·G·--
s .. 7 17.9 -10260 

...... ,7,,, .. c.·.c.c.· ... • .. c .. c .. c ... • .. c .. c.c .. • .. c .. c •. c .. c.c .. c .• c •. • •. c.c 10.2 28. 1 15477 ................................................................................... ;,..:·6 ····::;-~r.-·f ''"1067 4'"' 
9 .................. . 7.3 42 .. 4 11064 

10 ............... . 5 .. 9 48.3 9036 --rc--:--: .··:--:··.--·:·:--:--:··.--:--: .. : .. :·:· ......................................................................... .. ·· ······s·: !:l" ····s-iL8 -9~.i'1·s·· 

12 ........... . 
13 .... ' .......... . 

"'"'"'1'4':"':":":--.- ...... . 
15 ......... . 
16 ......... . 
n: : : . : : : . : : : 
18 ....... . 
19 ..... . 
26:::·.:: 
21. ... . 
22 .... . 

"'""2"3':' .--.--·.··· 
24 ... 
25. '. 

'"'26"?:"' 
27 .. . 
28 .. . 

"""29·:· .. 
30 .. 
31. 

. ·--:i:L ·:--:--
33 .. 
34 .. 

.. 35. :·· 
36 .. 
37. . :is: . 
39. 
40. 

""'4'1":"'."""-
42. 
43. 

4.6 59.4 6942 
6.0 65.4 9159 .. -·--·········-· -- .................................... ~L-5"- ···6g·:g ..... 677 ·1·. 
3.7 73.5 5601 
3.5 77.0 5295 

· 4:r aLi 6177 
2.9 84.0 4449 
1.8 85.8 2790 

· ···r:a a7:7 2112 
1.7 89.3 2571 
1.8 91.1 2682 . .............. L.6 .... 92--.-T ..... 1·5·4·2 .. 
0.8 92.9 1242 
1.0 93.9 1515 .. .......... ---·--0": 4· ----g-~L3--- ... 6"06. 
0.7 95.0 1041 
1 . 0 96 . 0 1506 

. ""'"()';"'1"'"'"96":""1 "'"""""264"" 
0.4 96.5 564 
0.1 96,6 123 ................... 6":·(3" ----gf:--2-- . 9:0H . 
0.4 97.6 675 
0.3 98.0 528 ---- ...................... 6":·3· ----s~f .--3-- · ---~ff4 .. .. 
0.3 98.6 468 
0. 2 98.8 288 

. 6:\··· 98:9 .. 195 
0.2 99.0 237 
o. 1 99. 1 108 .. ................................................... · ----------------·<y:-2 · · ·s~l".--:f -- ·3·s·4---
o.1 99.5 201 
0.1 99.5 99 

0.1 99.6 93 
0. 1 99. 7 96 

44. 
45. 

""""'46 ._ ... ······························································ ·· · · ····· o:;····sii.s · 198 
47. 
48. 

0.0 99.8 0 
0.0 99.8 0 

... '4'9 :--· 
50. 

. .......................................................................................... 6":-c)· --··g·i~L·a .... ..... 6 

51 . 
.... 5"2·:---

53, 
54, 

0.0 99.8 
o. 1 99.9 
6.6 99.9 
0.0 99.9 

0 
156 

b 
0 

0.0 99.9 48 
--·--s:s -_- .. ( ACC "'C"C.iUNT"S ... F"ROM---I"t·dERVA"L ··---ss··--fHf.h} .. ·a2··-AR·E---iERO") ..... 6:6 ... 99. 9 ......... . 6 .. 

83. 0.1 100 0 99 
84, (ALL REMAINING COUNTS ARE ZERO) 0.0 100 0 0 

MEAN VARIANCE STD OEV SUM(COUNT(I)) SUM( I 'COUNT (I)) 

1-11 



**** FLINT **** OBSERVED TLF CURVE - NONWORK 3+ PASS TRIPS 

UFMTR PAGE 3 

NONWDRK 3+P 
TRIP LENGTH DISTRIBUTION 

........ iiiiiitbiif.JCE ~- TiiiidotT ···TriisU 26M) tiir fis ~ ·uiiiootC f'tisCC 166 1) 

0 10 20 30 40 50 60 70 80 90 100 · ·· · · ·····,..: ·.:: :.:::..: ·.:: + :.:::..:. ·.::·~· +·.:.: ·.:.:·.:.: :.::.+ ·.:.: ·.:.: :.:::.:. + ·.:::.:::.: ·.:.: :.f: :.:.· :.:.·.:.: ·.:.: +.:.:. ·:..:. ·.:·:..:: + ·.:.: ·.:: :..:·.:.: ·+ ·.:· ::.·:..: ·.:.: + .. :: :.: ·.:.: ·:...·:+: .... · .... %. · .. · C'i..1~~% ·c ·o u N f .. 
0. 
1 . ... 2: ::::·::. 
3 .... -

6 ................. ,,,,,,,,,,,,,, 

0.0 0.0 0 
0.0 0.0 0 ···-···············r:·4' ....... f".'4" ... 252'4'" 
0.8 2. 2 1476 
4.3 6.5 7871 

'"i'."9"' "1"4 .'4" 'i'45i f 
6 . 1 20. 5 1 1 156 

7,, .. '''' ... '' ...... '.' '' ... '' .... '''. , .. . 9. 2 29. 7 16866 
....... if. : : : :·: : :·: ·:·:·. :":·: ' : '·:". : : :"::·: ·: :·. : . ................ s·:·g· .... 3s·.-,i .. toa·4·'f .. 

9 ...................................... . 7.6 43.2 13837 
6,9 50.2 12688 10 ..... '''.'' .. '' ' .... ' ... ' ' ....... '. . ... T f~ .. :--:· ·:. :·:··: .. :·~··:· .... _. .. _ .. : .. _. .. _ .. :--:·-: .. :·:--:--:· ·:·:··:--:··:·:· .... 

12,.'.' .... ' ........... ''' '.· .. 
13,.' ...... '.'' ..... ' . 14:: ::·.: :·::·: :. :":·: ... ·:":":·.·:::" 
15 ...... ''.' ...... '. '. ' .. 
16 ............... . 

.... i'i. : : : .::·: ' : : : ' :: 
18' ' ' ........... ' ' ... . 
19 ......... . ..... 26:··: ·:·:·: .. :· :· :·:··:· :· :·· 
21 .. """. 
22 ...... . 

. . 23 :· :--:--:·: .. :--:··: .. 
24. 
25. .. "26':":".'.--:··:--· 
27 ... . 
28 ... . 

.. "29 : .. : ....... .. 
30 .. 
31" ... ' 32:: :. . 
33'.' 
34, 

..... 35: : : 
36'' 
37 .. 

"""3'8':"" 
39 .. 
40. 
4L. 
42. 

44, 
45. 

··,f6: 
47. 
58. 

(ALL COUNTS FROM INTERVAL 

. 59. 
60. 
61. 

. 62: 
63. 
64. . "65 _ ... 
66. 
67. 

.. 1 ................................. . 

47 THRU 

6!i. '{iitl. REi4AtNlNG. coUf.JiS ARE. ZERO) 

.. ............... s·:·? ..... 5.5 .·a· ... t.0366 .. . 
5.4 61.2 9791 
3,7 64.8 6716 ........................................ 4 ·:·s· .... 69 ·: 3 .... BTE3"1 

4.3 73.6 
3 .. 0 76.6 

························2:!\'79.4 
3 .. 9 83.3 

7928 
5492 
'51'1'!:)"' 
7101 

1.8 85.1 3315 
. .................. :2':"2' ''""87'~"3 ... '46~f8"' 

1.6 89.0 3017 
1.2 90.2 2248 . ................... 1":.4 .. ···g· L 6 ..... 26 .f f .. 

1.0 92.6 1814 
1.2 93.9 2228 ·· ·· ·· ....... o:-:·s .... g·;ca .... 1.1 38 
0.1 95.5 1260 
0.8 96.3 1415 .......... . ...... . . ......... 6.3 96: 6 . . 59 1 

0. 1 96. 7 208 
0. 8 97. 5 1512 

........... ""'6':'1' ""98 ·. j" 

0.4 98.7 
0. 1 98. 7 

. """"6'."4 ""'99 :· (' 
0.1 99.3 
0. 2 99.5 

. .................. 6 :·o- ""9'9': '5 
0.1 99.6 
0.0 99.7 ················· 6:1 99:7 
0.0 99.7 

99.7 

0.0 99.7 
0.0 99.8 

·· 6.T'99.8 .. 
57 ARE ZERO) 0.0 99.8 

0.1 99.9 .. ................. · · ........... ----·cL--6' ----s-i:r:· 9--
o.o 99.9 
0.0 100.0 

... ' 6:6 166:6 
0.0 100.0 
0.0 100.0 ·· ··---- · ....... · · ·6:o ioo:6 
0.0 100.0 
0.0 100.0 

. .. 6.6 166.6 

'f371"" 
691 
124 
ib5 
268 
406 

... 76'" 
192 
64 

114 
0 
0 
0 

80 
'148"' 

0 
140 

6 
0 

80 
() 
0 
0 
6 
0 

68 .. 6 

MEAN VARIANCE STO OEV ... SUM(COUNT(I)) SUM( I~ COUNT( I)} __ 

12.364 54.239 7.365 183002. 2262631. 

1-12 



**** FLINT **** OBSERVED TLF CURVE - TRANSIT NONWORK TRIPS 

UFMTR P_AGE 3 

TRAN NWDRK 
TRIP LENGTH DISTRIBUTION 

iMPEDANCE; Uf'sUM . HABLE 206.i) tRIPS . Uf.\bbEC . (TABLE 1061) 

0 6 12 18 24 30 

o. 
1. (ALL CDUNTSFROM INTERVAL 

16-. 
17. 
18. 
19. 
20. 
21 ... 

.. 22: 
23 .... 
24 . . 
25 . . 
26 ... 
27. 
28. 
29. 
30. 
'3 1 .. 
32. 
33. 

.. 34. 

35. 
36 ................ . 

-37 .. :. 
38 .............. . 
39. . ... ' ..... . 
40.. . ....... . 
4 1. 
42. 

. 43: 
44. 
45. 
46. 
47. 
48 .. 
49. 
50. 
51. 
52. 
53. 
54. 
55. 
56. 
57. 

36 42 48 54 60 

1 THRU 15 ARE ZERO) 

1-13 

·-·- "%"' 
0 .0 
0 .0 
6 .6 
0.0 
0.0 
0.0 
0. 1 
0.2 

. ·0.4 
0.4 
0.6 --O":·a· 
1 . 3 
1. 5 
1 -~·g .. 
3. 2 
2. 
3. 1 
3.3 
3.4 
4:5 
3.2 
2.3 

-.. 3·.-·:f--
1.6 
1.6 
2.7 
2.9 
1.3 . ... i. i .. 

2.9 
2.5 
1 .4 
1 .2 
3. 6 .. .. 
1 .--7 .. 

2.2 
1. 2 
1.3 
1 .9 
1.0 
1.7 
1.1 

6 

C'i.JM% COUNT 
0.0 0 
0.0 0 
b. 0 2 
o. 1 1 
o. 2 
b 2 
o. 3 7 
o . 5 11 
o. 9 18 
1 .3 18 
1 .9 30 
:2 -.a 40 
4. 1 52 
5 .6 73 

'7 .5 91 
10. 7 153 
12 .9 102 
16 .0 146 
19 .3 157 
22 .6 160 
2"7 . 1 212 
30. 3 150 
32 .5 108 
35. 7 152 
37 .4 77 
39 .o 77 
4 1 .7 130 
4<1 .7 140 
46 .0 63 
-4'7. 54 
50. 1 138 
52. 6 120 
54 .0 67 
55 .2 59 
58 .9 172 
6b . 6 83 
62. B 105 
64 .0 58 
65 .4 64 
67.3 89 
68.3 48 
69. 9 79 
71 .0 50 
72. G 78 



•••• FLINT **** OBSERVED TLF CURVE - TRANSIT NONWORK TRIPS 

UFMTR PAGE 4 

TRAN NWORK 
TRIP LENGTH DISTRIBUTION 

... iMPEDANCC~ Ui's\Ji\1 .(TA8LE26bi) . t!iTF>s UMbbEL (TABLE 1601) 

0 6 12 18 24 30 36 42 48 54 60 
····+·.: .. :::.. :..:·.:.:+·::..·:..:·.:.:·.: .. :.+.·:.:·.::·.:::.:.·.+·.::·.:..·::..·::..·.+:..:::..·::..·.::+::..·::·.::·.:::...- ::.:·.:::.::.+·.::·.:..·:.:.·:..:·+ .:..·:..:·:.:·.:.. +:.:.::.:·.::·.:..·:.+: ........ ·-x .... dJM% .. t"OUNT" .. 

58 ................... . 
59 ..................................... .. 
66:"":"" .. 
61. 
62 .................. .. 
63. 
64 .. 
65 .. 
66 ............ . 
67. 
68. 
69: 
70. 
71 .......... .. 

.. 7:2 ....... . 
73 ..... . 
74 . 

. .. 75 .. : ::::. 
76. 
77 ..... .. .... -·.,a·· ... : 
79. 
80. 
81 .. :· 
82. 
83. 
84. 
85. 
86. ·ai: .. . 
88 .. . 
89 .. 

. ""96: .. 
91. 
92. 
93. 
94. 
95. 
96. :· 
97. 
98 

.... 99. 

100. 

1.4 74 .. 0 66 
3 .. 3 77 .. 3 156 ·····o:·a· ··7fL"t · · 36 · 

1.2 79 .. 3 57 
2.6 81..8 122 

.. ····r.··ti-·82 .. 9 49""" 
1 .. 4 84.3 66 
0.9 85.2 44 

. .............. 1.:"6·· 86 .. :2"" 49 

1 .. 0 87 .. 2 46 
1 .. 4 88. 6 66 

·········o:j···~s .. 3 32 

0 .. 8 90.0 37 
0.8 90.9 40 

··································o:·a····s·1. 1 · 38 

1.3 93.0 61 
0.6 93.6 30 . .................................. b .. ~ ... 94:4 .38 

0 .. 6 95.0 29 
1 .. 1 53 .......... 6". 4 17"""" 
0. 4 21 
0. 4 17 

.. ..... 6.:3 ""97 .6 15 

0. 2 97.8 9 
0. 2 98.0 9 

.. . ..... 6:"4 .... 98.4 "tg 

0. 3 98.7 13 
0 .. 1 98.8 6 
6:""1"""98.9 6 
0 .. 2 99.1 10 
0.. 99. 2 4 ·o· .. -2 ...... 99:·4.. · 9 
0.0 99.4 
0 .. 1 99.5 
0.6"""g9_5 .. 
0.3 99.8 
0.0 99.8 

5 
1 

12 
1 
4 
2 

101, _(_A_LL COUNTS FROM INTERVAL 101 THRU 107 -~RE_ ZERO) 
1o8. 

. 0:""1"" 99.9 

0.0 99.9 
0.0 100.0 
·o:o ··1"o6.o 
0.0 100.0 
0.0 100.0 
o.o ·1ob.o 
0.0 100 .. 0 

1 
0 
1 
0 
1 

0 109. (ALL REMAINING COUNTS ARE ZERO) 

MEAN VARIANCE STO DEV SUM( COUNT( I)) SUM( !'COUNT (I)) 

47 .. 26.1 250.003 15 .. 811 4747. 224346. 

1-14 



**** FLINT **** ESTIMATED TLF CURVE - WORK TRIPS 

Model 4 PAGE 3 

WORKDA 
TRIP LENGTH DISTRIBUTION 

....... Ti.\iiEiliiNcC Tii.\botL. (fiiEiiT 2oo1) ....... ... ... tiHPs ~-tiRTiiE iiC(TiiEii.E i"oof) 

0 6 12 18 24 30 36 42 48 54 60 
.... ······+·~.::.:·.:.:·::.:+:.:·.:.:·.:.:·.:.:+·.:.:·:..:·: .. ::.:·+·:..:-~·:.:·.:.:·+·~·:.:·.:.:·.:.::_.:.:.::.:.:·:..:·~·+·.:.:·.:.:·: .. ::.:.·.+·.::·..:::.::.:.:·+::..::.::.:.:·.:::_.::.:.·.:.:·.::·~·+·· ·········~c· ·cUM% ""CtiiJNt··· 

0. 0.0 0.0 0 
1. 0.0 0.0 0 2. H . . ... H. . .. ·········H······················ H .. H o:o . 6.0 56 
3.. 0.1 0.2 220 
4............... 0.9 1.1 1620 

·······;;::·:.:.:·:.:::.·:· ........... H .. HH HT:4· '2:5····2464 
6.. .. . . . .. . . . .. .. . 1. 3 3' 8 2327 
7............................... 3.3 7 .. 1 5751 ............. tL·:··:··:·:··:··:··:·:··:··:··:·:··:··:··:·:··:··:··:·: .. :··· . . .... ............................... :L·s·· ······~r:-7·· ····44·4·2 .... . 
9.............................. 3.5 13.1 6052 

10.................................... 4.2 17.3 7340 
······1-·t·: .. :··:··:·:··:··:··:··:·:··:··: ... :·:··:··:·:··:··:··:·:··:··:··:·:··:··:··:·:··:··: .. :·: .. :··:··:·:··:··:··:·:··:··:··:·:··:··· ·· .............. ~r:·~f- ···2·2·:·7 ·····94.24·· 

12............................................ 5.2 27.9 9010 
13' .. ' ........................ ' ....... ' ......... ' . . . . 5. 4 33. 2 94 2 1 

....... ·1·4 ·:· ·:··:· ·:·:·· : .... :··:·:··: .... : .... : ·:··: .. :··:·:··:··:··:·: .. :··:··:·: .... : .. :··:·:··:··: ... :·: .... :··:··:·: .... :··:··:· :··:··: ... :·: .... : .................... ···5·:·;c ··:Hr: G · .... 9 36 3 · ·· 
15............................................. 5.3 43.9 9226 
16............................................... 5.4 49.2 9378 

····· 1·7 ·:··: .... :··: ·:··:··: ··:·:··:·· :··:·: .... : .... :··:·:··:··:··:·:··:··:··:·:··: .. : .. :· :··:··:··:·:··:··:··_.... ........................ .. ............................. 4 .. :.2"· ·· ·s :L 5 ·····73 s s·· · 
18 .................................................... 6.0 59 .. 5 10482 
19.................. .... .. ...... .. ... 4.1 63.6 7209 ....... 26: .. :··:··:·:··:··:··:·· ... :··:··:·:··: .. :··:·: .. :··:··:·: .... :":··:·: .. :··: .. :·: .... :··:··:·:··: .. :· ........... ................................................ ......... ~r:T .. ··Gi:··'i ..... ·7 1Bo · 
21...... .... .. .... .. .. .. ...... .. .... .. 4.2 71.9 7323 
22.... .................. .... . 3.1 75.0 5507 .... 23:::.:::::::·.:::::::.·:: ·························· . '2:5 77:5 44iT 
24 . . '. . . . . . . . . . . . . . . . 2. 1 79.7 3738 
25 . . ' ' . ' . . . . . . . . . . . . . . . 2. 7 82.3 4659 .... :iG· ..... :··:. . . . . . . . . . . . .............................. 2.:T· .... 94·:·4 .... "364'7" .. 
27............... 1.6 86,1 2849 
28. . . . . . . . . . . . . . . . 1. 8 87. 8 3069 
29.............. ······ ··· · · H.................... T:6s9:4···2797 
30. .. .. .. .. .. .. 1.6 91.0 2842 
31............ 1.3 92.4 2307 

···32:........ ·H···H·········· HH·H· T:oH 93:4 ·Ti7s 
33.. 0.3 93.7 601 
34 .... .'..... 0.9 94.6 1611 
35:::.::: ·····················••H•••• o:s 95:4 T333 
36. 0.4 95.8 747 
37.... 0.4 96.2 650 38::::· . . ......... . . . 6:3 96:5 56T 
39 .... , 0 .. 4 97.0 782 
40. . . ·H+H HHH HHHHHH HHHHHH' 0. 3 97. 2 466 ........ 4 ... L.: .. :·· ......................................... 0":·2 ..... 9"7".:5 ... ···39"4"·· 
42... 0.3 97.7 462 
43... ......................... 0.3 .. 98.0 453 

1-15 



**** FLINT **** ESTIMATED TLF CURVE - WORK TRIPS 

Model 4 PAGE 4 

WORKOA 
TRIP LENGTH DISTRIBUTION 

. iMfiEbi.Nc'E. ~- liMbbEL (TiliiLE 2obf) tiiTfis ~- oiii\ii' 'ii[(TABLE ioof) 

0 6 12 18 24 30 36 42 48 54 60 
. ·········..;:·.:.::..:·:.::.:.:-.....:..:·:.:·:.·..:.-.:f::.:·.:.:·.:.::..:·+·.:.:·.:::.:::..:·..;:·..:.·:..:·:..:·.:.:-.;.::.:::.::.:.:·..:.·+·:..::.:.:·..:.-:..:·+·.:..:·.:.:·..:.·:..:..;:·.:.:·..:.·:..:·.:..:·..;:·.:.::..:·.:..:·.:.:+ ......... % .. ··cTJM%. ·c·ouNr-··--

44 . .. 
45 .. 

. 46:·: 
47 .. 
48 ... 49:: . 
50 .. 
51 ... 

••"'52'.":" 
53 .. 
54. 

·ss: 
56 .. 
57. 
58. 
59. 
60 .. 

'61: 
62. 
63. 
64. 
65. 
66. 
67: 
68. 
69. 

---;.,-0'~---

0.2 98.2 384 
0.2 98.4 310 
o::r 9a:6 ·· 3o7 
0.1 98.7 174 
0.2 98.9 379 · · ·· ······ ..................... · .. o:2 · ss:a 290 
0.1 99.2 229 
0.3 99.4 457 .. .... ·-···a-:··1 ..... g·g·~ 5 ...... HlO' 
0.1 99.6 112 
0.0 99.6 86 · o:o· 99:7········· is 
0.1 99.7 128 
0. 0 99.8 61 

·--o:o 99:8·· 28 
0.0 99.8 28 
0.1 99.9 119 ·--·o:o .. 99.9 29 
0.0 99.9 29 
0.1 99.9 89 .. ..... o·:o ·· 99:9 · · · · o· 
0.0 99.9 0 
0.0 99.9 0 ··· · ·o:o · iis:ii b · 
0.0 100.0 60 
0.0 100.0 14 
o:o rao:o ······is 

71. (ALL REMAINING COUNTS ARE ZERO) 0.0 100.0 0 

............... MEAN .. ... \iiiiTANcE ....... stb DE'i sUM(C'bUi'Jt(i)) ······· sUM(FcbUNf(i)) 

18.279 81.271 9.015 174871. 3196480. 

1-16 



**** FLINT **** ESTIMATED TLF CURVE - WORK TRIPS 

Model 4 PAGE 5 

WORK 1P 
TRIP LENGTH DISTRIBUTION 

iMPE6AfJcl': ~ UMobi':L . (tAiiLi' 2660 . .. fiiTPs. ~ ·r Piiss· {riifii..C 1662) 

0 B 16 24 32 40 48 56 64 72 BO ... ·- .... +·.:::.::: .. .::.:.. '+ :.:_-:..:·.:.:· . .:::,:::..:·.:.:·.:::.:.-+·.:.:· .. :::.:::..:·..;.:·.:.· :.:·:..:·.:.:+·:.:·:.:·.:.:·.::+·:.:·.:..: ·..:.· :.::+·.:.::.:-:.:::..:·+·-.:::.:::..:·.:.:+: .. :::..:·.::·.:::+. . . . . -%- ... ·c'UM% -C"OUN'T'" __ _ 
0. 
1 . 
2: 
3 .. 
4 ....... ... s: ::.:::·.::· 
6 ........ . 
7 .................... . 

0.0 0.0 0 
0.0 0.0 0 

· 0:a a:o·· s 
0. 1 0. 2 24 
0.9 1.1 182 ................... L.4 ........ 2 _____ 5 ........ 2ii" 
1.3 3.9 258 
3. 3 7. 1 625 

ii: : : . : : .. : : : : .. : ·.·: ·: ·: . :·· .. . .. ...................................... '"'"2:6 . ii:i .. 56f' 
9 ...................... . 

10 ........................... . 
'if: : :. : : :·.: : :. : : :·.:·:·:·.:: :. :: :.: : :·::: :·. 
12., ................................ . 
13 ................................... . 
f4:: :::: :.: ::·.:·:·:.:: : ... :: :.·: :·:·.: :·:· .. :·. 
15 ................................. . 
16.' ........ ' ........................ . 

. it: : .. ·: : ·:. :·:·:·.·: .. : :·:·:·:·:·.:·:·: ::: .. :. 
18 .................................... . 
19 ......................... . 
26: : :. : : :::--: :::·: : .: : :. : : : .·.·:·: . 
21 .......................... . 
22 ................... . 
23 .. : :.: :·:.: ::·.: :·:: . 
24 ....... '. ' ... . 
25 ................ . .... 2 6-~--:--.---.- ·:· ': .. _. .. _.-: .. :--.-.. _.-:-·:····· 
27 .......... . 
28 .......... . 

.... 2~L- ......... . 
30 .......... . 
31 ........ . 
32.: :.:: :·· 
33 ... 

3.5 13.2 669 
4.3 17.5 821 

. 5:6 23.6' 1669 
5 . 3 28 . 4 102 1 
5.5 33.9 1065 .. ............. 5._ .. 4 .... 3-~L3- ···--to:.r4--· 
5.3 44.7 1021 
5.4 50.1 1036 

... ----·-·~r:"J· ----s-~r.-3 --- "822' .. 
6.0 60.3 1155 
4.1 64.4 781 ·-·--------4--.--1 ..... 6-a·-.-s-- --·--·itfr-
4.2 72.7 807 
3.0 75.7 585 
2:5 ''iii.:l' 485'' 
2.1 80.4 400 
2.6 82.9 496 

........... 2 .. :"1"'"8'~)':'0 """"3"98''' 
1. 6 86 .. 6 300 
1 . 7 88. 2 3 f 9 

-· ---------r:-6 --·-·ag :·s ..... ···3o4---
1.6 91.4 298 
1 . 3 92.6 243 
Lo 93:6 ·····iss· 
0. 3 93.9 62 

..... ;;,; 0 .. ,, •• , .. ,_ ...................................................................................................................... 0.9 94.8 167 "6:7 95.5 .. T3il 
36 .... 
37', .. 

""'38":·:--.-·--
39 ... . 
40 ... . 
4T.: 
42 .. . 
43 .. . 

l-17 

0.4 95.9 82 
0. 4 96. 3 68 

.... 6:3· 96'.6''' 64' 
0.4 97.1 86 
0. 2 97.3 48 . .............. ,.,._..~r --·s;;-:·5 · ·-- ---;n·---
o.2 97.8 47 
0.2 98.0 48 



**** FLINT **** ESTIMATED TLF CURVE - WORK TRIPS 

Model 4 PAGE 6 

WORK \P 
TRIP LENGTH DISTRIBUTION 

.......... 'ii>IPEtiiiNtE iJMbotl .... (tiisCE '26M). tRiPs ; ('pAss . (TiisCE 1602) 

0 8 16 24 32 40 48 56 64 72 80 
+ ._. ~-::.·:.. + :.:.·:.:·.:.:·_·+· ::.·.:.:·.:.:::.:.+·.:.:·.:::.:.·:.:·+·~·::::.:·.:.:+·:.:·::·.:.:·~ ~: ::·.:.:·~·:..:·.+·.:.:·~·::::.:·+·.:::.:·::·.:.:+ :.:::.:·:.:·.::~: ..... ·····r..· ····c·UM% . ·coUNT··· 

44.. 0.2 98.2 42 
45.. 0.2 98,4 34 
46.:·············· ·········································································· ················ ··o:2·9a:s 35 
47.. 0.1 98.7 19 
48.. 0.2 98.9 40 

····-~rs--.-·:··· ·········· ········----·-···---·------··--------··--··-----· ····--·6:··1··-··s~:L·T ........ -:ia·---
50 .. 
51.. 
52:. 
53. 
54. 
55:· .. 
56. 
57. 

. 58. 
59. 
60 . ... 6L .. 
62. 
63. 

.... 64·~·-·-

65. 
66. 
67: 

0.1 99.2 24 
0.2 99.4 46 

. 6.1 99:5 21 
0.1 99.6 12 
0.1 99.6 10 

················ 6:6 99.7''''''''''''2 
0.1 99.7 14 
o.o 99.8 6 ······ ··· ················· ........ , .. ····· ···· · · ··· ······· ............................ 6: 6 -·--sg ·.·a··-······ 3·· 
0.0 99.8 3 
0.1 99.9 13 

··•· 6:6 9iJ.9'' '3 
0.0 99.9 4 
0.0 99.9 9 . .. 6.6 99:9 ......... 6' 
0.0 99.9 0 
0.0 99.9 0 . ~ .................................. .................................................................... 0":-6 """"fi9 ~-g- . 0 

68. 0.0 100.0 7 
69. 0.0 100.0 2 ·---,?"o-:··· · ···· · · ·· · ··· · ··· · ······ ······················O":·o- ·10"o:·o·· ··--· --·--.2"· 
71. (ALL REMAINING COUNTS ARE ZERO) 0.0 100.0 0 

18. 125 80.090 8.949 19205. 348092. 

1-18 



**** FLINT **** ESTIMATED TLF CURVE - WORK TRIPS 

Model 4 PAGE 7 

WORK 2P 
TRIP LENGTH DISTRIBUTION 

. iMPEbiiNct ~ uMboEC ('tiliiU 2600 tiiTPs ~ 2Fiiiss (tiisU ioo3) 

0 6 12 18 24 30 36 42 48 54 60 
········+· .. ::::·:.:·.::+::·:.:·.::·.::.+::.:·.:::.:..:::·.:,:·.::·.::::·:.:·+::.::.:·:.:·.:::t:::·:.:·.::· .. ::+·:.:·:.:·.:::.::.:,:·.::·.:::::.:·+·.::::::..:·.::+:::::·.::.::+··· ·······%··· ··c"UM% ··c"OUNi'" .. 

0. 0.0 0.0 0 
1. 0.0 0.0 0 
2: ················ ···· ············ ·· o:o a:c;·· 2 
3.. 0.1 0.2 6 
4... .. ... .. 1.0 1.2 45 · 5:::.:·::·.:::·::·:·· ·················· · ··r:5· ·2:t · 66 
6. . . . . . . . . . . . 1 . 3 4 . 1 58 
7.............................. 3.4 7.5 149 ······a::·:·:::::·:::·::·::::::.·:·:·:.· · ···· ··· · ······ ·· ··:z:a· ro:3 T2i··· 
9................................. 3.4 13.7 149 

10 ....... ,.............................. 4.4 18.1 193 ·· n: : : .: : :::·:·:··.: :·:·.·: :·:·.: :··: :: :·:·.: :··:·.:: :·.:: :·.::: .: : :·· · · ·· s:s 23:7 ·······242 
12............................................. 5.3 29.0 231 
13.............................................. 5.4 34.4 237 

... ""flL·:··; ..... : .. : .. ; .. :·: .. ; .. _. ..... : .. : .. :·: .. : .. : .. ~ .. :·:··:··: .. :·: .. : .. :·· ... :··:·· ... ·:·:· ·:· .... ·:·:··: .. : .. :·: .. : .. :··:·: .. :· ........... !r:·4·· .. ·3·9 .. ."8 ....... 2 :3"~f . 
15... .. . . . . . .. ... . .. . . . . .. . .. . . . . . .. .. .. . . . ... 5.1 44.9 223 
16........................................... 5.1 50.0 221 

.... 1. 7 .. ." :··: ·:··:·: .. :· ·:··:·: .. : .. :·: .. : .. :··:·: .. :··: .. :·: ...... _. .. _ .. :··: .. : .. :·: .. : .. :··:·: .. : .. : .. :.. ...... . . .. ....... ..... r.-·2 ..... 5 .. f:.2.... . .. 18.:2" . 
18................................................. 5.8 60.0 253 
19.................................... 4.2 64,2 185 26.::.:::.·.::.:::::··::·.::·:.:·:·:::::.:: ················· · 4:o· sa:;,·· 175 
21................................... 4.1 72.4 179 
22........................... 3.1 75.5 135 .... :i:r: .. :··: .. :·: .. : .. : .. _ .. : .. : .. : .. :·: .. : .. :··:·: .. : .. : .. :·: .. :... ..................... · ......... :L·s ..... ::,-:rs ........ roa· .. 
24. . . . . . . . . . . . . . . . . . . 2. 1 80. 1 93 
25 ........... ''.'...... 2.4 82.5 106 .... 2.Ef:··: .. :··:·: .. : .. : .. :·: .. :··:·· ... : .. :··:··:·: .. :... .. ........... 2 ..... 0 ... · a·;cs· ........ sg .. . 
27............... 1.6 86.2 71 
28............... 1.7 87.9 73 .... 2·9·:· :··:·: .. : .. : ......... : .. : .. : .. :·: .. : .. : ................................ ... r:y·· ""g·g·:·6 .......... i'tf. 
30. . . . . . . . . . . . . . 1 . 5 9 1 . 1 66 
31 . . . . . . . . . . . 1 . 2 92. 2 51 .... 3.2 .. :·: .. _. .. _. .. _..: .. : .. _. .. _. ............. T:·o .. '"93" ... 2· ......... 4.3 ... 
33,... 0.3 93,5 14 
34 .... "... 0.9 94.5 41 
35::: .. ::. ··o:a·s5.3 35 
36. 0. 5 95. 8 20 
37.... 0.4 96.1 17 .... 3.E3": .. :··:··:.. .... .. ..................... ............ o·:·4 ... "fi(L5 . .......... 1"6 ... 
39. . . . . 0. 5 97.0 20 
40... 0.3 97.2 12 '"'"4"f:":":·· ...................... ............. 6".""2"" ""?i7"".""5"" . ··g .. 
42. . . 0.3 97.7 
43... 0.2 98.0 

1-19 

13 
10 



**** FLINT **•* ESTIMATED TLF CURVE - WORK TRIPS 

Model 4 PAGE B 

WORK 2P 
TRIP LENGTH DISTRIBUTION 

. . . ..If.\i'Ei:lANcE ; . Uf.\otiEL ··cnsLE. 2ooiT tRiPs ; 2PASS ....... (ti<8LE 1663). 

0 6 12 18 24 30 36 42 48 54 60 
-·--··"···+·.:.·:.:·:.:·.::+:.:::.:·.:.:·.:.::+::.:·.:.:·.:.·:.:·+·.:::.:::.:·:.:·+:.:::.:·.:..:·..:.:+:.:.-.:..:·.::·.:.·+·:.:·.:.:·.:.::.:.--+-.::· . .:::.:·:..:·+:.:.·:.:·:.:·.:..::._·:.:·:.:-:..:-.:.:.:i- -· ····-··u· ····c"UM% ··c-ciuN·-r-·-

44 .. . 
45 .. . ..... 4.6 ·:·:··· 
47 .. 
48 ... ·····4s·:··:--· 
50 .. 
51 ... 
52: : 
53 .. 
54. 
55: 
56 .. 
57. .... 5EL··· 
59. 
60. 

····sL 
62. 
63. 
64 
65. 
66. 
67. 
68. 
69. 

'76. 
71. (All REMAINING COUNTS ARE ZERO) 

... M.Ei..N ... ······-.. ·-vA-Ifii..NCE··· 

iB. 147 82.500 9.083 

1-20 

o. 3 98. 2 11 
0. 2 98.4 9 

· ·a: 2 sii: s ·7 
0. 1 98. 7 3 
0.2 98.9 8 ···a:·i ·ss:o······ 't· 
0.1 99.2 6 
0.3 99.4 11 

······c>~-1 · ···s~Ls- -----------6--
o. 1 99.6 4 
0.0 99.7 2 ......................... ... o:o 99:7 ...... b 

0. 1 99. 7 3 
0.0 99.8 1 o.o ·ss:a····· ;·· 
0.0 99.8 0 
0.0 99.8 2 

····--6"~"6 ····g·g· _-g· ------······1··· 
0.0 99.9 0 
0.0 99.9 2 · o.o ss:s··········a· 
0.0 99.9 0 
0.0 99.9 0 

···-··o·:·O"·· 99.9 ··-·--·---6--

o.o 100.0 2 
0.0 100.0 1 · a:o ·roo:o ··· ; 
0.0 100.0 0 

4355. 79030. 



**** FLINT **** ESTIMATED TLF CURVE - WORK TRIPS 

Model 4 PAGE 9 

WORK 3+P 
TRIP LENGTH DISTRIBUTION 

.. iMfiEbi\NCE UMdoE'L {tiiiiLE 2661T. ....... tiiTPs ~ 3+ PASs (til IlL£ \664) 

0 8 16 24 32 40 48 56 64 72 80 
···········+·:.::.::.:.:·:.::;.::.:::.:·..:..:· . .::+·:.:·:.:·:.:.:.:·+·:..:·:..·:.:::.:·+·:..·:.::.:.:·:.::_.::.:·:.:·..:..:·~:+·.:.:·:.:·:..·:.:·+·:..:·:..·:.::.:.:·+·:..·:.:·:.:·.:.:+·:.:·.:.:·:..:·:..·+·· ·········y;· ····c"L.i"M% ··caUi\iT .. 

0. 0.0 0.0 0 
1. 0.0 0.0 0 2:· · · .. ·················· ···················· ........ · ··· ... ············· · o:6· 0:0 ····- ·· 6 
3.. 0.1 0.1 3 
4...... 0.9 1.0 22 

"5:·:::·:·::.:: ...... 1:4 2.4"""""""""36. 
6 ........ ' 1.2 3.6 31 
7 .... ' .............. ' 3. 1 6 '7 80 ··tr:··:··;··:·:··:··:··:·:··:··:··:·:··:··:··:····.. ·································································2·~-lf ····---~f".--1 ··········63··· 

9................... 2.9 12.1 76 
10......................... 3.9 16.0 101 

· ··· 1·1:·:·: :·: :·: .: :· :·.·: :· :·:·: : :·::: : ·: :--: ·: .·:·: :: :·· ·········· 5·:·1··· ·21·.· 1 ·····132··· 
12.................................... 5.6 26.7 145 
13.................................... 5.6 32,3 144 

· ··T4 ·:··:··:··:·:··:··:··:·:··:··:··:·:··:··:··:·:··:··:··:·:··:··:··:·:··:··:··:·:··:··:·:··:··:··:··:·:··:··:·· ........ fi': .. 1 ···--3-s :·:r ·-- ··-rs i ··· 
15................................... 5.4 43.8 140 
16.................................... 5.5 49.4 143 · n: : :·.·: : :.: :·:. :·:·:.: : : :: :·:·::·: :· .. : ························································ ·;,:7 s4. 1· ····· 121 
18..................................... 5.8 59.9 149 
19.......................... 4.0 63.9 104 26:::.::::::: .. :.::::::::::·:·:. . ................ 4:4 68.3. Tf3 .. 
21..................... ....... 4.4 72.7 113 
22..................... 3.2 75.8 82 23:;;::.::·:.·.·::::::... . ... .................................. 2:4 78.2""""" ""6f 
24.............. 2.1 80.3 55 
25................. 2.5 82.8 64 ·····:iG·:··:··:··:·:··:··:··:·:··:··:··:·:· ············· ···· ····· ·· ·· ............. ............................................................... c·s· ··--a-4 :·--;--··- ·····4a··· 
27.. .... .. . 1.4 86.0 35 
28........... 1.6 87.6 40 ·····is--:·:··.--·:·:··:--:--:·:--: .. :···- ................................................................................................ ·r:·G·. ··s~L 1· '46. 

30 . .... ' ' .... ' . 1 . 9 9 1 . 1 50 
31 ' . ' ' .. ' . ' 1 . 4 92' 4 35 32 ..... :··---- .......................................................................................... ···· ....... 6:8····s:i:2········2a· 

33.'' 0.4 93.6 10 
34....... 0.9 94.5 23 
35: .................... .................................................... 6'.""7 .... 9!5':'2" '""""""19'" 

36. . . . 0' 4 95. 7 11 
37... 0.3 96.0 9 """3'8":··:--.- .................................................................................................................. .......... ()";"3 ""96"".'4 ......... ··g .. 

39. 0.5 96.9 13 
40.. 0.2 97.1 6 ..... 4T:--: ............................................................................................................................................ o·:-3· ----g-7 :·4 ----·--·----a·--

42.' 0.2 97.6 4 
43... 0.4 97.9 10 

1-21 



**** FLINT **** ESTIMATED TLF CURVE - WORK TRIPS 

.............................................................................. Model 4 PAGE 10 

WORK 3+P 
TRIP LENGTH DISTRIBUTION 

iMPEDANCE Ui.1ii6EL (tABLE 2661) tfiTPs :3+ PAss (tABLE i664T 

0 8 16 24 32 40 48 56 64 72 80 
.. ····-4,:·~::.:::.:-.:.:+·:.:·:.:·.:.::.:::+::.:·.::·.:::.:·+·..:.::.:·:.:·:.:+·.:::.:·:.:·.::+:.:·:.:·:.:·:-+·:.:·.:.:·.:::.:·+·:.::::- -+--- -+ --- -+ .......... ,%' .... CUM% "COUNT .. . 

44," 0.2 98.2 6 
45." 0.2 98.3 4 46:. · --- .................... -- ··························· ·-------- ··o:2 sa:s 4 
47., 0,1 98.6 3 
48 .. ' 0.3 98.9 8 49::·····--------·----------- ·· ------ · · -------- ···· --·····--o:2 99:1 · 4 
50,. 0.1 99.2 3 
51. . 0' 2 99. 4 6 -----s-:.L--:·--
53. 

·························································· . o: 2 99. 6 ij .. 

0. 1 99. 7 2 
54. 0. 0 99' 7 1 ..... s·s·: ..................................................................................... ···· · ......... ----------------------------------·--·o·;-o ----g·g·~-7- ............ cs· 
56 ' 0' 0 99' 7 1 
57. 0.0 99.7 0 
sa: · ····o:o · 99:1· · a 
59. 0.0 99.8 1 
60' 0' 0 99 ' 8 1 6.:··························---------·---------·--------··········-······································----------·-··· o:o 99:a··· T 
62. o.o 99.9 1 
63. 0.1 100.0 2 64. .. . ........................................................................................ ····· .......... o:o ToO: i5 ........... ii. 

65. 0,0 100.0 0 
66. 0.0 100.0 0 67: ............................. ....... ........... ....... ... . ' ' ....... ............................. o:o 166. i5 b 

68. 0,0 100,0 1 
69. j.A_LL ____ REf,IAINI~G_.CD_U_NT_S_,_AR_E_, ZERD) 0,0 100.0 0 

MEAN VARIANCE STD OEV SUM(COUNT(I)) SUM(I*COUNT(I)) 

·····················ia:32o········· · ao:4oo·········· ·a·:s67 · 257a:··-----------·------· · 47236: 
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**** FLINT **** ESTIMATED TLF CURVE - TRANSIT WORK TRIPS 

Model 4 PAGE 3 

TRAN WORK 
TRIP LENGTH DISTRIBUTION 
(TABLE 2o61) TRIPs TRANSIT (tABLE 1605) 

0 6 12 18 24 30 36 42 48 54 60 
+--- --~+:... ~-~·.:.:+·..:·.::- :.:.+.·:..:_..:.::.:.·.:.:-+ ·:_ ..::·.:.:-:__+..:. :...·:..:_~+-.:.:·:.:-.:. . .-:...·+·:.:.:. : . .-:...-+·:__-:.:..:.: ~+·..:·:.:.·~--+··· · --·-·% .. CUM% cOUNT' .. 

o. 
1. (ALL c~y-~_TS_J_f.<O~ __ _I_~T~_J(_v'?-~ ... 
8. 
9. 

10. 
11. 
12. 
13. 
14. 
15. 
16. 
i7. 
18. 
19. 
20. 
21. 
22. 
23 .. 
24. 
25 .. 
26 .· 
27. 
28. 
29. 
30. 
31. 

"3:L 
33. 
34. 
35. 
36. 
37 .. 
38 .. 
39. 
40. 
41: 
42 
43. 
44" .. 
45. 
46. 
4 7 ~- : .. 
48. 
49. 

1.6 1.6 40 
0.0 1.6 0 
o-:·2- "1 . 8. 4 

1 THRU _____ _? __ _A_R~ ZEr-<(j_)__ __ 

1-23 

0.0 1.8 0 
'· 0 . .s.. 2 . 3 13 
0.0 2.-3. 6 
0.4 2.7 9 
0.0 2.7 0 ---- · · · ·----- · ----1·:·o · ·-- :L -.,-- ·24--· 
0.0 3.7 0 
0.5 . .. o: 1 

1.5 
1.0 --cy:·a·--
1.1 
1.5 

4.2 
4.3 
5.8 
6.8 

.. 7. 6 
8.6 

10. 
. . ... .. LT- 1"1 . 3 

1.2 12.5 
3.9 16.3 

.. .... '2": 9 19-:2 
3.0 22.2 
2.8 25.0 
2'.-7-- '27. 7 
3.0 30.8 
2. 1 32.9 
,f: s--- --37.4--
2.o 39.4 
3.4 42.7 
3:6· 46.4 
3.3 49.7 
0.7 50.4 

.......... 1.2 "51.6 
1.4 53.0 
2.5 55.5 
1:8 57.3 
2.0 59.3 
1. 5 60.8 
1'.'3''"62. 
1. 7 63.8 
1 .0 64.8 

-2--.--4 .. 67. 2 
2.0 69.3 
1 .2. 70.5 

12 
j 

37 
24 

.. 19 

26 
36 
28 . 
29 
95 
70 
74 
68 
66 
74 
51 

116 
49 
82 
89 
81 
17 
29 
35 
61 
44 
48 
37 
32 
4 1 
25 
59 
50 
30 



**** FLINT **** ESTIMATED TLF CURVE - TRANSIT WORK TRIPS 

Model 4 PAGE 4 

TRAN WORK 
TRIP LENGTH DISTRIBUTION 

iMPEDANCE iJiisiJM (TABLE 2o()j) TRIPS TRANSIT (TABLE 1065) 

0 G 12 18 24 30 36 42 48 54 60 
+----+----+----+----+----+----+----+----+----+----+ -% · ·cuM%· couNt 

50 .......... . 
51. .. 
52. 
53 ..... 
54. 
55: ...... . 
56 ......... . 
57. 
58. 
59. 
60 ................... . 
61. 
62. 
63. 

·-6.:1. 

65 .. 
GG ......... . 
67. 
68. 
69. 
70. 
71. 
72. 

. 73-. 
74. 
75. 
76 .. 
77 .. 
78. 

'79. 
80. 
81. 
82. 
83. 
84. 
85. 
86. (ALL REMAINING COUNTS ARE ZERO) 

··-.;,j AR'lil.NC·E··· 

40.369 ..... ! ____ ?_?_~_: __ 5_7___1 16.235 

l-24 

1.4 71.9 33 
1.5 73.4 37 

····~·:b '''j~.3 4~ 

0. 9 76.2 21 
2.5 78.7 62 

·········1.5 so.2 ·35 
1.1 81.3 27 
1 . -4 82. 7 34 .. .................................... 1-:-2 ""'"8 j ·. 9 --2 9 

1 . 3 85. 2 32 
2.3 87.5 55 

. ......... f. 6 ... 88. 4 24 
0.6 89.0 14 
0.8 89,8 20 

-------------o·:·s 90.4 13 

1.0 91.4 24 
1.4 92.7 33 
6.'3""' 93'.0 7 
1.4 94. 4 34 

95.2 21 
96. <I 28 

. ........................... ,9 
. 1 

0.5 96.9 13 
0.2 97. 5 . ....... o. s--- 9 7 . 6 -- ·--H 
1. 3 98.9 
0.0 98.9 

-O": 1 99. 1 

0.2 99.2 
0. 1 99.3 . ........ ·o·.T· 99.4 

2441 . 

0.2 99.6 
0.0 99.6 

.. 6. 2 .. 99.8 
0.0 99.8 
0. 1 99.9 
o:T 1oo.o 
0.0 100.0 

32 

3 
4 

3 
2 
5 
0 

"'5 .. 
0 
2 
2 
0 

9854 1. 



**** FLINT **** ESTIMATED TLF CURVE - NONWORK TRIPS 

Model 6 PAGE 3 

NWORKOA 
TRIP LENGTH DISTRIBUTION 

iMPEbi\NcE iJMbiiEL (TABLE :i()bi) TRIPS; bi<lliE AL(TABLE woii 

0 

0. 
1. 
.2. 
3. 
4. 
5. 

10 20 30 40 50 60 

6 ............................. . 
7. 

9 ................................ . 
10. 
11. 
12. 
13. 

. 14. 
15. 
16. 
17.-
18. 
19. 
2o. 
21. 
22 ... 
23. 
24. 
25. 
26. 
27. 
28 .. 
29. 
30. 
31. 
32. 
33 .. ,. 
34 .. 
35 ... 

36 .. 
37. 

""38 ~ .. 
39. 
40. 

. ·;11 ... 
42. 
43. 

70 

1-25 

80 90 100 
r,; 

0.0 
0.0 .. ii. 7 .. 
0.6 

"ctJMY, COUNT 
0.0 0 
0.0 0 
·o~ 1 ·"J1f=d 

1 . 3 24 79 
4.1 5.5 17747 

··· s·:·G .... 12. o ··28t.45 
6.6 18.7 28330 
8.8 27.5 37619 

""""6':4 "33:9· 27455. 
7. 4 4 1 . 3 3 1629 
6.1 47.4 26236 

···6_j 53.7 j59i8 

5.3 59.0 22641 
5.3 64.3 22850 

·4 ·.·a 69 ·. f · 20569 

4.0 73.1 17144 
3.4 .. 3·:s·· 
3.4 

. 1 
_--g· 

1.6 
1 . 4 
·1."3" 
1.0 
1.0 
0. 7 
0.7 
0. 7 
0.6 
0.4 
0.4 

... () 4 
0.4 
0.3 
6.2 
0.2 
o. 
6. 
0. 
0. 
6.2 
0. 1 
0. 1 

76.6 14748 
80. 1 14849 
83.4 14406 
85.5 8935 
87.4 8202 
89.1 7032 
90.5 6144 
91.8 5:'n5 
92.8 4483 
93.8 4290 
94.5 2:814 
95. 1 2823 
95.8 2896 
96.4 2365 
96.8 1869 
97.2 1705 
97.6 1840 
98.0 1566 
98.2 1074 

'98.5 1039 
98.6 642 
98.8 620 
98.9 .. 537 
99.0 465 
99. 395 
99.3 "'7'45 
99. 4 407 
99.5 388 



•••• FLINT •••• ESTIMATED TLF CURVE - NONWORK TRIPS 

Model 6. PAGE 4 

NWORKDA 
TRIP LENGTH DISTRIBUTION 

iMPEDANCE UMOOEL (fABLE 2001) . TRIPS ~ billVE AL(TABLE 100\) 

0 10 20 30 40 50 60 70 80 90 100 
--+:... : .. :::..:- ~.-:.... :..:·.:.. --+·:..:·.:.:·.:::....+ .:.:·:...·: .. :...:·+·-·:..:·:.:·.:.:+ :...·:.:·_ -+--- ·:..:... +- _·:.:_ ...:·+ ·.:.-:..:·:..:·.:..:+:..-- -+- ............... % ... "C"l.iM% ttiUNi' 

44. 

45 ............................................................................... . ... 46-~-
47. 
48. 

.... <19 _ ...... 

50. 
51. 
52. 
53. 
54. 
55_· 
56. 
57. 
58. 
59. 
60. 

. 61. 

62. 
63. 

.... 64. 
65. 
66. 
G7. 
68. 
69. 

0.1 99.5 250 

········· .......................... ;::· 1 99. 6 280 :·1···· 99".'7" .... "423. 
0.0 99.7 72 
0.0 99.7 40 ......... ...... . o: 0. 99: 7 .. 160 . 

0.0 99.8 115 
0.0 99 .. 8 142 ······················· ········ o:·o··99.8 13o 

0.0 99 .. 9 162 
0.0 99.9 101 .. ................................... """(i":·a-··· 99 . 9 .. 2 1 

0.0 99.9 6 
0.0 99.9 69 ·-------- ..... · · · ·· ------- o·:-6·- ss. s 92 

0.0 99.9 0 
0.0 99.9 0 . ..................... ···· ··········a·:·o ··roo o ----- · ,f3 

0.0 100 0 39 
0.01000 0 ····· ········ ········· o:o 1oo o o 
0.01000 0 
0.0 100 0 0 ···········a:o ·roo.o 26 
0.0 100.0 0 
0.0 100 0 13 

·-76~ ·- fAir.··-·c-oUNT'S ___ FROt.f .. I'NTER\iAL. ·-··7o THRU ·- s2····ARE "iEROT. o.o roo ·o o 
83. 
84. 

. '"85"'." 
86. 
87. 

95. 

0.0 100.0 50 
0.0 100.0 6 ················· ·· · ... o.o·roo:o o 
0.01000 0 
0.0 100 0 30 

fi4 .. ARE' .. iERO) .. ·-·(y:·O" ··10o. o o 
0.0 100 0 28 

96,.(ALL. REMAINING COUNTS ARE ZERO) 0. 0 100 0 0 

MEAN VARIANCE STO DEV SUM(COUNT(I)) 

····--1·2·.·650 ·--·---· --·· ····--·s:.;-~-22:.?"" ... ·---·-----"'"54 -127 29. 

1-26 



**~* FLINT **** ESTIMATED TLF CURVE - NONWORK TRIPS 

Model 6 PAGE 5 

NWORK 1P 
TRIP LENGTH DISTRIBUTION 

UM66El (tABlE 2o61) TRIPS , 1 PASS <TABLE 1002) 

0 

0. 
1 . 
2. 
3. 
4. 

10 

. .. ~L ·:··.···:·:-

20 30 

6. . .......... . 

40 50 60 70 

7 ........ ·-·.... . ..... -
..... 8 : . : : . : : . : : : : .................... . 

9. . ...................... . 
10. . . . . . . . . . . . . . . ........... . 

. iL: ... :. 
12 ...... . 
13. . .. - .... 

. 14 .. -......... . 
15. 
16. 
17 ........ . 
18. 
19. 
26:-- ... : 
21. 
22. 

. 23·.--: 
24 ..... . 
25. 
26. 
27. 
28. 
29: ... 
30. 
31. 
32. 
33. 
34. 
35·:--· 
36. 
37. 
38. 
39 
40. 
~-j"f:'"" 

42. 
43. 

1-27 

80 90 100 ----- % ·· cui.i;i, COuNT 
0.0 0.0 0 
0.0 0.0 0 ... o:? 0. 7 2674 
0.6 1.3 2109 
4. 1 5.4 15176 ----fL_5_ .. 

12.0 -23966 
6.6 18.6 24183 
8.7 27. 3 31989 

""6 .'4 ""33 .7 23576 
7.4 41. 1 27156 
6.2 47 .3 22584 
6."3 .. '53: 6 2:'3167 
5.4 59 .0 19661 
5.4 64 .4 19827 

'"""4. 8 69. 2 1766.2 
4.0 73. 2 1.:1777 
3.5 76 .7 12695 
3.5 80. 2 12766 
3. 4 83 .5 12351 
2. 1 85 .6 7644 
1 :g 87. 5 7005 
1 .6 89. 2 6015 
1 .4 90. 6 5225 .. .. i :3· . . 

9; .8 4587 
1 .0 92 .9 3818 
1 .0 93. 9 3625 
6.7 94. 5 2393 
0.7 95. 2 2404 
0.7 95. 8 2l155 . 
6.5 96 .4 2003 
0.4 96 .8 1593 
0.4 97. 2 1447 

·o.4 97 .6 1564 
0. 4 98 .0 1324 
0.2 98. 2 915 
6. 2""" 98 .5 890 
0. 2 98. 6 552 
0. 98 .8 527 
6. 98 .9 454 
0. 1 99 .0 402 
0.1 99. 1 330 

.. "0'."2' .. 99. 3 "6.29 
0.1 99 . ·' 353 
0.1 99 .5 329 



~**~ FLINT **~* ESTIMATED TLF CURVE - NONWORK TRIPS 

Model 6 PAGE 6 

NWORK 1P 
TRIP LENGTH DISTRIBUTION 

-UMODE·L·· {tABCE 2000 TRIPS =··--1"·-p·AsS (fABLE 1002) 

0 

44 
45. 
46. 
47. 

10 20 30 40 50 60 70 80 90 100 .. % 

0. 
0. 

CUM% 
99.5 
99.6 ·····a ~--1 · · gg. 1 

0.0 99.7 
48. 
49. -· 

.................... o.o 99.7 
6 :-c,---- 99. 8 

50. 
51. 
52. 
53. 
54. ... s·s. 
56. 
57. 
58. 
59. 
60. 
61 .. 
62. 
63. 
64. 
65. 
66. 
67. 
68. 
69. 
70. (ALL COUNTS FROM INTERVAL 70 THRU 82 ARE ZERO) 
83. 
84. 
85. 
86. 
87. 
88. ('i(C tb8~js··~~dM·-~NtE~~AL ~~ t~RU ··g~--A~E Z~~ti·) 

95. 
96. _(ALL REMAINING COUNTS ARE ZERO) 

0.0 99.8 
0.0 99.8 

·o.o ···gg. 8 

99.9 
99.9 
99.9 
99.9 
99.9 
99.9 
99.9 
99.9 

foo.o 
100.0 
100.0 

0.0 
0.0 

······o.o 
0.0 
0.0 

·a.o· 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 100.0 
0.0 100.0 
0.0 100.0 
o:o 100.0 
0.0 100.0 
0.0 100.0 
0.0 100.0 
0.0 100.0 
0.0 100.0 
o:o \66 0 
0.0 100.0 
0.0 100.0 
O.b ·10o.o .. 
0.0 100.0 
0.0 100.0 

c·oUNT 
210 
236 
368 

63 
34 

135 
100 
120 
1"12 
139 
87 
17 

5 
58 
74 

0 
0 

38 
33 

0 
0 
0 
0 

22 
0 

11 
0 

43 
6 
0 
0 

26 
0 

23 
0 

MEAN VARIANCE STO DEV SUM(COUNT(Il) SUM( !•COUNT( l)) 

56.889 7. 542 4638094. 

1-28 



***"" FLINT *"'*• ESTIMATED TLF CURVE - NONWORK TRIPS 

Model 6 PAGE 7 

NWORK 2P 
TRIP LENGTH DISTRIBUTION 

1 MPEDANCE UMODE L (r ABL C 266i) TR 1 PS " 2PASS (TABLE 1003) 

0 

0. 
1 . 
2 .. : 
3 .. 
4. 
5. 
6. 
7. 
Ef: 
9 ... 

10. 
11'. 
12. 
13. 
14 
15 .. 
16. 
17. 
18. 
19. 
2o·.· 
21 ... 
22. 
23 .. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31 ... ) ... 
32 _-
33. 
34. 
35. 
36. 
37. 
38. 
39. 
40. 
4 1': 
42. 
43. 

10 20 30 40 50 60 70 80 

1-29 

90 100 
y; . CUM% 

0.0 0.0 
0.0 0.0 
o.'l o. 7 
0.6 1.3 
4 . 1 5. 4 

... 6. 5 . 12.0 
6.6 18.6 
8.7 27.3 

- -6-.4' 33.7 
7. 4 41. 1 
6.2 
6 .'3 
5.4 
5.4 
4.8 
4.0 
3.5 
3.5 
3.4 
2. 1 
'1".9' 
1 . 6 
1. 4 
1.2 
1.0 
1.0 

.. 6. 7 
0. 7 
0. 7 
0.5 
0.4 
0.4 _ _._ 6:4 .. 
0.4 
0.2 
0.2 
o. 1 
0. 
6. 
0.1 
0.1 -.. --o-: 2 .. 
0. 1 
0. 1 

47.3 
.53.6 

59.0 
64.4 
69.2 
73.2 
76.7 so. 1. 
83.5 
85.6 
87.5 
89.2 
90.6 
91 .·a 
92.9 
93.9 
94.5 
95. 2 
95 .8 
96. 4 
96 .8 
97 .2 
97. 6 
98 .0 
98. 2 
98 .5 
98 .6 
98.8 
98.9 
99.0 
99. 
99.3' 
99.4 
99.5 

couNT 
0 
0 

1108 
874 

6284 
9919 

10007 
13246 
9780 

11247 
9354 
9620 
8136 
8185 
731 <I 
6125 
5257 
527 1 
5134 
3163 
2901 
2481 
2164 
1896 
1581 
1507 
994 

1003 
1015 
826 
658 
603 
641 
549 
376 
370 
227 
215 
188 
166 
138 
258 
146 
139 



~*** FLINT **** ESTIMATED TLF CURVE - NONWORK TRIPS 

Model 6 PAGE 8 

NWORK 2P 
TRIP LENGTH DISTRIBUTION 

tJMOtiEL ... "(tABLE 2001) "TRIPS ;:;-··:d:>-,.f$5-- (TABLE 1o63) 

0 

44. 
45. .. ·-46-:-. 
47. 
48. 
49. 
50. 
51. 
52 .. 

53. 
54. 
55. 
56. 
57. 
58. 
59. 
60. 
61 :· 
62. 
63. ... 64' .. 
65. 
66. 

... 67' 

68. 
69. 

10 20 30 40 50 60 70 

70.- fM.:·L COUNT-s' FROM. INtER-vAL '7'6. i"HRU 
83. 
84. 
85. 
86. 
87. 
88. (~~[ tdu~t$ ~ROM INTERVAL 88 THRU 
95. 
96 . (~-~-~---REMAINING COUNTS ARE __ ~-~F[~ _) 

80 90 100 
% CUM% 

0. 1 99.5 
0.1 99.6 ·························· 6: 1 99. 7 

0.0 99.7 
0.0 99.7 
o.o ··ss.a 
0.0 99.8 
0.0 99.8 

····o.·o ss.a 
0.0 99.9 
0.0 99.9 
6.0'' 99.9 
0.0 99.9 
0.0 99.9 

··a.o ss.s 
0.0 99.9 
0.0 99.9 
o.o fob.O 
0.0 100.0 
0.0 100.0 
iY.-·o -fOb. o 
0.0 100.0 
0.0 100.0 
0.0 '100.0 
0.0 100.0 
0.0 100.0 

82 'ARE ZERO-) 0.6 -tbo.o 
0.0 100.0 
0.0 100.0 

··· · o.o ioo.o 
0.0 100.0 
0.0 100.0 

§4 AR~ ~ERd) 0.0 100.0 
0.0 100.0 
0.0 100.0 

cOUNT'. 
87 

100 
f5o"' 

27 
14 
55' 
41 
49 
'48 . 
58 
35 

7 
2 

24 
30 

0 
0 

iG 
14 
0 
0 
0 
0 
9 
0 
4 
b 

18 
2 
0 
0 

11 
0 

10 
0 

MEAN VARIANCE STD DEV SUM(COUNT(I)) SUM(!•COUNT(l)l 

........ 1920465. 

1-30 



**** FLINT **** ESTIMATED TLF CURVE - NONWORK TRIPS 

Model 6 PAGE 9 

NWORK 3+P 
TRIP LENGTH DISTRIBUTION 

UMbDEL . "(fABLE 2661) TRI·P·s ,;· .. :r+-·· PAss· "(fABLE t604) 

0 10 20 30 40 50 60 70 80 90 100 
+----+----+----+----~----+----+----+----+----+----+ % 

o. 
1. 
2". 
3 .. 
4 .. 
5: 
6 .. 
7 .. 
8 ... 
9. 

10. 
H. 
12 .. 
13 .. 
14. 
15. 
16 .. 
17 ........... . 
18. 
19. 
20 .. 
2 1. 
22 .. 
23. 
24. 
25. 
26. 
27. 
28 .. 
29 .. 
30. 
31 .. 
"32. ·: 
33. 
34 .. 
35~ 
36 .. 
37. 
38. 
38. 
40. 
4 1. 
42. 
43. 

1-31 

0.0 
0.0 
6. j 
0.6 
4. 1 
6.5 
6.5 
8. 7 
6"."4 
7.3 

. .... ········ ;·· 2 
.3 

5.5 
5.6 
4".""9 
4.2 
3.5 
3.5 
3.4 
2. 1 
1"."9 
1 . 6 
1 . 4 
1. 2 
1 .o 
1.0 
0.6 
0.6 
0.7 
0.6 
0.4 
0. 4 
·a: 4 
0.4 
0.2 ······o:i 
0.2 
0. 1 
ci. 
0. 
0.1 
o.2 
o. 1 
D. 

CUM% COUNT .. 
0.0 0 
0.0 0 
0. 7 1311 
1. 2 1082 
5.3 7899 

. 11 ... 8 12572 
18 .3 12627 
27 .o 16798 
33. 5 12465 
40. 8 14163 
47 .0 12005 

.. 53. 3 12"189 
58 .8 10677 
64 .4 10758 
69. 3 9505 
73. 4 8032 
76 .9 6838 
80. 4 6702 
83 .8 6513 
85 .8 3987 
87 .7 3682 
89.4 3166 
90. 8 2689 
92 .0 2388 
93 .0 1938 
94 .0 1911 
gj .6 1199 
95. 2 1223 
95 .9 1289 
96. 5 1074 
96 .9 864 
97. 3 727 
97. 7 812 
98. 682 
98. 3 469 
98 .5 458 
98. 7 298 
98 .8 260 
98 .9 218 
99 .0 209 
99. 1 175 . . 
99 .3 327 
99. 4 176 
99. 5 176 



**** FLINT **** ESTIMATED TLF CURVE - NONWDRK TRIPS 

Model 6 PAGE 10 

NWORK 3+P 
TRIP LENGTH DISTRIBUTION 

iMPEDANCE UMDDEL (TABLE 2001) TRIPS ~·:3+ PASS (TABLE 1004) 

0 10 20 30 40 so 60 70 80 90 100 
% .. cUM% cOUNT 

0. 99.5 113 
0. 99.6 123 

44. 
45. 
46 :--· 
47. 
48. 
49:-. 

- --·--o-~ f--· ·gg··. 7 ; 86 

50. 
51. 

. '52'."' 
53. 
54. 
55. 
56. 
57. 
58. 
59. 
60. 
61. 
62. 
63. 
64: .. 
65. 
66. 

- 67 .. 

68. 
69. 
76.' 
83. 
84. 
85 :·-
BG. 
87. 
sa·: ... ( A·l·l· ·coUN'fS ... FRQt,1 "(Nt'E RVA'l._ ... Ba -tHRU g·,f- ARE- ZERO) 
95. 
96. ~A~~ REMAINING COUNTS ARE ~ER~~-

MEAN VARIANCE STD DEV SUM(COUNT(I)) 

1-32 

0.0 99.7 32 
0.0 99.7 18 
6-~-()" 99. 8 68-. 
0.0 99.8 52 
0.0 99.8 59 

-6": ()"" 99 . 8 GO 

0.0 99.9 70 
0.0 99.9 44 
·o·~·o .. 99. 9 · · s 
0.0 99.9 3 
0.0 99.9 30 

···6-.o · 99:s 37 
0.0 99.9 0 
0.0 99.9 0 .. .. o:o 1oo.o 19 

0.0 100.0 16 
0.0 100.0 0 
b.b ioo.o o 
0.0 100.0 0 
0.0 100.0 0 

""6<6.1bo.O 10 
0.0 100.0 0 
0.0 100.0 5 

- --o-~ Ci- foe .-o-- · b 
0.0 100.0 21 
0.0 100.0 
6'.'6' 100.0 
0.0 100.0 
0.0 100 0 

. 6."6 .100.0 
0.0 100.0 
0.0 100.0 

3 
0 
0 

13 
6 

11 
0 

SUM( I'COUNT( I)) 

....... 24452.80. 



**** FLINT **"'* ESTIMATED TLF CURVE - TRANSIT NONYJORK TRIPS 

TRAN NWORK 

0 

0 .. 
1. 
2. 
3. 
4. 
5. 
6 .. 
7. . a·~ .. -
9. 

10. 
. ""1 ~ : . 

12. 
13. 
14. 
15. 
1G. 
17. 
18. 
19 .. 
20. 
21. 
22 .. 
23. 
24. 

4 

25 ......... . 
26 ~ ·:··_· 
27 .. 
28. 

8 12 

29 ................. . 
30 ................ . 
31 ............... . 
32. 
33 .. 
34 .. 
-35. 

. ..... 

36 .......... . 
37. 

39 ................ . 
40. 
41. 
42. 
43 .. 

...... ·/ 

16 

Model 6 

TRIP LENGTH DISTRIBUTION 
(fABLE 2661) t~~~~ 

20 24 28 32 36 

PAGE 3 

40 
% i:l!r.i% . CbiJNt 

1.0 1.0 55 
0.0 1.0 0 ············ 6.6 ·1.o·· ····· o 
0.0 1.0 0 
0.0 .0 0 ········ o·:·o · 1 :6"· ·o 
0. 1 1. 1 ~ 

0.0 1.1 0 -··-o-:·2 .... "1 _- 3 9 

0.0 1.3 0 
0.4 1.7 ··· ··a:·o·······r:·7 
0. 5 2. 1 
0.0 2.1 

. .. 6. j .. ····:; .5 

0.0 2. 5 
0. 2 2. 6 
o:o·· 2.6 
0. 1 2. 7 
0. 2 2. 9 
0.3 3:2 
0. 4 3. 6 
0.5 4. 1 

----6"."2 4. 3 
o. 6 4. 9 
0.8 5. 7 

21 
6 

25 
0 

is 
0 
9 
0 
4 

9 
17 
22 
25 
12 
33 
40 .................... f .--1 . 6. 8 . 61 

1-33 

1.2 8.0 
1. 1 9. 2 

· ···- -1. s lo. 9--
1.9 12.8 
2. 1 14.9 ------1_8 ____ .16. 7 

1. 8 18.5 

.................................. ;1.~8 20.3 
22:5 

2.0 24.5 
2. 

""1". f 
1.7 
1. 7 
2.6 

.5 

.5 

2G.G 
27.7 
29.4 
31. 1 
33. 1 
34.6 
36 

53 
61 
95 

101 
110 
94 
98 
95 

120 
106 
114 

55 
91 
91 

- 108 
78 
8 1 



**~* FLINT **** ESTIMATED TLF CURV~ TRANSIT NONWORK TRIPS 

Model 6 PAGE 4 

TRAN NWORK 
TRIP LENGTH DISTRIBUTION 

iMPEDANCE ~ uiisliM (TABLE 26bii tRIPs tRANsit {ti<Eil.E 16o5) 

0 4 8 12 16 20 24 28 32 36 40 .. -+----- +-:..:-.:..: :.·-.:.:+·.:..:-.:.: .:::.::.+·.:.: .. ::::::.:+::..:-:.:.·:..-.:.:+:..:·:.:·.:.::_-+-- _·:.:·.+·.:.:- :.::..:+· .. :::.:.-:.:·_:4--:.:::.:·.:.:· .. :.-~: ......... % . "CUr~% COL.iNr· . 
44 ........ . 
45. 

48. 
49 ~·:· 
50. 
51. 
52. 
53. 
54. 
55. 
56. 
57. 
58.--· 
59. 
50. 
61. 
62. 
53. 

.. 64 ~ .. ·. 
65 .. 
56. 
57. 
58. 
59. 
70. 
71. 
72. 
73. 
74. 
75. 
76. 
77. 
78. 
79.-
80. 
81. 
82 .. -
83. 
8---1 .. 
85. 
86. 
87. 

... sB ~ 

89. 
90 .. 

1.6 37.7 
2.6 40.3 
·r:-1--.. 4-f.4 

3.0 44.4 
1.4 45.8 ....................... _ - -- -L-6 .. 4 7 -. 4 .. 

0.7 48.0 
0.6 48.7 
1':1'" 49.8 

. 1 
1.3 

.. 1 .3. 

1.1 
1.8 

""1'.'"6 
2.0 
1.3 
1:6 
1.2 
1.4 

T.9 

50 . 9 
52. 2 
53. 5 
54 .5 
56 .4 
58 .6 
60 .0 
61 .3 
62.9 
54.2 
65.5 
67:4 

t. 1 68.5 
1. 8 70.4 

. 1:6 72.0 
1. 2 73. 1 
1.1 74.3 

........... "1'~-ij "75. 6 
.7 77.3 
. 8 

'1.4. 
1.0 
1.2 

79 . 
80.5 
81.5 
82.7 

...... Lb .. -83.7 

0.9 84.6 
1 . 4 BG. 0 
·r-:·a .. - e:?. s 
2.0 89.7 
1. 1 90.8 

'"6."6""'gt. 4 

0. 7 92.0 
93.0 
93.8 
94.4 
94.8 

1.0 
o·:a· 
0.7 
0.4 

········ 6.5 
1.5 
0.6 

... 95. 3 

96. 8 
97 .4 

86 
138 

59 
161 

73 
'83 
35 
33 
-5o -
51 
67 
69 
50 
95 
85 

106 
7 1 

. 87 
66 
73 

1oi 
59 
98 
85 
63 
60 
72 
88 
9G 
75 
53 
64 
53 
50 
75 
94 

104 
57 
31 
35 
51 
4 1 
36 
19 
26 
82 
31 

97 .9 91. 0. 5 28 
98 .2 92. 0.3 17 
98. 5 93. o.:f 15 
98. 8 94.. 0.3 16 
99. 3 95. 0. 5 28 
99. 5 96... 0.2· iO 
99. 7 97. 0.2 10 
99. 8 98. 0. 1 G 
99. 8 . 99. 6'.'0. 0 

100. 0.0 99. 8 
99. 9 101.. 0.1 J 

102. ·o:o ·--s9.9 1 
103. 0 .. 0 99.9 
104. 0. 0 99.9 0 

· 105~--- ........ O .. o ·1oo.o 2 

106. (ALL COUNTS FROM INTERVAL 106 THRU 113 ARE ZERO) 0.0 100.0 0 
114. 0.0 100.0 1 
1'1'5. "fALL REMA·I-NING ... Cb'u-NT'S- ARE ZERO)" 6':·o-·1oo.o o 

MEAN VARIANCE STD DEV SUMICDUNT(l)) Sl:-'_~(1 "COUNT( I)) 

53.481 423.401 20.577 5333. 285213. 



APPENDIX 2 

SAMPLE INPUT FOR CALIBRATION FILE, ULOGIT AND MODE-SPLIT EXERCISES 

This Appendix contains examples of program listings (jCL and some data 

items) which were set up to construct a calibration file, calibrate a logit 

formulation and utilize the logit equation to perform mode-split on the 

100% population of trips using the UTPS computer package. Each listing is 

set up exactly as it was used in the study. A majority of the data items 

(interchange data and trip tables) were input directly from tape and are 

not shown in this appendix. 

The first listing was used to build the calibration file for work trip 

using the UTPS program UMODEL. 

The second listing is the JCL and disutility equations used to cali-

brate a log it rrodel using the ULOGIT program. This particular example is 

the job set up for ~lodel 4 (time based logit model for work trips). 

The third is the listing for the Mode-Split exercise in which the 

disutility equations for Model 4 (which was calibrated using ULOGIT) are 

applied to the total person trip tables. 

2-l 



2.1 Program listing used to build calibration file 

X MSGLEVEL=l,CLASS=L.REGION=290K 
II EXEC PGM=IEBGENER 
//SYSPRINT DO SYSOUT=A 
//SYSUTl DO UNIT=TAPE,VOL=(PRIVATE,RETAIN,SER=003721), 
II DSN=WORK,LABEL=(9,SL) ,DISP=(OLD,KEEP) 
//SYSUT2 DO UNIT=SYSUTS,DSN=&HHTRIPS,DISP=(NEW,PASS), 
I I SPACE= (TRK, (20, 20)) 
//SYSIN DO DUMMY 
I~' 
//EXEC PGM=IEBGENER 
//SYSPRINT DO SYSOUT=A 
//SYSUTl DO UNIT=TAPE,VOL=(PRIVATE,RETAIN,SER=005299), 
// DSN=F78HSKT, LABEL= (5, SL), D I SP= (OLD, PASS) 
//SYSUT2 DO UNIT=SYSUTS,DSN=&&HWYSKIM,DISP=(NEW,PASS), 
I I SPACE= (TRK, (20, 20)) 
//SYSIN DO DUMMY 
/>< 
!/ EXEC PGM=IEBGENER 
//SYSPRINT DO SYSOUT=A 
//SYSUTl DO UNIT=TAPE,VOL=(PRIVATE,RETAIN,SER=005299), 
II DSN=FHSKMD,LABEL= (lO,SL) ,DISP=(OLD,PASS) 
//SYSUT2 DO UNIT=SYSUTS,DSN=&&HSKMD,OISP=(NEW,PASS), 
/I SPACE= (TRK, (20, 20)) 
//SYSIN DO DUMMY 
/>< 
II EXEC PGM=IEBGENER 
//SYSPRINT DO SYSOUT=A 
1/SYSUTl DO UNIT=TAPE,VOL=(PRIVATE,RETAIN,SER=005299), 
II OSN=FLSUMEX,LABEL=(ll,SL) ,DISP=(OLD,KEEP) 
//SYSUT2 DO UNIT=SYSUTS,DSN=&&PTSKIM,DISP=(NEW,PASS), 
!/ SPACE=(TRK, (20,20)) 
/ISYSIN DO DUMMY 
/>'< 

1/ EXEC USERCODE,PROGRAM=UMODEL 
//USERCODE.SYSIN DO * 
.1 CHANGE LIST=ALL,NAME=UMODEL 
.1 NUMBER INSERT=YES,SEQ1=442000,NEW1=442001, INCR=l 
C POPULATION PER DWELLING UNIT 
c 

X(30)=X(12)/X(l3) 
c 
c POPULATION PER ACRE 
c 

X(31)=X (12) /X (6) 
c 
c TRANSIT FARE ($. 35) 
c 

X (32) =0 
IF (X (20) .NE .0.0) X (32) =35 

c 
c EMPLOYMENT/100 
c 

X (33) =X (5) /100 
c 
c POPULATION/100 
c 

X (34)=X (12) /100 
c 2-2 



C AUTOS PER PERSONS 
c 

X (35) =X (16) /X (12) 
c 
C INCOME PENTILES 
c 

c 

IF (X (2) .LT. 4960) X (36) =1 
IF(X(2) .GE.4960.AND.X(2) .LT.7520) X(36)=2 
IF(X(2) .GE.7520.AND.X(2) .LT.9920) X(36)=3 
IF(X(2).GE.9920.AND.X(2).LT.12000) X(36)=4 
IF (X (2) .GE.12000) X(36)=5 

C HIGHWAY TIME (1,2,3+ PASSANGERS) 
c 

c 

X (37) =X ( 18) + 1 • 1 
X (38) =X ( 18) +2. 1 
X (39)=X (18)+3.7 

C HIGHWAY COST (0,1,2,3+ PASSANGERS) 
c 

c 

X (40) =10.0>\X (22)+X (15) 
IF (X (40) • l T. 7. 0) X (40) =7. 0 
X(41)=X(40)/2+2.0 
X (42) =X (40) /3+4 .0 
X (43) =X (40) /4+6 .0 

C WEIGHTED TRANSIT TIME 
C TIME= 1.5 *WALK+ RUN+ 2 *WAIT 
c 

c 

X (44) = 1 .5''' (X (19) -X (20) -X (21)) +X (20) +2>'<X (21) 
IF (X (20) • EQ. 0) X (44) =500 

C TRANSIT EXCESS TIME 
c 

X (45) =X (19) -X (20) 
IF (X (20) .EQ.O.O) X (45) = 90 

c 
C TRAVEL TIME RATIO (TTT/TTA) 
c 

/}~ 

II 
II 
II 
II 
II 
II 

X(46)=X(19)/X(18) 
IF (X (46) .GE. 7) X (46) =7 
IF (X(20) .EQ.O) X(46)=7 

EXEC UMODEL,TIME=30,REGION=290K, 
A8= I D SN=&&HHTR I p s. SPACE= (CY l. ( 1 • 1) ) I • 

J1='DSN=&&HWYSKIM,SPACE=(CYL, (1,1)) 1 , 

J2='DSN=&&PTSKIM,SPACE=(CYL, (1,1)) 1 , 

j 3= I DSN=&&HS KMO. sPACE= (CY L. ( 1 • 1) ) I • 

J8= 1 DSN=CWORK,VOL=SER=008693 1 ,UNITJ8=rAPE 
IIUMODEL.FT18F001 DO &J8,UNIT=TAPE,LABEL=(13,Sl) ,OISP=(NEW,KEEP) 
IIUMODEL.A1 00 * 

1 6682 5 5 1260 88 27 30 30 0 634 351 244 0 
2 5266 5 5 1051 55 2 2 32 19 0 11 5 425 
3 7465 5 5 2855 41 1 1 25 1 1 3 181 135 7075 
4 4449 5 5 2960 38 1 0 28 9 0 34 47 1375 
5 6340 3 3 1376 28 3 1 17 7 0 76 48 2940 
6 5172 3 3 1274 29 3 0 19 7 0 126 96 4850 
710823 3 3 1569 37 3 1 13 20 0 124 75 48 0 
8 69!•3 3 3 1261 1,9 12 1 17 15 1, 617 219 237 0 
9 6773 2 2 373 69 22 3 41 1 2 653 288 251 0 

2 -·3 

272234 
27 7 
77 83 
16 43 
29 28 

155134 
45 37 

229 94 
319114 



10 6783 2 2 249 49 16 0 27 6 0 720 300 277 0 319100 
11 7 508 2 2 318 127 8 26 72 21 0 434 155 167 0 183 32 
12 7280 3 3 334 110 19 5 76 10 0 635 253 244 0 287 95 
13 6583 2 2 123 141 23 2 105 11 0 1216 462 468 0 447135 
14 9619 2 2 133 111 40 0 60 11 0 1125 381 433043111 
15 8770 2 2 284 97 24 0 64 9 0 857 547 330 0 451102 
16 6526 4 4 1319 58 3 2 30 23 0 15 1 6 0 6 14 
17 7612 4 4 888 71 4 1 45 14 7 65 42 25 0 83 7 
1814627 5 5 3041 206 4 1 0 32 124 9 311 149 120 0 266 69 
1913588 2 2 194 165 91 0 60 14 0 2219 833 854 01137 40 
20 0 4 4 14 76 172 0 21 1 1 1 39 1 1 1 0 0 0 0 
21 6908 4 4 255 140 9 18 96 17 0 123 27 47 0 51 0 
2214602 2 2 138 102 29 0 71 1 1 790 291 304 0 446 0 
23 9703 2 2 225 155 0 25 97 33 0 7 20 3 0 14 0 
2423264 2 2 63 11 2 8 0 34 7 63 103 37 40 0 46 0 
2517545 2 2 155 166 105 0 40 6 15 1615 607 621 0 937 33 
2610327 2 2 658 249 92 17 90 50 0 2284 769 879 01068 74 
27119764 4 545 184 27 13 110 34 0 1186 431 456 0 476 0 
2814452 2 2 45 183 68 26 87 2 0 1601 518 616 0 673 22 
29 7852 3 3 765 310 74 3 186 41 6 3951 1504 1520 01307161 
3010838 2 2 994 272 65 0 168 39 0 1982 713 763 01168 20 
3110838 3 3 103 441 62 2 222 18 137 1405 476 541 0 512 47 
3212307 2 2 469 250 122 0 81 39 8 2826 912 1087 01292 24 
33 9948 2 2 158 94 48 37 8 0 965 404 371 0 397 53 
34 7552 2 2 2698 171 9 112 49 1 0 109 39 42 0 72 0 
35 7 340 2 2 735 182 54 5 93 30 0 1825 765 702 0 408120 
36 9121 2 2 305 219 108 9 80 22 0 2981 1085 1147 01321104 
37 9908 2 2 286 170 78 0 61 31 0 2276 796 876 0 991 57 
3814298 1 1 351 311 12 1 0 154 36 0 31•52 1276 1328 01853 66 
39 9027 178 227 111 0 44 1 1 61 1337 488 514 0 550 77 
40 3677 183 133 36 0 42 48 7 148 75 57 0 50 23 
4112766 2 2 64 108 34 0 62 8 4 1081 377 416 0 480 15 
42 0 2 216399 414 0 386 28 0 0 1 1 0 0 0 0 
4343264 1 1 254 602 247 0 165 0 190 823 328 317 0 552 0 
44 8466 2 2 88 203 6 2 1 12 75 8 349 46 134 0 38 6 
4511773 2 2 220 164 96 0 50 16 2 2006 724 772 01034 71 
46 9709 2 2 446 195 128 0 54 9 4 2795 1004 1075 01192 97 
4711015 2 2 91 76 64 0 8 4 0 1175 373 452 0 425 54 
48 9573 2 2 65 101 6o 0 30 10 1 1246 404 479 0 508 15 
49 8339 1 1 253 92 49 0 33 9 1 124 3 424 478 0 515 33 
50 8198 1 1 111 78 41 1 29 7 0 823 390 317 0 1<}9 50 
5111614 1 1 2410 71 10 0 8 53 0 310 142 1 19 0 199 7 
5213366 2 2 182 260 127 0 70 63 0 1758 750 676 0 989 73 
53 913 2 2 450 31 9 7 13 2 0 204 1 2 1 78011826 
54 7145 2 2 235 79 37 13 22 7 0 570 280 219 0 256 73 
55 0 3 3 4714 71 0 41 29 1 0 1 10 0 0 0 0 
56 0 3 3 6oo 73 0 22 35 4 12 343 151 132 0 98 0 
57 7362 3 3 2771 63 8 21 31 3 0 447 151 171 0 178 25 
58 6748 4 4 34 7 1 84 35 3 24 10 12 978 34 376 0 387150 
59 8359 3 3 300 72 36 0 16 20 0 983 397 378 0 360 61 
6012 17 8 1 1 374 336 222 1 1 90 2 11 3422 1253 1316 01742 96 
6113381 1 1 223 132 67 0 46 14 5 1535 438 591 0 567 33 
6214635 1 1 142 1 2 1 72 0 47 2 0 1544 555 594 0 706 7 
6311695 1 1 236 107 63 0 35 9 0 1492 540 574 0 735 22 
6410193 1 1 81 106 70 0 35 1 0 1334 558 513 0 666 92 
65 8812 1 1 370 113 56 0 32 15 10 1020 488 392 0 550 66 
6610007 1 1 220 78 34 0 38 6 0 961 1112 370 0 507 23 
67 7849 2 2 60 78 47 0 29 2 0 1055 373 406 0 358 38 
68 8509 2 2 168 122 83 0 32 4 3 1913 768 736 0 975150 
69 9381 3 3 2643 74 33 0 26 15 0 849 268 327 0 282 51 
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70 6568 3 3 156 49 15 0 30 4 0 829 470 319 0 462157 
71 6871 4 4 461 109 46 1 45 1 7 0 1641 605 631 0 602237 
72 7876 3 3 486 120 65 0 37 15 3 2516 819 968 0 766212 
73 7886 3 3 296 98 57 0 33 7 1 2029 630 781 0 660176 
74 8487 3 3 503 165 82 0 47 32 4 2584 816 994 0 847176 
75 9203 1 1 199 151 97 0 46 8 0 2790 934 1073 01060180 
76 8530 1 1 197 140 87 0 39 5 9 2397 767 922 0 900139 
7710963 1 1 353 219 124 0 57 5 33 2351 803 904 01113 26 
7810555 1 1 305 168 97 0 50 21 0 1821 595 701 0 836 37 
7912447 1 1 303 178 123 0 51 4 0 2218 789 853 01012 46 
8012872 2 2 316 153 83 0 48 12 10 2074 654 751 0 950 0 
8111567 1 1 203 169 149 0 9 11 0 2861 919 1036 01256 43 
8213036 2 2 73 147 35 0 7 9 96 517 201 187 0 246 39 
83 7651 1 1 308 180 105 1 61 13 0 2980 1015 1079 01067265 
81, 8688 1 1 164 162 107 0 48 7 0 3057 936 1107 01024156 
85 8786 1 143 133 87 0 41 5 0 1905 715 690 0 744129 
86 9038 1 109 11,2 52 0 81 9 0 1514 498 548 0 680 35 
8712926 1 347 140 83 0 45 12 0 2376 621 860 0 985 6 
88101,16 1 245 142 70 0 46 23 3 1742 701 631 0 913 26 
8912928 181 161 54 0 72 35 0 1833 511 664 0 469 0 
9012061, 56 136 83 0 51 2 0 2386 701 864 0 997 26 
9112529 1 131 170 126 0 42 2 0 2517 665 911 0 990 12 
9211123 1 278 142 71 0 39 32 0 1582 589 573 0 770 20 
9310258 1 1 54 1 16 71 0 41 4 0 2254 635 816 0 717 66 
94 8119 2 2 346 201 99 1 63 35 3 2615 954 947 0 954156 
95 7858 2 2 174 190 97 1 80 12 0 2669 919 966 0 855192 
96 7629 2 2 184 183 34 0 108 41 0 1964 61 1 713 0 754135 
97 7184 1 1 396 180 56 20 102 2 0 872 267 316 0 291 37 
9810202 2 2 209 283 74 3 105 81 20 1298 332 471 0 386 72 
99 8507 2 2 275 101 33 0 55 13 0 1377 467 500 0 576108 

100 6992 1 1 3376 215 41 101 66 7 0 1119 450 406 0 437131 
101 6642 2 2 247 260 68 2 161 29 0 412 329 149 0 686328 
102 0 4 4 5675 157 2 126 28 1 0 2 7 1 0 0 0 
103 0 4 4 5864 108 0 99 9 0 0 1 4 0 0 0 0 
104 7761 2 2 290 150 61 2 59 22 6 2129 825 77 2 0 868296 
105 7413 2 2 818 109 45 6 30 22 6 1212 519 466 0 40224 3 
106 6329 4 4 1425 158 43 46 27 42 0 966 395 372 0 292228 
107 5393 4 4 573 102 50 2 24 26 0 760 344 320 0 253286 
108 7914 2 2 364 58 9 6 15 20 8 170 49 65 0 63 0 
109 7319 2 2 108 90 22 0 41 7 20 604 264 232 0 322 59 
110 8790 2 2 125 142 57 1 45 1 1 28 1719 687 661 0 81114 7 
11110138 2 2 381 157 119 3 22 13 0 1760 753 677 0 844 57 
1 1 2 0 4 4 3359 155 0 125 26 4 0 1 1 0 0 0 0 
113 9669 3 3 3015 153 32 75 40 6 0 1123 397 432 0 389 61 
11411193'1 1 196 210 92 1 59 36 22 2515 757 968 0 952 91 
1 15 8362 3 3 683 216 83 17 76 40 0 1772 628 682 0 756 53 
1 16 9105 2 2 541 204 102 2 73 27 0 2539 1034 977 01156181 
117 7024 2 2 309 216 1 14 2 78 22 0 3644 1436 1402 01546326 
118 7774 2 2 168 96 28 3 57 8 0 848 346 326 0 294 98 
119 7345 2 2 114 873 21 0 838 14 0 1157 402 445 0 505 44 
120 9203 2 2 538 91 21 1 35 34 0 498 180 181 0 209 26 
121 5781 3 3 197 70 9 16 14 31 0 245 148 89 0 147 30 
12210107 2 2 133 167 94 0 59 14 0 2745 1007 996 01089 19 
12310653 2 2 115 168 89 0 58 21 0 1402 363 509 0 438 7 
12410641 3 3 342 586 142 2 391 51 0 3169 1 11• 1 1150 01138 19 
125 8709 3 3 313 677 131 8 479 59 0 3530 1214 1281 01172100 
12613790 1 1 295 1716 608 0 1020 88 0 3054 916 1202 0141•5 12 
12715675 2 2 1576 328 137 0 174 6 11 2326 870 915 0 478 0 
128 9959 2 2 395 267 85 7 158 17 0 958 377 377 0 479 27 
12911214 1 1 250 701 234 0 428 39 0 4391 1860 1728 0 895 46 
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13012382 3 3 11 1 ~26 3~ 0 1~8 2~3 1 351 46 138 0 31 0 
13113844 1 1 107 112 9 125 0 997 7 0 1~62 321 575 0 205 6 
132 500 1 1 8 1600 81 0 1519 0 0 819 100 298 0 205 6 
133 500 1 1 1 2240 91 0 2149 0 0 408 100 149 0 205 6 
134 500 1 1 0 2143 81 0 2062 0 0 ~12 138 150 0 205 6 
13516315 1 1 64 935 50 0 866 18 1 412 119 150 0 290 8 
13614018 1 168 1607 451 1 1083 49 23 2533 793 997 01024 3 
13712283 1 292 424 52 0 371 1 0 281 84 102 0 155 0 
13810528 1 590 843 125 5 588 116 9 1548 504 561 0 668 24 
13910538 697 935 179 0 687 69 0 3096 991 1121 01023 14 
14012752 279 1927 190 75 1621 23 18 1126 341 408 0 570 8 
14114193 1592 2303 658 6 1417 122 100 7792 2788 2917 03166 74 
14211854 5 4084 72 0 4007 5 0 824 248 300 0 684 8 
14 3 11854 5 4030 95 0 3931 4 0 660 196 240 0 684 8 
14416633 54 1589 243 0 117 3 3 170 1731 548 629 0 442 0 
14514592 143 1278 200 0 1050 28 0 989 316 360 0 388 16 
14611407 49 1282 193 6 1066 17 0 563 222 204 0 316 5 
14714664 73 929 321 3 597 8 0 1407 435 509 0 833 8 
14812656 1 61 400 24 1 341 34 0 141 26 51 0 119 0 
14910369 44 1207 64 0 1134 9 0 1126 351 408 0 198 0 
15012215 29 3224 185 0 3034 2 3 844 235 306 0 500 0 
15111907 62 2423 271 0 2131 21 0 1072 334 390 01099 7 
15211854 2 2533 122 0 2337 4 70 659 212 240 0 684 8 
15311854 3 1459 124 0 1333 2 0 1484 446 539 0 684 8 
15415102 1 1644 125 0 1510 1 8 563 249 204 0 148 0 
15515102 3 978 64 0 912 1 281 96 102 0 148 0 
15612623 132 2837 312 0 2498 27 0 2195 718 806 0 804 13 
15711705 133 4575 341 0 4221 13 0 1150 391 422 0 748 14 
15810968 43 6207 320 0 5876 8 3 1723 501 555 0 778 7 
15914878 8 4501 256 0 421>4 1 0 920 334 296 0 507 12 
16010048 493 606 150 0 406 48 2 1800 551 637 0 674 32 
16114878 164117 347 0 3757 13 0 849 304 274 0 507 12 
16212224 30 6439 289 0 6138 3 9 1607 479 518 0 498 14 
16311705 8 4347 215 1 3990 6 135 1359 440 499 0 748 14 
16412730 100 3149 213 0 2870 66 0 836 261 310 0 601 6 
165 9659 1477 628 94 5 467 46 16 2808 1043 1150 0 888108 
16610395 49 424 69 1 305 49 0 732 227 272 0 876 39 
16710395 49 3196 172 1 2980 7 36 1568 504 582 0 876 39 
16810834 12 3247 204 0 3011 14 18 986 325 366 0 468 0 
16910834 2 3834 197 0 3577 4 56 634 207 235 0 468 0 
17010834 13 3633 108 0 3338 2 185 423 162 157 0 1,68 0 
17111200 9 5025 230 0 4780 3 12 553 173 198 0 440 31 
17211200 18 8206 555 0 7609 42 0 1272 400 1•54 01013 31 
173 8618 340 610 75 3 514 5 13 Boo 229 322 0 302 2 1 
17411200 8 5000 334 0 4664 2 0 940 296 :136 0 749 31 
17511272 48 3902 217 2 3681 2 0 705 232 ·'62 0 244 0 
17612357 18 3780 195 0 3504 9 72 423 153 157 0 227 0 
17710585 133 3840 223 3 3446 98 70 3875 1326 1438 01484 29 
17811809 85 564 81 0 457 10 16 523 173 192 0 177 17 
17910860 1 1 320 3024 260 1 2726 19 18 2091 683 768 0 471, 27 
18010297 1 1 85 1153 128 3 960 34 28 1126 399 408 0 743 25 
18110267 2 2 1185 629 326 0 213 79 11 3488 1213 1344 01448 39 
18210601 1 109 1621• 368 2 1238 16 0 1407 512 509 0 571 20 
18310965 1 629 745 344 0 332 69 0 5628 1846 2038 02290 68 
184 9269 2 2 725 1246 439 0 632 168 7 6473 2156 2344 02314133 
185 8558 2 2 412 402 236 1 120 42 3 2706 851 982 0 942 89 
186 9259 2 2 4241 837 214 239 338 45 1 1665 587 604 0 902 50 
18710184 2 2 271 809 277 0 493 39 0 2011 671 730 0 866 34 
18810749 1 104 1286 90 2 1164 15 15 2460 816 892 0 203 0 
189 8556 1 165 1177 62 26 979 95 15 621 224 225 0 236 33 
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19012163 1 188 2509 312 0 2164 32 1 1523 522 553 0 973 33 
19112648 1 69 2660 169 143 2201 17 130 2116 686 768 0 29 0 
19211179 1 38 4132 286 153 3664 29 0 952 250 358 0 794 10 
19312513 1 58 8028 456 0 7569 3 0 1959 526 738 01465 6 
19412513 1 1 242 9817 797 5 8886 115 14 4413 1 11 1 1661 01465 6 
19511425 1 1 26 1396 165 0 1213 0 18 552 218 200 0 339 7 
19610720 1 1 127 2244 163 4 2068 9 0 1005 354 365 0 514 23 
19712241 1 1 233 1850 384 3 1313 16 134 1765 583 640 01128 13 
198 9266 2 2 301 505 249 5 165 20 66 2115 705 767 0 838 21 
19912402 1 1 446 3135 1336 3 1696 100 0 4954 1683 1797 02632 11 
20011195 1 1 51 660 206 1 446 7 0 762 231 276 0 291 14 
20112881 2 2 3361 925 380 60 447 35 3 3097 889 1192 01421 29 
20214694 1 1 78 1261 250 5 720 7 279 1385 388 533 0 644 17 
20320185 1 1 63 921 242 0 465 6 208 1318 413 507 0 580 0 
20414417 1 178 2137 232 1 1883 20 1 2691 832 1022 0 798 0 
20511052 1 544 646 339 1 272 34 0 3116 1075 1293 01166 96 
20611938 1 17 2423 80 0 2062 33 248 1008 281 383 0 355 0 
20711810 1 96 3403 96 0 3301 6 0 1034 318 393 0 573 0 
20814592 1 1245 396 165 0 183 38 10 2872 1284 1192 01179 10 
20911565 1 97 2598 127 0 2450 17 4 2069 614 786 0 326 0 
21011606 1 55 177 4 370 0 1388 16 0 1581 456 600 0 538 0 
21111394 1 204 897 295 0 578 24 0 2768 764 1065 01020 1 2 
21210441 1 108 657 113 0 498 46 0 996 302 383 0 386 10 
21311919 1 358 657 101 4 547 5 0 1227 284 472 0 557 24 
21416192 1 47 319 70 12 231 6 0 593 138 228 0 243 6 
21513207 1 886 624 128 0 435 61 0 859 234 331 0 350 15 
21612588 1 201 279 172 0 100 7 0 1520 482 585 0 623 17 
21710565 1 3 1 628 48 0 566 5 9 536 94 206 0 106 9 
21812389 1 369 614 147 2 447 17 1 1197 399 461 0 488 0 
21911479 35 305 86 0 189 30 0 1079 317 415 0 401 11 
220 8625 354 609 186 49 335 20 19 1782 464 686 0 562 42 
221 8285 164 609 64 0 467 77 1 593 135 228 0 197 0 
22212930 67 634 231 0 385 18 0 963 271 371 0 407 8 
22310135 28 601 103 0 496 2 0 687 159 264 0 195 0 
22411685 74 4443 223 1 4065 18 136 1501 421 570 0 980 14 
22511685 126 5069 256 0 4667 6 140 1010 295 383 0 980 14 
22614242 6 4577 167 0 4410 0 0 538 162 189 0 365 12 
22714242 88 4548 260 3 4142 10 133 493 163 173 0 365 12 
22815517 88 1607 303 0 1286 17 1 1935 608 723 0 928 7 
22911343 69 599 126 0 468 5 0 437 144 168 0 195 6 
23011374 91 626 92 0 531 3 0 323 82 12!, 0 100 10 
23112938 55 615 98 3 471 43 0 537 115 207 o 1 ss 0 
23210916 303 612 115 24 441 32 0 883 127 340 0 365 0 
23311921 159 901 110 0 648 70 73 1451 447 543 0 461 0 
23413747 43 1069 181 0 857 0 31 1935 625 723 0 421 0 
23513250 39 1084 49 0 1031 4 0 1210 467 452 0 118 0 
23611612 !•759 1187 487 57 461 176 6 5796 2256 2400 02340 59 
23710977 99 521 119 102 261 39 0 174 44 65 0 132 7 
23813629 12 632 64 0 568 0 0 242 90 90 0 106 0 
23915041 23 368 63 0 303 2 0 48!, 156 181 0 275 0 
21;02221 0 295 1633 220 1 1366 16 30 968 317 362 0 610 0 
24123288 1 94 2065 64 371 1476 10 144 2419 777 901, 0 508 0 
242 9682 1 1 71 5601 281 0 5302 9 9 867 242 304 0 185 9 
24311574 1 348 1257 142 3 1017 J, 7 48 900 265 374 0 390 7 
2!•41202 7 1 0 3187 68 0 2971 0 148 438 121 154 0 389 14 
2!•51202 7 1 106 3467 160 0 3295 12 0 590 165 ·207 0 389 1 !, 
246 0 1 240 1580 0 0 1461 2 128 1 1 0 0 0 0 
24735293 1 21 2269 195 0 1944 2 128 968 283 362 0 157 0 
248 0 1 2 5581 0 0 5565 16 0 1 1 0 0 0 0 
24916913 1 1 129 5581 331 0 5234 16 0 1693 512 633 01033 8 
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250 6225 1 22 295 21 0 273 1 0 68 22 25 0 1 1 0 
25114696 1 115 1861 586 0 1202 73 0 3871 1281 1447 01478 25 
25220936 1 82 406 248 0 157 1 0 1451 460 543 0 705 0 
253 9296 1 114 337 186 0 141 10 0 1935 635 . 7230 57 0 
25414203 2 2 343 802 383 0 403 16 0 2661 820 995 01476 24 
25510157 2 2 252 221 64 0 136 14 7 726 223 271 0 353 10 
256 8938 2 2 658 602 157 8 294 50 93 3821 1152 1470 01492 72 
257 8120 2 2 425 313 56 16 199 41 1 1501 377 578 0 664 62 
258 8415 2 2 216 107 25 0 69 13 0 1990 588 766 0 688 54 
259 9770 2 2 213 340 107 1 200 31 1 1973 544 759 0 745 12 
26011813 2 2 251 319 77 0 225 17 0 983 374 378 0 432 12 
261 9652 2 2 630 163 43 0 64 56 0 899 668 346 0 428 28 
26212189 1 1 457 319 234 0 49 36 0 1257 478 495 0 657 5 
26312682 1 1 376 640 515 2 86 37 0 3059 1426 1204 02167 55 
26410782 1 1 277 943 187 1 683 48 24 1427 442 511 0 396 7 
26514183 1 1 70 355 161 0 191 3 0 666 212 238 0 272 0 
26611924 1 98 1860 201 3 1651 5 0 1046 327 374 0 525 0 
26712548 1 90 3270 250 1 2993 14 12 761 232 272 0 376 0 
26813041 1 297 5333 511 5 4617 70 130 4182 1324 1657 02247 45 
26911602 1 389 1541 216 4 1270 48 3 2912 927 1154 02006111 
27011602 1 1916 2731 401 41 2078 191 20 4934 1563 1873 03432111 
27111602 0 564 28 0 515 4 17 243 56 96 0 16 711 1 
27211161 5 5535 425 2 4937 8 163 2835 887 1123 0 441 17 
27311902 20 3383 268 1 3109 5 0 951 293 340 0 634 14 
27413761 176 2939 299 1 2626 7 6 1522 457 545 0 496 7 
27512466 214 2031 231 0 1794 6 0 856 714 337 0 587 0 
27614571 1 1 220 417 76 23 300 18 0 769 194 303 0 338 0 
277 0 5 5 34 991 3 0 988 0 0 5 1 2 0 0 0 
278 9416 2 2 304 346 46 28 258 14 0 300 110 118 0 104 6 
27914703 3 3 1800 1014 268 4 727 15 0 713 243 281 0 450 8 
28011302 2 2 553 327 95 2 154 75 1 1257 463 495 0 675 47 
28112897 2 2 125 200 96 0 102 2 0 1614 628 635 0 712 7 
282 8988 2 2 470 382 141 5 165 71 0 2026 663 797 0 687 5 
28310134 2 2 463 1185 176 3 912 63 31 3920 980 1543 01076 41 
28412688 2 2 54 241 93 2 111 11 24 468 100 184 0 208 0 
28513180 2 2 269 1498 268 20 1188 22 0 247L. 729 974 0 810 14 
28614264 2 2 315 304 37 0 261 6 0 150 57 59 0 102 0 
28710114 5 5 2353 757 50 0 668 14 25 399 106 145 0 22"/ 0 
28813 7 29 1 1 39 999 210 0 697 5 87 2138 749 841 0 468 0 
28912982 1 1 28 1280 87 0 1185 8 0 285 71 102 0 153 0 
29011505 2 2560 182 0 2378 0 0 1332 385 477 0 1:7 0 
29111505 0 3916 195 0 3719 2 0 667 200 239 0 1:7 0 
29211161 1 0 2818 176 0 2640 0 2 533 160 211 0 4~1 17 
29312590 1 621 1277 212 1 1042 20 2 2100 634 869 0 715 34 
29413752 1 1 3643 224 0 3318 5 96 1658 513 657 o 57 o 10 
29510523 1 23 7394 396 3 6881 21 93 2692 841 881, 0 573 23 
29610523 1 5 5591 106 0 5485 0 0 1,65 127 153 0 240 23 
29710523 1 8 7541 197 2 7330 12 0 1107 307 364 0 573 23 
298 9039 3; 3477 75 0 3385 17 0 272 77 89 0 594 30 
29911896 133 3491, 175 0 3297 22 0 1052 286 389 0 753 25 
30011869 2 3840 118 0 3685 0 37 654 179 242 0 753 25 
30111869 1 8 3630 182 0 3446 2 0 621 165 229 0 753 25 
30212721 1 26 3634 223 0 3406 5 0 710 187 262 0 541, 0 
30312510 1 190 752 159 0 568 25 0 1654 458 600 0 369 0 
30412661 1 1233 1111 284 0 738 85 l, 3649 1003 1324 01413 21 
30511952 19 2924 175 0 2749 0 0 713 190 263 0 90 0 
30611952 11 4866 210 0 4652 4 0 623 167 230 0 90 0 
307 9050 14 990 26 0 964 0 0 147 33 54 0 43 0 
30811903 21 2809 146 0 2646 10 7 1977 755 720 0 705 7 
309 9050 22 661, 34 0 614 16 0 186 35 68 0 43 0 
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31011093 5 2935 169 0 2763 3 0 675 227 246 0 705 7 
31113778 29 1532 110 0 1419 3 0 486 97 177 0 87 0 
31212665 31 1937 201 0 1726 10 0 645 190 235 0 392 0 
31312070 5 3734 176 0 3553 5 0 749 244 273 0 907 0 
31413635 48 2784 262 0 2522 0 0 1289 309 470 0 203 0 
31520388 1 1 74 1655 503 0 1 11 1 10 31 2942 878 1158 01046 11 

//UMODEL.SYSIN DO ;, 
)':)'; FLINT ''c'/( CALIBRATION FILE TO BE USED FOR ULOGIT ** WORK TRIPS 

&PARAM ZONES=364 &END 
&OPTION &END 
&SELECT &END 
&DATA 

1 p 1 5 1 ZONE NUMBER 
2 p 6 10 2 INCOME $/YEAR 
3 p 11 12 3 TERMINAL TIME p Ml NUTES 
4 A 1 3 14 4 1 TERMINAL TII\E A MINUTES 
5 A 15 19 5 1 EMPLOYMENT PERSONS 
6 A 20 24 6 TOTAL ACRES ACRES 
7 p 25 29 7 RESIDENTIAL ACRES ACRES 
8 A 30 34 8 INDUSTRIAL ACRES ACRES 
9 A 35 39 9 UNDEVELOPED ACRES ACRES 

10 A 40 44 10 RETAIL WHOSL ACRES ACRES 
11 A 45 48 11 RECREATIONAL ACRES ACRES 
12 p 49 53 12 POPULATION PERSONS 
13 p 54 58 13 DWELLING UNITS UNITS 
14 p 59 63 14 RES LABOR FORCE PERSONS 
15 A 64 65 15 PARKING COSTS CENTS 
16 p 66 69 16 AUTO OWNERSHIP AUTOS/ZN 
17 p 70 72 17 ZERO AUTOS FAMILIES 
18 X 1001 TIMEOA Ml NUTES 
19 X 2001 TRNS TIME Ml NUTES 
20 X 2002 TRNS RUN T 11\E Ml NUTES 
21 X 2003 TRNS WAIT TIME Ml NUTES 
22 X 3001 HGWY SKIM DIST MILES 
23 H 1 4 ORIGIN ZONE 
24 H 5 8 DESTINATION ZONE 
25 H 10 10 WDA TRIPS 
26 H 1 1 1 1 WONE TRIPS 
27 H 1 2 12 WTWO TRIPS 
28 H 13 13 WTHREE TRIPS 
29 H 14 14 TRANSIT TRIPS 
30 P>\ 18 POP PER ou POP/DU 
31 P>\ 19 POP PER ACRE POP/ACRE 
32 X," TRNS FARE CENTS 
33 Ai< 20 EMPLY EMP/100 
34 p,·, 21 POP POP/100 
35 P>'< 22 AUTOS PER POP AUTO/POP 
36 P>< 23 -PENTILE PENT 
37 X>'< TIME1 Ml NUTES 
38 X}'( Tl ME2 MINUTES 
39 X>\ TIME3 Ml NUTES 
40 X>'< COSTDA CENTS 
4 1 X}'' COSTl CENTS 
42 X>< COST2 CENTS 
43 X}'~ COST3 CENTS 
44 X>< WTRNS TIME 1\INUTES 
45 X}'r EXCESS Ml NUTES 
46 x,·, TTR MIN/I~IN 
99999 
/>'' 
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2.2 Program listing used to calibrate a logit model 

X MSGLEVEL~1,CLASS=L,REGION=290K 
II EXEC ULOGIT,TIME=30,REGION=290K, 
II J1='DSN=CWORK,VOL=SER=008693' ,UNITJ1=TAPE 
IIULOGIT.FTI1F001 DO &J1,UNIT=TAPE,LABEL=(13,SL) ,DISP=(OLD,KEEP) 
1/ULOGIT.SYSIN DO~ 
&SELECT 

,,., 

FIT(WDA=A1*TIMEDA+B1*PENTILE+A BIAS), 
FIT (WONE=A 1 >'<TIME 1) , 
FIT(WTWO=Al>'<TIME2+B3>'<POP PER ACRE+P2 BIAS), 
FIT(WTHREE=A1*TIME3+C4*COST3+P3 BIAS), 
FIT(TRANSIT~AS*WTRNS TIME+BS*AUTOS PER POP+T BIAS), 
VALUE (A 1=0 .0) , VALUE (A5=0. 0) , 
VALUE (81=0.0), VALUE (83=0.0), 
VALUE (85=0. 0) , VALUE (C4=0. 0) , 
REPORT=1,2,3,6,8 &END 
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2.3 Program listing used to perform the mode-split process -
X MSGLEVEL=1,CLASS=L,REGION=290K 
II EXEC PGM=IEBGENER 

. IISYSPR I NT DO SYSOUT=A 
IISYSUT1 DO UNIT=TAPE,VOL=(PRIVATE,RETAIN,SER=003721), 
II DSN=WORKTT,LABEL=(11,SL) ,DISP=(OLD,KEEP) 
IISYSUT2 DO UNIT=SYSUTS,DSN=&WTRIPS,DISP=(NEW,PASS), 
II SPACE= (TRK, (20, 20)) 
IISYSIN DO DUMMY 
1;, 
II EXEC PGM=IEBGENER 
IISYSPRINT DO SYSOUT=A 
IISYSUT1 DO UNIT=TAPE,VOL=(PRIVATE,RETAIN,SER=005299), 
II DSN=F78HSKT,LABEL=(5,SL) ,DISP=(OLD,PASS) 
IISYSUT2 DO UNIT=SYSUTS,DSN=&&HWYSKIM,DISP=(NEW,PASS), 
II SPACE= (TRK, (20,20)) 
IISYSIN DO DUMMY 
1;, 
II EXEC PGM=IEBGENER 
IISYSPRINT DO SYSOUT=A 
IISYSUT1 DO UNIT=TAPE,VOL=(PRIVATE,RETAIN,SER=005299), 
II DSN=FHSKMD,LABEL=(10,SL) ,DISP=(OLD,PASS) 
IISYSUT2 DO UNIT=SYSUTS,DSN=&&HSKMD,DISP=(NEW,PASS), 
I I SPACE= (TRK, (20, 20)) 
IISYSIN DO DUMMY 
I>\ 
II EXEC PGM=IEBGENER 
IISYSPRINT DO SYSOUT=A 
IISYSUT1 DO UNIT=TAPE,VOL=(PRIVATE,RETAIN,SER=005299), 
II OSN=FLSUMEX,LABEL=(11,SL) ,DISP=(Ol.O,KEEP) 
IISYSUT2 DO UNIT=SYSUTS,DSN=&&PTSKIM,DISP=(NEW,PASS), 
II SPACE=(TRK, (20,20)) 
IISYSIN DO DUMMY 
f~'; 

II EXEC USERCODE,PROGRAM=UMODEL 
IIUSERCODE.SYSIN DO* 
.1 CHANGE LIST=ALL,NAME=UMODEL 
.1 NUMBER INSERT=YES,SEQ1=442000,NEW1=442001, INCR=1 

c 

c 

1 
2 
3 
4 

RE AL>'<4 WDAIO. Ol, WONEIO. Ol, \1TWOIO, Ol, WTHRE EIO. Ol, TRNSIO. Ol, 
PENT/0.0/, INC/O.O/,EMP/O.OI,TIMEDA/O.O/,TIME1/0.0/, 
TIME2/0.0/,TIME3/0.0I,WTRANIO.OI,COST3/0.0/,PPAIO.OI, 
NUMDA/O.O/,NUM1/0.0I,NUM2IO.O/,NUM3IO.OI,NUMTIO.O/, 

, WTRP/0.0/,APP/O.OI,DEN/O.OI 
INITIALIZE TRIP TABLES 

TABS0(1)=0.0 
TABS0(2)=0.0 
TABS0(3)=0.0 
TABS0(4)=0.p 
TABS0(5)=0.0 
TETAB (1, 1)=0.0 
TETAB(2, 1)=0.0 
TETAB (3, 1) =0.0 
TETAB (1 ,2)=0.0 
TETAB (2,2) =0,0 
TEPERS(1)=0.0 

GIVE VALUES TO INDEPENDANT VARIABLES 
I NC=X (2) 
EMP=X (5) I 100 
PPA=X ( 12) /X (6) 
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COST3=((X(22)*.10)+X(I5))/4+.06 
APP=X (16) /X (12) 
TIMEDA=X (18) 
TIMEI=TIMEDA+I. I 
TIME2=TIMEDA+2. I 
TIME3=TIMEDA+3.7 
WTRAN= I • 5>"< (X ( 19) -X (20) -X (2 I) ) +X (20) +2 >"<X (2 I) 
IF (X (20) .EQ.O) WTRAN=500 
WTRP=X (23) 
IF (INC.LT.4960) PENT=I 
IF (INC.GE.4960.AND.INC.LT.7520) PENT=2 
IF(INC.GE.]520.AND.INC.LT.9920) PENT=3 
IF (INC.GE.9920.AND.INC.LT.ILDOO) PENT=4 
IF (INC.GE.12000) PENT=5 

C •••.• EVALUATE NUMERATORS 
NUMDA=EXP(-.262*TIMEDA+.IOI*PENT+I.529) 
NUMI=EXP(-.262*TIMEI) 
NUM2=EXP (-.262>"<TIME2-.0II>'<PPA-1.076) 
NUM3=EXP(-.262*TIME3+.074*COST3-1.448) 
NUMT=EXP (-. 081 >"<WTRAN+. OO]>'<APP-. 831) 
IF (X (20) .EQ.O) GO TO 100 

C ..... MODAL SPLIT (ALL FIVE MODES) 
DEN=NUMDA+NUMI+NUM2+NUM3+NUMT 
WDA= (NUMDA/DEN) >'<WTRP 
WONE= (NUMI/DEN) >'<v/TRP 
WTWO= (NUM2/DEN) ;,WTRP 
WTHREE= (NUM3/DEN) >'<WTRP 
TRNS= (NUMT /DEN) >'<WTRP 
GO TO 200 

C .•••• MODAL SPLIT (FOUR MODES-NO TRANSIT) 
100 DEN=NUMDA+NUMI+NUM2+NUM3 

WDA= (NU/1DA/DEN) >'<WTRP 
WONE=(NUMI/DEN)*WTRP 
WTWO= (NUM2/DEN) >'<WTRP 
WTHREE= (NUM3/DEN) >'<WTRP 

C ••••• LOAD TRIP TABLES 
200 TABSO(I)=WDA 

TABS0(2)=WONE 
TABS0(3)=WTWO 
TASSO (4) =WTHREE 
TABSO(S)=TRNS 

1;, 

TETA8 (I, I)=TASSO (I) 
TETAB (2, I) =TASSO (2) 
TETAB (3, I) =TASSO (3) 
TETAB (I, 2) =TASSO (4) 
TETAB(2,2)=TABS0(5) 
TEPERS (I) =WT~P 
TEPERS (2) =WTRP 

// EXEC UMODEL,TIME=30,REGION=290K, 
II JI='DSN=&&HWYSKIM,SPACE=(CYL, (1,1)) '' 
II J2='DSN=&&PTSKII\,SPACE=(CYL, (1,1)) ', 
II J3=' DSN=&&HSKMD,SPACE= (CYL, (I, I))', 
II J4='DSN=&&WTRIPS,SPACE=(CYL, (1,1)) '. 
II J9='DSN=WORK2,VOL=SER=007670' ,UNITJ9=TAPE 
//Ur\ODEL.FTI9FOOI DO &J9,UNIT=TAPE,LABEL=(~6.SL) ,DISP=(NEW,KEEP) 
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//UHODEL.Al DO ,., 
l 6682 5 5 1260 
2 5266 5 5 1051 
3 7465 5 5 2855 

• 

88 
55 
41 

27 
2 
l 

l 
2 
l 

30 
32 
25 

30 
19 
l l 

0 634 
0 ll 
3 181 

351 244 ·o 272234 
5 425 27 7 

135 7075 77 83 

" data as used in program listing 2.1 

30412661 1233 l l l l 284 0 738 85 4 3649 1003 1324 01413 2 l 
30511952 19 2924 175 0 2749 0 0 713 190 263 0 90 0 
30611952 l ll 4866 210 0 4652 4 0 623 167 230 0 90 0 
307 9050 l 14 990 26 0 964 0 0 147 33 54 0 43 0 
30811903 21 2809 146 0 2646 10 7 1977 755 720 0 705 7 
309 9050 22 664 34 0 614 16 0 186 35 68 0 43 0 
31011093 5 2935 169 0 2763 3 0 675 227 246 0 705 7 
31113778 29 1532 110 0 1419 3 0 486 97 177 0 87 0 
31212665 31 1937 201 0 1726 10 0 645 190 235 0 392 0 
31312070 5 37 34 176 0 3553 5 0 749 244 273 0 907 0 
31413635 48 2784 262 0 2522 0 0 1289 309 470 0 203 0 
31520388 l l 74 1655 503 0 1111 10 31 2942 878 1158 01046 l l 

//UHODEL.SYSIN DD * 
}-:~·, FLINT ,·:,·, HODAL SPLIT2 - FIVE HODES **WORK TRIPS 

&PARAH ZONES=364,TABOUT=5,TESUH=3,2, 
NAHEOl='DRIVE ALONE' ,NAHE02=' l PASS' ,NAHE03='2PASS', 
NAHE04='3+ PASS' ,NAHE05='TRANSIT' &END 

&OPTION &END 
&SELECT R E PORT=4, I= l , -3 15, J = l , -3 15, PR I NT= l , -3 15 &END 
&DATA 

l p l 5 ZONE N U~\8 E R 
2 p 6 10 2 INCOHE $/YEAR 
3 p l l 12 3 TERHINAL TIHE p HI NUTES 
4 A 13 14 4 TERHINAL TIHE A HI NUTES 
5 A 15 19 5 EMPLOY HE NT PERSONS 
6 A 20 24 6 TOTAL ACRES ACRES 
7 p 25 29 7 RESIDENTIAL ACRES ACRES 
8 A 30 34 8 INDUSTRIAL ACRES ACRES 
9 A 35 39 9 UNDEVELOPED ACRES ACRES 

10 A 40 44 10 RETAIL WHOSL ACRES ACRES 
l l A 45 48 1 l RECREATIONAL ACRES ACRES 
12 p 49· 53 12 l POPULATION PERSONS 
13 p 54 58 13 DWELLING UNITS UNITS 
14 p 59 63 14 RES LABOR FORCE PERSONS 
15 A 64 65 15 PARKING COSTS CENTS 
16 p 66 69 16 AUTO 0\<NERSH I P AUTOS/ZN 
17 p 70 72 l f l ZERO AUTOS FAMILIES 
18 X IDOl Tl HEDA ~\INUTES 

19 X 2001 TRNS TIHE HI NUTES 
20 X 2002 TRNS RUN TI~\E Ml NUTES 
2 l X 2003 TRNS WAIT TIHE HI NUTES 
22 X 3001 HGI~Y SKI~\ DIST Ml NUTES 
23 T 4001 WORII TRIP TABLE 
99999 
/>'< 
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MODEL 1 - Two Mode Model 

----------------------------ULOGIT 07JUL77 ----------------------------

ULOGIT REPORT 

F 0 R M U L A A N 0 C 0 E F F C I E N T 

A MODE A2 * LANDUSE ·····-·································· ... ---+····s2· ............ ------······· * .... E.Mi''L"Y··· 
+ A BIAS 

"id ........... -- ............... * .... ftRw·· 
+ B1 
+ C1 

~ INPENT 
* POP PER ACRE 

THE 6 COEFFICIENTS TO BE ESTIMATED ARE' 

COEFFICIENT 
NO. NAME _ 

INITIAL 
VALUE 

1 A1 0.0 
2 B1 0.0 ······ 3 cf ·························· o:o · 
4 A2 0.0 
5 B2 0.0 ....... 6ii. .. 8Uis ...................... o: o 

LOWER 
BOUND 

.... 3.::-:.2 ... 

UPPER BOUND 
BOUND TYPE 

NONE 
NONE 
NONE 
NONE 
NONE 

.. NoNE 

PAGE 4 



MODEL 1 - Two Mode Model 

----------------------------ULOG!T 07JUL77 ----------------------------

ULOG!T REPORT 2 PAGE 5 

s T A T s T I c A L s u M M A R y 

.. 
0 F T N b t p E N 6 E N t 

.. 
1/ A R t A 8 CEs 

VARIABLE STANDARD LARGEST SMALLEST "NO." .. NA-~1E ................................. M"E"AN .... ·-·------DE\1"." ·············vALUE ............ VAL: UK ····uNITS .. . 

1 LANDUSE 1.60 0. 77 3.00 .00 CLASS 

2 EMPLY 16.21 26.59 169.52 0 0 EMP/100 

3 Tfiiw 
.... . .............. 

7 15 .... :j : 17 fo.oo .... 1:68 MIN/@·.J 

4 INPENT 3.89 .02 5.00 1 .00 PENTILE 

5 PDP PER ACRE 12.77 20.28 299. 1 1 0.0 POP/ACRE 

2 4 
. 2"". -o. 1843 

3 0. 4459 -o 0920 
4 o. 1929 0 0221 0.3441 
5 . 'o. 3808 CL0392 :..:·o-:·286"1 - -- CY:-60Ei3-

-~-0(3_1_? ___ ~()QQ_j}_f\J_f._~f!-~A_"!:_~_9_~) THE TOTAL NUMBER OF OBSERVATIONS READ 
----'f'ROM. ··rHE. 'CAL iBR·A-ffON ____ FTLE·-·j s··-· -2·1 :i:ib 

THE TOTAL NUMBER DF SELECTED RECORDS 
FROM THE CALIBRATION FILE IS 21220 - -- ............. .... . Hit totAL NUMBER Or. 
POSITIVE (WEIGHTED) VALUES IS 21220 

"LCIG 1_6 ____ 607-0 ··o N"F"CiRt.:iAtttlNT:·· CDE F'F i CfE'r~t·-·c"ALTB-RA ffOI~ -·p-RQC-EbUR-E. -E-f\ibtD __ _ 
BECAUSE OF NO IMPROVEMENT ALONG LINE. 
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MODEL 1 - Two Mode Model 

----------------------------ULOGIT 07JUL 77 

---···-··········'···ULOGI T REPORT 3 PAGE 

F I N A L C 0 E F F I C I E N T V A L U E S 

THE RESULTS OF THE COEFFICIENT CALIBRATION ARE: 

··ctltFF'fCYE'N'T" ............... ··-·- -F-Jt·iAL" ·····sT'ii"N'DAR6-- -------·-y:.:_· ----·-·c;·R-ADfENt' ---TOWE-R-- ·-uPPtR--
No. NAME VALUE ERROR RATIO (IF BNO.) BOUND BOUND 

i i\i 1:1:117 o.i634 ro:as·· 
2 B1 0. 1BB1 0.0799 2.35 
3 C1 0.0212 0.0051 4.13 

·····;.r ····A:i ·----------------------- ··· ···-.::cy:·3fi5 ··········o·:·2·1 ;n ·····::.·-L:i6 ___ _ 
5 
6 

82 0.0100 0.0024 4.16_ 
A BIAS 0.4714 0.3868 1.22 

THE INITIAL VALUE OF THE LOGLIKELIHOOD WAS -0. 14709E 05, 
·wHi:"(j~:- THE··- F-I NA'L VA'LUE"'\.jAS··-:..o-: 6"3663£ ··03 .. i\F'TER" ···g fTE'RA fi ONs··:·· 

THE LOGLIKELIHOOO WITH ALL ZERO COEFFICIENTS IS -0. 14709E 05, 
··wH fCE-- --EfY'"Tf,iCL U o·rNG·--·pu R"E ... A L"t"E R NA"Tt V E" -·-EfF-E c·r-s ... t'( ·ts···:..:·O":-:ifi" 1-7 !H~-- 6:3""." 

THE LARGEST LDGLIKELIHOOD FOR THESE DATA AND ANY MODEL 0.0 

··tE"St ··o-F···E"CiliAL···p-RQB"A"Efi.LI-TY-··-HVFlQ"TH·E-s·t·s···"i·s· ····o·:·2a·1·4"E···o5··· 
WITH 6 DEGREES OF FREEDOM. 

-,n~ s·-y- "i:J"F ___ A LfERNA--n i.iE·-·o E"P ENb.ENf P-ROBXBtCfT'l···HvP·tlft:.i"E:·s·:r·s ··fs ·······2"90·:·3··· 
WITH 5 DEGREES OF FREEDOM . 

. PSEUDo IFsoiJARC; ·:957 

MATRlX OF APPROXIMATE CORRELATION COEFFICIENTS 
FOR COEFFICIENTS NOT AT BOUNDS: 

COEF. 1 2 3 4 5 6 
2 -0.265 

.... ~f ---·--()",""140" ·.:..:a-:·:2"84"" 
4 0.038 0.119 -0.242 
5 0.183 0!.058 -0.059 0.060 

. 6 "6.496 .. 6:292 6:275 co:587 ·co.657 

6 
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MODEL 1 - Two Mode Model 

----------------------------ULOGIT 07JUL77 ----------------------------

ULOGIT REPORT 6 PAGE 7 

0 B s E R v E 0 v s E s T M A T E 0 T 0 T A L s 
... ..... .. ..... F ii If f A ··c···H ii T t E' R N ii T j \i E ·-·· 

·-- - - ............................................... STb-·. ·····c·b'Rff_- ·····cCiR"R":·- ········-Na-·:·-
ALTERNATIVE OBSERVED ESTIMATED RESIDUAL COEF. RATIO CELLS 

TRNS MODE 128.0 145.9 -1.520 0.010 0.010 18 

----------------------------ULOGIT 07JUL77 ----------------------------

ULOGIT REPORT 8 

T A B L E 0 F E L A S T I C T I E S 

-·- ······tLA-S"TtCTi'V ··n:iFi --ifltf:"f~-NAT"i\it·:··· 
A MODE TRNS MODE 

NO. NAME 
------------ ------------

1 LANDUSE 0 0.745E-04 c -0.603 
2 EMPLY 0 -o. 201E-04 c 0. 162 
3 ·nRw·· c o.ss5Fo3 ii -8.02 
4 INPENT c 0.906E-04 D -0.731 
5 POP PER ACRE c 0.335E-04 D -o. 210 

PROBABILITIES AT AVERAGE VALUES OF VARIABLES ARE: 

1.000 0.000 

NoH: . D !Nbici\tts ii. DIREct ELAstiCiTY wHiLE 
t INDICATES A CROSS ELASTICITY. 

'ECAstitii'I Es ARE i'iiiil.lfllfEb iii' tHE .. AiiERi\dETwEidHfEii) Vi\LUE 
OF THE VARIABLE VALUES AS LISTED IN REPORT 2. 

PAGE 

'Lb"t.~-26-- ff1'66 '"(fNFbR-~i-ATfd"N y·: ···r·Rac·E·ss fi·.fG--TNtfE-6 -F'Off-&SEI"EC-T. 'NUMifEif_ .. ·1·. 

LOG26 7000 JIN.FdRMATIDN): THERE WERE172936 EXTRA BYTES 
. bF coRE ALCottE'b FOR TABLEs 

8 

SINOFF 670Q (I NF()RMATI ON)'·· ULOGIT ENDED AT 15, 09 .46 (RETUR" CODE" ... OJ. 
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MODEL 2 - Two Mode Model 

----------------------------ULOGIT 07JUL77 ----------------------------

ULOGIT REPORT PAGE 

F 0 R M U L A A N D C 0 E F F I C I E N T 

···················-·········· ·····························s· ·p ··E··· c - f 'F ··r ···c· ·A····r ··1 ··a -·N ··s·· 

A MODE A2 * HWY COST -------------------------------------- ·······+····s2 ---- -- ---·-·············,~:··· I'NPE:"r-rf· 
+ A BIAS 

.. AT ..... - ·······--·-------···,;.····rtR\i"-
+ 81 * RETAIL WHOLESALE ACRES 
+ C1 * POP PER ACRE 

THE 6 COEFFICIENTS TO BE ESTIMATED ARE: 

COEFFICIENT 
NO. NAME 

INITIAL 
VALUE 

1 A1 0.0 
2 81 0.0 ------3·-c-·1-- ·------------- ······-O":·o···· 
4 A2 0.0 
5 82 0.0 e iisns· ···o.a··· 

LOWER 
BOUND 

3-6 

UPPER BOUND 
BOUND TYPE 

NONE 
NONE 

. ·····-·-·r-iONt--
NONE 
NONE ...... NONE. 
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MODEL 2 - Two Mode Model 

----------------------------ULOGIT 07JUL77 ----------------------------

ULOGIT REPORT 2 PAGE 

s T A T I s T c A L s u M M A R y 

0 F T N b E p E N b E N T v f. R i A 8 CE s 

STANDARD LARGEST SMALLEST VARIABLE 
·Ncf: .. NAME··· ............... MEAN bi"V. ........ VALUE iiAUiE ... liNits 

HWY COST 0.77 0.66 4.80 ... 0.10 .... $ ... 

2 INPENT 

:i TrRW 

4 RETAIL WHOLE 
....... sALt ACRES 

5 POP PER ACRE 

. 2 6. 2638 
2 

3 0.2862 0.3441 

3.89 

1 15 

37 .63 

12. 77 

1.02 

········-·-j-'"1'7 

42 .82 

20. 28 

3 

5.00 1.00 PENTILE 

16.66 ········1:oii '\IN/MilT 

243.00 0.0 ACRES 

299. 1 1 0.0 POP/ACRE 

4 

4 0.0539 0.0799 0.0887 
5-- -o OO'is·-- ·-·-o-:·ooG3-· ·--:.:6. 2ffG-.i". ·.:.:cy_--2532" · 

~0.~.1~ __ €?_999 .... P.t:J.~_f?_f3_~~A.!Xq_~). THE TOTAL NUMBER OF OBSERVATIONS READ 
---FROM--THE tALi'B'RATt6t\f--FtLE .. IS- . ::U22'0 

THE TOTAL NUMBER OF SELECTED RECORDS 
FROM THE CALIBRATION FILE IS 21220 . -- ............ tHE-- .. t'titA·L --NUMBEif .. OF... ··-···-·-- - . 
POSITIVE (WEIGHTED) VALUES IS 21220 

Tbil16 6676 ( !Nf'i:iliMAf ioN): CbEFF!cTENt cALisiii.TTbN PRi'icEI:liJiiE ENDED 
BECAUSE OF NO IMPROVEMENT ALONG LINE. 
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MODEL 2 - Two Mode Model 

----------------------------ULOGIT 07JUL77 ----------------------------

ULOG!T REPORT 3 PAGE 

F I N A L C 0 E F F I C I E N T VALUES 

THE RESULTS OF THE COEFFICIENT CALIBRATION ARE' 

··c-6E-FF'fC'i 'tN'T -----···················F:'ti,iAL ·····sTid·IDAR·o ··-···. ····t::: ....... G.R"i\DfE'Nt ····"LoW-E(R .. ··uPPER··· 
NO. NAME VALUE ERROR RATIO (IF BNO.) BOUND BOUND 

.. i .. AT ..... ········--·- o-:-98"34""" --------6-:"6724. f:L'"i'i--
2 B1 0.0059 0.0021 2.81 
3 C1 0 .0259 0 .0049 5. 23 .... 
4 ···-·A2- f··5-76s· b. 1273''' 12: 39 
5 82 0. 1629 0. 0749 2 18 
6 A BIAS -1 .9359 0. 3166 -6. 1 1 

THE INITIAL VALUE OF THE LOGLIKELIHOOD WAS -0. 14709E 05, 
WHILE" -THE F'iNAL ___ VAluE· WAs··--:.:o".65-161E 03 ·A-FTER-- 8 YTERA'fibNS-·:···-. 

THE LOGLIKELIHOOD WITH ALL ZERO COEFFICIENTS IS -0. 14709E 05, 
.WHIU::- B-Y- iN-CLl.JDiNG 'PiJRE 'ACTERNATIVE EFFECTS IT rs· -0:781i8E 03. 

THE LARGEST LOGLIKELIHOOD FOR THESE DATA AND ANY MODEL 0.0 

tEst bF tblii>C PROBABiLitY Hvf>btHEsTs is 6. 28 HE. o5· 
WITH 6 DEGREES OF FREEDOM, 

TEST. CiF''""AT_'fERNATtiiE ''DE"P"ENb(Nt" P"ROBXB'fi:TTY''''H'•{¢)6THE'STS'''fS"'' 260' 3 
WITH 5 DEGREES OF FREEDOM. 

MATRIX OF APPROXIMATE CORRELATION COEFFICIENTS 
FOR COEFF~CIENTS NOT AT BOUNDS: 

COEF 1 2 3 4 5 6 
2 0.070 .. 
3 ... 0.147 a-: i46 
4 0. 315 0. 154 -0.061 
5 0. 128 0.016 0.207 -0.278 ·····e ·······o·:-4s·7 6:255 

.. o:21o o:os9 .::o·.--6·2;r 

3-8 
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MODEL 2 - Two Mode Model 

----------------------------ULOGIT 07JUL77 ----------------------------

ULOGIT REPORT 6 PAGE 7 

0 8 s E R v E D v s E s T M A T E D T 0 T A L s 
...... 

i' 6 R E A c H A T f E R N A t I v T 

........................................................................................ ···sro-·: -·-··c-cJ·R·R-~ ·····c-CiR'if: -----------NiL __ _ 
ALTERNATIVE OBSERVED ESTIMATED RESIDUAL COEF. RATIO CELLS 

TRNS MODE 128 .0 165.9 -3.063 0.007 0.016 23 

----------------------------ULOGIT 07JUL77 ----------------------------

ULOGIT REPORT 8 

T A B l E 0 F E L A S T I C I T I E S 

... -.................... tl.A"S 'i' t c·I' t'l --F 'Off--A"LT"E-RNA-fi\i-E··:--
A MODE TRNS MODE 

NO. NAME 

HWY COST D -0.524£-03 c 1 . 21 
2 INPENT D -0.273£-03 c 0.633 ----3 TTRW 

.. ............. ··c .. 6.366EC62 i:i ···::.7··: .. 16''' 
4 RETAIL WHOLE c 0.958E-04 D -0.222 
5 POP PER ACRE c o. 142E-03 0 -0.330 

PROBABILITIES AT AVERAGE VALUES OF VARIABLES ARE: 

1.000 0.000 

Nth''E·~- .... 'D .. tr,ititc·A--(E·s· '"A '"b"IRE·c·y .. ELAS'f"fC"itY ··wHfL"E .. 
C INDICATES A CROSS ELASTICITY. 

E UistfCitiESi.RE .. E'iiit::UiltEb AT. tHE AiJEiliii;E(WEiGHTED) ·viiLUE 
OF THE VARIABLE VALUES AS LISTED IN REPORT 2. 

PAGE 

·Lai:;26 ii166 CiNFDRMAtibN)' fiR6i:XssiNG ENDED ·rai< &sELEci NUMBER f 

LOG26 7000. (INFDRMA_TION).: THERE WERE 172936 EXTRA BYTES 
-··a-F··-·c·a-Rt .. ALL"b'T"t.E'b" "FOR. "TABtJ::s·· -

SINOFF_6700 (INFORMATION): .. ULOGIT. ENDED AT 15,01.50 (RETURN CODE" 0) 

3-'J 
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MODEL 2-A - Two Mode Model 

----------------------------ULOGJT 07JUL77 ----------------------------

ULOGIT REPORT 

FORMULA A N D C 0 E F F I C I E N T 

A MODE A2 * INPENT ---------- .. ··························--·--·--+··-·s-2· · ··· ···· - -- ............ ,;.····rr~PLY ····· ······· ·· ····· ---- ····--· 
+ A BIAS 

..,;.-f ········· --- ----·------····*····rtRi.:r··· 

COEFFICIENT INITIAL LOWER UPPER BOUND 
Nb. NAME........... VALUE: ......... ilciUNo ... 86lJNb ..... TYPE .. 

1 A 1 .... 2 ii2. 
3 82 
4 A BIAS 

0 0 
oo 
0 0 
0 0 

3-10 

NONE 
NONE 
NONE 
NONE 

PAGE 4 

i .i 



MODEL 2-A - Two Mode Model 

----------------------------ULOG!T 07JUL77 ----------------------------

ULOGIT REPORT 2 PAGE 5 

s T A T I s T c A L s u M M A R y 

iJ' F T N b E ···p·· E N ti E N y ·v A ii T A B ··c···E···s··· 

VARIABLE STANDARD LARGEST SMALLEST 
.. Ntf:- NAM_E"_ --···r.-ftAfl . . 6EV~ ·-----··vii.'i.JJt . ........ liiiLD E DNTts 

-------- -------- --------
INPENT 3.89 1 .02 5.00 1 .00 PENT! LE ........ 

2 EMPLY 16.21 26.59 169.52 0.0 EMP/ 100 

CORRELATION MATRIX OF INDEPENDENT VARIABLES: 

1 2 
2 0.0221 

·-·3- -·-- o -... 34'41 ·····:.:·6:·o~ii6 .. 

LOG13 6000 (INFORMATION): THE TOTAL NU1·1BfR OF OBSERVATIONS READ 
--l-Rbi-.f-tHi(--CA'L l8r< !> i' i"Qi\f 'FICE···ts··· ···:2"1 :i26-- -- . 

THE TOTAL NUMBER OF SELECTED RECORDS 
FROM THE CALIBRATION FILE IS __ _?:_1220 

.... .. tHE tiiti\L NilMBEP OF. . ... 
POSITIVE (WEIGI-ITED) VALUES IS 21220 

'LbG·1·s···6076.lfNF6riM"t\'Tf6f,iy-; ···co·E·n:·rcTE-Nt···cA·L r B'RA"TTON ··r-RO"C-EOUR"E .. E"ND'Eb .. 
BECAUSE OF NO IMPROVEMENT ALONG LINE. 

3-11 



MODEL 2-A - Two Mode Model 

,---------------------------ULOGIT 07JUL77 ----------------------------

ULOGIT REPORT 3 PAGE 

F I N A L C 0 E F F I C I E N T VALUES 

THE RESULTS OF THE COEFFICIENT CALIBRATION ARE: 

··cb'tFF"fCtfNT- ------.. ·--------------F-fr\IAL ·····st"ifNtiARb ...... ····y:.:· ....... GRAbi.ENt .... IOViEf~- .. ··u-pp·fR ___ _ 
NO. NAME VALUE ERROR RATIO (IF BNO.) BOUND BOUND 

1 AT .. . Tob49 6.6875 11.48 
2 A2 0.3245 0.0756 4.29 
3 82 0.0086 0.0026 3.33 ... ·4··· A .... Efi'AS- ....... ------······:..:·:2":·2-969 ........ ·a·:-334_6 ____ -~-s-·.-a6··· 

.. T"HE"-·tNIYi td_~-- VAI"LfE-- tH: ··r-Ht·-·co·G'Lj KE .. CfH'06b' .. Wi-..'S·--·~cY ... f47'0!3"E' ___ 65-;··-·-··· 
WHILE THE FINAL VALUE WAS -0.64863E 03 AFTER 8 ITERATIONS. 

--T H. E --- L OG'L fi<:"E ffi-~f60 b. ·w t tH····A LT.····iE'R-tf ·c-b"E"FF'fCtE·f~ifS···:r ·s·-··.:.·o ·:·1· ".fi69 i(- '65 ·:··· 
WHILE BY INCLVbiNG PURE ALTERNATIVE EFFECTS IT IS -0.78178E 03. 
THE LARGEST LDGLIKELIHOOD FOR THESE DATA AND ANY MODEL 0.0 

TEST OF EQUAL PROBABILITY HYPOTHESIS IS 0.2812E 05 
WITH ...... 1 .... ~-~-~.R.~.~-~---g·~-- FREEDOM. 

TEST OF ALTERNATIVE DEPENDENT PROBABILITY HYPOTHESIS IS 
WITH 3 DEGREES OF FREEDOM. 

PSEUDO R-SQUARE " .956 

MATRIX OF APPROXIMATE CORRELATION COEFFICIENTS 
... F.b"R···c·o·r:·F-Fi.CTE.NfS .. N.Ot ... ki ··sb"UNO~:f: .. 

COEF. 2 3 4 
"""""2" ....... ()". 267 .... 

3 0. 133 -0 020 
4 o. 505 -0.680 -0 . 095 

............. .................... .!. .. . 

3-12 
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MODEL 2-A - Two Mode Model 

----------------------------ULOGIT 07JUL77 ----------------------------

ULOGIT REPORT 6 PAGE 7 

0 B 5 E R v E 0 v s E s T M A T E 0 T 0 T A L s 
F b R E A ··c···H A T t E R N A t i 1/ E 

..... ··-·-····-··································-···············-.. ·-·····stt.J"·: ·····c-cfRR-: ·····ca-R·R·:· ··········No·:·. 
ALTERNATIVE OBSERVED ESTIMATED RESIDUAL COEF. RATIO CELLS 

TRNS MODE 128.0 154.3 -2.155 0.009 0.006 15 

-----------------·-----------ULOGIT 07JUL77 ----------------------------

ULOGIT REPORT 8 

T A B L E D F E l A S T 1 C I· T I E S 

EU\stic!tv ToR i.UERNA'i!Vt: 
A MODE TRNS MODE 

NO. NAME 

1 INPENT 0 -0.38BE-03 c 1 26 
2 EMPLY 0 -0. 430E-04 c 0. 140 

·- ~f tTR\,j c·· ()._ .. 22--fE·:..oi· ··- [) ··:_7'''"1"9''' 

PRosAEiiLITlES At 11\rtRi>.dE.v-ifDES oi'VARTABLES ARt: 

1.000 0.000 

NOTE: 0 INDICATES A DIRECT ELASTICITY WHILE 
C INDICATES A CROSS ELASTICITY. 

ELASTICITIES ARE EVALUATED AT THE AVERAGE (WEIGHTED) VALUE 
OF THE VARIABLE VALUES AS LISTED IN REPORT 2. 

LOG26 8100 (INFORMATION), PROCESSING ENDED FOR &SELECT NUMBER 

LbG26 ?bob (iNFORMAtioN): ffiEiiEWEREi 733:36 EXTRA 8\'tfs 
OF CORE ALLOTTED FOR TABLES 

3-13 
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MODEL 2-B - Two Mode Model 

----------------------------ULOGIT 07JUL77 ----------------------------

ULOGIT REPORT PAGE 4 

F 0 R M u L A A N 0 c 0 E F F I c I E N T 

s p E c j F j c ;, t j 0 N s 

A MODE A2 * HWY COST ....... ·-·--·-·······························+···-B2- --------·········· ·········*····tNFlE"Nf··· 
+ A BIAS 

.. A f ...... ···------------------*····wt·R····fii~E--· 
+ 81 * RETAIL WHOLESALE ACRES 
+ C1 * POP PER ACRE 

THE 6 COEFFICIENTS TO BE ESTIMATED ARE: 

COEFFICIENT 
NO. NAME 

A1 

INITIAL 
VALUE 

0.0 
2 81 0.0 ······3 ci · ······· ··········· ······ o:o 
4 A2 0.0 
5 82 0.0 .... '6 ·A·-· BIA·s· ................... ····6:·o··· 

LmYER 
BOUND 

3-14 

UPPER BOUND 
BOUND TYPE 

NONE 
NONE 

. NONE 
NONE 
NONE 

···············noNE 



MODEL 2-B - Two Mode Model 

----------------------------ULOGIT 07JUL77 ----------------------------

ULOGIT REPORT 2 PAGE 

s T A T I s T c A L s u M M A R y 

ii F 
.. .. 

I N 0 t p t if 6 E N ·y T/ ;;. R i A 8 TEs· 

VARIABLE STANDARD LARGEST SMALLEST NO. NAME ......................... MEAN . . btl/ .... VACtJE .......... lii\LUE UNfi's .. 

HWY COST 0.77 0.66 4.80 0.10 .... ~ .. 

2 I NPENT 

4 RETAIL WHOLE 
-·-s-ALE AC-Rts·-·· .. 

5 POP PER ACRE 

2'' -b .--2038""' 
2 

3 0.3863 0.3141 

3.89 

37.63 

12.77 

3 

.02 

42.82 

20.28 

4 

5.00 

243.00 ... 

299. 11 

1.00 PENTILE 

0.0 ACRES 

0.0 POP/ACRE 

4 0.0639 0.0799 0 0903 
- ·s · ·.::o-·:oo75 ···o-:·ooG3 ·- ~6:·239·1 ·· ··:..·o :·2tl32 __ _ 

LOG1_3 ~0<?9_ ___ p_~_f.q_R~-~-T-~_q_~). THE TOTAL NUMBER OF OBSERV.ATIONS READ 
----F'Rbf~---"t'Hi( ·c-ALfBRA'T i"ON ___ F_i LE··-ts·· ................ 21226 

THE TOTAL NUMBER OF SELECTED RECORDS 
FROM THE CALIBRATION FILE IS 21220 ...................... ···········-----------fHE"·- fbtAI:-- NO~~-B ·E·R· ··-o-F··· 
POSITIVE (WEIGHTED) VALUES IS 21220 

Cod 16 6076. CiNFbRMi\i'rbN): c6EFFfciEr'it ti\U8RATT6N PROCEDURE ENoEb .. 
BECAUSE OF NO IMPROVEMENT ALONG LINE. 

5 



MODEL 2-B - Two Mode Model 

----------------------------ULOGIT 07JUL77 ----------------------------

ULOGIT REPORT 3 PAGE 

F I N A L COEFFICIENT V A L U E S 

THE RESULTS OF THE COEFFICIENT CALIBRATION ARE: 

tbEf'i'lciENi' 
NO. NAME 

......... FTNi~L ·····stA:Ntiid~t)· ..... ······r:.:.·· ··- --G·R-ADfE"r-ji' ----fOWi(Ff ···upP-tR 
VALUE ERROR RATIO (IF BNO.) BOUND BOUND 

i Af. 
2 B 1 
3 c 1 
4 A2 
5 B2 
6 A BIAS 

o:012a · · o.o6n · n:a4 
0.0052 0.0020 2.55 
0.0180 0.0050 3, 

- -f:-9-4'38 --0'·:·14o3 ---"f:L 
0.0433 0.0734 0.59 

-4.1861 0.2854 -14.67 

THE INITIAL VALUE OF THE LOGLIKELIHOOD WAS -0.14709E 05, 
·wHTu~ -TH"E: Fif~AL'VALLiE- WAS . ...:o·:-69'487[- o3--AF-TtR 7· i'TERtltiONS--:--

THE LOGLIKELIHDOD WITH ALL ZERO COEFFICIENTS IS -0. 14709E 05, 
··wH·i LE····gy···I NCLUb i NG- PUR-E". ALT ER-N"t\:fi VE: ··E-F F ECT"s·· IT ___ fS- ·:.:o :·78Ti8E. 63. 

THE LARGESl' LOGLIKELIHOOD FOR THESE DATA AND ANY MODEL 0.0 

··y£ St. b"F_ .. f6Ui\"L-··p·ROBXEfi CI'TY-- ·~::(yp-Q'fH'E_S_I"S. r-s--· -·o·.--2s·o:.3E ··os·-­
WITH 6 DEGREES OF FREEDOM . 

. t'E St oF--·ALfERf,ftit fVE. bEP ENDE'Nt' P-ROBAB I L"ffy""HYPtiTHE-STS---i s· ........ 1 73 ." 8--
WITH 5 DEGREES OF FREEDOM. 

p·s-E\Jbb" ·rf.:.·s-OUAfH~-- -;-· ·-_- 953·--

MATRIX OF APPROXIMATE CORRELATION COEFFICIENTS 
FOR tDEFFICIENTS NOT AT BOUNDS: 

COEF 1 2 3 4 5 6 
2 0. 098 

.. "j•" ... b .'097 ---·o·.-"2-62 ·· 
4 0. 702 0. 148 -0.009 
5 -0. 012 g, 031 0. 142 -0. 201 .. 
6 0. Oil7 0. 237 o:Tss 6 .oi4. '6.832 

3-16 
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MODEL 2-B - Two Mode Model 

----------------------------ULOGIT 07JUL77 ----------------------------

ULOGIT REPORT 6 PAGE 7 

0 B S E R V E D v s E S T I M A T E D TOTALS 

••••••••••••••••••••••••••••••·•••••••••••••••••••••••••••••••••••••••••••••••• h sfb. CbR'R. CbiiR': . ··No. 
ALTERNATIVE OBSERVED ESTIMATED RESIDUAL COEF. RATIO CELLS 

AMiibi'·····················2T692:6 .. 26992.6 ·h·'i.697 6.66T 6:666.. 2T 

TRNS MODE 128.0 178.4 -3.856 0.006 0.006 20 

----------------------------ULOGIT 07JUL77 ----------------------------

ULOGIT REPORT 8 

T A B L E 0 F ELASTIC T I E S 

.. .... tLA:StTC.ITY ··FtiR···x-ctE ffr·U-t fVE·:· . 
A MODE TRNS MODE 

------------
HWY COST D -o. f95E-02 c 1 .50 

2 INPENT 0 -0 .219E-03 c o. 168 
3 '\hiiHMt··· t 6. 48f(C62 b .. C3:69 . 
4 RETAIL WHOLE c 0.253E-03 0 -o. 194 
5 POP PER ACRE c 0.300E-03 0 -0.230 

PROBABILITIES AT AVERAGE VALUES OF VARIABLES ARE: 

0.999 0.001 

Nbtt: b iNoiciii'Es ii bii<Ect tliisHtitY wHiLE 
C INDICATES A CROSS ELASTICITY . 

.. i'Ustitft!EsiiiiCi'Vi\Luiii'Eb A r··rHEiiiiERAGE .. (~i!'idHti'b) ViillJC 
OF THE VARIABLE VALUES AS LISTED IN REPORT 2. 

LDG26 7000. (P':Jf.f?.8.~A.T..I_~.~J:. THERE WERE 172936 EXTRA BYTES 
iiF CbfiE. iltlbttEb FOR t Ai3Cts 

PAGE 

SINOFF67QQ (INFORMATION)' ULOGIT ENDEOAT21,50.4B(RETURN CODE" Ol 

::-17 
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MODEL 3 

Five Mode Model for Work Trips 

----------------------------ULOGIT 07JUL77 ----------------------------

F 0 R M U L A 
.. ... . . .. .. s p 

WOA 

··r-RANS·r·t····· 

ULOGIT REPORT 

A N D C 0 E F F C I E N T 

E c j F c A- t j 6 N 5 

A1 * HGWY SKIM TIME 
+ 'Iff-. -·· ········,;,·· PtNtTLi(. 
+ A BIAS 

··;,;T· ............ -,;,-···H-ONE··· 
+ 82 * EMPLY 

--.f.\"(. ------ .... ·······-·*····H-TWO" ... -
+ 83 * RLF PER ACRE 

--id··· - ······,;,·---~-{tHR-tE"--

+ 84 

lis 
+ 85 

* AUTOS PER POP 

........ -··,i;·· i>/"TRNs···yyM·E'·--­
* ZERO AUTOS 

THE 8 COEFFICIENTS TO BE ESTIMATED ARE, 

.. C.tl"E F'FTCtE-i\it··· - ........ "!NfffAT_--- ········coWtff-
NO. NAME VALUE BOUND 

. 1 Ai 
2 81 
3 A BIAS 
4 82. 
5 83 
6 B4 
7 A5 ... 
8 B5 

o:o 
0.0 
0.0 

. 6.6 
0.0 
0.0 · o:o· 
0.0 

3-18 

--Df'iP_E_R ·····s·our.:.Jo··- ·· 
BOUND TYPE 

NONE. 
NONE 
NONE 
NoNE . 
NONE 
NONE 

···N-ONE··· 
NONE 
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MODEL 3 

Five Mode Model for work Trips 

----------------------------ULOGIT 070UL77 ----------------------------

ULDGIT REPORT 2 PAGE 

s T A T s T I c A L s u M M A R y 

i'i F I ··r:.f'"D" E p E N i'i E N t ······-;;F·A R i A 8 TE s 

VARIABLE STANDARD LARGEST SMALLEST 
ND.;NiiMC ................ .. .. MEAN . bEY. .. VALUE iiiiLOE ON!fs 

------------ ------- -------- --------
HGWY SKIM Tl 18.24 8.96 70.00 -------Mf(. 

2 PENTILE 3.91 0.97 5.00 

4 EMPLY 35.66 48.28 16_3 .9~--

5 HTWO 20.32 9.00 72. 10 

7 HTHREE 21 .93 8.96 73. 70 

8 AUTOS PER PO 0.98 1 1 .47 253 .00 
p 

. ···-~f-·W't"RNS. TiME 
...... 

266.66 211:53 566 66 

10 ZERO AUTOS GL 12. 70.44 .328. OCJ ... 

CORRELATION MATRIX OF INDEPENDENT VARIABLES: 

"2"" ··············::f'' .... 4 ............ 5 

9 
2 0. 1640 

·----~f ·-·-··o·: Si:'h6 ·------6~--1'6-gj·-···-
4 o. tsto -o ossa 0. 1524 
5 0.9967 0.1696 0.9992 0.1524 

····6· · tf: 03s·t:;-· ---- ·6:·o6G,f-· ·- ·o-:-6'386' .. ·:.:o·:T4 fG ·- ·o-:6:37"9 · 

2.00 .MINUTES 

1.00 PENT 

3:TO i.i!NiJrEs 

0.0 EMP/100. 

4. 10 MINUTES 

5.70 MINUHS 

0.0 AUTO/POP 

22:60 ···r~:;INUfE·s··· 

0.0 FAMILIES 

7 0.9971 0.1626 1.0003 0.1518 0.9992 0 0362 
8 -0.0126 -0.0883 -0.0123 -0.0104 -0.0123 -0.0365 -0.0125 

-----~i ······ o·:·3·3·3·s··· -----6-. :J:ia?"· ······a-: 3"3-49 ·····:.:o·:-O"sss· · · ··o-:"334·s·· · ::.6: ·13"3_2 __ -··--o-:-3"34o··· 
-0.0185 

10 -0.1946 -0.6326 -0.1923 
-··--·-·cf.--1·4·6-ff" ···::.·6·. ·304 1 · 

o.o413 -o. 1922 Q.0853 -0.1945 

LOG13 6000 ___ ( __ I_~X_q_R~1ATIQ_~)_ THE TOTAL NUMBER OF OBSERVATIONS READ 
FROM tfiE tALI ilRiit!of.J f'iiX r s ...... .. ... \6165 
THE TOTAL NUMBER OF SELECTED RECORDS 
FROM THE CALIBRATION FILE IS 10165 

. -h-it···--fOTAL. NtJMBER···aF·· 
POSITIVE (WEIGHTED) VALUES IS 10165 

LoG1G 6076 (INFORMilfi@), cdEFFiciENf tiil.fEiiiAtToN PROCEDURE ENDED 
BECAUSE OF NO IMPROVEMENT ALONG LINE. 

3-19 
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MODEL 3 

Five Mode Model for Work Trips 

----------------------------ULOGIT 07JUL77 ----------------------------

ULOGIT REPORT 3 PAGE 

F I N A L C 0 E F F I C I E N T V A L U E S 

THE RESULTS OF THE COEFFICIENT CALIBRATION ARE: 

··c·a·E·F--F·i-C'i:"E:"i\f( -··--··················F-fN"AL ·····sfA-NDAR·o·· ···········T"::· ....... G.ffACifE·Ny·-· fCi~iE'f;f·· -UP PE'Ff·-· -
NO. NAME VALUE ERROR RATIO (IF BND.) BOUND BOUND 

·-·r- .. Ar·· 
2 81 
3 A BIAS 

---- 4 ···si"·· 
5 83 
6 B4 
7 . A5 
8 85 

--·o-:·3·4-66 ··········6·:o2·3·4 ----·T4 ~-a-·c··· 
-0.0830 0.0300 -2.76 
- 1 . 7602 .... ··:.:a-: 0624''' 
0.1225 
1 '5972 

. 0': 1"2'07" 
-0.0007 

0.1278-13.77 
··6-:606i- ·::·3 ~-GT .. 
0.0145 8.47 
0.2370 6.74 

----··o·.ooa3 ----14>i7-
o.oo13 -o.ss 

THE INITIAL VALUE OF THE LOGLIKELIHOOD WAS -0.163GOE 05, 
WHILE THE FINAL VALUE WAS -0.53323E 04 AFTER 9 ITERATIONS. 

THE LOGLIKELIHOOD WITH ALL ZERO COEFFICIENTS IS -0.16360E 05, 
WHILE BY INCLUDING PURE ALTERNATIVE EFFECTS IT IS -0.53464E 04. 

··rHE···LA-ffG-ESf- 'lbGLikE"Li'HdOb FOR -THE.sE"'DATi~· ANO"'AN'Y. ;,;O"Q'e"C- O":·o--

TEST OF EQUAL PROBABILITY HYPOTHESIS IS 0.220GE 05 
··wiT1-C- ·a bE'GRE'E_S_ .. bF F"iH~'Ebb'~L· 

TEST OF ALTERNATIVE DEPENDENT PROBABILITY HYPOTHESIS IS 
witH 4 DEGREEs OF FREE'boM. 

PSEUDO R~SQUA.RE = 

"MA'fR'i X" "ci·F····A"PF1R·o·x n1A"tE .... Ctif.iR-E Lt\TTON ·coE F·n C-fE.Nts·-­
FoR COEFFICIENTS NOT AT BOUNDS: 

28.26 

··c-b'EF·:··· - ···1············--···2 ---·-··········"3 ................ 4 .......... ----·5·· ............... 6··- . ·-- 1". ····a--. 
2 -0.039 
3 0. 2 8 2 .:-:0;.. __ 9. __ 1_!3 __ 

···--4 · --·-a :o93-- -o. o46 ·--·o-: ~z-:n .. 
5 -0.193 0.008 0.071 0.216 
6 -0.506 0.025 -0.043 0.149 0.245 
'i-- --o-. sss --.-.:o-.- o1s 0':·2-7:3" · ·6:·124-- ~o .--1sG · ·:0':-;fGO .. 
s -0.065 -0. 160 0. 142 0.023 0.030 0.047 -0.253 
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MODEL 3 

Five Mode Model for Work Trips 

----------------------------ULOGIT 07JUL77 ----------------------------

ULOGIT REPORT 6 PAGE 

0 B s E R v E D v s E s T I M A T E D T 0 T A L s 
F 6 R. E A t H A T t E R N A t T 1/ c· 

·--... ··············· ... .. ....................... ···················stO"·:·· ···c-CJ"Rif. ·····cb'ifR·: ·········-·Ni:f~---
ALTERNATIVE OBSERVED ESTIMATED RESIDUAL COEF. RATIO CELLS 

WONE 

WTWO 

wtHfiEE 

TRANSIT 

........ ..... 

946 .() 

219 .0 

'136:6 

86.0 

8 15 7 

324 5 

········ "152:3 

110.3 

4 763 0.000 0.002 10 

-5. 971 0.001 0.004 8 
...... ·cr:ars · 0:001 . 6:666 3 

-2.519 0.006 0.029 24 

8 

----------------------------ULOGIT 07JUL77 ----------------------------

ULOGIT REPORT 8 

T A 8 L E 0 F E L A S T I C I T I E S 

...................... ECiistii::TtY ToR iiLTERNATTiiE: 
WDA WONE WTWO 
WTHREE _ _TRANSIT 

HGWY $.~-~~ TI 0-0.729 C ------ .. ·-···c··· ···!Ls·a ----------·····c- 5.58 c 5.58 
5:58"" 

2 PENTILE D 0.375E-01 C -0.287 c -0.287 
c -0.287 c -0.287 ·····3- ····Ho-Nt·· ....................... c··- ··cy: 5!=;"'1 ........ ....... 0" ---··:.:6--:--1"3··· ...... C. ····o-·:·ssT·· -
c 0.551 c 0.551 

4 EMPLY C -0.692E-02 D 0.770E-01 C -0.692E-02 
-------------------- -··c· --~.:cs· ·GS2"f:.:o2· · .. c ··::a-:·G·9-2t::·6;c 

5 HTWO C 0.188 C 0.188 D -6.84 
c 0.188 c 0.188 

..... 6. ····RcF···pE·R 'AC'i:fE ·····c --·· o·.--1-E!6·E·:.:cy1···· c· ····a :·T86t::.-o-1 ·····o· ·::.·6·:-G?~f 
C 0.186E-01 C 0.186E-01 

7 HTHREE C 0.487E-01 C 0.487E-01 C 0 487E-01 
· ······· ·············-o· -- .. ::.·;.;-:·5·4-- ·· -------··c ·····6:-4f3"7E·::.·o-r·--·· 

8 AUTOS PER PO C 0.100E-01 C 0. 100E-01 C 0. 100E-01 
0 -1.55 C 0.100E-01 

·····s· ··· W'fff~rs·· TIME- ··--······c· ·-·-o-. ·:z3·2·E·:.:·1·o · ··c ····O":·:z-32t::.-f6 ·-··c- ··· o·.--:z3:-xE·.::-1"c.:;-· 
C 0.232E-10 0 -32.1 

10 ZERO AUTOS C -0.308E-13 C -0.308E-13 
... (·co. 368Fi3 D .. a: 42si"'Ci:jf 

0.884 0.082 
·····- 0.o66 ·················o:0oo 

NOTE: 0 INDICATES A DIRECT ELASTICITY WHILE 
............ c·!NbiciltEs A ti<iiss EliisticTtY: 

C -0.308E-13 

ELASTICITIES ARE EVALUATED AT THE AVERAGE (WEIGHTED) VALUE OF .... tHE .. VARIABLE ··vA'LUE S. ·As--··cr ST E6---ft,j ___ R_E~-;oRT" _____ 2_." __________________ _ 

LOG26 8100 (INFORMATION): PROCESSING_ENOEO FOR &SELECT NUMBER 

LOG26 7000 (INFORMATION): THERE WERE170G20 EXTRA BYTES 
OF CORE ALLOTTED FOR TABLES 

PAGE 

SINDFF 5700 (INFORMATION): ULOGIT ENDED AT 18.26.01 (RETURN CODE• O) 
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MODEL 4 

Five Mode Model for Work Trips 

----------------------------ULOGIT 07JUL77 ----------------------------

ULOGIT REPORT 

F 0 R M U L A A N 0 C 0 E F F C I E N T 

WDA A 1 * TIMEDA .................................................... + ... BT' ·······-····················*····ptNffLt··· 
+ A BIAS 

'\16NE.. --,.\"1- .............. ·······- ·---··,t····r-r-ME--1 --

WTWO A1 • TIME2 --------·········+·· -EEf --. ····--------- ......... ,;;···p'(jp···p·E-R -.. ft#E .. 
+ P2 BIAS 

··A-1 ......... -·----------------,.;··"TIME'3··· 
+ C4 * COST3 

TRANSIT 

+ 

A5 
+ B5 

··· -------·-------------+··· r··-Enl .. ·s··-
* WTRNS TIME 
* AUTOS PER POP 

COEFFICIENT INITIAL LOWER UPPER BOUND -·Ncf: --NA-ME .................... VA-uJE" ----------B'bUNb'-- .. ·-·soUND ___ ----i"Yi='r( 

1 AI 0.2620 ...... i ·sT ......... ------ .... ··------~-6·:-1"6-10··· 
3 A BIAS -1.5290 
4 B3 0.0110 ..... 5 !'>2 sills ............... 1:6766 
6 C4 -0.0740 
7 P3 BIAS 1.4480 

··· ii·J..s ········ · o:os1o 
9 85 -0.0070 

10 T BIAS 0.8310 

NONE .... ··········NoNE. 
NONE 
NONE ........ ·NoNE 
NONE 
NONE ........ ··f,itiNE····· . 

NONE 
NONE 

PAGE 5 



MODEL 4 

Five Mode Model for Work Trips 

----------------------------ULOGIT 07vUL77 ----------------------------

ULOGIT REPORT 2 PAGE 

s T A T I s T c A L s u M M A R y 

0 T j N b E p E N 6 E N T ·v A R i A 8 TEs 

VARIABLE STANDARD LARGEST SMALLEST ··Nti": .. NA'iiE.. . ......................... -M-fAN ------······· ·or.-v·:· ············vid.IfE. . \/ALUE -·-·m-itTS··· 

TIMEOA 18.24 8.96 

2 PENTILE 3.91 0.97 

4 TIME2 20.32 9.00 

5 POP PER ACRE 15.06 19.79 

.. 70 .. 00 .. 

5.00 

72. 10 

268.69 

2.00 MINUTES 

1.00 PENT 

4. 10 MINUTES 

0.00 POP/ACRE 

.... 6 fiME:l 
................... 

21.93 ............. 8:96 ......... 73:76 .. 5:76 MINUTEs 

7 CDST3 1 .02 3.63 19.36 0.08 CENTS 

8 WTRNS TIME 266.00 211 . 53 500 .. 00 22.00 MINUTES 

······9 iiUtos·iitR fia········· 6.9a n:4r··· 253 .. 66 o:6·····iioto/iiae· 
p 

CORRELATION MATRIX OF INDEPENDENT VARIABLES: 

1 2 3 4 5 6 7 
8 

2 6 .. \640 
3 0.9970 0. 1693 
4 0.9967 0. 1696 0.9992 
5 -------O'·:·o-..;--1·2 6:6769 

.... 
6:6430 o:o4:i2 

6 0.9971 0 .. 1626 1 .0003 0.9992 0.0421 
7 0.0579 0.0565 0.0585 0.0585 0.5053 0.0583 
8 '"'''6:3335 ... '''(f:':3'i8;'i -----·-·a :·3349 ... ···cf:-3"3_4_8_ -----~o·:-13:i;,f ·· -··c:;-_- 334·0 ---~·6:"67'f6"'" 

9 -0.0126 -0.0883 -0 .. 0123 -0.0123 -0.0366 -0.0125 -0.01 12 
-0.0185 

LOG13 6000 (INFORMATION): THE TOTAL NUMBER OF OBSERVATIONS READ 
FROM THE CALIBRATION FILE IS 10165 . ---········ ......... ··--··· --···· .. ·--· YH"E. --TO i' AT ... NUMB E" R---OF ___ ·stL E"CT .E. b" ---ffE·c·o-ROS··· 
FROM THE CALIBRATION FILE IS 10165 
THE TOTAL NUMBER OF . ................... .... ......... .. .... eosi Ti VE (\4Efd>itE(]) iiiiLUEs Ts .. . . i6f65 

LOG16 6070 (INFORMATION), COEFFICIENT CALIBRATION PROCEDURE ENDED 
BECifUSE ____ (ff- NO fr.;PROVEMENf--A"LONG··· LrN"i(:··· 

3-23 
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MODEL 4 

Five Mode Model for Work Trips 

----------------------------ULOGIT 07JUL77 ----------------------------

ULOGIT REPORT 3 PAGE 

F I N A L C 0 E F F I C I E N T V A L U E S 

THE RESULTS OF THE COEFFICIENT CALIBRATION ARE: 

··co·E·F-FfC"f_E_N_f ·······················r<fNlL ·····stAFiDAR·o· ·········- ·r~ ....... G-Rid)fENf .... I6\\iE"R ·····o-PPE_R ___ -
NO. NAME VALUE ERROR RATIO (IF BNO.) BOUND BOUND 

·····1·····A·1··- ...... ---·---------·········6~-~Hf26"· --------<Y:02 T9 ·····1'1··:~15··-·-. 

2 B1 -0.1010 0.0295 -3.43 
3 A BIAS -1.5290 0.1218 -12.55 
4 83 . . 0:6116 6.6648 2: 27 . 
5 P2 BIAS 1.0760 0.0971 11.08 
6 C4 -0.0740 0.0148 -5.02 --._,---- p·3· ·sTA_S_ .................. ·c·4-,"f86 ------····o:·Tf6--1- ···T2·~·4 7 . 
8 AS 0.0810 0.0070 11.58 
9 85 -0.0070 0.0039 -1.80 ··To· ···r-·EHAS _______ - ··············O".·a:Ho··· ---·-·o·:-:328"3-- 2'~·53··· 

··r-Ht .. t N If I' id_.:···v A'LUt 'ti"F. -- fH"E ---Lb"GL i'K"ELI"H'OOO' .. \JA·s·-··:..·o-:·5·2 4"i8t---o.4":··· .. 
WHILE THE FINAL VALUE WAS -0.52428E 04 AFTER 1 ITERATIONS . 

.. t"H"E···L b'G"L"fkE 'LIH"b"Ob··-wttH" ... A L c·· -z·E·tHf-Cti E "Ff: .. fCYE NT s··-rs·. --.:.·o--.--1- 6 3"60.(. 6€5';··· 
WHILE BY INCLUDING PURE ALTERNATIVE EFFECTS IT IS -0.53464E 04. 
THE LARGEST LOG LIKELIHOOD FOR THESE .. DATA AND ANY MODEL 0 0.0.. 

TEST OF EQUAL PROBABILITY HYPOTHESIS IS 0.2223E 05 
WITH 10 DEGREES OF FREEDOM. 

TEST OF ALTERNATIVE DEPENDENT PROBABILITY HYPOTHESIS IS 
WITH 6 ~ ~·~-~-~-~-~ ... 9.~ ... f.8.~.~Q9.~.: ... 

PSEUDO R-SQUARE . 6BO 

"MA''fRIX-- --o ·F·---A"P F•R-Cl'XT ~~-A-i'E .... C"OR_R_ EtA f ION. ·caE·F-FtC·i ENT s·-· 
FOR COEFFICIENTS NOT AT BOUNDS; 

207.2 

--c·a·E·F': ....... T ..... ·- ... 2 ................ 3 .......... ·····4--· "''"'5"""•"····--·6•"''"''"'""'"'"7"""'"''""'"'"j:f" 

1 2 3 4 5 6 7 8 
2 -0.046 
3 . 6:24 j C6":946 
4 -0.003 0.020 -0 019 
5 -0.223 -0.005 0 049 -0.593 

-·- (f ----.:.:o·.-0'1"2 ... --o-:·624- .. :.:O":·o2s ··---6:-oTo- --.:.·o·:oos·--
7 -0.488 0.019 -0.041 0.000 0.202 -0.321 
8 0.732 -0.014 0.159 -0.004 -0.162 -0.017 -0.357 

-- Ei .. · ·.:.·o-:oga· ··.:.a·: 6:35 --·--O":·ofJ- ·:.:.cLoo3 ----o·:·o::i4 · :.:o-. ·o6'2- --·6:-oti'B --:.:·o-:·67"2 ... 
10 0.331 -0.063 0.150 0.003 -0.044 0.011 -0.136 -0.364 

3· 24 
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MODEL 4 

Five Mode Model for Work Trips 

----------------------------ULOGIT 07JUL77 ----------------------------

ULOGIT REPORT 6 PAGE 9 

' 0 B s E R v E 0 v s E s T I M A T E D T D T A L s 
.. . .. F ii R E A t R ·····A·T· t E ii Ti A T i 1/ E' 

.. . ..... ... ..... . . .. . .. sto. tbRii: Coiiii: Nb: 
ALTERNATIVE OBSERVED ESTIMATED RESIDUAL COEF. RATIO CELLS 

··wD"if .. .. 
· s'ia4:o · · · --· ·······a-,;,. :i i · · ·'i ······-·· ··r:G-T7 b oM o:oos 15 

WONE 946 .0 958 .9 -0. 439 0 000 0.001 7 

WTWO 219 .o 217 .7 0.086 0.001 0.000 3 

TRANSIT __ 86.0 118.4 -3.119 0.010 0.033 22 

----------------------------ULOG!T 07JUL77 ----------------------------

30SEPBQ_ 16.46.42 ULOGIT REPORT 8 

T A B L E 0 F E L A S T I C I T I E S 

.............................. EtAS-ttCTT'Y ··F·o-R A:Ci'ER'NJi't'IV·E··;·· 
WOA WONE WTWO 
WTHREE TRANSIT . 

TIMEDA D -0.619 C 4.16 c 4. 16 ...................... c 4.16 c 4.16 
2 PENTILE D 0.511E-01 C -0.344 c -0.344 

c -o. 344 c -o. 344 
--·3· ttMtr······················c o.4as·····----·····o· '4:58·····--··c· o.4ss 

c 0.485 c 0.485 
c 0.114 c 0.114 · · ------t- ··· o·:-fi'4 ········· ··· ·c··- <Y:-Tf4 .... 4 TIME2. 

5 POP PER ACRE C 0.353E-02 C 0.353E-02 
C 0.353E-02 C 0.353E-02 

D -5.21 

D -0. 162 

6 ·nMt3 ............. c···o.764E'6i c;···o:7b4Fb1 t b.764Fii1 
D -5.68 C 0.704E-01 

7 COST~ C -0.928E-03 C -0.928E-03 C -0.928E-03 
.. . . ··o· ·o.748Fbi c co: 92BE'b3 . 

8 WTRNS TIME C 0.629E-07 C 0.629E-07 C 0.629E-07 
C 0.629E-07 D -21.5 

·9 i\Ui'os.Ptii Po t 'b.266Fi6 c 'b:2bof'ici t 'b.26bt'ib 
C -0.200E-10 D 0.6B6E-02 

PROBABILITIES AT AVERAGE VALUES OF VARIABLES ARE: 

·-----················ .. ····· 6".""87'{""'" ..... ···········0":'09'6' ....................... 6 .. 62'1'" 
0.012 0.000 

NotE: 6 iN6iciltE5 ii biiiECf ELiisfitHv wHiLE 
C INDICATES A CROSS ELASTICITY . 

. ELlis tic ifH s ARt···EIIiiCUili'ED. i\f THE .. AVERAGE( liE! i:iHtEti) "VIiLDE. 
OF THE VARIABLE VALUES AS LISTED IN REPORT 2. 

PAGE 

TbG26 il166 CiNFOR"AtibNT: PRocESsiNG EfJbEb FOR &sELEct NUMBER .. f 

LOG26 70Q:Q .. U.~.f..g~-~-1A.lJ~.~.L .. THERE WERE 166248 EXTRA BYTES 
oF cbiiE iiLLbTTEti FoR tAiJLEs . 

10 

. SINOFF G700(INFORMATION): ULOGIT.. ENDED AT 16,54.27 (RETURN CODE= . 0) .. 
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MODEL 5 

Five Mode Model for Work Trips 

----------------------------ULDGIT 07JUL77 ----------------------------

ULOGIT REPORT 

F 0 R M U L A A N 0 C 0 E F F C I E N T 

WDA A1 * PENTILE ------------ .. ·--------------------------- ··················+····s r · · · ··---------------------.i:····C"as·T"oA··· 

WONE 

WTWO 

WTHREE 

TRANSIT 

B2 * COST1 
+ BiAST- . 

83 * COST2 
+ B iAS-2 

* POP PER ACRE A4 
.f."' "84"'•- ------- ....... ·.;, .. C'OS'f3 

A5 * TTR ............................. ·+···ss- ...... ---·············*·· fRNs·· FARE .. 
+ C5 * AUTOS PER POP 

THE 11 COEFFICIENTS TO BE ESTIMATED ARE: 

··cn"E'F-F'iCTEN·f· ... --········ .. fN'ifiAL ........ Li}viER ·- ·-uPPEi:f ··-·soUNtf 
NO. NAME VALUE BOLH-.JO BOUND TYPE 

1 A-1 ---------·-o-:·o·· 
2 81 0.0 
3 82 0.0 

· · 4 iiiAsf ············· ·· o:o· 
5 B3 0.0 
6 BIAS2 0.0 
1 ·A4· · o-:·o--
8 84 0.0 
9 A5 0.0 

··· 1o 95···· ·····o:o 
11 C5 0.0 

"NONE ___ . 
NONE 
NONE -------··········-············· N'C)NE" .. --

3-26 

NONE 
NONE 
NONE .. 
NONE 
NONE 

.. NdNE .. 
NONE 
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MODEL 5 

Five Mode Model for Work Trips 

----------------------------ULOG!T 07JUL77 -----------------------··----

ULOGIT REPORT 2 PAGE 6 

s T A T s T I c A L s u M M A R y 

..... 
6 F 

... 
j N b ··E···p· E N ti E N t . v .A' .. R. i ii 8 TE s 

VARIABLE STANDARD LARGEST SMALLEST 
No. NAME ........ 'MEAN·········· ·oEV. . VALUE····· Viii.iJE "UNits· 

------------ ------- -------- -------- --------
PENTILE 3.91 0.97 5.00 .00 PENT 

2 COSTOA 63.35 47.61 330.00 7 .00 CENTS 
.. 

3 cosn ... .. ............... 
33.67 ···-23-.i:H 167 .66 

....... ....... 5 :so cENts·· 

4 COST?. 25. 10 15.89 1 14 00 6. 33 CENTS 

5 POP PER ACRE 15.07 19.78 268 ,69 0.00 PDP/ACRE 

7 TTR 5.03 1. 99 7.00 1. 19 .. MIN,/MIN . 

B TRNS FARE 19.30 17.41 35.00 0.0 CENTS 

. 9 Autos ·rtil iiii .. ... . 6.45' o. 18 .... 2.45 . 6.6 ..... i\Ot6/P6P 
p 

CORRELATION. MATRIX OF INDEPENDENT VARIABLES: 

2 3 4 5 6 7 
8 

-- 2 . ('f. 23{fi 
3 0.2365 0.9986 
4 0.2385 0.9987 0.9994 

·····5· ·······o·.·o699 ---- ··O":·T;,L2'7 ········6:-T425. · ---- <Y:·f,f:2~i · 
6 0. 2367 0. 9994 0.9996 1.0002 o. 1424 
7 0.3354 0.2308 0.2302 0.2311 -0.1766 0.2306 

.. ·a - ··.:·<Y:"J 17tf ----~-6~-36T6 ·····:.:o-:·3616 ... ·.::6'. 3606 ____ ····o·:T1'96' ····:::o-·:-36'2T ·-··:.:6:·a·~~HG .. 
9 0.0810 0.0628 0.0620 0.0634 -0.0979 0.0611 0.0762 

-0.0722 

LOG13 6000 (INFORMATION): THE TOTAL NUMBER OF OBSERVATIONS READ 
FROM THE CALIBRATION FILE IS 10165 

--------·· --··-----·-············ .. ···-rHE '"Tbfi\"C NU~~BE R .. (J"F- -s-EU:: Cf E"tl --RE-CORDS ... 
FROM THE CALIBRATION FILE IS 10165 
THE TOTAL NUMBER OF 
P6si TiVE ( \iEfbi'itEb) Vii lUEs is .......... 16165 

LDGi6 6050 (INFORMATION): COEFFICIENT CALIBRATION PROCEDURE ENDED 
·sECi\usE THE MARGiNAL LiNE iNCREASE iS ZERO (or'TfMALf'rv). 
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MODEL 5 

Five Mode Model for Work Trips 

----------------------------ULOGIT 07uUL77 ----------------------------

ULOGJT REPORT 3 PAGE 

F I N A L C 0 E F F I C I E N T V A L U E S 

THE RESULTS OF THE COEFFICIENT CALIBRATION ARE: 

cbE f'i'TtiENT 
NO. NAME 

........ FTN'AL ··-· Si'AN"t)i\R6 ......... ··r:.: ...... G'R"/.:bfENT .... LOW"ER. ---OPPER 
VALUE ERROR RATIO (IF BNO.) BOUND BOUND 

------1···--A-1 .... ········-··-·------------··:..:6:-~3"294 ·······-·a -.-·0:2'6'6. :.:·T::L46--
2 81 0.0146 0 0026 5.65 
3 82 0.0272 0 0053 5 . 

. . 4··· 'BfA-ST ·····o-:·9-7'1"4 ... - --··o~-16Ed ·····g-~ 

5 83 0.0498 0 0090 5.52 
6 BIAS2 2.1111 0.1559 13.54 
7·· A4 ... ·o-:-646"7 .. ···----i:Y: bO'i9___ ~i".-·1a··· 

8 84 0.1566 0.0107 14.67 
9 AS 

ib 85 
11 C5 

1.3294 0.1439 9.24 
·· o:oo'ii ooi'la··· o:23 
-0.1500 0.6023 -0.25 

THE INITIAL VALUE OF THE LOGLIKELIHDOD WAS -0. 16360E 05, 
WHILE !HE FINAL V~LU~ WAS -0.54299E 04 AFTER 9 ITER~TIDNS. 

T~E LOGLIKELIHOOD WITH ALL ZERO COEFFICIENTS IS -0. 16360E 05, 
WHILE BY INCLUDING PURE ALTERNATIVE EFFECTS IT IS -Q.53464E 04 . 

.. if.:fE- -LA'fiGE·s-f ... LOGLi kt L i HiiOb -F'cJR Tf-feSE 'bA t'A. AND -A-f·iY MooET ·- 0":-6 

TEST OF EQUAL PROBABILITY HYPOTHESIS IS 0.2186E 05 
·wit~··· ~-~---b~G~~t~--b~ t~ttbbM. 

TEST OF ALTERNATIVE DEPENDENT _P._RDBABI-LIT~ .... I-:IY?DTHESIS __ IS -166.9 
"WiT-H--- .... 7 ... b'EGRE'E s--·tiF. "FREEDOM·.--· 

P_ s E uoo __ .. ~ -:-. ~.f?_'!.~. ~-~-- __ = .. .. : .. ~?.~ ... 

"MA'i"RIX ... b F .... A.PFif:HJii~1-Att ... CbRR EIA f tON "CO'E'F'FIC'fENTS ... 
FOR COEFFICIENTS NOT AT BOUNDS: 

caEF: r ··············;; ·· 3 · 4 s 
1 2 3 4 5 

2 0 040 
.. "j' .. ""()'. 092' ""6':'9'6'2 . 

4 0.829 -0.044 -0. 11 B 
5 0.088 0.851 0.828 -0.004 

- -6---- ·--o·. 5if3 ... :.:6' ... 163 --:.:·o: 137 .... 0":-489 ·:.:o·. 4'i6 .. 
7 o. 170 -0.119 -0.109 0.160 -0.096 
8 0.492 0.688 0.686 0.364 0 610 
9······oo37'o:o6i 'o:oss···o.o:Js.'o.osi 

10 o. 167 0.398 0.392 0.109 
-o. 100 

0.348 

6........ f ii 
6 7 8 

0. 123 
0.149 -0.357 

-- 0' '6'33 -·--0': 6f~f ·:.:·6:·02'3--­
o.ots -0.020 0.34.4 

... 11 .. ··cr. 033- ----6'.--·toa · o-:--toG --·--b':·o-1s .. o 094· --.:.-o "6'6'3 --::.O':·o·to .... cy:·os·g ... 
-0.071 -0.451 

J. __ .. 28 

7 



MODEL 5 

Five Mode Model for Work Trips 

----------------------------ULOGIT 07uUL77 ----------------------------

ULOGIT REPORT 6 PAGE 9 

0 8 S E R V E 0 v s E S T M A T E 0 T 0 T A l S 

..................................... ·········· ............................ ························stb··: ·····c-6Ri'f:·· co·R-If:············r,:iQ"~---

ALTERNATIVE OBSERVED ESTIMATED RESIDUAL COEF. RATIO CELLS 

WDNE 946 .0 944 3 0.058 0 000 0.003 12 

WTWO 219 .o 218 .9 0.009 0 002 0.001 6 

\itHREE . .. -··· ·--·----l~f6:·o . ........... 
'217.5' . ..... ·:.:·tL66'6" 0 000 o:oo2 --------------1·3·--

TRANSIT 86.0 86.4 -0.048 0.009 0.009 16 .............. ·········································-· 

----------------------------ULOG!T 07uUL77 ----------------------------

ULOGIT REPORT 8 

T A B L E 0 F E L A S T I C I T I E S 

.......... ..................... ... . tliisficTfv FOR i\LtERNiitT\iE: 
WDA WONE WTWO 
WTHREE TRANSIT 

PENTILE D 0.161 C -1.13 C -1.13 ............................................. (; Cf.fj . C .. Cf:j'j .. 

2 COSTOA D -0.115 C 0.807 C 0.807 
c 0.807 c 0.807 

··3· casn .......... ·c; .. o.s43tcor o cc;:s31 · c o.a43Fof 
C 0.843E-01 C 0.843E-01 

4 COST2 C 0.264E-01 C 0.264E-01 0 -1.22 ········· ··· ·········· ------------------ ·······c··· ··o·:-2G4·E·:o r ····c· ·· ·6:-:iG-.ft:.:"OT-
s POP PER ACRE C 0.660E-02 C 0.660E-02 C 0.660E-02 

0 -0.607 C 0 660E-02 
6 cbst3 . . C (f:36iiECiJj c o :i68E-01 c o.368F01 

D -3.38 C 0.368E-01 
7 TTR C 0.512E-02 C 0.512E-02 C 0.512E-02 ·· · ··· · ··········· ···· ······ ·········c ·····o·:·s r2E·.:.:o2 ···o · -6 _-Gs· 
8 TRNS FARE C 0.459E-04 C 0.459E-04 C 0.459£-04 

C 0.459E-04 0 -0.599E-01 
.. a· iiUi'os PER PO c co.5 f6F64 .. t co. 5 f6fCo4 c CQ. 5T6F04 

C -0.516E-04 0 0.674E-01 

PROBABILITIES AT AVERAGE VALUES OF VARIABLES ARE: 

· ··· ···· ····· -------- ····· ·· ····················· ·········o·:if".is- ---------------------- O":·og'2 ------------------------<f:0"2 T .. 
0.011 0.001 

Nbl'E: o iNoiciii'Es ii b!Rtc'f ELAsHtitv WHilE 
C INDICATES A CROSS ELASTICITY. 

ELi\sHcitfEs'liiit E'lit.LUi.ftij' lit i'HE. iiVtiiiiGt(wE'JGHtE'b) ViiiuE. 
OF THE VARIABLE VALUES AS LISTED IN REPORT 2. 

PAGE 

ToG26 iHOb (iNFoi<MAi'ibH): fiRd(Xss!NGTNtiEb Fdii &SE'Ctct NUMBER . f 

LOG26 7000 .(IN.FORMATIDNJ.:. THERE WERE 166076 EXTRA BYTES 
oF toRE. AI..Lbi'ttb Fdii i'AiiCES 

10 

.. SlNDFF .G7QCJ (.INFDR.M.A:riDN): ULOGI T ENDED AT ... 9.:35,.,56. (RETURN CODE= 0) 



MODEL 6 

Five Mode Model for Non-Work Trips 

---·-------------------------ULDGIT 07JUL77 ----------------------------

ULOGIT REPORT 

F 0 R M U L A A N D C 0 E F F C I E N T 

NWOA A1 * HGWY SKIM TIME ......................................... ··-·····+·-··s-r ..... ·······-··--·-----------*····r:i'ENT_.flt'-- -

NWONE A 1 * HONE -- ------------·············-··········· ......... 4-. 'B'fi'<'S-:2" 

NWTWO A1 * HTWO . ------- ............................. +-- B"IAS"3-

NWTHREE A1 * HTHREE ··-·--·--------------+····s4·· . ----------------*··· p·op .. -P-ER- ··o-tT -

TRANSIT A5 * WTRNS TIME 
..................... -- ----·-··················+· "Ef5- ............................ *···-;;.LH"b'S. ·p·E-Ff'pQ"p··· 

+ BIAS 

THE 8 COEFFICIENTS TO BE ESTIMATED ARE: 

cilHFrciENT 
NO. NAME 

-----INITIAl -···--- ... L.'OWE"R .... ·····"QpFi£:"R ··-·soUND"-- . 
VALUE BOUND BOUND TYPE 

1 Ai ............................. ·o:o ...... NoNE 
2 81 0.0 NONE 
3 BIAS2 0.0 NONE 

·····---~f "EHA·s 3 .................... ······o-~-o--- ···-············r\iONE" .. 
5 r84 0.0 NONE 

6 A5 0, ;:,···· ........................................................ NONE --;y s·s··-- ----------------------------···o. f,iDNE _____ · 
8 BIAS 0.0 NONE 

3-30 
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MODEL 6 

Five Mode Model for Non-Work Trips 

----------------------------ULOGIT 07JUL77 ----------------------------

ULOGIT REPORT 2 PAGE 

s T A T I s T c A L s u M M A R y 

"6 F I "ij ii E "p E N b E N T ·v ii fi r A l3 Tt s· 

VARIABLE 
No. NiiME 

STANDARD LARGEST SMALLEST 
. . iiiEAN iJEV.". . vALUE ....... VALiJE . "UNITs 

HGWY SKIM TI 7.50 95.00 2.00 MINUTES 
... ME 12.~4 

3.7B 2 PENTILE 1.05 5.00 1.00 PENT 

.... 3 HONE . . 12."83 . 7:56 95::26 2:2a iiiJNutE 

4 HTWO 

5 HTHREE 

7 WTRNS TIME 

8 AUTOS PER PO 
p 

13 .02 

13 21 

298,79 

0.87 

7 51 

7 52 

210.81 

10.21 

95.40 

95 .60 

500.00 

253.00 

.. 2.40 MI_NUTES 

2. 60 MINUTES 

25.50 MINUTES 

0.0 AUTO/POP 

CORRELATION MATRIX OF !NiJEPENtiEr'Ji' Vi;ofiisLEs:· 

1 2 3 4 5 6 7 
2 

....... 
0 oTis· 

3 0 9959 0.01 12 
4 o. 9963 0.0162 1 .0003 
5 0 .-9-9€;'4 ·······6·:o-1i:iB ········6:-g·g·g·:..; ·······-1··:-663"1"'' 
6 0. 0196 0.0856 0.0216 0.0238 0.0261 
7 0 0577 o. 2461 0.0579 0.0594 0.0608 0.0627 ... 
ii 

.. 
6 6678 

... ::·o-:·06"60 6:6678 o:o679 6.6686 co.o549 "6:6397 

___ L_95~X~- --~-q9.g ___ p_~-~-£?.-~~-~-T.-~-~-~-~--:. THE TOTAL NUMBER OF OBSERVATIONS READ 
TRo~i i'HE CiiLi8RAi'i6N FiLE Is i526a· 
THE TOTAL NUMBER OF SELECTED RECORDS 
FROM THE CALIBRATION FILE IS 15268 

·········fHf···r-oTAI .. NlhmE·R ··oF'·-·. 
POSITIVE (WEIGHTED) VALUES IS 15268 

···c6G hf. 607-iS "T'i"NfCfR~U\fYO"f,j')";···-c-cfE·F-F'i CTEf,j--(··cALTBRAfl'tiN ··p·RoC-EDUi:H: .. E.NtfEo······· 
BECAUSE OF NO IMPROVEMENT ALONG LINE. 
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MODEL 6 

Five Mode Model for Non-Work Trips 

----------------------------ULOG!T 07UUL77 ----------------------------

ULOGIT REPORT 3 PAGE 

F I N A L C 0 E F F I C I E N T VALUES 

THE RESULTS OF THE COEFFICIENT CALIBRATION ARE: 

··cb'E'F'F .. tCTENT ___ ................. F.IN-AL -··-·sYA:t-jbt\Rt>-- -------- ··r·:..:· -----·-G·R-AbffNi .. ····-cbWE'R .. -··uPi='ER ... 
NO. NAME VALUE ERROR RATIO (IF BNO.) BOUND BOUND 

·····-r-- :o:·f ----- ·· · · ·····················6:·2-10'3 ··········o·:cd·sg· ····-n-·:-r:c 
2 81 -0.0349 O.Oi41 -2.48 
3 BIAS2 -0.0204 0.0559 -0.37 

-----4· .... BfAS3 .. -----------------------·6:-if{92 ·········-6·.-·0586-. T:·Lg·g· .. 
5 B4 0.1853 0.0196 9.45 

0.0155 0.0021 7.33 6 AS 
7---- B5 · ··· ······· ···· ····::'6: 00'6 f ···· ··· b :·oo4 f ··-::.--1 :4a··· 
8 BIAS 5.4663 0.2773 19.72 

THE INITIAL VALUE OF THE LOGLIKELIHDOD WAS -0.24573E 05, 
WH LE THE FINAL VALUE WAS -0.20118E 05 AFTER 7 ITERATIONS. 

THE LOGLIKELIHOOO WITH ALL ZERO COEFFICIENTS IS -0.24573E 05, 
WHILE BY INCLUDING PURE ALTERNATIVE EFFECTS IT IS -0.20094E 05 
THE LARG-EST" -LOG.LIKELIHbQo. FOR. THESE DATA AND. ANY' Mci'OEL. .. -6."()·-· 

TEST OF EQUAL PROBABILITY HYPOTHESIS IS 8909. 
\iltH ii DEGREES bF FREEDoM: . . 

TEST OF ALTERNATIVE DEPENDENT PROBABILITY HYPOTHESIS IS -48.70 
·-wfT~f ...... 4. bEGRE"E~ S""OF ___ F R-E Ebo·~,--_---

PSEUDO R-SQUARE.• .. 181 

-~1A.tR i x·--·a·F----;1\"PPRti"X"i MAtt- ·ctiRI:iEfi'\T i til~- ·cotFF fCitNT"S--- .. 
FOR COEFFICIENTS NOT AT BOUNDS: 

--cotY:·---- --1 ................ 2 ............... 3 ................ 4. ---------------5----------------6···--···········;.;- ······-·····--·a--· 
2 0 058 
3 -o oos 

··--·;,r--- -o 012 

5 -0.136 
G 0. 797 
7"" .:.6"025'" 
8 0.741 

0 .936 
b. 889 
0. 892 
0 052 co 015 
0. 222 

b 892 
0 898 

-0. 001 
--~O":Of3 

0. 173 

0,866 
-0.052 -o. 103 

--~-6-.-o-1 1 ·-.:.·o·.--6'16. 
0. 1 17 0.070 
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MODEL 6 

Five Mode Model for Non-Work Trips 

----------------------------ULOGIT 07JUL77 ----------------------------

ULOGIT REPORT 6 PAGE 8 

0 B S E R V E 0 v s E S T I M A T E D TOTALS 

··································· .. ··------·------------------····· ··slt:>':· ····c·a·RJ:;r: ····c·a·R·R·: .......... Nii~---
ALTERNATIVE assERvEo ESTIMATED RESIDUAL COEF. RATIO CELLS 

NWONE 4897 .0 4879 9 0. 297 0.000 0.000 6 

NWTWO 2027 .0 2021 9 0. 122 0.000 0.000 5 

Nw'tHREE .. ""2446:6 .... "2578 5 ·······:·2": 997" 0:ooT --··o·:·cscr3 ... 12" 

TRANSIT 63 .0 77 1 -1 .692 0.002 0.007 16 ................. ······················· 

----------------------------ULOGIT 07JUL77 ----------------------------

ULOGIT REPORT 8 PAGE 

T A 8 L E o F E L A S T I C I T I E S 

................................................. "EU\si'ici"TY FOR ALTERNA't"ivt; . 
NWDA NWDNE NWTWO 
NWTHREE TRANSIT 

HGWY SKIM Tl D -1 . 66 C 0.997 c 0.997 ------- · · -------- .......... ····----- · c ·····o·:·ssi ---------- ····c ·· 6:·s·sy··--
2 PENTILE 0 0.824E-01 C -0.495E-01 C -0.495E-01 

C -0.495E-01 C -0.495E-01 
c ·· 0:at6 · · · · ··· o ··· cr. s3 ·· · t 6.876 · 
c 0.870 c 0.870 

4 HTWO C 0.366 C 0.366 0 -2.37 ············ ·· t · 6.366 c o:3s6 
5 HTHREE C 0.467 C 0.467 c 0.467 

0 -2.31 c 0.467 ··---6-- ···p()p-··rsE·R .. ou · ·······-c· ····o·:·s:.H3·r::oT --·-c ····o-:·s·:isE·:.:·cd ·····c· ····e:f:·s25·E"::o-r ... 
0 -0.457 C 0.925E-01 

7 WTRNS TIME C 0.909E-03 C 0.909E-03 C 0.909E-03 -···· ·----···-c· ····o-·:·sos·E·.:.-o3 .... o ..... .::·,c-62·-- ............................................................. · ...... · 
8 AUTOS PER PO C -0. 104E-05 C -0.104E-05 C -0. 104E-05 

C -0.104E-05 0 0.529E-02 

PROBABILITIES AT AVERAGE VALUES OF VARIABLES ARE: 

0. 375 
0. 168 

0.322 
0.000 

NOTE' D INDICATES A DIRECT ELASTICITY WHILE 
C INDICATES A CROSS ELASTICITY. 

0. 134 

ELASTICITIES ARE EVALUATED AT THE AVERAGE (WEIGHTED) VALUE 
OF THE VARIABLE VALUES AS LISTED IN REPORT 2. 

LOG26 8100 (INFORMATION): PROCESSING ENDED FOR &SELECT NUMBER 

Tod26 7666 (iNFORMAtioN): .. tHERE liE Ri' 176864 tX'tRii EiYTEs 
OF CORE ALLOTTED FOR TABLES 

3-33 

9 



MODEL 7 

Five Mode Model for Non-Work Trips 

----------------------------ULOGIT 07JUL77 ----------------------------

NWDA 

NWONE 

NWTWD 

NWTHREE 

TRANSIT 

ULOGIT 

FORMULA A N 0 

A 1 ----- ·· · ··· +---s 1 

82 
+'BiASi 

83 
+ BiAS2. 

AS 
--+- 85. 
+ C5 

REPORT 

C 0 E F F C I E N T 

* PENTILE ....... - ··,;.·· COSTOA 

* COST 1 

* C0ST2 

"' POP PER ACRE 
.,.--c-oST3 

"' TTR 
-*. TRNS FARE--
* AUTOS PER POP 

THE 11 COEFFICIENTS TO BE ESTIMATED ARE: 

COEFFiCiE-NT 
NO. NAME 

'),( 

2 B1 
3 82 
4 BiA-sT·· 
5 83 
6 BIAS2. 
7 A4 
8 84 
9 A5 

· io BS 
11 C5 

I 

iNfTIAC 
VALUE 

····---~6:'020~!"-

0.0268 
0.0478 
·a-:· 1"645" 
0.0773 
0.6939 
"6. 0035" 
0. 1107 
1.0503 
0. 1255 
4.3451 

Lb~/'ER 
BOUND 

3-34 

"UPPER BDU~.·o 
BOUND Tyr:; 

.NOIH 

NOI!£ 
NO!." 

·······-Nmn:: 
NO~·!E 

...... NQ,'J!:: 

Nm~t 

NONE ..... NONE 
NONE 
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MODEL 7 

Five Mode Model for Non-Work Trips 

----------------------------ULOGIT 07JUL 77 

VARIABLE 
'NO. NAME 

PENTILE .. 

2 COSTDA 

4 COST2 

5 POP PER 

6 ·cas-r3· 

7 TTR 

0 F 

ACRE 

8 TRNS FARE 

s T 

j 

ULOGIT REPORT 2 PAGE 

A T s T c A L s u M M A R y 

N b E p E N o T N i' 
.. 

li A R f ii 8 T Cs 

STANDARD LARGEST SMALLEST 
. MEAN bi:v ..... vALuE VALUE UNitS. 

3.7B 1 '05 

40.42 39.20 

17.46 13.08 

11 . 14 16 . 83 

·ri:L-·16 ............. 9 :·a·a--·· 

5,69 1. 75 

18.26 17 .48 

5.00 

430.00 

147.33 

278 . 29 

1'1"3 :·so· 

7 .00 

35.00 

1.00 PENT 

7.00 CENTS 

6.33 CENTS 

0 00 POP/ACRE 

1 . 3 1 .... MI.N/M IN .. 

0 0 CENTS 

9 Aili'os PER Po· 6.4s·············o.:n·· 2.45 6 6 iiOi'O/PtiP 
p 

CORRELATION MATRIX OF INDEPENDENT _V_A:R_I~BL~S:_ 

1 2 3 4 5 6 7 
8 . 2 .. b. 1026 

3 0. 1023 0. 9987 
4 0. 1050 0 9999 0. 9989 .. 5 ·····a '"0'55"2'' --····o_:z-t53-- 6. i14s·· 0. 2153''' 
6 0. 1027 1. 0006 o. 9991 1 .0004 0. 2147 
7 0. 2631 -0.0224 -0 0235 -o 0217 -o. 3017 -0.0251 -··a·· o. 2464 .. 0.'1316 o. 1"315 b. 132'1 -0. 2474 6. 1311 ()":'7816 
9 0. 1326 0.0241 0.0237 0 0260 -0 0726 0.0234 -0.0287 

-0 0020. 

LOG13 6000 (INFORMATION), THE TOTAL NUMBER OF OBSERVATIONS READ 
FROM THE CALIBRATION FILE IS 15268 

. ... ...... .. ............. ...... . 'i'HE fl'lrAL NUMBER oF stt_i:tti:b iii:cbfibs 
FROM THE CALIBRATION FILE IS 15268 
THE TOTAL NUMBER OF 
f>bsfHvC ( w£ i ilfitEb) iiiil.iJEs Ts .. . ....... . 15268 

LOG16 6050 (INFORMATION): COEFFICIENT CALIBRATION PROCEDURE ENDED 
····sec·AUSE ··-rHE····MARGi NA"L···LfNE .. iN.CREASt·· rs·· iE.RiJ" (OPT fMAU: fv· j . 

3-35 

6 



MODEL 7 

Five Hode Model for Non-Work Trips 

---------·-------------------ULOGIT 07JUL77 ----------------------------

ULOGIT REPORT 3 PAGE 

F I N A L C 0 E F F I C I E N T VALUES 

THE RESULTS OF THE COEFFICIENT CALIBRATION ARE: 

C:"t'l E F FTC"! E f\iT. 
NO. NAME 

- ....... "i= i Ni\L ... ·sr-A·f..itiARb ..... ··- t -··--- ··-G-Ri\5fEN'f --··-ca\.iE'R ..... UPPER 
VALUE ERROR RATIO (IF BNO.) BOUND BOUND 

1" AT 
2 81 
3 82 
4 Bi AST 
5 83 
6 8IAS2 
._,--·-A4 
8 84 
9 AS ···ro -ss-

11 cs 

-:.:o-: 02"09 ·· ······ o _--cH 23 
0.0258 0.0020 
0.0478 0.0039 
6. ib45 b. 0463 
0.0773 0.0060 
0.6938 0.0508 
''6':'6035'' 
0. 1108 
1 . 0508 

········6:'1838''' 
4. 3457 

····o·.oo1s·· 
0. 0073 
0. 1111 

--·-·o. ·2osG 
0.7905 

-Lie-·· 
13.75 
12.36 
:i~--26' 

12.99 
13.66 ::L35 __ _ 
15.26 
9.46 --. o-~·sg· 
5.50 

THE INITIAL VALUE Of THE LOGLII<ELIHOOD WAS -0.20049E 05, 
WHILE THE_ .. f,IJ·~A-~ y~_LU_E_ WAS -0.20049E 05 AFTER 2 ITERATIONS. 

THE LOGLIKELIHOOD WITH ALL ZERO COEFFICIENl'S IS -0.24573E 05, 
WHILE BY INCLUDING PURE ALTERNATIVE EFFECTS IT IS -0.20094E 05. 
THE -LAR-GES-T LiJGLiKEliH-000 .. Fmf fHE-SE oAT A AND AN_Y .. MdotC o·:·o---

TEST OF EQUAL PROBABILITY HYPOTl~ESIS IS 9048. 
--wttH 11 DEGREES OF-- FRE:'E:OOM. 

TEST OF ALTERNATIVE DEPENDENT PROBABILITY HYPOTHESIS IS 
·wftH .... ··.:-;-- b'EGREES ··o-F FREEDQf,f.--· 

PSEUDO R-SQUARE = .184 

-MA fFfi x--- OF----A-PP·R-b"X fMXT·E·· ·c-OR'i"iEfiff I "ON. COE'F"FtCTENT'S·-­
FDR COEFFICIENTS NOT AT BOUNDS: 

90.91 

COEF 
... ... 

1 
.. 

2 3 "'4"' 5 '(f """7 ...... -----·--·a·· 
1 2 3 4 5 6 7 8 

2 0. 564 ... 
3 o. 510 6 . 968 
4 0. 802 0. 501 0. 432 
5 0. 594 0. 942 0. 943 0. 481 .... 
6 

... 
0. 546 6. 164 b 157 0. 56'3' -b .'O'HJ .. 

7 0. 072 -0 .089 -o .091 0 .092 -0 .088 0. 1 1 1 
8 0. 732 o. 946 0. 945 0. 630 0. 920 0. 288 -0. 162 

. ·--g ----- 6 . 179" 6. ':i2i o: :2'26 o: '158 6. 226 6 .075 Cij :·off o: 233" 
10 0.033 0.055 0.056 0.024 0 .054 0 .006 -0. 006 0 .053 

-0.065 
1 i o. 273 6. 377' '0":--.ji? ·--o-:-·:229 '6"."367"" 0 :·69'4 co. Ob'i b. '3;.i"6'" 

-0. 721 0 .083 
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MODEL 7 

Five Mode Model for Non-Work Trips 

----------------------------ULOGIT 07JUL77 ----------------------------

ULOGIT REPORT 6 PAGE 9 

0 8 S E R V E D v s E S T I M A T E 0 TOTALS 

· sto. C6Rif: .. ··cb'RR··· ........ 
i\ib' 

ALTERNATIVE OBSERVED ESTIMATED RESIDUAL COEF RATIO CELLS 
-------- --------- --------

NWbil 5841.6 ... 572ii. 2 
... 

1. aaii 
... 

6 ooi 0 bOT 7 

NWDNE 4897 .0 4885 .o 0.209 0 003 0 003 9 

NWTWO 2027.0 2023.9 0.073 0.000 0 000 5 

·-·-2446:-o .. ... ··2s;ro-. '2 .. :... 2 ~--1'7"9 0 660 
.. 

6.066 "' TRANSIT 63.0 7 1 3 - 1 .037 0 003 0.014 19 

----------------------------ULOGIT 07JUL77 ----------------------··-----

ULOGIT REPORT 8 

T A 8 L E 0 F ELASTICITIES 

2 

···-······················-~Li~tititV 

NWDA 
NWTHREE 

------------
PENTILE 0 0.491£-01 

t 'b: 298E'6i 
COSTDA 0 -0.674 

c 0. 410 

F'OR. Xlt E"RNA-T fVE--:­
NWONE 
TRANSIT 

------------
c -0. 298£-01 
c '6. 29i3E'6T 
c 0. 410 
c 0. 410 

NWTWO 

------------
c -0.298£-01 

c 0.410 

··-·-~r ·· co-s-r 1 c··- '()'.""34' 1" b '6 ;i26' --··c '''0'.""34"(' 
c 0.341 c 0. 34 1 

4 COST2 c 0. 181 c 0. '8 1 0 . .... .. . . ...... c ·o .--1s1 .. c 181 
.. 

o. 
5 POP PER ACRE c 0.658£-02 c 0.658£-02 c 

0 -0.329£-01 c 0.658E-02 
6 

.. cDSt3 c .. {)." 297 c ·o. 297 c 
0 - 1. 49 c 0.297 

7 TTR c 0.764£-04 c 0.764E-04 c 
c ··-- o-.--764 E·:.:o4 b :.:s·:-9ff 

8 TRNS FARE c 0. 429£-04 c 0.429£-04 c 
c 0.429£-04 0 -3.36 

9 A'i.iTOS ___ PER ··pa c ... 0._":251E-o4 c o _ 2s1·E·::o4 ·c··· 
c 0.251E-04 D -1.97 

PROBABILITIES AT AVERAGE VALUES OF VARIABLES ARE: 

·o-.-j--iff­
o. 167 

. .... ...... 6:322 
0.000 

'NO'YE :··- 0 fND"iCATE:S A biRE:"Ct' .ELASi"iC-In' WHILE 
C INDICATES A CROSS ELASTICITY. 

-1. 17 

0. 658£-02 

6. 297 

0 764£-04 

0.429£-04 

o·.--2s· 1'E.::o4 

.. 6:134 . 

E LAst i'C iT i E S ARE E i./ALUI\'T Etf--A t. THE A VE:RAGE···-(\oi'E"t GHT Eb'). VALUE 
OF THE VARIABLE VALUES AS LISTED IN REPORT 2. 

PAGE 

LbG26. fdOO "( fNF'ORMAt fbN f: P-ROCESSiNG 'E'NDE:b . F'OR &SE LfCf' 'NDtiBER .... 1 

LOG2G 7000 ..(_1":/_F_O._~M.ATIDf'.J_) __ : THERE WERE 166080 EXTRA BYTES 
···a·F"--CbRE AllbTTE·b· ··FoR· tAB"LfS-

10 

SINOFF 6700 (INFORMATION): ULDGIT ENDED _AT16.10.3B(RETURN COOE" 0) 
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APPENDIX 4 

GLOSSARY OF VARIABLES 

4.1 List of Variables Used in the Two-Mode Models 

A MODE- A dependendent variable describing mode of travel. 
ble has a value of one, the trip is made by automobile 
other value, another mode is used. 

DESTINATION ZONE - The zone in which the trip ends. 

If this varia­
mode. For any 

DWELLING UNITS -The number of dwelling units in the production zone of the 
trip. 

EMPLOYMENT -The number of individuals employed in the attraction zone of 
the trip. 

EMPLY -The number of individuals employed in the attraction zone of the 
trip divided by 100. 

EXCESS TIME -That portion of transit travel time (minutes) associated with 
walking to and from the transit stop and waiting at the transit stop 
for the vehicle to arrive. 

HIGHWAY SKIM TREE - Total travel time (minutes) by automobile mode. This 
value includes in-vehicle time along with parking and un-parking time. 

HWY DIST -Travel distance (miles) for the automobile mode. 

HWY COST - Out-of-pocket travel cost (based on a 10 cents per mile cost) 
for the automobile mode. 

INCOME- Median zonal income ($/year) for the production zone of the trip. 

INDUSTRIAL ACRES - The number of industrial acres in the attraction zone of 
the trip. 

INPENT- A five level classification of income groups based on 1975 median 
zonal income for the production zone. The following classification 
was used in the mode 1. 

Category 

1 
2 
3 
4 
5 

Median Zonal Income 

$ 0 - 4960 
4961 - 7520 
7521 - 9920 
9921 - 12,000 
+ 12,000 

LANDUSE -A three level classification scheme to define the type of landuse 
of the producton zone, where 1 = urban 1 and use, 2 = suburban 1 and use 
and 3 =rural land use. 
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ORIGIN ZONE - The zone in which the trip began. 

OT MODE- A dependent variable describing mode of travel. If this variable 
has a value of one, the trip is by transit during off peak periods. 
For any other value, another mode is selected. 

POPULATION -The number of individuals residing in the production zone of 
the trip. 

POP -The number of individuals residing in the production zone of a trip 
divided by 100. 

POP PER ACRE - The number of individuals per acre residing in the produc­
tion zone of a trip. 

POP PER DU - The average household size in a zone associ a ted with the 
production zone of the trip. 

PT MODE - A dependent variable describing the mode of travel. If this 
variable has a variable of one, the trip is made by transit during the 
peak period. For other values, the trip is by an alternate mode or 
occurred during off-peak time periods. 

RECREATIONAL ACRES - The number of cultural and recreational acres in the 
attraction zone of the trip. 

RESIDENTIAL ACRES - The number of residential acres in the product ion zone 
of the trip. 

RETAIL WHOLESALE ACRES - The number of retai 1, wholesale, government, and 
educational acres in the attraction zone of the trip. 

TER~JINAL TIME A - The time spent (minutes) parking or un-parking for the 
auto mode in the attract ion zone of the trip. 

TERMINAL TIME P -The time spent (minutes) in parking or un-parking for the 
auto mode in the production zone of the trip. 

TOTAL ACRES - The size (acres) of the attraction zone of the trip. 

TRNS MODE - A dependent variable describing the mode of travel. If this 
variable has a value of one, the trip is by transit. For any other 
value, another mode is used. The transit made included all peak and 
off-peak transit trips. 

TRNS RUN TIME -The in-vehicle travel time (minutes) for the transit mode. 

TRNS SKIM TREE -The total travel time in minutes by the transit mode. The 
transit travel time consists of walk time plus wait time plus in-vehi­
cle time. For zones unconnected by transit, the t1·ansit travel time 
is designated by a value of 16,384 minutes. 

TRNS lvAIT TH1E- The time spent waiting for transit (minutes). 
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TTR- The travel time ratio computed as [travel time by transit]/[travel 
time by automobile]. The travel time ratio was constrained to a maxi­
mum value of 7, which indicates a zone pair unconnected by transit 
travel. (Note for unconnected zone pairs, the travel time by transit 
was 16,384 minutes). 

TTRW- The weighted travel time ratio computed as [weighted travel time by 
transit/[weighted travel time automobile]. The weighted travel time 
ratio was constrained to a maximum value of 10, which indicates a zone 
pair unconnected by transit travel. 

UNDEVELOPED ACRES - The number of agricultural, undeveloped, water and 
right-of-way acres in the production zone of a trip. 

WAUTO TIME - The weighted time (minutes) for travel by the automobile mode. 
The weight time consists of the in-vehicle time plus 2 times the 
un-parking and parking times. This variable recognizes that one min­
ute of parking/un-parking time has a higher disutility than one minute 
of in-vehicle time. 

WTR TIME - The weighted time (minutes) for travel by the transit mode. The 
weighted time consists of the in-vehicle time plus 1.5 times the walk 
time plus 2 times the wait time. The maximum value for this variable 
is 500 minutes, which represents a zone pair unconnected by transit. 
This variable recognizes that one minute of wait and walk time has a 
higher disutility than one minute of in-vehicle travel time. 

ZONE NUMBER- The number of the production zone of the trip. There are 315 
zones in this study area, all of which are interna 1 zones. 

I 
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4.2 List of Variables Used in the Five-Mode Models for Work Trips 

AUTO OWNERSHIP - The total number autos owned in the product ion zone of the 
trip. 

AUTOS PER POP - A density variable indicating the number of automobiles 
owned divided by the population in the production zone of the trip. 

COSTDA - Out-of-pocket travel cost (cents) for the drive alone automobile 
mode. This cost includes a distance cost (10 cents per vehicle mile) 
plus parking costs in the attraction zone of the trip. 

COSTl -The out-of-pocket travel costs per vehicle occupant (cents) for the 
one passenger automobile mode. This variable includes a distance 
cost (10 cents per vehicle mile) plus parking costs in the attraction 
zone of the trip. The costs are assumed divided equally amongst both 
vehicle occupants. 

COST2 -The out-of-pocket travel costs per vehicle occupant (cents) for the 
two passenger automobile mode. This variable includes a distance cost 
(10 cents per vehicle mile) plus a parking cost in the attraction zone 
of the trip. The costs are assumed divided equally amongst a 11 three 

,vehicle occupants. 

COST3 - The out-of-pocket travel costs per vehicle occupant (cents) for the 
three or more passenger automobile mode. This variable includes a 
distance cost (10 cents per vehicle mile) plus a parking cost in the 
attract ion zone of the trip. The costs are assumed divided equally 
amongst all vehicle occupants. 

DESTINATION ZONE -The zone in which the trip ends. 

DWELLING UNITS- The number of dwelling units in the production zone of the 
trip. 

E~1PLOn1ENT - The number of individuals employed in the attraction zone of 
the trip. 

EMPLY -The number of individuals employed in the attraction zone of the 
trip divided by 100. 

EXCESS - The portion of transit travel time (minutes) associated with 
walking to and from the transit stop and waiting at the transit stop 
for the vehicle to arrive. 

HGt1Y SKII~'I DIST -Travel distance (miles) for the automobile modes. 

HGWY SKIM TIME - See TIMEDA 
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HONE - See TIME1 

HTWO - See TIME2 

HTHREE - See TIME3 

INCOME Meidan zonal income {$/year) for the production zone of the trip. 

INDUSTRIAL ACRES -The number of industrial acres in the attraction zone of 
the trip. 

ORIGIN ZONE - The zone in which the trip began. 

PARKING COSTS - The average zonal cost for parking in the attraction zone 
of the trip. With the exception of five zones in downtown Flint, most 
parking costs were zero. 

PENTILE - A five level classification of income groups based on 1975 median 
zonal income for the production zone. The following classification 
scheme was used in the model. 

Category 

1 
2 
3 
4 
5 

Median Zonal Income 

$ 0 - 4960 
4961 - 7520 
7521 - 9920 
9921 - 12,000 
+ 12,000 

POPULATION - The number of individuals residing in the production zone of 
the trip. 

POP -The number of individuals residing in the production zone of a trip 
divided by 100. 

POP PER ACRE - The number of individuals per acre residing in the produc­
tion zone of a trip. 

POP PER DU - The average household size in a zone associated with the pro­
duction zone of the trip. 

RECREATIONAL ACRES - The number of cultural and recreational acres in the 
attraction zone of the trip. 

RESIDENTIAL ACRES - The number of residential acres in the production zone 
of the trip. 

RES LABOR FORCE - The number of workers (work force) in the production zone 
of the trip. 

RETAIL WHOSL ACRES - The number of retail, 11holesale, government, and edu­
cational acres in the attract ion zone of the trip. 

RLF PER ACRE - The res ident-1 abor work force divided by the number of acres 
in the production zone of the trip. 
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TERMINAL TIME A .- The time spent (minutes) parking or un-parking for the 
auto modes 1n the attraction zone of the trip. 

TERMINAL TIME P -The time spent (minutes) in parking or un-parking for the 
auto modes in the production zone of the trip. 

TIMEDA - The travel time (minutes) for the automobile mode for the drive 
alone trips. This variable includes in-vehicle time plus parking and 
un-parking time. 

TIMEl -The travel time (minutes) for the one passenger automobile mode for 
work trips. This variable consists of the TII~EDA travel time plus a 
1.1 minute time ''penalty'' for picking up the passenger. 

TIME2 -The travel time (minutes) for the two passenger automobile mode for 
work trips. This variable consists of the Tlf~EDA travel time plus a 
2.1 minute time ''penalty'' for picking up the two passengers. 

TIME3 -The travel time (minutes) for the three or more passenger automo­
bile mode for work trips. This variable consists of the TIMEDA travel 
time plus a 3.7 minute time "penalty'' for picking up the passengers. 

TOTAL ACRES -The size (acres) of the production zone of the trip. 

TRANSIT- A dependent variable describing mode of travel. If this 
has a value one, the trip is by transit (for work purposes). 
other value, another mode is selected. 

v ar i able 
For any 

TRNS FARE -The cost (cents per trip) associated with travel by transit. 

TRNS RUN TII~E -The in-vehicle travel time (minutes) for the transit mode. 

TRNS TIME - The total travel time in minutes by the transit mode. The 
transit travel time consists of walk time plus wait time plus in-vehi­
cle time. For zones unconnected by transit, the travel time is desig­
nated by a value of 16,384 minutes. 

TRNS WAIT TI~IE -The time spent waiting for transit (minutes). 

TTR - The travel time ratio computed as [travel time by transit]/[travel 
time by automobile]. The travel time ratio was constrained to a maxi­
mum value of 7, which indicates a zone pair unconnected by transit 
travel. ' 

UNDEVELOPED ACRES - The number of agricultural, undeveloped, water and 
right-of-way acres in the productio-n zone of a trip. 

WDA -A dependent vari~ble describing mode of travel. If this variable has 
a value of one, the trip is by the "drive-alone" automobile mode (for 
work purposes). For any other value, another mode is used. 

WONE - A dependent variable describing mode of travel. If this vat'iable 
has a value of one, the trip is by the "one passenger" (in addition to 
the driver) automobile mode (for work purposes). For any other value, 
another mode is used. 
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WTWO - A dependent variable describing mode of travel. If this variable 
has a value of one, the trip is by the "two passenger" automobile mode 
(for work purposes). For any other value, another mode is used. 

WTHREE -A dependent variable describing mode of travel. If this varialbe 
has a value of one, the trip is by the "three or more passenger" auto­
mobile mode (for work purposes). For any other value, another mode is 
used. 

WTRNS TIME -The weighted time (minutes) by the transit mode. The weighted 
time consists of the in-vehicle time plus 1.5 times the walk time plus 
2 times the wait time. The maximum value for this variable is 500 
minutes, which represents a zone pair unconnected by transit. This 
variable recognizes that one minute of wait and walk time has a higher 
disutility than one minute of in-vehicle travel time. 

ZERO AUTOS - The number of zero auto families in the production zone of a 
trip. This variable is used a measure of the number of "captive" 
transit riders. 

ZONE NUMBER -The zone number of the production zone of the trip. 

I 

4-7 



4.3 List of Variables Used in the Five-Mode Models for Non-Work Trips 

AUTO OWNERSHIP -See List 4.2 

AUTOS PER POP -See List 4.2 

COSTDA- See List 4.2 

COSTl -See List 4.2 

COST2- See List 4.2 

COST3- See List 4.2 

DESTINATION ZONE - See List 4.2 

DWELLING UNITS- See List 4.2 

EMPLOYMENT - See List 4.2 

EXCESS- See List 4.2 

HGWY SKIM DIST- See List 4.2 

INCOME -See List 4.2 

INDUSTRIAL ACRES - See List 4.2 

NWDA- A dependent variable associated Vlith the "drive-alone" automobile 
mode of travel for non-work trips. If this variable has a value of 
one, the trip is made by the drive-alone automobile mode. For any 
other value, another mode is used. 

NWONE- A dependent variable associated with the "one passenger" automobile 
mode of travel of non-work trips. If this variable has a value of 
one, the trip is made by the one-passenger auto mode. For any other 
value, another mode is used. 

NI1TWO- A dependent variable associcted with the "two-passengers" automo­
bile mode of travel for non-wol·i trips. If this variable has a value 
of one, the trip is made by the two-passengers automobile mode. For 
any other value, another mode is used. 

NWTHREE - A dependent variable associated with the "three-passengers'' auto­
mobile mode of travel for non-work trips. If this variable has a val­
ue of one, the trip is made by the "three-or-more passengers" automo­
bile mode. For any other value, another mode is used. 

ORIGIN ZONE - See List 4.2 

PARKING COSTS- See List 4.2 
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PENTILE- See List 4.2 

POPULATION -See List 4.2 

POP - See List 4.2 

POP PER ACRE- See List 4.2 

POP PERDU- See List 4.2 

RECREATIONAL ACRES- See List 4.2 

RESIDENTIAL ACRES - See List 4.2 

RES LABOR FORCE- See List 4.2 

RETAIL WHOLESALEACRES- See List 4.2 

TERMINAL TIME A- See List 4.2 

TERMINAL TIME P- See List 4.2 

TIMEDA - The travel time (minutes) for the drive-alone automobile mode for 
non-work trips. This variable includes in-vehicle time plus parking 
and un-parking times. 

TIMEl -The travel time (minutes) for the one-passenger automobile mode for 
non-work trips. This variable consists of the TIMEDA travel time plus 
a 0.2 minute time ''penalty'' for picking up the passenger. 

TIME2 - The travel time (minutes) for the two-passengers automobile mode 
for non-work trips. This variable consists of the TIMEDA travel time 
plus a 0.4 minute time "penalty• for picking up the two passengers. 

TIME3 - The travel time (minutes) for the three-or-more passengers automo­
bile mode for non-work trips. This variable consists of the TIMEDA 
variable plus a 0.6 minute time "penalty• for picking up the passen­
gers. 

TOTAL ACRES- See List 4.2 

TRANSIT -A dependent variable associated with travel by bus mode for non­
work trips. If the value of this variable is one, the trip is by the 
transit mode, for any other value, another mode is used. 

TRNS FARE - See List 4. 2 

TRNS TIME -See List 4.2 

TRNS RUN TIME - See List 4.2 

TRNS WAIT TIME -See List 4.2 
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TTR- See List 4.2 

WTRNS TIME -See List 4.2 

ZERO AUTOS - See List 4.2 

ZONE NUMBER- See List 4.2 
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APPENDIX 5 

MODEL FORMULATION 

This Appendix illustrates the model formulations for all of the models 
developed in this study. The formulations are given in terms of the utili­
ty of using each mode. 

I 
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MODEL 1 
Two Mode ~1ode l 

AUTO = EXP(0.3775 * LANDUSE - 0.0100 * EMPLY - 0.4714) 

TRANSIT = EXP(-1.1217 * TTRW - 0.1881 * INPENT - 0.0212 *POP PER ACRE) 

MODEL 2 
Two Mode Model 

AUTO - EXP(-1.5765 * HWY COST - 0.1629 * INPENT + 1.9359) 

TRANSIT - EXP(-.9934 * TTRW - 0.0059 *RETAIL WHOLESALE ACRES - 0.0259 * 
POP PER ACRE) 

MODEL 2-A 
Two Mode Hodel 

AUTO = EXP(-0.3245 * INPENT - 0.0086 * EMPLY + 2.2969) 

TRANSIT = EXP(-1.0049 * TTRW) 

MODEL 2-B 
Two Mode l''iOde l 

AUTO = EXP(-1.9438 * HWY COST - 0.0433 * INPENT + 4.1861) 

TRANSIT= EXP(-0.0128 * \HR TIME - 0.0052 *RETAIL \1HOLESALE ACRES 
- 0.0180 *POP PER ACRE) 

MODEL 3 
Five Mode Model tor Work Trips 

WDA = EXP(-0.3460 * HGWY SKIM TIME + 0.0830 * PENTILE + 1.7602) 
WONE = EXP(-0.3460 *HONE + 0.0024 * EMPLY) 
WTWO = EXP(-0.3460 * HTWO - 0.1225 * RLF PER ACRE) 
WTHREE = EXP(-0.3460 * HTHREE- 1.5972 * A~TOS PER POP) 
TRANSIT = EXP(-0.1207 * WTRNS TIME + 0.0007 *ZERO AUTOS) 

HODEL 4 
Five Mode Model for Work Trips 

WDA = EXP(-0.2620 * TIMEDA + 0.1010 * PENTILE + 1.5290) 
WONE = EXP(-0.2620 * TIME1) 
WTWO = EXP(-0.2620 * TIME2 - 0.0110 *POP PER ACRE - 1.0760) 
WTHREE = EXP(-0.2620 * TIME3 + 0.0740 * COST3 - 1.4480) 
TRANSIT = EXP(-0.0810 * WTRNS TIME + 0.0070 *AUTOS PER POP - 0.8310) 
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MODEL 4 ADJUSTED 
Five Mode Model for Work Trips 

WDA = EXP(-0.2620 * TIMEDA + 0.1010 * PENTILE + 1.5290) 
WONE = EXP(-0.2620 * TIME1) 
WTWO = EXP(-0.2620 * TIME2 - 0.0110 *POP PER ACRE - 1.0760) 
WTHREE = EXP(-0.2620 * TIME3 + 0.0740 * COST3- 1.4480) 
TRANSIT = .54 * EXP(-0.0810 * WTRNS TIME + 0.0070 * AUTOS PER POP - 0.8310) 

MODEL 5 
Five Mode Model for Work Trips 

WDA = EXP(0.3294 * PENTILE - 0.0146 * COSTDA) 
WONE = EXP(-0.0272 * COST1 - 0.9714) 
WTWO = EXP(-0.0498 * COST2 - 2.1111) 
WTHREE = EXP(-0.0407 *POP PER ACRE - 0.1566 * COST3) 
TRANSIT = EXP(-1.3294 * TTR - 0.0031 TRNS FARE+ 0.1500 *AUTOS PER POP) 

MODEL 6 
Five Mode Model for Non-Work Trips 

NWDA = EXP(-0.2103 * HGWY SKIM TIME + 0.0349 * PENTILE) 
NWONE = EXP(-0.2103 * HWONE + 0.0204) 
NWTWO = EXP(-0.2103 * HTWO - 0.8192) 
NWTHREE = EXP(-0.2103 * HTHREE - 0.1853 *POP PER DU) 
TRANSIT= EXP(- 0.0155 * WTRNS TIME + 0.0061 *AUTOS PER POP - 5.4663) 

MODEL 7 
Five r•1ode r~odel for Non-Work Trips 

NWDA = EXP(0.0209 * PENTILE - 0.0268 * COSTDA) 
NWONE = EXP(-0.0478 * COST1 - 0.1045l 
NWTWO = EXP(-0.0773 * COST2 - 0.6938 
NWTHREE = EXP(-0.0035 *POP PER ACRE - 0.1108 * COST3) 
TRANSIT = EXP(-1.0508 * TTR - 0.1838 TRNS FARE - 4.3457 *AUTOS PER POP) 
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APPENDIX 5 - AUTO-OCCUPANCY SURVEY 

INTRODUCTION 

The use of auto-occupancy studies to monitor transport at ion demands 

and to evaluate various transportation programs has gained wide-spread use 

in recent years. With the increased demand for higher occupancy vehicle 

modes, a need to measure the impacts of carpooling, vanpool,ing, and other 

ridesharing activities has resulted. There is thus a need to develop tra­

vel estimates for these ri desh ar i ng programs and to plan for the future 

impacts of these programs, especially in the light of energy shortfalls. 

Auto-occupancy surveys may be used to monitor transportation characteris­

tics of existing facilities and to re-define estimates of the future travel 

demand. 

Data collected in an auto-occupancy survey is typically obtained 

through the use of a sampling technique. The surveys are based on the pre­

mise that the sample population will retain the same characteristics of the 

total population group. As the sample size increases, information about 

the population becomes more complete. However, an increase in sampling 

costs also occurs. In practice, a need exists to achieve a balance between 

the "cost'' and the ''completeness'' of the information obtained in sampling. 

This balance is dependent on the available resources and requirements of 

the individual agency. Overall, the utilization of sampling surveys for 

obtaining information on a population group is quite extensive. 

To follow the various steps performed to achieve an apropriate auto­

occupancy survey tool and plan, this sect ion has been presented in the 

following format: 
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I. Review of State-of-the-Art 

II. Recommended Auto-Occupancy Survey Tool and Plan 

I II. References 

The details of these sections follow. 

I. Review of State-of-the-Art 

In all vehicle-occupancy studies, it is generally recognized that only 

a sample of actual vehicles on a facility needs to be observed. The sample 

should be representative of the total population of vehicles using the fa-

cility, and the sample size should be determined through the use of statis-

tical techniques. The survey should be performed for the distinct period 

under question. For example, if peak period occupancy levels are desired, 

the survey should only be performed during peak periods. 

~Sample Size Determination 

Several approaches to determining a sample size which represents the 

actual population exist. The most common method to use is the standard 

statistical formula [1] for determining a sample size. In this method, the 

sample size is derived as follows: 

l a 
N = p(l-p) 

o2 

Where N = sample size (vehicles) 

Za = 100 "a'' percent point of the standard normal distribution 

a= (1 +11)/2: i\= confidence level 
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D = permitted error 

p = probability that an observation will have a given occupancy 

level. 

In determining the required minimum sample size, the value of "p" re­

presents a critical factor. This value (for each mode vs. total of the 

modes) can be obtained prior to the study by trial observation on a select­

ed ratio. A one-hour trial observation may be sufficient. The proportions 

of each mode from the trial observation is then used to calculate a sample 

size for each mode. Typically, the largest value will be selected as the 

required sample size. Following the survey, the sample size should be 

checked based on the new values of "p". If found inadequate, an additional 

sample will be necessary. 

Where values of "p" are not available or cannot be obtained in advance 

of the study, a "p" = 0.50 value can be used to determine the sample size. 

Using this value for "p" would identify the most conservative estimate of 

the minimum sample size. Values of "p" other than 0.50 would result in 

smaller sample sizes requirements. The sample size (using "p" .:_ 0.50) is 

determined by: 

(1.96)2 (0.25) 
N < < 2401 vehicles 

(0.02)2 
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This approach will result in the minimum required sample size. In 

some cases, however, the sample size may be difficult to obtain in a single 

data collection period and will require additional days of data collection 

[2]. 

For some cases, it may be determined unreasonable to recount the same 

vehicles on successive days [3]. An alternative procedure uses a "finite 

population correct ion" (fpc) factor which accounts for the fact that most 

occupancy surveys actually observe a very high percentage of the total 

population (during the survey period) and allows the sample size to be 

adjusted accordingly. In such a case, the fpc factor is applied to the 

variance which results in a smaller sample size required for study [4]. 

Although the use of a fpc factor will result in smaller samp 1 e sizes 

than the previous approach, it has not gained widespread acceptance. This 

approach, however, was used in an auto-occupancy study conducted in the 

City of Seattle [3]. 

A third sampling technique, which was recently evaluated by the Feder­

al Highway Administration, was based on a research effort performed by the 

firm of Peat, Marwick, Mitchell, and Co. [5]. In this approach, the sample 

size is calculated similar to the standard statistical method except for 

the following differences: 

1. Sampling plans are stated in terms of ''link days" of survey. (Each 

site is surveyed for one link-day). 

2. The standard deviation used in the formula typically incorporates 

the effects of season of year, day of the season, and time of 

day. 

The second factor is considered significant since many research 

6-4 



efforts have shown that the time period factors will significantly affect 

the average occupancy rate [2,3,5,6,7,9]. 

The sample size formula is of the form [8]: 

z2(so)2 
N = 

-("'o""oc""'c'"'") -rz -

Where N = sample size (link-days) 

Z =normal variate for the (1-(\) level of confidence 

~ = confidence level 

SO =composite standard deviation of average occupancy 

DOCC = acceptable difference between the estimated average occupancy 

and the true value, and 

so = (SOL2 + sos2 + sow2)1/2 

SO, the composite standard deviation depicts the standard deviation 

of the auto-occupancy rate at a location. Past research efforts have shown 

that the auto occupancy rate is affected significantly by the time occur-

renee of the survey. To account for time variations, various time-related 

standard deviation factors are combined to provide a composite standard 

deviation, SO. These various time-related standard deviation factors are: 

SOL = standard deviation of average occupancy across link-days within 

a season 

SOS =standard deviation of average occupancy across seasons 
I 
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SOW = standard deviation of average occupancy across time periods 

during the day as a result of short-counts. 

Representative ranges have been developed to reflect these differences 

in auto-occupancy rates by time period [5,8]. These ranges may be used to 

obtain a preliminary estimate of the required sample size. After the ini­

tial survey is completed, however, actual variances should be used to check 

the adequacy of the sample size and to compute the sample size for future 

occupancy surveys. 

This approach has been tested by several metropolitan planning organi­

zations throughout the U.S. [5, 7]. The results indicate that the sarnpl ing 

plan is a reliable and cost-effective tool for determining auto occupancy 

rates. 

This approach provides a fairly comprehensive determination of there-

quired sample size. It is favorable for use in regional-type metropolitan 

areas, and has been shown to be reliable and cost-effective. 

o Sites Required for Study 

Since all roadways cannot be sampled in an auto-occupancy survey, it 

is necessary that a number of routes be selected to represent the area 

under study. In mcst studies [2,3,5-8], the functional classification of 

the highway is the primary consideration in determining feasible survey 

points. The following are several highway classification schemes and their 

characteristics. 

For major urban areas, a functional highway classification scheme may 

be [2]: 
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<& Freeway 

e Freeway Entrance/Exit Ramps 

e Arterial 

This scheme allows for the study of the major travel routes in the 

area. It is highly favorable for CBD areas where extensive use of these 

routes exist. Selection of study points is based on the study purpose and 

the general assessment of routes representative of the area's travel char­

acteristics. 

A second classification scheme [3] uses combinations of the following 

criteria to assure that the sites selected are representative of the area's 

facilities. These criteria were: 

• Facility type: a mix of expressways, expressway ramps, and arteri­

als, and both suburban and central city facilities; 

" Traffic volume: variety of volumes within a reasonable range; 

" Level of transit service: a range from no direct commuter transit 

service to excellent transit service; and 

'" Land use characteristics: a mix of densities at suburban and cen-

tral city locations, at varying distances from a CBD. 

This approach is favorable for an areawide and regionwide study. Many 

variables which are used require their characteristics to be generalized in 

defining study routes. A significant amount of subjective evaluation is 

required to select the survey routes based on these divisions. Links are 

usually selected by a team of planners and engineers. 

A third approach is to select locations on the basis of functional 

classification and traffic volume [6,7]. One particular sampling plan 

used the following classifications on a regional basis: 
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e Freeway 

e Arterial, > 35,000 vehicles ADT 

• Arterial, < 35,000 vehicles ADT 

In this classification scheme, traffic volumes are used to categorize 

arterials as major or minor roadways. The classification can be further 

sub-categorized by urban and rural locations. Survey links are selected on 

a random basis by placing all roadway links into one of the three categor-

i es. 

This plan is reliable for medium to large metropolitan areas. It 

reduces much of the subjective evaluation by individuals in selecting link 

classifications. 

II. Recommended Auto-Occupancy Survey Tool and Plan 

Based on a review of the state-of-the-art and the survey needs of the 

MDOT, a survey tool has been recommended for use by MDOT in measuring auto-

occupancy levels. It is envisioned that the data obtained from this survey 

tool will 

1. 

2. 

3. 

4. 

5. 

assist in accomplishing the following objectives: 

Evaluate the effectiveness of short-range transportation programs. 

Study the energy utilization of highway travel. 

Study transportation-related air pollution. 

Validate urban transportation planning models; and 

Monitor general trends in traffic and travel characteristics. 

I 
The first step in the development of a monitoring program is to define 

specific objectives. A general goal of determining regional occupancy 

rates will be of little value unless more specific objectives are defined. 
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For instance, a determination of the amount of variation in occupancy rates 

at a specific location before and after the initiation of a high-vehicle­

occupancy incentive project is a we 11 defined objective. The objectives 

should be defined at the outset of the survey. 

Once specific objectives have been defined, the selection of sites at 

which occupancy levels are to be monitored should be made. The required 

minimum sample size is determined from the earlier formula, i.e.: 

Z2(S0)2 
N = 

n( D'~"~'O"'"c C,.-Jr-;z~-

In computing the standard deviation, SO, representative ranges are 

[5,8]: 

SOL - 0.057 - 0.069 

sos - 0.011 - 0.019 

sow - 0.012 - 0.022 

Dependent on the expected variation of the results, values within any part 

of the range may be selected. Figure 6.1 may also be used to approximate 

the sample size as a function of the composite standard deviation, SO, and 

the permitted error. As survey data is obtained, more representative vari­

ance data may be used. 

The output of the sample size formula will be in the form of "link­

day". It is interpreted as a one-day survey at "x" link locations. Thus, 

an output of five link-days will result in a one-day survey (of bidirec­

tional traffic movements) at five locations. 

To compute "link-days" of survey, the breakdown of locations should 

be: 
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" Freeway 

"Arterial: > 35,000 vehicles ADT 

"Arterial: < 35,000 vehicles ADT 

Survey locations may be further sub-categorized on an urban vs. rural 

basis. The sites are randomly selected from a list of sites fitting the 

classifications given above. 

These locations should be field-checked to find an appropriate loca­

tion from which to conduct the survey. Field surveyors should be in a 

position of good visibility and one which is clear of the roadway. The 

data collectors should be fairly inconspicuous to minimize interference 

with the normal traffic flow. Finally, if the survey is to be conducted 

during hours of darkness, it is helpful to select a site which has a bright 

light across the roadway from the observer. The resultant silhouettes 

inside the vehicles allow for greater accuracy. 

are: 

Data collect ion is fairly straightforward. Typical characteristics 

1. Survey Period 

Monitoring of traffic should occur during the following time peri­

ods: 

7:00 - 9:00 A.M. 

11:00 - 1:00 P.M. 

2:00 - 6:00 A.M. 

2. S amp l in g P l an 

Each lane in each direction is counted for a period of 10 or 15 

minutes followed by a five minute interval to record 'the counts and 

reset the counter to zero, if used. After the counter is reset, 

the next lane is counted in this manner, a single observer is able 

to collect occupancy data at a site. 
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3. Vehicle Occupancy Definitions 

The following definitions are recommended to be used in defining 

the vehicle occupancy characteristics: 

One person passenger vehicles. These include non-commercial 

pick-up trucks, vans, and private auto and taxis. 

Two person passenger vehicles. 

Three person passenger vehicles. 

Passenger vehicles carrying four or more passengers. 

Commercial vehicles and trucks are not surveyed. 

4. Data Summary Sheet 

A recommended data summary sheet is shown in Figure 6.2. 

Some sites may require more than one observer. This need is a func-

tion of traffic volume and may also be related to the degree of visibility 

of the vehicle occupants. For most sites, the best way to determine if 

more observers are needed is to schedule one observer for the site and 

subsequently find out whether there was any particular difficulty in keep-

ing up with the traffic flow. If there was difficulty, two observers 

should be assigned, and they should divide the lanes of traffic between 

them. In these cases, values on the both count sheets have to be summed to 

obtain occupancy figures for the total flow. 

Some of the sites selected may be freeways, freeway ramps, or other 

State highways. When these sites are to be monitored, it is recommended 
I 

that the local State Patrol office be contacted and notified of the planned 

counts. This helps prevent unnecessary explanations to individual officers 

and allows data recorders to collect data with fewer interruptions. 
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Figure 6.2 

AUTO OCCUPANCY STUDY 

TIME: A.M. 
---P.M. 

VISIBILITY OF OCCUPANTS (Good, fair, poor, very poor): ___ _ 

HEATHER CONDITION (Clear, overcast, raining): 
DAY: DATE; ___ _ 
NN1E: ____________________________________________ __ 

LOCATION:--------------------------

VEHICLE \-liTH VEHICLE HITH VEHICLE HITH VEHICLE l.JITH VEHICLE WITH FIVE 
Tir1E 1 OCCUPANT 2 OCCUPANTS 3 OCCUPANTS 4 OCCUPANTS OR MORE OCCUPANTS 

INCLUDE MOTORCYCLES AND PICKUPS. 
DO NOT INCLUDE BUSES OR HEAVY COWIERCIAL TRUCKS. 

COW1ENT ON ANY PARTICULAR PROBLEMS 



In reviewing the data findings, caution should be exercised in defin-

ing the standard deviation. For example, a summary of statistics may show 

the average auto occupancy for a period as 1.293, with a standard deviation 

of .650. On first inspection, this appears to be an abnormally high value 

for the standard deviation. However, the standard deviation is a measure 

of the amount of variation of the occupancies of each individua.J vehicle, 

as opposed to the standard error of the mean. Thus, the true va 1 ue of 

0.650 is not unreasonable. 

Recent findings from a study developed as part of the Highway Perform-

ance Monitoring System, formulated the following findings in regards to 

vehicle occupancy rates. These characteristics should be studied in evalu-

ating the survey findings (9). 

"Table 6.1 provides the average vehicle occupancy for rural and urban 
areas and by functional class of highway. There are several results 
which tend to agree with previous studies: 

1. Vehicle occupancies are higher in rural areas than in urban 
areas. The higher occupancy is likely due to the longer tr1p 
lengths and the larger proportion of non-work trip purposes 
occurring on rural systems. 

2. Vehicle occupancies are lower in the rural portion of the 
Central States as compared with the Eastern and Western 
States. This is likely due to the lower population density. 
Also, data collection in the fall quarter versus the summer 
quarter and in 1979 versus another year may have resulted in 
lower vacation travel and therefore, lower vehicle occupan­
cies. 

3. Vehicle occupancies are higher on weekends than on weekdays. 
This is likely due to the larger proportion of trips for the 
purposes of recreation, visit friends and relatives, and 
shopping. When Saturday and Sunday data are added to Monday 
through Friday data, the daily average vehicle occupancy is 
increased 12 percent. (The average factor was 1.12 with a 
range of 1.07 to 1.33). 

4. Vehicle occupancies vary among functional classes of highway 
with the highest functional classes having the highest vehi­
cle occupancies. This is likely due to the longer trip 
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Table 6.1- Average Vehicle Occupancy 

Other Principal 
RURAL Interstate Arterials Minor Arterials Major Collectors 

Eastern & Western States 
Rural Average 2.11 1.98 1.71 1.69 
Range (by State) 1. 86-2.39 1. 94-2.06 1.51-1.94 1.58-2.24 

Central States 
Rural Average 1.85 1.80 1.65 1.84 
Range (by State) 1.85 1.62-2.01 1. 59-1.70 1. 64-2 0 24 

Other Freeways Other Principal 
URBAN Interstate and Expressways Arterials Minor Arterials 

All States 
Urban (SOOO+Pop.) 1. 76 1.54 1.56 1.53 
Range (by State & 
Urban Pop. Size) 1.52-2.21 1.36-1.74 l. 35-1.79 1. 29-1.71 

Source: FHWA Case Study in the following States (Fall 1979): 
Eastern & Western States: Kentucky, Maryland, Oregon, and West Virginia 
Central States: Iowa, Michigan, and South Dakota. 

Minor Collectors Total 

1.77 1.93 
1.53-1.98 1.85-l. 99 

1.58 1.83 
1.54-1.62 1. 65-2 0 06 

Collectors Total 

1.59 1.59 

1. 38-1.82 1.47-1.73 



5. 

lengths taking place on these facilities. However, collect­
ors and minor arterials still have a fairly .high vehicle 
occupancy since they carry not only local trips, but also the 
beginning and ending portions of high occupancy long trips. 

The variation in vehicle occupancy 
population sizes of urban areas 
signlficantat at the national level. 

among the different 
was small and not 

6. On a dally basis, the afternoon time period provides a good 
representation of the 24-hour daily vehicle occupancy. Where 
monitoring of work travel is also important, a split shift 
covering the morning peak period, as well as the afternoon 
off-peak and peak periods was generally successful in provid­
ing data for both purposes.• 

I 
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