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EX£CUTIVE SUMMARY 

AUTOM03ILE TRAFFIC 

Automobile traffic patterns on airport access roadways depend largely on 
airline flight schedules and employee work-shift schedules. This report in-

troduces and references mathematical models for estimating the volumes of auto-
mobile traffic entering and leaving an airport in any specified time period as 
a function of th~se schedules. The models can be used to obtain accurate esti-
~ltes of traffic pea~ing characteristics. They can also be used to evaluate 

the effects of proposed changes in airline schedules or work hours on airport 
access congestion. Another application of the models is to transform demand 
forecasts, in the form of·proposed airline schedules or estimates of future 

airpcrt employment, into forecasts of the future airport access traffic de-. 
~l:~nd dne to air passengers and employees. 

The purpose of this summ:try is to describe briefly the basic concepts and 

the application of the models to their potential users. Formal derivations 
of the models and t!1e probability theory behind them ar~ detailed in the main 
body of this report. 

The realization that patterns of airport access traffic are relateri to 

fll t schedules and work shift schedules is not new. However, there have been 

very few formal attempts to eXl>ress access volumes as an explicit function of 
these schedules. 

Most methods of relating access traffic volumes to measures of airport 
activity used in previous airport planning studies have been simplistic. These 
methods range from using some standard or estimated number of peak hour automo-

biles per annual enplaned passenger to assuming that passenger and employee 
vehicles enter and leave the airport exactly at scheduled flight or work-shift 

times. Previous methods lack the precision and theoretical foundation neces-
sary to accurately £Rti~3te short-term peaks in airport access traffic • 
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1 Koussios and Homburger developed multiple-regression equations which ex-

press hourly volumes of access traffic and parking vehicles at San Francisco 

International Airport as a tunction of hourly volumes of enplaning and deplaning 
passengers. 

2 Davidson, Martin,and Morton used a unit hydrograph method to estimate ·traf-

fic flow at an airport. 

A.ir Passen?,er Traffic Volumes 

The model proposed for estimating volumes of air passenger vehicles is based 
on the flight schedule, the number of originating and teroinating passengers 

per flight and times at which the passenger vehicles enter and leave the airport 

relative to s.::heduled flight times. In particular, the distributions 01' the fol-

lowing four times ar~ critical to the method: 

(1) entering times of vehicles carrying originating air passengers; 
(2) entering times of vehicles picking up terminating air passengers, 
(3) leaving times of vehicles carrying terminating passengers, and 
(4 ) leaving times of vehicles after dropping Off originating air passen-

gers. 

Frequency distributions of the above entering and leaving times are used to 

estimate the probability that Vehicles associated with a particular flight cross 
the airport boundary, Le., enter or leave the airport, in a given time period. 

Using this probability along with information on the number of passengers on the 
flight and the number of passengers per automobile, one can estimate the average 

number of vehicles expected to cross the airport boundary in the given time period 

for a particular flight. To estimate the total average number of vehicles cross-
ing the boundary in the period, one simply adds together for al~ flights the aver-
ages obtained as abovp for the individual flights. For example, suppose it is 
desired to estimate the access volumes in a particular 15-mi~ute time interval of 

IxousSios, D., and W. S. Homburger, Vehicle Traffic Patterns at an Airport In 
Relation to Airline Passenger Volume~, University of California, Berkeley, ITTE 
Research Report No. 44, May 1967. 

2 DaVidson, Martin, and Morton, itA Traffic Prediction Model for Brisbane Airport," 
Journal of the Australian Road Research Board, Vol. 3, No. 10, June 1969, pp. 
24-35. 
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the peak hour. One would first estimate the eXFected number of vehicles entering 

and leaving for each flight operation that occurs near the selected timE interval. 
These individual results would then be summed over all flights. 

The report presents a complete set of formulas for estimating the expected 

number of vehicles entering and leaving an airport in any given time period. 

These formulas account for both air passengers who drive themselves to and from 

the airport and air passengers who are driven by someone else. Note that the 

latter ca~e involves extra trips on the access roadways over and above the number 
of trips that would result if all passt:!ngers drove themselves to the airport and 

parked,_ namely. trir-s by veh:!.cles coming to pick up passengers and trips by 
vehicles leaving the airport after dropping off passengers. This points to the 

necessity of determiniI'g the percent of air passengers who are driven to and from 
the Ili rport by someone else; at the Dallas/Fort Worth Regional Airport (DF'~) 

3 ·'11,proximately 70 percent of air passengers fall into this category •. 

Also presented in the report are formulas for estimating the day-to-day var-
iation in the volumes of access traffic in a given time period and, in addition, 

some evidence that these volumes are normally distributed. In short, one can 

estimate the mean, variance, and probability distribution of the total volumes 0f 

dir passenger traffic on airport access roa~ways in any selected period of the 
day. 

The model was applied to the Dallas/Fort Werth Regional Airport using input 
data collected on (1) scheduled flight times. (2) originating and terminating 

air passe.lgers per flight, and (3) the distributions of vehicle entering and 
4 leaving times. In addit~on, estimates of traffic volumes obtained ·from the 

model were compared to actual field traffic counts of air passenger vehicles 
crossing the airport boundary at DFW. These compar·isons are described in detai} 

in the report. In general, the estimates were found to compare fav0rably with 

actual counts even in IS-minute time intervals. This ability tJ estimate short-' 

term traffic peaks is the major advantage of the proposed monel over previous 

methods. 

3Dunlay, W. J., et al., Survey of Ground Transportation Patterns at the Dallas/ 
Fort Worth Regional Airport, Research Report 15, Council for Advanced Transpor-
tation Studies, The University of Texas at Austin, August 1975. 
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Employee Traffic Volumes 

The model for e~timatil1g volumes of employee vehicle traffic is very similar 
to t~2 met~od described above for estimating air passenger traffic volumeR. Em-

ployees enter and leave an airport according to their work-shift hours. By know-

ing the ehift times, the number of employees per shift. employee vehicle occupancy, 
and the distribution of actual e~ployee entering and leaving times relative to the 
work-shift startiltg and endip~ times, one can esti~ate the average number of em-
ployee vehicles entering and leaving the airport in a given time period for each 
shift. Traffic volumes associated with aifferent nearby work shifts may overlap 
in the same time interval. Therefore. total average employee access volumes in 

a given period are obtained by adding together the aver~ge volumes for the differ-
ent work shifts. The report also provide~ a means for estimating the variance in 

employee traffic volumes and evidence that these volumes are normally distributed. 

'I'll" employee traffic estimating model is almost identical in concept to the model 

described earlier for air passenger traffic. 
The DallaS/Fort Worth Regional Airport was again used as a test case. Data 

con v:ork-shift times, the number of employees per shift, employee vehicle oC'cupanLY, 

and the distributions of actual employee entering and leaving times were collected 
at DFW. These data were l1!;led in conjunction with the model described above to 

obtain estirn'1tes of employee traffic volumes in each IS-minute time interval of 

a typical week day. Actual traffic counts of employee vehicles were used to check 
the accuracy of these estimates. It is found that the estimates produced by the 
model compare favorably with actual traffic counts. Details on this application 

nnd the comparison of model estimates with traffic counts are given in the report. 

Summary and Conclusions 

~mdels are available for transforming existing or proposed airline schedules 
and employee work-shift schedules at an airport into estimates of the volumes of 

automo~ile access traffic in any time period. The general concepts underlying 
the methods have been presented in this summary. A more detailed description of 

the derivation of the models and their application to DFW is contained in the 

main body of the report. The models can be usen to obtain more accurate estimates 

of short-term peaks in airport access traffic than have been possible to obtain 
using previous methods. They can also be used to evaluate the effects that 

alternative changes in airline schedules or airport employees' work hours may 
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to r~2 met~od described above for estimating air passenger traffic volumes. Em

ployees enter and leave an airport according to their work-shift hours. By know

ing the £hift times, the number of employees per shift, employee vehicle occupancy, 

and the distribution of actual e~ployee entering and leaving times relative to the 

work-shift startiltg and endiT1~ times, one can estil!'ate the average number of em

ployee vehicles entering and leaving the airport in a given time period for each 

shift. Traffic volumes associated with aifferent nearby work shifts may overlap 

in the same time interval. Therefore, total average employee accese volumes in 

a given period are obtained by adding together the aver~ge volumes for the differ

ent work shifts. The report also provide~ a means for estimating the variance in 

employee traffic volumes and evidence that these volumes are normally distributed. 

'I'll" employee traffic estimating model is almost identical in concept to the model 

described earlier for air passenger traffic. 

The DallaS/Fort Worth Regional Airport was again used as a test case. Data 

on ,,",ark-shift times, the number of employees per shift, employee vehicle oC'cupanLY, 

and the distributions of actual employee entering and leaving times were collected 

at DFW. These data were lH:led in conjunction with the model described above to 

obtain estirn'1tes of employee traffic volumes in each is-minute time interval of 

a typi.cal week day. Actual traffic counts of employee vehicles were used to check 

the accuracy of these estimates. It is found that the estimates produced by the 

model compare favorably with actual traffic counts. Details on this application 

nnd the comparison of model estimates with traffic counts are given in the report. 

Summary and Conclus~ons 

~mdels are available for transforming existing or proposed airline schedules 

and employee work-shift schedules at an airport into estimates of the volumes of 

automo~ile access traffic in any time period. The general concepts underlying 

the methods have been presented in this summary. A more detailed description of 

the derivation of the models and their application to DFW is contained in the 

main body of the report. The models can be userl to obtain more accurate estimates 

of short-term peaks in airport access traffic than h~ve been possible to obtain 

using previous methods. They can also be used to evaluate the effects that 

alternative changes in airline schedules or airport employt~es' work hours may 



have on access traffic and parking congestion. 
The models have been applied to only one major airport, DFW. It is hoped 

that further applications of the methods will be performed and reported for other 

ma~0r airports so that a better understanding of their accuracy and utility can 

be obtained. 
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I. INTRODUCTION 

The broad purpose of this project has been to monitor changes in travel 

patterns caused by the installation, in January 1974, of a major :Jew transpor-
tation facility, the Dallas/Fort Worth Regional Airport (Figure 1), located 
approximately halfway between the nOLth Texas cities of Dallas and Fort Worth, 

) 

which lie about thirty miles apart on an east-west axis (Figure 5). :: . .!cHic 
project research has been focused on evaluating the airport's impact on ground 
transportation patterns, with a broader objective of developing methodological 
techniques for assessing the ground transportation impacts of new or expanded 
airport facilities in general. 

Insufficient attention has been given to the airport/urban interface in 
the planning of new airports or the expansion of existing ones. This is 

evident from the fact that of the 20 busiest U. S. airports, 15 (which handle 

56 percent of the total enplanements) are presently characterized by airport-
5 access congestion. A recent survey of airport officials showed that at 

least five major U. S. airports are currently experiencing serious-to-critical 

lalldside congestio~s. most notably access congestion. 6 In the past, the lack 
of adequate data and a validated analysis meth~dology has hindered objective 
studies of the relationship betw·een ground access volumes and the level of 

airport activity. 
The deve).opment of analytical mocels for estimating ground transportation 

from observable measures of airport activity has been interpreted as the most 

productive means of fulfilling the foregoii18 obje.ctives. The lack of datI'. on 
region-wide traffic voi'lmes, before and after the opening of DFW, has restricted 
us to consider onl) the trip generation aspects of the new airport. Thus, 
within the general aim of assessing DFJ's impact on gro~nd transportation, our 

orientation has been toward the utilization of modeling te~hniques for inter-

relating air and ground traffic as well as analyzing changes resulting from 
the shift in regional airport locat~on from Love Field, the ·prev~ouJ major 

5Wilbur Smith and Associ2~es. Airport Access/Egress System Study, Final Re~ort, 
DOT-TSC-OST-73-32, I, September 1973. 

6 U. S. Department of Transportation, The Airrort/~rban Interface, Final Report, 
DOT-TS~-75-l2, July 1974. 
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5Wilbur Smith and Associ2~es. Airport Access/Egress System Study, Final Re~ort, 
DOT-TSC-OST-73-32, I, September 1973. 

6 U. S. Department of Transportation, The Airrort/~rhan Interface, Final Report, 
DOT-TS~-75-12, July 1974. 

10 



; 
i 

I 
'i . j 

I 
I 
\ 

airpor~ located in northwest Dallas, to DFW. It has been expected that such 

codels relating air traffic ectivity to ground transportation levels developed 
in this ~roject will be useful tools for airport planners in the planning of 
airport ground-side facilities, in particular, access and parking facilities. 
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II. DESCRIPTION OF Dnl GROUND TRANSPORTATION SURVEY 

INTRODUCTION 

This chapter descri.bes a survey of ground transportation at the Dallas! 

Fort Worth Regional Airport (DFW) conducted on May 16 and 20, 1975, and in-

cluding two supplement3ry "mini-surveys" in November 1975 and May 1976. The 

primary purpose of the survey was to provide informatIon on ground transporta-
tio, that can be related to standard measures of air traffic activity and, 

therehy, obtain a better understanding of airport trip generation. The survey 

was also intended to allow an examination of the spatial distribution of off-

airport trip ends to determine if there has been an identifiable change in the 
distribution of trip ends concomitant with the opening of DFW. 

Ti,e survey of ground transportation at DFW was designed to obtain as com-

plete 3 sample as possible of all trips beginning or ending at the airport. 

For purposes of the survey, trips were classified as follows: (1) trips made 

by air passengers and visitors in private motor vehicles (identified solely 
as "auto-users"); (2) trips made on Surtran, the primary transportation carrier; 

and (3) trips made by employees based at DF¥l. Each of these threE. classes of 

trips ~as investigated separately. The survey of the first component was 

accomplished via personal, oral interviews while the latter two survey con.po-

nent., I;/t're uf the written type distributed via prepared survey forms. 

The May 1975 survey was restricted to two days because of financial 
constraints. Friday was chosen because many business trips terminate on that 
day and many weekend travelers leave Friday afternoon. Tuesday was the other 

day because it is a day when many business trips begin. These conclusions 

were reached in consultation with DFW authorities. 
Tbis chapter describes the methodology and actual physical performance 

of the travel survey. It also provides a preliminary analysis of the findings 

of the survey. Empho.sis is on findings which reflect the airport's effect on 

ground traffic volumes. 
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OVERVIEW OF DFW GROUND TRANSPORTATION SYSTEM 

Ground transportation at DFW consists of a blend of personal motor vehi-

cle traffic, public transit, para-transit, and even an intra-airport auto-

mated guideway transit system. This project was concerned exclusively with 

ground travel to and from DFW and not with circulation within the airport it-

gelf. Analysis of the patterns of travel eventually determined that movement 

to and from DFW could be conceptually segregated into the fairly distinct 

categories mentioned above: general-public motor vehicle traffic, Surtran 

(pri1:;ary transit) traffic, and employee commutation. 

Access to DFW by automobile is provided by Reveral distinct roadway sys-

tlJlS, the most important or which is the north-south "spine highway,"which 

passes through the center of the 3irport [Figures 2(a), 2(b) and 3]. Secondary 

access roads are located on the east and west sides of the airport. These 

minor roads are used mainly by vehicles visiting peripherally-located airport 

facilities,such as the administration building and t~e air freight complex. 

The spine highway system itself is composed of the multilane International 

Parkway and a physically separated service road system flanking the parkway 

on €,'lch side. 

Access into DFW via International Parkway is controlled by means of "COTl-

trol plazas" at the north and south entrances to the airport, each cunsisting 

of eight "control booths" (Figure 3). Control booths on inblJund Parkway 

lanes issue parking tickets; outbound booths collect parking fees based on 

length of stay at the airport as determined from the tickets. Between the 

north and south control plazas, International P3rkway services the airline 

tcr.,inals and other airport facilities via access/egress :-amps . 

• ne system of service roads is used mainly by employees and by commercial, 

maintenance, and service vehicles which have bl'siness at the airport. The 

service roads branch from the spine highway just .outside the control plazas 

at each end of the airport (Figures 2 (a) af": (b». 
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FIGURE 3. TYPICAL CONTROL PLAZA 

(With Survey Personnel Shown) 
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Intra-Airport Trans~tation Other Than Highway 

Intra-airport transportation service other than by private auto is pro-

vided mainly by the Airtrans System, consisting of about thirteen miles of 

grade-separated concrete guideways over which operate twenty-four passenger, 

electrically-propelled, rubber-tired vehicles controlled automatically by a 

contral co~puter. Airtran', was origically designed to provide the basic intra-

ai.rport transport service for passengers and employees ar.d also to carry bag-

gag:"~, mail, supplies, and trash. At the time of the survey, however, the 

system was carrying only airline passengers. 

Public Transportation Access 

Public transportation to and from the airport is provided by bus, limou-

sine, and taxi services. Private taxi carriers may drop off patrons at the 

airport but are prohibited from picking up riders leEving the airport. Sur-

tran Taxi, Inc., has the exclusive right to carry passengers away from the 

airport. 7 A quasi-public corporation, Surtran, created by the cities of 

Dallas a!1d Fort Horth, has an exclusi'" franchise to provide express bus ser-

vice to and from the airport for air passengers, visitors, and employees. 

Surtran is described in greater detail later in this report. In addition, 

shuttl~ bus service is provided by various hotel and rental car companies 

using small minibuses or vans that carry passengers in both directions between 

DFW clnd the owning establishments. 

ENPLOYEE TRAVEL SURVEY 

The 13,000 employees making work trips to and from DFW contribute signif-

icantly to the total traffic volume. A general classification of employees 

by type of industry and the number in each classificat ion 3r~ shown in Table I, 

7Sha J T "D 11 l' t \' rth Al'rport· Tr,~l'l Dust t,) Star Dust?," w, ames ., a as-"or ,0 • ~ 

ullpubUshed thesis, San Francisco State University, Hay, 1974. 
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TABLE 1. NU~mERS OF EMPLOYEES BY TYPE OF INDUSTRY 

1. Airlines 8.364 

2. Air Cargo 1.139 

3. General Aviation 100 

4. Food Service 1.406 

5. Maintenance (excluding airline employees) 379 

6. Security and Po~ice 378 

7. Rent-a-Car Firms 268 

8. Miscellaneous 12 334 

TOTAL 13 .368 

The "Miscellaneous" category of Table 1 includes the U. S. Air Mail facil-

ity. the Federal Aviation Administr~tion, the Dallas/Fort Worth Regional Air-
port Board (excluding security and maintenance employees), and ~he Airport 

Marina Hotel. An attempt was made to send survey forms to all employees 

through their respective employers. 

Previous Research 

There have been a large number of past studies of airport travel patterns, 

but the employee component has received little attention. Where emplo}'ee trav-

el has been surveyed, it h~s usually been found that at least 80 percent of 
8 airport employee travel is by private auto. One objective of our research 

has been to examine the modal split of emplOyee travel between auto and Sur-

tran at the Dallas/Fort Worth Regional Airport. 

S \,prve Research Corporation, Analysis of Airport Access Traffic, 
E.£!:.ecas~ of Air Passen~I"E_und Access Traf fie, Report No.2: 
and Sum~~ry of Relevant Lite~, Aug~3t 1974. 
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Robinson and Nordlie9 have presented an origin/destination survey of 

\\fashington National Airport. In the employee survey part of that study, the 

following procedures were followed: 

(1) From an alphabetical listing of all employees of organizations having 
more than seventy-five employees, a sample cor-sisting of every eighth 
person was selected, and a weekly record of travel patterns was ob-
tained for that sample by personal interview. 

(2) For organizations with less than seventy-five employees, qUEstion-
naires were sent by mail with instructions to be followed in select-
ing employees for the sample to be interviewed. 

(3) The informaton obtained from the employee survey included 

(a) Hork hours, 
(b) home address, 

(c) type of vehicle, 

(d) auto~Jbile occupancy, 
(e) travel time (to and from the airport), and 
(f) attitude toward travel time, i.e., feeling about the travel time. 

Only summary comments about the results of the employf'.e sllrvey arf> e;i'l<:?n by 

Robiw'on and Nordlie. 
ChancJO has presented a study of how t~e different users of airport access 

high,,:-<ys create ground transportation problems. He shows graphs depicting 

the daily movement of people at six airports: San Francisco. Washington 

NatIonal, Dulles. F.:iendship, Los Angeles, and London Heathrow. In this 

study, the percentages of the total volumes represented by daily employees 
were derived deterministically from the starting and ending work shift times. 
No reference to the distributions of times at which airport employees actually 

enter or leave the airport relative to scheduled work shift times could be 

foupd. 

9 . Roblnson, John P .• and Peter G. ~ordlie, A Sl!rv('y~(~cal Origin~_and. 

10 

De~inations of r'sen; of \.;ashington National A~ort, U. S. Department 
of Commet~R';port HS-RR-61--5-'~fs-b, February 1961, pp. 37-43. 

Chance, ?-lerrit 0., Ai.!:.r..0rt Access and Ground Traffic Study Review, (Graduate 
Report, Institute of Tr&nsportation and Traffic Engineering~ Vniversity of 
California, Berkeley, 1968) pp. 18-31. 
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The Employee Survey Form 

The employee survey form consists of a short introductory paragraph fol-
lowed by eleven questions (see FiZ'lre 4). 

In designing the form, attention was prid to the subsequent task of coding 

the datu for computer analysis. On each survey form, space was provided for 

the direct transfer of the responses to coding boxes; this greatly facilitated 
the subsequent keypunching operation. Employees' street addresses were C('ln-

verted to North Central Texas Council of Governments Regional Analysis Area 
(RAA) ;:.ones. 

Survey M:ethod 

The distribution and collection of the employee survey forms proved to be 

a time"'c:onsuming task, because seventy-one different. airport employers were 

contacted. Mo~t survey forms were distributed through the mail. A letter of 

intrcdu,.tion was included to explain the purpose of the survey, together with 

a set of detailed instructions for distribution and collection. Also included 

in the packet of information sent to employers were copies of a bulletin board 

flyer, suitable for posting, which announced the study. The survey forms were 

distrihuted through the employee supervisors. Colle(: tion of the com~leted 
questi(mnaires was accomplished in exact reverse order of the Jistribution. 

The individual employee gave the form to his supervisor, who, in turn, returned 

the forms by mail in a prepaid mailing envelope provided in the original packet; 

for a few of the largest employers, the completed forms were picked up by pro-

ject staff. 

SaiJlP I e~~~ 

Of the 13,368 employee forms sent, 3,157 were returned, a 23.6 percent 

rate of return. This rate could have been increased with tighter controls 

over the collection/distribution process but at a greater cost. 

Critical Evaluation of Employee Survey 

Problems with the Employee SlIrvey involved wording of certain questions, 

length, and the fact that the DFW Airport Board had recently conducted a sur-
vey of its O'o/TI which contained sev2ral similar questions. Thus, some employees , 
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may have been irritated by the necessity of executing yet another survey form. 

The travel survey was also relatively complicated, e.g., the questions asking 

for time and distance estimates. 
A small number of respondents interpreted question 2 as asking for a 

round trip distance. This could easily have been avoided by specifying one-
way distance. Also, a few respondents may havE' misinterpreted question 2B as 
asking for the distance between DFW and Love Field since they were filling out 
the form at DFW. It was possible to spot-check this error by locations of the 

two airports relative to their homes. 
Question 4 could be improved by askjl1g for the vehicle taken "most often" 

or "usuallY," as we got several multiple responses_ 
Another troublesome question was the one that requested employees to 

classi.fy themselves by occupation (professional, clerical, sales, craftsman/ 

forefl!an, technici~n/operator, maintenance, other labor, service). It was 
deemed preferable to give the respondent a check list for this purpose to 
avoid nebulot.s and illegible answers. However, it turns out that the wording 
of such a list may also be conducive to misinterpretation by the respondent. 

In addition, a question of this type actually solicits the resnondent's per-

ceived self-classification. 

PUP.~.IC TRANSPORTATION (3URTRAN) SURVEY 

Description of System 

Acce3s to DFW by public transit is provided via Surtran (SURface TRANs-

portation), an exprens bus system franchised b. the cities of Dallas and Fort 
Worth exclusively to serve the airport. Surtran buses operate to and from the 
airport from five outlying passenger terminals--three in Dallas, one in Fort 

Worth, and one in Arlington. The Surtran route configuration is shown in 

Figure 5. 

Background 
Surtran was created based on a recommendation contained in a feasibility 

study by Arthur D. Little & Co., which indicated a strong potential ridership 
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p 
for express public transportation ~ervice to the airport. A publicly owned 

sjstem was select~~9 apd the system is presently vwned jointly by the cities 

of Dallas and Fort Worth. Initial organization and management of thE: system 
was undertaken by the Dallas Transit Svstem and Fort Worth's city-owned 

Citrano Later, Surtran's OWll management was established, with offices in 

1xlington and a staff of approximately one hundred drivers, :naintenane".! 
workers, ticket clerk~, and other personnel. 

Surtran ticket clerks dispense tickets at Surtran terminals (the outlying 
stations as _ell as at ki~qks within the DFWairline terminals). Sale of 

~ilrtran tickets is subcontracted to hotels served in downtown Dallas and 
ArlI :.gton. 

It was deemed important to survey Surtran riJers for several reasons. 
Fiest. they constitute a significant proportion of trips to and from the 

airport--a0out 3,000 daily passengers. Furthermore, demographic characteris-
tics of Surtran riders may differ significantly from those of persons making 
auto t~irs to/from the airport. 

Previous Public Transportation Surveys 

No pr~vious survey aimed specifically at public transit riders at Dallas 

Love Field could be found; the only related survey was an on-board survey of 
airline passengers, performed in 1969 by Alan H. Voorhees and Associates, 'in 

12 ..... hi.ch a question on mode of travel was asked. 

Past studies of public transportation to airports contain very little de-
tail on !>urvey methods and materials. One noteworthy exception is the "Air-

port-Access-by-Transit Siudies" in the New York area,· conducted by the MIT 
13 Civll Engineering Systems Laboratory in 1970 through 1971. The types of 

-_ .. _------
llI...ittle, Arthur D., Inc., Public Ground Transportation for the Dallas-Fort 

Worth Regional Airport, Report to the Da lIas-Fort \.Jorth Regior.al Airport 
Board, August 1971. 

12Voorhees, Alan H. and Associates, Inc., Air Pa5senger Survey Data Collection 
Program, Dallas Love Field Airport, Dallas, Texas, June 1969. 
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for express public transportation ~ervice to the airport. A publicly owned 

sjstem was select~~9 apd the system is presently vwned jointly by the cities 

of Dallas and Fort Worth. Initial organization and management of thE: system 

was undertaken by the Dallas Transit Svstem and Fort Worth's city-owned 

Citrano Later, Surtran's OWll management was established, with offices in 

1xlington and a staff of approximately one hundred drivers, :naintenane".! 

workers, ticket clerk~, and other personnel. 

Surtran ticket clerks dispense tickets at Surtran terminals (the outlying 

stations as _ell as at ki~qks within the DFWairline terminals). Sale of 

~ilrtran tickets is subcontracted to hotels served in downtown Dallas and 

ArlI :.gton. 

It was deemed important to survey Surtran riJers for several reasons. 

Fiest. they constitute a significant proportion of trips to and from the 

airport--a0out 3,000 daily passengers. Furthermore, demographic characteris

tics of Surtran riders may differ significantly from those of persons making 

auto t~irs to/from the airport. 

Previous Public Transportation Surveys 

No pr~vious survey aimed specifically at public transit riders at Dallas 

Love Field could be found; the only related survey was an on-board survey of 

airline passengers, performed in 1969 by Alan H. Voorhees and Associates, 'in 
12 

..... hi.ch a question on mode of travel was asked. 

Past studies of public transportation to airports contain very little de

tail on !>urvey methods and materials. One noteworthy exception is the "Air

port-Access-by-Transit Siudies" in the New York area,· conducted by the MIT 
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data gathered in the HIT survey were similar to data of the DFW project, but 

the methods of administering the survey forms differed. The MIT group actually 
r0de the buses with the riders and supervised the on-board completion of the 

survey form. In contrast, a strict.ly self-administered questionnaire handed 
out at ticket counters wa3 chosen for the DFW survey in order to re~uce man-
power requirement~. A 1968-69 Cleveland study utilized on-board airline 
passenger surveys, transit rider surveys, employee questionnaires, anj inter-

14 views in parking lots and terminals. 

The Sur-r.Tan Survey Form 

The Surtran survey presented the challenging problem of aesigning a survey 

form which could be completed easily by Surtran -iders while riding to or from 

the airport. These riders comprise a very diverse Broup in that they include air-
line passengers and airport employee~ who may be eith~r residents or non-resi-

dents of the Dallas-Fort Worth area. The problem is further complicated by 
whether the ~us is going to or from the airport. For these reasons, it·was 

decided to design two separate forms, one for buses bound for the airport and 

the other for buses leaving the airport [see Figures 6(a) and 6(b)]. 

Survey Form Distribution and Collc~;ion 

The method of purchasing Surtran tickets was conducive to handing out 
survey forms because, before boardingSurtran, a rider must purchase a ticket 

at a ticket counter. Therefore, it was decided to have ticket clerks hand 

out the forms to passengers and also provide pencils if necessary (not pro-
viding pencils might bias return~ in favor of those wto carry pencils). The 

rider then boar~ed the bu~.and completed the form while in transit; the sur-
vey form was printed on heavy paper to facilitate this on-board completion. 

Surtran drivers collected the forms as passengers left the bus. 

14ne ~:eu fv ilIe, Richa rd, et al., ~i.!..p~~t __ <1nd Air Service Access, U. s. 
Department of Tr;msportation, March lQ73. 
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7. fOR AlkllNE P~<;SF.~GERS ONLY 
A. What Illrport dId you l1y from·' --------~-----------------------

(Alrporl and/or City) 
Wl14t aIrline flight dlli ~·ou arnve 0fI? 
Airline (Pte . .l.'iC chock one) "';~hl No. ___ _ 
.J Amencan 8 Eastern n Ourit; 
•. , BUnlIT 0 Frontier 
Ll Continental 0 Menol1lg.hl 
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W Dell.. 0 MelUcani 
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YOUR AGE (Plea.\C Chock One) 
o Under 21 
o 21·)~ 
U 3544 

1, YO! 'R llCCL!P.o\ TIO~ 
A POS'I100 

" Prof~~lrllal 
[] C"len..:.11 
rJ ~)cs 
U Crifl'manfTe.:hnKl.tn 

U Olher (p!U!ie ~ru:jr} I 
Ii Tn-e of Indu'lry 

,] Con~\ru,\!on 
:J "'1.mufaetufll\!l. 
.. l Tr,tnsport.Il!\}f1 
:1 \l.noio.lle/Relall Tr4dc 

[) Other (plu..c spe<:lf») 

CJ 45·S" 
U 5~-t>4 
: 1 (h-cr liS 

[1 Student 
~J Rc:tlled 
:1 SC'r\"Kc \I;lr,\': HO<.'I 

food r.l')Ill<!'U( IlIhcr 

(1 (ommuni(,II\'IO\ & l ~lltI~ 
" runl,. o\Jm,",\~r~II'," 

'.1 hll.lIl':C. tn\UrdrKc. &. Rut I-"I~IC 
U I.J~.\IIon 

\Id,lary 

rOl'R A"iNL:AL '-'''1ILY ISl"O~1L 
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U T cus Inlernational 
[j Othcl (plc!aSC specIfy) 

C V.rull lime did your nlghI3rn"c" ____ 0 AM, 0 PM. 
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Critical Evaluation of Surtran Survey 

Our initial data analysis indicates that the design of the survey form 

was satisfactory; little confusion was evident in the returned forms. How-
ever, it was found that part A of questions 2 and 3 would have been improved 

by specifying "DFW," rather than just "the airport." A few respondents appar-

ently interpreted the question to refer to the airport at the other end of 

their flight. Similar confusion occurred in a few cases with part A of 
question 7. In qu~stion 8, which deals with factors affecting mode choic~. 

very f,=w people attempted to rank the alternatives listed; instead, most just 

checked off one or two items. Perhaps only the most important factor{s} 

Ghould have beeh requested. 

ROJ\DSIDE SURVEY OF AUTOHOBILE USERS 

Previous Research 
Most past surveys of automobile travel by air passengers to and from major 

airports have used questionnaires distributed and completed on board the air-
I" craft during flight. - Standard techniques for conducting such surveys have 

been compiled and synthesized by Barton Aschman Associates, Inc., in their 
16 

~l!2orl Travel Survey ~~nual. 
The same manual also describes roadside interview techniques similar to 

the one used in this research. The manual recommends that the personal inter-

view tef'hnique be limited to airports " •.. where activity levels are low or 

1.5corradino, Joseph C., "The Philadelpha Airport Origin-Destination Survey-
A Statistical Analysis," Highway Research Record, No. 330, 1970; Port 
Authority of New York and New Jersey, New Yo~k's Domestic Air Passengers, 
Febrt~~y 1972 Thru January ]973, The Port Authority of New York and New 
Jersey/Aviation Economics Division; Port Authority of New York and New 
Jersey, New York's Transatlantic Air Passenger Market--Hav 1~68 through 
April 1969, The Port of ~ew York Authority/Aviation Economics Division, 
September 1970; Port of New York Authority, .New Yor'<'s Domestic Air Passen-
ger Harket June 1967 Through H.ay 1968, The Port of ~ew York Authority/ 
Aviation Economics Division, Df.cember 1970; Voorhees, ~ cit. 

16 D 3arton-Aschman Associates, Inc., Airport Travel Survey Manual, U. S. epart-
ment 0f Transportation, Washington, D. C., July 1973. 
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where trip makers to b~ surveyed are concentrated at a small number of points." 

The manual also points out that, "Personal interviewing is most applicable 

~hen certain aspects of the questionnaire cannot be understood by respon-

dents, or when the line of questioning followed is dependent on the response 
,,17 h 1 to specific quest1.ons. T e se ection of the roadside interview technique 

for the DFW survey of auto passengers was based, in part, on the above reco~

mendatjons. Besides, it was felt that Duch of the information sought, e.g., 

auto occupancy, perceived time and distance, the spe~ific route taken to and 

from the airport, and the times of entering and leAving, could best be deter-

cined from a p~r~onal interview on the roadside. 

Consi~eration was given to handing out postcards to drivers as they 

entered the cont.nl booths and collecting cards as they left. It was esti-

mated that the cost of postcards coupled with manpower for sending them out 

would be nearly double the cost of the roa1side interview. Besides, the DFW 
Airport Board expressed the concern that persens handing out cards at the con-

trol booths would cause confusion at airport gates. 

It was decided ::0 limit interviews to vehlcl es on the outgoing lanes of 

the airport spine roads, i.e., interview vehicles only as they left the airport. 
This decision ~as made under the hypothesis that persons leaving the airport 

would be less reluctant to stop for an interview than persons on their way 

to catch a flight. Feedback ftom the interviewers suggested that the above 

hypothesis was correct. 

Locat~o~!nterview Stations 

Consideration was initially given to interviewing vehicles at the control 

plazas when they stopped to pay their parking fee. However, this method was 

rejected on the basis that unn~cessary traffic congestion and other problems 

would be creat~d at the affected control booths. Instead, it was considered 

preferable ~o locate the interview stations just outside the control plazas, 

placing one on each side of the outgoing spine Toads at each end of the air-

port, for a total of four interview stations. This was the ~~ximum number 

deemed appropriat~ p,iven budgetary constraints and the physical configuration 

of the airport exits. 

17~. 
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would be crcat~d at the affected control booths. Instead, it was considered 

preferable ~o locate the interview stations just outside the control plazas, 

placing one on each side of the outgoing spine Toads at each end of the air

port, for a total of four interview stations. This was the ~~ximum number 

deemed appropriat~ p,iven budgetary constraints and the physic3l configuration 

of the airport exits. 
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Physical Situation 

Vehicles were interviewed at both ends of the airport hetween 6:00 a.m. and 

10:00 p.m. as th~y exited from the control booths. Four interviewers, two 

flagmen and two traffic counters were stationed at each end of the airport. 

Figure 7 shows the physical s~tup of the interview lanes. Interviews were 

conducted in turnouts located abou~ one hundred feet beyond the control booths. 

A sign identifying the survey was placed at the entrance to each interview 

lane, and traffic cones were used to channelize vehicles to the interview 

point (Figure 8). 
The specific traffic lanes open through the control plaza varied through-

out the day. Booth 1 was always op~n due to its use by Surtran buses and 

other larger vehicles. The other booths were opened as demand warranted, 

starting with Booth 2. D'~ring low volume periods, booths 1-4 were uSl,1ally 

open, which required a setup of the left interview lane closer to these open 

lanes so that vehicles could be directed to the interview point without having 

to cross too many lanes (see Figure 7). 

7he Auto-User Interview Form ------ -

The auto-aser interview form is shown in Figure 9. In designing this 

form~ careful attention was paid to the phrasing of questions. lo.'hen asking 

for destination, for example, it was felt important to first ask for the 

street address or hundred block and then, if these could not be ascertained, 

to ask for the nearest street intersection. In requesting the routes that 

drivers planned to take to their next destination, it was necessary to be 

very persistent in asking for the next street along the route because most 
drivers had a tendency to stop after giving two or three legs of their journey, 

which often left a signiflcar:t distance away from their final destination 

unaccounted for. 
Similarly, for questions on perceived time and distance, drivers fre-

quently had to be coaxed to respond satisfactorily. In most cases, distance 

presented the most difficulty. T;,e question on purpose of the air trip also 

required persistence, since many passengers did not distinquish between the 

given categories, e.g., that the "convention" cate"gory is distinct from the 

"business" one. 
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The proLedure for ~sking the questions on age involved handing the driver 

and the air passenger a card containing ranges of age, each identified by a 

letter~ A through F (see Figure 10). 1be respondents were asked to indicate 

the age category in which they were included by specifying the corresponding 

letter. A similar procedure was followed in asking for family income. This 

method worked very well and made answering these personal questions quite 
acceptable to the respondents. 

Interview Rate and Sample Size 

An average interview took approximately three to four minutes, depending 

on the purp~se of the trip to the airport and the response pace of the driver. 

Additional time was needed, between interviews, to record the time of day and 

vehicle occupancy figures, and to recheck t~ form to see that all questions 

were completed and legible. Anott.er element of the time interval between in-

tervIews was the time required to flag another vehicle into the interview 

1am_',; this was a function of delays at the control booths, slack periods in 

traffic flow, and the occasional refusal of d~ivers to be interviewed. The 

average iLterviewing rate was 8.4 interviews per h~ur per interviewer. 

A. 

B. 
c. 

Under 21 

21 - 35 

36 - 45 

AGE 
D. 46 - 55 

E. 56 - 65 

F. Over 05 

FIGURE 10. AGE CATEGORY CARD 

35 

The proLedure for ~sking the questions on age involved handing the driver 

and the air passenger a card containing ranges of age, each identified by a 

letter~ A through F (see Figure 10). 1be respondents were asked to indicate 

the age category in which they were included by specifying the corresponding 

letter. A similar procedure was followed in asking for family income. This 

method worked very well and made answering these personal questions quite 

acceptable to the respondents. 

Interview Rate and Sample Size 

An average interview took approximately three to four minutes, depending 

on the purp~se of the trip to the airport and the response pace of the driver. 

Additional time was needed, between interviews, to record the time of day and 

vehicle occupancy figures, and to recheck t~ form to see that all questions 

were completed and legible. Anott.er element of the time interval between in

tervIews was the time required to flag another vehicle into the interview 

1am_',; this was a function of delays at the control booths, slack periods in 

traffic flow, and the occasional refusal of d~ivers to be interviewed. The 

average iLterviewing rate was 8.4 interviews per h~ur per interviewer. 

A. 

B. 

c. 

Under 21 

21 - 35 

36 - 45 

AGE 

D. 46 - 55 

E. 56 - 65 

F. Over 05 

FIGURE 10. AGE CATEGORY CARD 

35 

The proLedure for ~sking the questions on age involved handing the driver 

and the air passenger a card containing ranges of age, each identified by a 

letter~ A through F (see Figure 10). 1ne responGents were asked to indicate 

the age category in which they were included by specifying the corresponding 

letter. A similar procedure was followed in asking for family income. This 

method worked very well and made answering these personal questions quite 

acceptable to the respondents. 

Interview Rate and Sample Size 

An average interview took approximately three to four minutes, depending 

on the purp~se of the trip to the airport and the response pace of the driver. 

Additional time was needed,between interviews, to record the time of day and 

vehicle occupancy figures, and to recheck t~ form to see that all questions 

were completed and legible. Anott.er element of the time interval between in

tervIews was the time required to flag another vehicle into the interview 

lam_',; this was a function of delays at the control booths, slack periods in 

traffic flow, and the occasional refusal of d~ivers to be interviewed. The 

aver2ge iLterviewing rate was 8.4 interviews per h~ur per interviewer. 

AGE 

A. Under 21 D. 46 - 55 

B. 21 - 35 E. 56 - 65 

c. 36 - 45 F. Over 05 

FIGURE 10. AGE CATEGORY CARD 

35 



On Friday, May 15, 1975, there were 278 interviews at the north end and 

219 at the south end, for a total of 497 interviews. Tuesday, May 20, 1975, 
interview totals were 180 north and 209 south, for a total of 389 interviews. 

Combining the two days, a total of 886 interviews were conducted,which corres-
ponded, approximately, to a five percent sample size, based on traffic counts 
made during the same time periods. 

TRAFFIC COUNTS 

Traffic counts were conducted to determine traffic volumes by direction 

and vehicle type on the various access roads to the airport. These data pro-
vide the basis for expanrling the roadside interview sample to represent the 
entire population of vehicles entering and leaving the airport. 

Both machine counts and manual counts were conducted. Manual counts 
were necessary for determining the classification of vehicles and for convert-

ing axle counts (machine counts) to vehicle counts; only passenger cars and 
private pickup trucks were being interviewed. Machine counts were used to 
obtain 24-hour volumes, as well as traffic volumes juring the interview period 

(6:00 a.m. to 10:00 p.m.). The location of the machine counters (automatic 

tube type) is illustrated in Figure 11. 

DA';'A REDUCTION AND STORAGE 

Results from the various survey forms, traffic counts, and passenger 
c(~unts were coded for computer input and stored on magnetic tape in the System 

20;)0 Data Management Package. Through the U3e of System 2000, variou:; clata 

files were created for easy access. This also facilitated the definition of 
new data files, modification of existing files, and retrieval and updating of 

the data in these files. 

AUSTIN TEST SURVEY 

Many of the questions and techniques included in our survey had not been 

repor ced or tested in previous airport access surveys, e. g. ,. interviewing only 

people leaving the airport, perceived time and distance questions, and ques-
tions on the routes taken by auto passengers. Therefore, it was decided to 

perform a preliminary study at Robert Mueller Municipal Airport in Austin, 
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perform a preliminary study at Robert Mueller Municipal Airport in Austin, 
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Texas. to test out the survey forms and procedures. This airport "tas chosen 

because of its proximity Lo The University of Texas at Austin campus. 

Robert Mueller Municipal Airport was not served directly by a scheduled 

bus roure at the time of the survey. Therefore, the equivalent of a Surtran 

rider survey could not be tested in Austin. Roadstde interview and employee 

survey techniques were tested. The la~k of a Surtran survey trial was not 

considered serious because most of the Surtran questions had very similar 

counterparts on the roadside interview and employee forms. This pilot study 

led to major improvements and refinements in our survey instruI!!ents and pro-

cedures. 
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III. DATA ANALYSIS 

INTRODUCTION 

The most salient fiading3 of the DFW Travel Survey are presented in this 
ch~pter. For simplicity, the survey data of 16 May 1975 are referre<! to merely 

as "Friday" and 20 Mar 1975 as "Tuesday." In some cases, data were available 
only for 16 }1ay 1975; therefore, tha t is identified for convenience as the 

tlsample date." It must be emphasized that "3uto-users" as applied herein re-

fers to all users of personally-operated motor vehicles (mostly autos) and is 
applied for convenience only. "DFW Employees" has been used to identify all 
en~ployees based at DFW, not simply employees of DFW itself. 

CO,:WREHENSIVE RESULTS 

This section summarizes pertinent findings relative to all three survey 
cOhflonents considered in the aggregate. Each individual survey is disc'ussed in 
dCL,Oiil in subsequent sections. 

~!;.!:~,.Passenger Traffic 

Figures 12(a) an1 12(b) and 13(a) and 13(b) illustrate originating and 
t~:r'::d.nating air pass~nger volumes by hour of day for both s'..lrvey dates, 

H: H<1y 1976 and 20 May 1976. These data are derived from information supplied 

to the project by the individual airlines (adjusted and interpreted in Eo~e 

ca:es ~y project staff). The illustration~ show that peaking characteristics, 
fLl' the two separate days were quite similar. 

In the travel survey, air passengers were requested to give their air 

trlp origins or destinations (O/Ds). In order to discern the general patterns 

of air travel into and out of DFW, these O/Ds have been grouped into the 
following eight re~ions or categories: 

(1) Texas: all exclusively intra-state D/Ds; 

(2) Sta tes bordering on Texas: O/Ds to/from NeTT Mexico, Oklahoma, Arkan-
sas, Louisiana; 

(3) Northeast states: Maryland, District of Columbia, Delaware, Pennsyl-
vania and north to Maine; 
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(4) South and Southeastern states: Virginia, West Virginia, Kentucky, 
Tennesec, North and South CarolLla, Hississippi, Ala!lama, Georgi.), 
Florida; 

(5) Midwest states: Ohio, Michigan, Indiana, Il1inios, Wisconsin, 
Minnesota, Iowa, Hissouri, North and South Dakota, NeLaraka, Kansas; 

(6) Western states: Montana, Wyoming, Colorado, Idaho, Utah, Arizona, 
Nevada; 

(7) Far west states: Washington, Oregon, California, Alaska, Hawaii; 

(8) Out of United States: OIDs to/from points outside of the fifty 
states, including Canada and Mexico. 

The respective shares of total O/Ds to or fro'll DFW and these eight % cate-
gories are given in Table 2. It can be noted that over one-third (35.0%) of 

DnJ ai.r passenger O/Ds are located either within Texas or its four border states 

(wh1.ch might be considered as "short-haul" trips). Further, as exhibited in 

Table 3, eight major cities account for over one-third (36.7%) of total O/Ds. 
Utilizing this % information, air f>assenger trips were then classified 

aGi:'i ther long-haul or short-haul (within a radius of roughly 500 mil es).· As 

ShCll<ll in Table 4, there is significant difference between users of the two pri-

mal:>' ~round travel modes, Surtran versus auto, in terms of characteristic trip 

length. S.lrtran carries a much larger percpntage of long-distance air passen-

ge~-s. Some of this difference miglit be attributed to the relatively greater 

nw~ber of non-residents using Surtran. 
The proportionate purposes of air trips are tabulatt!J in Table 5. It can 

bc. readily seen that some two-thirds of. these trips are for "Business/ 

Lr;Jloyment" purposes. 
The duration of the air trip was also investigated for air pas~~ngers 

using both Surtran and automobile. Again, on the average. there was no signi-

ficant difference between the modes (even though there was variation bet\.Ieen 

the t ..... o survey days). For air passengers u:;ing Surtran, 22 percent were on 

one-day trips, 41 percent were on 2-4 day trips, 21 percent were 5-7 days, 

11 percent were 1-2 weeks, and 5 percent of the passengers were on longer 

trips. This corresponds closely to the auto survey results. There was al~o 
similarity in the air passengers' mode of travel on the other long-haul leg 

of their trip. For both modes. 90 percent of th~ air passengers flew on 

their return trip, 7 percent drove, and 3 percent went by some other mode. 

(train, intercity bus, etc.). 
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TABLE 2 

REGIONAL DISTRIBUTION OF DFW 
AIR PASSENGER ORIGINS AND DESTINATIONS 

OlD REGION 

Texas 
States Bordering on Texas 
Northeast States 
South and Southeastern States 
Midwest States 
Western States 
Far West States 
Out of u.S. 

TABLE 3 

CITIES WITH LARGEST 

% OF TOTAL O/Ds 

20.1 
\4.9 
14.2 
13.9 
18.4 
5.9 

10.6 
2.0 

SHARE Of ORIGINS AND DESTINATIONS 

CITY OlD 

Houston 
New Orleans 
New York City 
Washington, D.C. 
Atlant:! . 
Chicago 
Denver 
Los Angeles 

TOTAL 

44 

% OF TOTAL O/Ds 

6.1 
3.B 
5.\:' 
3.5 
.4.0 
5.9 
3.0 
4.6 

36.7 
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TABLE 4 

D1STRIBUTIOli OF LONG-H/IJI. VERSUS 
COMHUTER AIR PASSE.~GERS, BY GROUND NODE 

FLIGHT CLASS SURTRAN 

Long-Haul 71. 5% 

Comm~ter 28.5% 

TABLE 5 

PURPOSE OF AIR TRIPS 

PURPOSE 

Business/Employment 

Vacation 

ConOlention 

Personal Affairs 

Visiting 

Hil i tary 

School 
Other 

TOTAL 

45 

AUTm10BILE 

29.270 

70.8% 

% OF TOTAL 

67.7 
10.3 
3.0 
4.9 

10.3 
1.5 
1.1 

1.2 ----
100.0 
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Comparing the number of air passengers per party between Surtran and auto-

mobile users, shows that an observable difference exists. As illustrated in 

Figure 14, there is a slightly greater proportion of multiple-member groups 
using Surtran. Air passengers trav~ling alone made up 83 percent of auto-using 

air passengers but only 64 percent of those using Surtran. However, this dif-
ference may be somewhat artificial due to multiple responses from groups of 

ai'(" passengers. 

No other qignificant differences in the characteristics of auto-using 

versus Surtran-using air passengers have been detected, except for residency 

in the Dallas/Fort Worth area, as exhibited in Table 6. (A resident is de-
fined as a person who lives in the North Central Texas Nineteen-County Plan-

ning Region.) While Surtran-using air passengers are virtually equally 
divided between residents and non-residents, predominantly more auto-using 

air passengers tend to be residents. This is not surprising considering the 
out-of-to~~ visitor's greater dependence on public transportation. 

Ground Traffic 

Table 7 gives the overall modal split detel~ined from the data in terms 

":if both person trips and vehicle trips. The "Automobile" mode includes both 
personally owned and rented vehicles. Also included in that designation are 

personally-owned trucks, e.g., pickups, campers, motor homes, and camping vans, 
as 'Well as motorcycles. "Other buses, shuttle vans, etc." refers mainly to 

public t-ransit vehicles owned and operated by hotels and car rental agencies 
for the convenience of their customers. The "Other" category refers to COtr.-

T>!Creial v~hicles. 
From Table 7, it can be seen that some 46,380 vehicles entered and left 

DF1..' on the sample da te. These correspond to 72,394 person trips to and from 

the airport. Surtran accounted for 4.2% of person trips but represented only 
0.8% of the vehicular traf~ic due to the higher v~hicle occupancy rates of Sur-

tran buses compared to automobiles. The combination of Surtran, taxis, and 

the private special-purpose transit services carried 9.0% of the total person-

trips to and from DFW. 
Table 8 gives the contribution of each of the three surveyed DFW ground 

transportation components (employees, Surtran riders, and air passenger and 
visitor auto users) to the total ground traffic of the sample date. (Note 

that employees represent about one-fourth of the total person-trips to and 
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FIGURE 14 

NUMBER OF AIR PASSENGERS IN PARTY BY GROUND ACCESS MODE 

Percent Using Surtran ~ 

Percent Using Auto D 

TABLE 6 

DALLAS/FORT WORTH AREA RESIDENCY OF AIR PASSENGERS, BY MODE 

RESIDENCY SURTRAN AUTOMJBILE 

Resident 49.6% 58.4% 

Nonresident 50.4% 41.6% 
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TABLE 7 

DFW CROUND TRANSPORTATION MODAL SPLIT 

Vehicle- Person-
Mode Trips Percent Trips Percent 

Automobile 43,133 93.0 64.992 89.8 

Taxi 1,391 3.0 2,221 3.0 

Surtran bus 393 0.8 3,035 4.2 

Other buses, 
shuttle vans, etc. 813 1.8 1,301 1.8 

Heavy trucks, 
other 650 1.4 845 1.2 

TOTAL 46,380 100.0 72.394 100.0 

'!'ABLE 8 

CONTRI BUTION TO DFW GROUND TRAFFIC BY MAJOR COHPONE~;T 

COMPONENT 

Employees, service 
pen;onnel, etc. 

Surtran, taxis, other 
buses, etc. (excluding 
employees) 

Auto-using general 
public 

TOTAL 

48 

PERSON-TRIPS 

18,623 

6,107 

47,664 

72,394 

. PERCENT 

·25.7 

8.4 

65.9 

100.0 
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from DFW). 

From the airline passenger data, it was determined that 22,384 air pas-

sengers originated or terminated their journeys at DFW on the sample date. 

The ~lourly distributions of these originating and terminating air passengers 

are illustrated in Figures 12(a) and 12(b). Note that the most pronounced 

peaking occurs for terminating passengers at about 16:00 hours {Figure 12(h)]. 
Table 9 presents the ground transportation modal split of air passengers 

only. ~Iearly, Surtran's share of air passengers Is significantly higher 

(10.9%; than its share of total person trips (4.2%). In fact, all public 

transportation modes taken together account for 25.7% of the air passenger 

ground travel to or from DFW. Surtran's share of air passenger trips repre-

sents almost a tripling of the proportion of air passenger trips previously 

carried by equival~nt bus services at Love Field before DFW opened. 

The land use at off~alrport ground trip origins is illustrated in Figure 

15, segregated into Surtran and auto (personal motor vehicle) tr~ps. Overall, 

this varies in a predictable manner because the Surtran categories includ~ a 

relatively high proportion of non-resident business persons. This is particu-

larly clear in the "your home" and "hotel or motel" categories. 

In terms of airport use, air passengers riding Surtran fly roughly one-

half a r often as air passengers who use the automobile to access the airport. 

The median airport-use frequen~y for Surtran riders was eight times per year, 

d t t " e"r for auto users. No explanation factor a9 oppose to twen y lrues per y ~ 

could be found for this difference. 

1 i Char<~cteristics of the Three Components of Travel .Demograp 1 c C& 

surveys,· l"nformalion on socio-economic charactet-In all three component 

istics such as age, i~come, and occupation were requested. It is interesting 

these r esults among the three component groups. to compare 
Table 10 compares the proportional distribution of age categories. There 

other two groups. is a tendency for employees to be slightly younger than the 
then the other categories, e.g., 39.1 percent Surtran riders are clearly older 

8 0 percent for employees and 31.1 percent 
over 45 years of age compared to 1 • 

for air passengers. . 
t.onal distribution of occupational categories 

Table 11 compares the propor ~ 
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TABLE 9 

DFW GROUND TRANSPORTATION MODAL SPLIT FOR 
ORIGINATING/TERMINATING AIR PASSEl-lCERS 

MODE PASSENGERS 

Automobile* 16,626 

Surtran bus 2,447 

Taxi 2,088 

Other buses, 
shuttles, etc. 1,223 

TOTAL 22,384 

PERCENT 

74.3 
10.9 
9.3 

5.5 

100.0 

*Includes persor.al light trucks, motorcycles, etc. 
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TABLE 10 

DISTRIBUTION OF AGE CATEGORIES FOR EACH SURVEY COMPONENT 

Age % % Surtran _Jo Autopse~ 
Category Employees Riders Driver Air Pax 

<21 years 7.8 3.3 7.8 4.7 21-34 50.0 31.6 44.5 35.9 35-44 24.2 26.0 22.3 28.3 45-54 13.5 24.2 17.9 22.0 55-64 4.3 10.7 6.5 5.9 
~ 65 0.2 4.2 1.0 3.2 

T0TAL 100.0 100.0 100.0 100.0 

TABLE 11 

DISTRIBUTION OF OCCUPATIONAL CATEGORIES 
FOR EACH SURVEY COMPONENT 

Occupational % % Surtrnn % Auto 
Categorr Emrloyee~ Riders Driver 

Professional 31.6 60.9 43.1 

Clerical 12.5 3.2 4.4 

Sales 5.8 15.7 16.3 

Craftsman/Foreman 5.9 4.7 6.8 
Technician/Operator 

Maintenance 7.4 

Service 24.9 1.4 2.4 

Student N/A 3.4 8.7 

Retired N/A 3.9 1.6 

Housewife N/A 2.6 14.0 

Unemployed N/A 0.4 1.3 

Self-ElLlployed N/A 0.8 

11.9 3.8 0.6 
Other Labor 

100.0 100.0 100.0 TOTAL 

51 

Users 
Air Pax 

51.9 
1.4 

21.2 

7.4 

1.4 
5.6 
.L.B 

5.5 
1.4 
0.9 
0.5 

100.0 
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of the three groups of travelers. It can be seen that proportionately more 

Surtran riders and fewer employees tended to identify themselves as Itprofes-

~:;lonal"; and substantially more employees tended to classify themselves in 

"Clerical" and "Service" categories. 

Finally, in Table 12, the distributions of income categories of the dif-

ferent groups are compared. Surtran riders exhibited the highest income 

levels -- 62.1 percent in the $20,000 per year or over bracket. Employees,on 

the other hand, indicated lower incomes 

comes of $20,000 or less per year. 

EMPLOYEE TRAVEL SU~VEY RESULTS 

PreViOtl!l Love Field Emp~ o~ 

72.3 percent indicating family in-

In order to assess the im?3ct on airport-related employment of relocating 

the regional air facility from ~ve Field to DFW, the employees were asked to 

indicate whether they had previously been working at Love Field. Based un a 

response ~ate to this question of over 98 percent, it ~as found that 58 percent 

were former Love Field-based workers while 42 percent h3d been employed only 

at DFW. 

Residential Distribution 

Figure 16 shows the residential distribution of DFW-based employees by 

RAA zones. Overall, Dallas and its suburbs have the largest single share. 

TABLE 12 

DISTRIBUTION OF FA.."fiLY INCOME CATEGORIES FOR EACH SURVEY COMPONENT 

% % SURTRAN % AUTO USERS 

EMPLOYEES RIDERS DRIVERS AIR PAX 
INCOME CATEGORY 

12.9 4.3 10.8 8.1 
< $6,500 

30.5 11.9 17.7 12.0 
$6,500-$13,000 

28.9 21.7 26.5 19.8 
$13,000-$20,000 

13.3 25.1 18.8 21.7 
$20,000-$26,000 6.8 16.3 9.7 13.6 
$26,000-$32,000 16.5 24.8 
'> $32,COO 7.6 20.7 
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were former Love Field-based workers while 42 percent h3d been employed only 

at DFW. 

Residential Distribution 

Figure 16 shows the residential distribution of DFW-based employees by 

RAA zones. Overall, Dallas and its suburb~ have the largest single share. 
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$13,000-$20,000 
13.3 25.1 18.8 21.7 

$20,000-$26,000 9.7 13.6 
$26,000-$32,000 6.8 16.3 

24.8 20.7 16.5 
'> $32,COO 7.6 
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of the three groups of travelers. It can be seen that proportionately more 

Surtran riders and fewer employees tended to identify themselves as "Profes
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The resi~ential distribution of nFW employees b RAA y zone inside the in-tensive study area (ISA), broken down by employees who formerly worked at the Love Field Airport and tho~e that did net 0 oIl , 1S 1 ustrated by zonal maps in Figures 17(a) and 17(b). 

Figures 17 (a) and 17 (b) reveal an interesting l-'attem of employee resi-
dential shifts that has resulted from the opening of the new airport. While 
previous Love Field workers rEside predominantly in Dallas anrl its suburbs 
(Figure 17a), there is a pronounced westward shift of employee residence towards Fort Worth and the "Mid-Cities" area in the case of employees who did not previously work at Love Field (Figure 17b). This is undoubtedly due 
to the greater accessibility of DFW to more westerly residents. As the em-
ployee survey form indicates (Figure 4), the previous Love Field workers were 
asked whether they had relocated their residence because of the relocation of 
the area's major air facility from Love Field to DFw. Accordingly, 19.9 per-
ce~t of the former Love Field workers indicated they had relocated their resi-
dence because of the .,hift of the major airport to OFW -- presumably a west-
ward relocation for most. This implies that approximately 1,500 employees 
represen t ing roughly 1 t 500 ind i vidual households or about 4,500 persons --
shifted their places of residenct:: due to the changeover to DFW. These data 
~uggest that changing the site of a major air facility does have a signifi-
cant impact in terms of employee residential location. 

Looking at employee residential distribution by cities inside the ISA 
(Table 13 and Figure !8), it is evident that Dallas had the single heaviest 

U h d Arl' to The differences concentration, followed by Irving, Fort ~ort , an lng n. 
in residential distribution of former Love Field versus non-Love Field employees 
(Table 14) is even more clearly represented in Figures 19(a) and 19(b), which 
decisively indicate that previous Love Field employees are concentrated more 
heavily in the Dallas area than those who did not work at Love Field. This, 

t:l1e zonal d ' stribution data, corroborates the inference of a together with 
modest westward shift in er:lployee residential patterns (see above) since the 
changeover from Love Field to DFW. 

, d i 1 distribution has been aggregated In Figure 20, the employees resi ent a 
(D 11 and Fort Worth), their i O"f the two large cities a as into the categor es 

suburbs, t he Mid-Cities commuaities lying in between Dallas/Fort respective h As illustrated, some 40 percent of t e Worth, and locations outside the ISA. 
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heavily in the Dallas area than those who did not work at Love Field. This, 
together with the zonal d' stribution data, corroborates the inference of a 
modest westward shift in er:lployee residential patterns (see above) since the 
changeover from Love Field to DFW. 

, d i 1 distribution has been aggregated In Figure 20, the employees resi ent a 
(D 11 and Fort Worth), their into the categories df the two large cities a as 

respective suburbs, the Mid-Cities commuaities lying in between Dallas/Fort 
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The resi~ential distribution of nFW employees b RAA y zone inside the in-tensive study area (ISA), broken down by employees who formerly worked at the 
Love Field Airport and tho~e that did net, is illustrated by zonal maps in 
Figures 17(a) and 17(b). 

Figures 17(a) and 17(b) reveal an interesting ~attern of employee resi
dential shifts that has resulted from the opening of the new airport. While 
previous Love Field workers rEside predominantly in Dallas anrl its suburbs 
(Figure 17a), there is a pronounced westward shift of employee residence 
towards Fort Worth and the "Mid-Cities" area in the case of employees who 
did not previously work at Love Field (Figure 17b). This is undoubtedly due 
to the greater accessibility of DFW to more westerly residents. As the em
ployee survey form indicates (Figure 4), the previous Love Field workers were 
asked whether they had relocated their residence because of the relocation of 
the area's major air facility from Love Field to DFw. Accordingly, 19.9 per
ce~t of the former Love Field workers indicated they had relocated their resi
dence because of the .,hift of the major airport to OFW -- presumably a west
ward relocation for most. This implies that approximately 1,500 employees 
representing roughly 1,500 individual households or about 4,500 persons -
shifted their places of residenct:: due to the changeover to DFW. These data 
~uggest that changing the site of a major air facility does have a signifi
cant impact in terms of employee residential location. 

Looking at employee residential distribution by cities inside the ISA 
(Table 13 and Figure !8), it is evident that Dallas had the single heaviest 

t~' h d Arl' t n The differences concentration, followed by Irving, Fort r.ort , an 1ng 0 • 

in residential distribution of former Love Field versus non-Love Field employees 
(Table 14) is even morc clearly represented in Figures 19(a) and 19(b), which 
decisively indicate that previolls Love Field employees are concentrated more 
heavily in the Dallas area than those who did not work at Love Field. This, 
together with the zonal d' stribution data, corroborates the inference of a 
modest westward shift in e~ployee residential patterns (see above) since the 
changeover from Love Field to DFW. 

, id i I distribution has been aggregated In Figure 20, the employees res ent a 

i 
"f the two large cities (Dallas and Fort Worth), their into the categor es 0 

I ii between Dallas/Fort suburbs, the Mid-Cities cormnuaities Y ng n respective 
h As illustrated, some 40 percent of t e Worth, and locations outside the ISA. 

54 

The resi~ential distribution of nFW employees b y RAA zone inside the io-tensive study area (ISA), broken down by employees who formerly worked at the 
Love Field Airport and tho~e that did net, is illu~trated by 

J zonal maps in Figures 17(a) and 17(b). 

Figures 17(a) and 17(b) reveal an interesting ~attern of employee resi
dential shifts that has resulted from the opening of the new airport. While 
previous Love Field workers rEside predominantly 1·n Dallas ann its suburbs 
(Figure 17a), there is a d pronounce westward shift of employee residence 
towards Fort Worth and the "M1'd-Cities" . h area 1n t e case of employees who 
did not previously work at Love Field (Figure 17b). This is undoubtedly due 
to the greater accessibility of DFW to more westerly residents. As the em
ployee survey form indicates (Figure 4), the previous Love Field workers were 
asked whether they had relocated their residence because of the relocation of 
the area's major air facility from Love Field to DFw. Accordingly, 19.9 per
ce~t of the former Love Field workers indicated they had relocated their resi
dence because of the .,hift of the major airport to OFW -- presumably a west
ward relocation for most. This implies that approximately 1,500 employees 
representing roughly 1,500 individual households or about 4,500 persons -
shifted their places of residenct:: due to the changeover to DFW. These data 
~uggest that changing the site of a major air facility does have a signifi
cant impact in terms of employee residential location. 

Looking at employee residential distribution by cities inside the ISA 
(Table 13 and Figure !8), it is evident that Dallas had the single heaviest 

. F t~, h d Arl· ngton The differences coneen t ra t ion, followed by Irv1ng, ort r.ort , an 1 . 
in residential distribution of former Love Field versus non-Love Field employees 
(Table 14) is even more clearly represented in Figures 19(a) and 19(b), which 
decisively indicate that previolls Love Field employees are concentrated more 
heavily in the Dallas area than those who did not work at Love Field. This, 
together with the zonal d'stribution data, corroborates the inference of a 
modest westward shift in e~ployee residential patterns (see above) since the 
changeover from Love Field to DFW. 

, id i I distribution has been aggregated In Figure 20, the employees res ent a 

O
"f the two large cities (Dallas and Fort Worth), their into the categories 

I i i between Dallas/Fort respective suburbs, the Mid-Cities commuaities Y ng n 
As illustrated, some 40 percent of the Worth, and locations outside the ISA. 
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TABtE 13 

DISTRIBUTION OF OF\.: EHPLOYEES 

BY CITIES I~SIDE THE INTENSIVE STUDY AREA 

CIlY SA1.fPLE 
FREQUENCY PERCENT 

Addison 
7 0.22 Arlington 

233 7.19 Azle 
3 0.09 Balch Springs 4 0.12 B~dford 93 2.87 Benbrock 
J 0.09 Blue Mound 

" 0.12 C.arrolton 74 2.28 Cedar H111 5 0.15 Colleyville 28 0.86 Coppell 8 0.25 Dallas 801 24.71 Dalworthington Gardens 1 0.03 De Soto n 0.40 Cuncanvl11e 13 0.40 Evennan 3 0.09 Euless 2IS 6.63 farmers Branch 56 1.73 Fort Worth 257 7.93 Forest H111 3 0.09 Garland 49 1.51 Grand Praire 88 2.72 Grapevine 93 2.87 Haltom City 20 0.62 Highland Park 2 0.06 l:urst 138 4.26 Hutchins 1 0.03 Irving it04 12.47 
Keller 30 0.93 
Kennedale 1 0.03 

" 0.12 Lancaster 
3 0.09 Mansflled 

25 0.77 Mesquite 
Hills 59 1.82 North Richland 

1 0.03 PantE"go 
3J 1.02 Richardson 

0.59 Richland H11l5 19 
0.06 2 River Oaks 

1 ,0.03 Sachse 
2 0.06 S .. lgin.lw 

0.03 Se,,~ovi11e 1 
Smithvil1~ 15 0.46 
South Lake 9 0.28 
l'niverslty Park IS 0.56 
Watnuga 12 0.37 
~~lte Settlement 3 0.09 
Wilmer 1 0.03 

TOTAL 1.858 M.1S 
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TABLE 14 
DISTRIBUTION OF DFW ENPLOYEES BY CITIES INSIDE THE INTENSIVE STUDY AREA, ACCORDING TO PREVIOUS lOVE FIELD EXPERIENCE 

Add I.on 
Arlington 
AJ:lf' 
&.a Ie h Spr Ina' 
ac-d ford 
B~nbrook 

Blue Hound 
Carrollon 
C~.r Hill 
Collryvill. 
Copp .. l1 
Oa11 ... 
Oalwort II L1Aton 

CC4rdrn.) 
0. SolO 
Oun..""nvill. 
Everaan 
wI ..... 
rar-c-r. Branch 
rort \Jonh 
'orr.t H111 
';"rland 
Crand Pr .. fr. 
Crapevlnf' 
Kalto. CSty 
H! ,hi a nor' Park 

Kutddn. 
trvlng 
~lhr 

lle'H.dale 

6 
71 

4 
4) 

1 
) 

62 
2 

14 

" 622 

9 
8 
1 

91 
4~ 

SJ 
1 
40 

)0 
4S 

S 
1 

02 
1 

2)0 
17 

Lane tater " 
~ndlh.s ) 
"-'.quit. 17 
no. Richland Hilla n 
Pantego 
Ilchard,on 
Ilc.,l,nd Hilla 
!Hvrr Oaka s,ct,.. 
Sallinaw 
S.".,v111. 
S.Uhfie Id 
SO\.lth t..ke 
t'nlv ... ,lt)' p;ark 
"'at.auR" 
\o'hUf' Srttl..-nl 
W1111wr 

,',fe 

24 
10 

1 
1 
1 
1 
9 
4 

15 
4 

0.19 
7.19 

0.12 
1.]) 
0.0) 
0.09 
1.91 
0.06 
0.4) 
0.12 

19.19 

0.28 
0.25 
0.03 
2.87 
1. 39 
1.64 
0.03 
1. 2~ 
1. 20 
1. 39 
0.16 
0.0) 
1.91 
0.03 
7.10 
0.~2 

0.12 
0.09 
0.52 
0.46 

0.74 
O. )1 
0.0) 
0.03 
0.0) 
0~03 
0.28 
0.12 
0.46 
0.12 

0.0) 

49.09 

liS. 17 
30.47 

100.00 
46.24 
)).]) 
15.00 
83.78 
40.00 
50.00 
50.00 
77.65 

69.23 
61.54 n.)) 
4'.26 
80.36 
20.62 
)3.31 
81.63 
44.32 
48.39 
25.(.10 
.50.00 
44.Cl3 

100.00 
51.. en 
S6.67 

100.00 
100.00 

68.00 
25.'2 

72.72 
S2.6J 
50.00 

100.00 
50.00 
50.00 
60.00 
44.44 
8J. )) 
)3.33 

100.00 

5~.70 
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NON-W~~/tW:";:O-=~=RKE=::::::f.::-.RC-::C'-::EN~T~O:-::F~D""F\I"-'-SAMPLE 
FREQUENCY 

1 
1~8 

3 

48 
2 
1 

10 
2 

14 
) 

17S 

1 
4 
5 
2 

113 
11 

197 
2 
9 

49 
47 
14 

1 
75 

169 
13 

7 
42 

1 
9 
9 
1 

5 
S 
2 
8 
) 

1.222 

TOTAL DN F.KPI..OYEES 
EKPLOYEF.S "'ITHIN CATEGORY 

0.01 
4.86 
0.09 

1.48 
0.06 
0.0) 
0.31 
0.06 
0.43 
0.09 
.5.40 

0.0) 
0.12 
0.16 
0.06 
3.49 
0.34 
6.08 
0.06 
0.28 
LSI 
1.45 
0.43 
0.0) 
2.31 

';. "1 
0.40 

0.28 
1.30 
0.03 
0.28 
~.03 
0.03 

0.01 

0.16 
0.16 
0.06 
0.2S 
0.09 

)7.70 
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67.81 

100.00 

51.61 
66.67 
H.oo 
n.'''l 
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37 .50 
21.84 

100.00 
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66.67 
52.56 
19.64 
76.65 
66.67 
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55.68 
50.54 
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.54.3.5 

41.~' 
4).)) 

28.00 
71.19 
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27.27 
47.)7 
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)].33 
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) 

62 
2 

14 

" 622 

9 
8 
1 

91 
4~ 

SJ 
1 
40 

)0 
4~ 

~ 
1 

02 
1 

2)0 
17 

Lane tater " 
~ndlh.s ) 
"-'.qult. 17 
no. Richland Hilla n 
Pantego 
Ilchard.on 
Ilc.,l.nd Hilla 
!Hvrr Oak. 
s.ct,.. 
Sallinaw 
S •• ,.,v111. 
S.Uhfle Id 
SO\.lth t..ke 
t'nlv .... lt)' p;ark 
"'at.auR" 
\o'hUf' Srttl..-nl 

W1111wr 

24 
10 

1 
1 
1 
1 
9 
4 

IS 
4 

-----------_. 

0.19 
7.19 

0.12 
1.]) 
0.03 
0.09 
1.91 
0.06 
0.43 
0.12 

19.19 

0.28 
O.H 
0.01 
2.87 
1. 19 
1.64 
0.03 
1. 2~ 
1. 20 
1. )9 
0.16 
0.03 
1.91 
0.03 
7.10 
0.~2 

0.12 
0.09 
0.~2 
0.46 

0.74 
0.31 
0.0) 
0.01 
0.0) 
O~O) 
0.28 
0.11 
0.46 
0.12 

0.0) 

49.09 

115.17 
10.47 

100.00 
46.24 
33.]) 
n.oo 
83.78 
40.00 
~O.OO 
SO.OO 
77.6S 

69.21 
61. ~4 
)J.)) 

4'.26 
80.36 
20.62 
33.31 
81.63 
44.)2 
48.39 
2S.ltO 
50.00 
44.Cl3 

100.00 
51..cn 
~6.67 

100.00 
100.00 

68.00 
2S.42 

72.72 
S2.6J 
50.00 

100.00 
50.00 
50.00 
60.00 
44.44 
8J. )) 
)).3) 

100.00 

5~.70 

NON-W~~/tW-O.c;~.:..RKE=",=:o...f.·R-C~EN-T-OF-D-F\l--
SAMPLE 
FREQUENCY 

1 
158 

) 

48 
2 
1 

10 
2 

14 
3 

17S 

1 
4 
5 
2 

113 
11 

197 
2 
9 

49 
47 
14 

1 
75 

169 
13 

7 
42 

1 
9 
9 
1 

5 
5 
2 
8 
3 

1.222 

TOTAL DN F.KPI..OYEES 
EKPLOYEF.S "'ITHIN CATEGORY 

0.01 
4.86 
0.09 

1.48 
0.06 
0.0) 
0.)1 
0.06 
0.43 
0.09 
5.40 

0.01 
0.12 
0.16 
0.06 
3.49 
0.34 
6.08 
0.06 
0.28 
LSI 
1.45 
0.43 
0.0) 
2.31 

';. "1 
0.40 

0.28 
1.30 
0.03 
0.28 
~.O) 

0.03 

0.01 

0.16 
0.16 
0.06 
0.25 
0.09 

37.70 

110.29 
67.81 

100.00 

51.61 
66.67 
lS.oo 
13.'''l 
40.00 
50.00 
)7 .50 
21.84 

100.00 
30.77 
38.46 
66.67 
52.56 
19.64 
76.6~ 
66.67 
18.37 
55.68 
50.54 
70.00 
50.00 
54.35 

41.~' 
43.33 

28.00 
71.19 

100.00 
27.27 
47.37 
50.00 

50.00 

33.3) 
S5.~S 
11.11 
66.67 

100.00 

42.76 

--~-------------~-
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TABLE 14 
DISTRIBUTION OF DFW F.HPLOYEES BY CITIES INSIDE THE INTENSIVE STUDY AREA, ACCORDING TO PREVIOUS lOVE FIELD EXPERIENCE 

FllR."If.R l.OVE FT F.LD WORKER NON-WVE FlEW \.lORJC.ER 
CITY 

----~--PE-II.(:-F.NTOr_--PERCENT OF ON 
SAMPLE 

PEr-:i.'ii- OF PERCENT OF OF\l SAKPLF. 
TOTAL DN £!o(PLOYF.F.S ViTII- TOTAL DN F.KPI..OYEES FREQUENCY 
l:"iPLOYEES IN CATEr-ORY FREQUENCY 

EMPLOYEf.S WITHIN CATEGORY 

A.6d I.on 6 0.19 IIS.17 1 0.01 110.29 Arlington 71 '.19 30.47 1S8 4.86 67.81 Azlt' 3 0.09 100.00 
~Ich Sprlna. 4 0.12 100.00 
I«-d rord 4) 1.33 46.24 48 1.48 S1.61 
B~nbrook 1 0.03 33.)) 2 0.06 66.67 
Blue Hound ) 0.09 H.OO 1 0.03 H.OO 
Carrolton 62 1.91 83.78 10 0.31 13.'''l 
C~ar Hill 2 0.06 40.00 2 0.06 40.00 
Collf'Y"III~ 14 0.43 SO.OO 14 0.43 SO. 00 
Copp .. 11 4 0.12 50.00 3 0.09 37.50 

622 19.19 77.65 175 5.40 21.84 Oall ... 
O.lwort hl;lAton 

1 0.0] 100.00 ("~rdf'".) 
69.23 4 0.12 30.77 o.r Soto 9 0.28 

38.46 O.H 61.54 5 0.16 o...n..-anvlll ~ 8 
66.67 33.33 2 0.06 [ve~n 1 0.03 
52.S6 4'.26 113 3.49 rul ..... 93 2.87 

0.34 19.64 80.36 II rar-c-r. Br~nch loS 1. 19 
6.08 76.65 20.62 197 Fort Worth 53 1.f>4 

2 0.06 66.67 rorf'U HUI 1 0.0) 33.31 
0.28 18.)7 1. 2::- 81.6) 9 ~rlJlnd 40 

49 1.51 55.68 )0 1. 20 44.)2 
50.54 

Crand Pr .. fre 
47 1.45 Crapl'vfnf' loS 1. )9 48.39 

0.43 70.00 0.16 25.{JO 110 KAl toa C Sty 5 
0.03 SO.OO 0.03 50.00 1 H!,hlant' Park 1 

75 2.31 54.35 02 1.91 44.9) Mur.t 
1 0.0) 100.00 

169 0;. "1 41.~' 
Ilutdlln. 

7.10 sI..cn 
4).)) T r"\'1"1: 2)0 

1) 0.40 0.~2 56.67 ~lhr 17 
I(I'''r~dall' 

0.12 100.00 Lan<" ntl'r 4 
0.09 100.00 

0.28 28.00 Man~flh.s ) 
68.00 7 17 0.52 

1.30 71.19 He·.qult. 42 U 0.46 2~.t.2 
0.03 100.00 no. RIchland Hilla 

1 
9 0.28 27.27 Pantl',o 

24 O.H 72.72 
~.O3 47. )7 IlchArd.on 

52.6] 9 50.00 Ilchiand HIU. 10 0.31 
50.00 1 0.0) 

!Hvt'r O.k. 1 0.0) 
100.00 50.00 1 0.03 0.01 Sac h •• 

0.0) 50.00 
Salll naw 1 

50.00 33.3) O~O) 
5 0.16 Sl'a",vt III' 1 

60.00 55.n 0.28 
5 0.16 s.lthfle Id 9 44."" 11.11 0.11 
2 0.06 SO\,lth Lake 4 

8J. )) 66.67 0.1.6 
8 0.15 l'ntvf'r.1t)' p;ark 15 

33.3) 100.00 4 0.11 ) 0.09 \latAult" 
\/hltl' Srttl~nl 

0.0) 100.00 
WIIhwr 

)7.70 42.76 
5!'.70 1.222 

1.~92 "9.09 TOTAL 
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MIDe frIES 
~O •. )% 

FIGURE 2J 
DISTRIBUTION OF DFW EHPLOYEES' 

RESIDENTIAL LOCATIONS BY CATEGORIES 

emp loyees res ide in the ~t1d-C i ties commun i ties t another onp-th ird in Dallas or 

1 ts suburbs t and some 13 percent (or about one in eight) in Fort Worth or its 

suburbs. 

Employee residential distribution outside the rSA Is presented in Tables 

15 and 16. With the exception of the slightly heavier concentration of em-

ployees in Lewisville (aho.ut 3.5 percent compared ..... i.th less than 1 percent for 

any other non-ISA cOCDr.unity), no significant patLern is discernable. 

f.mployee Travel Characteristics 

The distribution of employees' work shift starting and ending times is 

illustrated in Figures 21(a) and 2I(b). Wlile·the largest concentrations occur 

during the typical periods of 07:00 08:00 and 16:00 - 17:00, there are other 

substantial concentrations at 14:00 - 15:00 and 22:00 - 23:00 ..... hich result in 

somewhat more evenly distributed traffic than if all shifts spanned .the conven-

tional 08:00 - 17:00 period. 
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FIGURE 2Q 
DISTRIBUTION OF DFW Et-1PLOYEES' 

RESIDENTIAL LOCATIONS BY CATEGORIES 

emp loyees res ide in the }Ud-C i ties commun i ties t another onp-th ird in Dallas or 

1 ts suburbs t and some l3 percent (or about one in eight) in I·'ort Worth or its 

suburbs. 

Employee residential distribution outside the ISA 1.s presented in Tables 

15 and 16. With the exception of the slightly heavier concentration of em

ployees in Lcwisvi lle (aho.ut 3.5 percent compared ..... i.th less than 1 percent for 

any other non-ISA cOCDr.unity), no significant pattern is' discernable. 

f.mployee Travel Characteristics 

The distribution of employees' work shift starting and ending times is 

illustrated in Figures 21(a) and 21(b). Wlile·the largest concentrations occur 

during the typical periods of 07:00 08:00 and 16:00 - 17:00, there are other 

substantial concentrations at 14:00 15:00 and 22:00 - 23:00 ..... hich result in 

somewhat more evenly distributed traffic than if all f>hifts spanned .the conven

tional 08:00 - 17:00 period. 
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15 and 16. With the exception of the slightly heavier concentration of em

ployees in Lewi svi lIe (aho.ut 3.5 percent compared wi. th less than 1 percent for 

any other non-ISA cOCDr.unity), no significant patLern is' discernable. 

f.mployee Travel Characteristics 

The distribution of employees' work shift starting and ending times is 

illustrated in Figures 21(a) and 21(b). ~Iile·the largest concenlrations occur 

during the typical periods of 07:00 08:00 and 16:00 - 17:00, there are other 

substantial concentrations at 14:00 15:00 and 22:00 - 23:00 which result in 

somewhat more evenly distributed traffic than if all hhifts spanned .the conven

tlonal 08:00 - 17:00 period. 
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TABLE 15 
DISTRIBUTION OF DFW EMPLOYEES BY 

CITIES OUTSIDE THE INTENSIVE STUDY AREA 

CITT SAMPLE % OF 
FREQUENCY TOTAl. 

All.n 2 0.06 Alvord 1 0.0) Arlyl. 7 0.22 Aubr.y 1 0.01 Ilu. I1d"e 2 0.06 Ionhaa 1 0.0] lowl. I 0.01 
6 0.19 loyd 
4 0.12 Ir Idlep<>rt 
2 0.06 CeUn. 
1 0.0] Cele.te 
1 0.01 Cleburoe 

Clifton I 0.0] 
Col 11n • .,111 e 1 0.01 
Conroe 1 0.0) 
De<:ature I, 0.01 
DentOtl ]1 0.96 
U., 2 0.06 
Ennla 2 0.06 
'.alrfi.ld 1 0.01 
ranw."Ule 1 O.OJ 
'errl. 2 0.06 
Flover ~ad 2 0.06 
, .. taco 8 0.25 
Caln.vllie J 0.0) 
Cranbury I 0.0) 
Cordon I 0.0) 
Creea",1 lie 1 0.01 
Joeb ... 2 O.Ob 
Juet la 4 0.12 

1 O.O} "llhlaad VUhge 
I 0.(13 I.uA& 

lalLa 0.11 .. 6 O.lQ 
1 O.Ol little [; .. 

11] 1.49 
0.09 

Levl • .,U Ie 
) 

0.28 ~banlL 
9 

0.0) tklt."wy 
1 

0.0) "ldlotbiaD 
1 

0.0) Nevada 
1 

0.0} Nocona 
1 

0.80 Pe .. adl .. 
26 

0.06 Plano 
2 

0.06 PUot Point 2 
0.0) l'onJ ... 

I 
0.0) Poolv11h 

I 
0.06 Quinlan 2 0.0) • ...so.k 1 
0.92 .~ )0 
0.09 Iloanolr.. ) 
O.O} Iloc kv. 11 1 0.09 San Kerco. 1 '0.0) SaDie,. 1 0.0) Sun •• t 1 O.Ob Tlola l 0.09 Valle., V1M1 1 0.16 W •• therford 5 0.0) W ••• bach!" 1 0.0) WUI .. Polnt 1 0.12 Wbtt.vrl ".lIt 4 

WyUe 

]20 9.87 
TOTAL 
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TABLE 15 
DISTRIBUTION OF DFW EMPLOYEES BY 

CITIES OUTSIDE THE INTENSIVE STUDY AREA 

CITT SAMPLE % OF 
FREQUENCY TOTAl. 

All.n 2 0.06 Alvord 1 0.0) Arlyl. 7 0.22 Aubr.y 1 0.01 
Ilu. I1d"e 2 0.06 Ionhaa 1 0.0] 
lowl. I 0.01 

6 0.19 loyd 

4 0.12 Ir Idlep<>rt 
2 0.06 CeUn. 

1 0.0] Cele.te 

1 0.01 Cleburoe 
Clifton I 0.0] 
Col 11n • .,111 e 1 0.01 
Conroe 1 0.0) 
De<:ature I, 0.01 
DentOtl ]1 0.96 
U., 2 0.06 
Ennla 2 0.06 
'.alrfi.ld 1 0.01 
ranw."Ule 1 O.OJ 
'errl. 2 0.06 
Flover ~ad 2 0.06 
, .. taco 8 0.25 
Caln.vllie J 0.0) 
Cranbury I 0.0) 
Cordon I 0.0) 
Creea",1 lie 1 0.01 

Joeb ... 2 O.Ob 

Juet la 4 0.12 
1 O.O} "llhlaad VUhge 
I 0.(13 I.uA& 

lalLa 0.11 .. 6 O.lQ 

1 O.Ol little [; .. 
11] 1.49 

0.09 
Levl • .,U Ie 

) 
0.28 

~banlL 
9 

0.0) tklt."wy 
1 

0.0) "ldlotbiaD 
1 

0.0) Nevada 
1 

0.0} Nocona 
1 

0.80 Pe .. adl .. 
26 

0.06 Plano 
2 

0.06 PUot Point 
2 

0.0) l'onJ ... 
I 

0.0) Poolv11h 
I 

0.06 Quinlan 
2 

0.0) • ...so.k 
1 

0.92 .~ )0 
0.09 Iloanolr.. 

) 
O.O} Iloc kv. 11 

1 
0.09 San Kerco. 

1 
'0.0) SaDie,. 

1 
0.0) Sun •• t 1 O.Ob Tlola l 
0.09 Valle., V1M1 1 
0.16 W •• therford 5 0.0) W ••• bach!" 1 0.0) WUI .. Polnt 1 0.12 Wbtt.vrl ".lIt 4 

WyUe 

]20 
9.87 

TOTAL 

62 

TABLE 15 
DISTRIBUTION OF DFW EMPLOYEES BY 

CITIES OUTSIDE THE INTENSIVE STUDY AREA 

CITT SAMPLE % OF 
f1tEQl)ENCY TOTAl. 

All.n 2 0.06 Alvord 1 0.0) Arlyl. 7 0.22 Aubr.y 1 0.03 
Ilue IId"e 2 0.06 Ionha. L 0.03 
l<Nle 1 0.03 

6 0.19 loyd 

4 0.12 Irldaepon 

2 0.06 CeUn. 

1 0.0) Cele.te 

1 0.03 Clebu~ 

Clifton 1 0.0) 
Co1l1n.v111e 1 0.03 
Conroe 1 0.0) 
Decature 1, 0.03 
Dentoa )1 0.96 
U., 2 0.06 
fnnle 2 0.06 
'.I1rfleld I 0.03 
ranw."lll~ 1 O.OJ 
'errla 2 0.06 
'Iovn ","-,Del 2 0.06 
'rlaco 8 0.2S 
Ceinaville J 0.0) 
Cranbury 1 0.0) 
Cordoca 1 0.0) 
Creeaville 1 0.03 

Joebua 2 O.Ob 

Juet la 4 0.12 
1 O.O} MlahlaDel Vllhge 
1 O.Oj I.uA& 

lalLa 0.11 .. 6 O.lQ 

1 o.O} lltt Ie [:. 
lJ) 3.49 

0.09 
lA"hvU Ie 

) 
0.28 

~banlL 
9 

0.0) tkll."wy 
1 

0.0) "ldlotblaD 
1 

0.0) Nevada 
1 

0.0) Nocona 
1 

0.80 rar.&d 1M 
26 

0.06 rbDO 
2 

0.06 Pilot Point 
2 

0.0) l'onJ.r 
1 

0.0) Poolvllh 
1 

0.06 Quinlan 
2 

0.0) le-do..k 
1 

0.92 1'- )0 
0.09 lloanoILe 

) 
O.O} Ilockval1 

1 
0.09 San Kareo. 1 

'0.0) SeDa·" 1 
0.03 Sun •• t I 
0.06 Tlo«a 2 
0.09 Valle., YfMl 1 0.16 w •• thcdord 5 0.0) We •• haell! .. I 0.0) 101111 .. Potnt 1 
0.12 Wblt.vrl ".lIt 4 

WylSe 

320 
9.81 

TOTAL 

62 



TABLE 16 
DISTRIBUTION OF DFt-l EHPLOYEES BY 

CITIES OUTSIDE THE INTENSIVE STUDY AREA, 
ACCORDING TO PREVIOUS LOVE FIELD EXPERIENCE 

AII .. n 
Alvurd 
Arltyl. 
"ubuy 
Ilu .. II.l, .. 
"'nha. 
Ie ... l .. 
:Ioyd 
Ir"I •• ~rt 
C .. 1lna 
C.I ... t" 
CI.burn .. 
C11ft"n 
wllll\l'lylih 
Conroe 
Drca'ur 
D .. nton 
[I.., 
[nnt. 
hlrf lelcS 
f'ar_r.yl II. 
fur I. 
n ..... r ~n4 
Frhco 
C.lnavlli. 
Cr.nbury 
C.orclon 
Cr .... nylll .. 
Jo.hue 
Ju.' In 
HI,hlaft4 VI11a« .. 
k .. rnll 
tAk.D.lla. 
little [I. 
t-hylli. 
"'~ .. nlr. 
","Unn .. ,. 
"Idlothlan 

Hoc"na 
Par"dl_ 
Plano 
Plio' r"lat 
PonJ.r 
Poolylli. 
Quinlan 
krdOak 
11,,_ 
Rilen"k .. 
Rockwall 
S.1n H .. r< o. 

2 
1 
6 
1 
2 
1 
1 
J 
2 
2 
1 

1 
24 

2 
2 
I 
1 
1 
1 
~ 

4 
1 

74 
2 
7 
1 
I 

18 
1 

0.06 
0.0] 
0.19 
0.0) 
0.06 
0.03 
0.01 
O.oq 
0.06 
0.06 
O.O} 

0.03 
0.0) 

0.01 
0.74 
0.06 
O.O~ 

0.0) 
0.01 
O.O} 
0.0) 
0.16 

0.0) 
O.O} 

0.0) 
0.0) 
O.O~ 

0.12 
0.0) 
0.28 
'),06 
0.22 
0.0) 
0.0) 

O.~ .... 
0.06 
0.0) 
O.rn 
0.0) 
0.06 

100.00 
100.00 
85.71 

100.00 
100.00 
100.00 
100.00 
50.00 
50.00 

100.00 
100.00 

100.00 
100.00 

100.00 
77.42 

100.00 
100.00 
100.00 
100.00 

50.00 
50.00 
62. SO 

100.00 
100.00 

50.00 
2S.00 

100.00 

,,~. F7 
100.00 
65.49 
66.67 
77.77 

100.00 
100.00 

69.2l 
101'}. 01} 

50.00 
100.00 
100.00 
100.00 

66.67 
lJ.) ) 

100.00 
6fo.67 

s.n.~ 100.00 
Sun ... e 1 0.0) 100.00 

20 
1 
1 
2 

0."1 
0.0) 
o.en 
0.06 

Tlo"a 2 0.06 n.)) 
Vall.,yvl_ 1 0.0) 80.00 
\I .... th.rf"rd 4 0.12 100.00 
\I .. :ahacht.. 1 0.01 I 

6 

3 
2 

36 
1 
2 

R 

1 
10 

J 
1 

0.0) 

0.09 
0.06 

0.0) 

0.0) 

0.22 

0.03 
0.0) 
0.09 
0;0) 

0.01 
0.03 
0.09 

1.11 
O.Ol 
0.06 

0.0] 
0.25 

0.03 

0.03 
0.11 

0.01. 
0.03 

0.0l· 
0.03 

0.03 

14.29 

50.00 
so. 00 

100.00 

100.00 

22.58 

50.00 
50.00 
n.so 

100'-00 

100.00 
SO.OO 
7S.00 

100.00 
16.67 

:n.SS 
)).3l 
22.22 

100.00 
)0.77 

50.00 

100.00 
33.31 

)).33 
100.00 

66.67 
20.00 

100.00 
\1111. ,..,lnt 100.00 ! 
.. "I1 .... rl,:ht 4 0.12 : _____ _ 

-Vy-I-I .. -------------~6-.. 7D~-------_:~4-~~~~_·_·1+·----9-~--~--~2~.-9~0---___ 2_0.-1-9_-
2141 ~. nrr~~ ____________ . ______ --
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AII .. n 
AI .. "reS 
Ar«yl~ 

Aubuy 
Ilu. II.l, .. 
"'n!wl. 
1e ... 1. 
:loyeS 
Ir"IIl.~rt 
C .. lln. 
C .. I •• t~ 
CI.burn .. 
CI!ftCln 
wlll""yll" 
Conro. 
Dre.l"r 
D.nlon 
[I.., 

[nnt. 
hlrf 'eld 
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TABLE 16 
DISTRIBUTION OF DFt-l EHPLOYEES BY 

CITIES OUTSIDE THE INTENSIVE STUDY AREA, 
ACCORDING TO PREVIOUS LOVE FIELD EXPERIENCE 
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Table 17 gives the modal split of employee ground travel to and from DFW. 

It is evident that over 96 percent of DFW employees go to and from work by 

automobile compared with only 2.4 percent who use the Surtran express bus system. 

Given the reasonably high quality of the bus service, this seems a surprisingly 

low modal split for work trips; however, it probably reflects the rather high 

transit fare*in contrast to the relatively lo~er out-of-pocket cost of the auto

mobile model plus "free" (actually subsidized) parking and other DFW motor vehi

cle facilities for employees. 

To assess the significance of employee car~ooling, data on vehicular occu

pancy were tabulated. Table 18 provides the results of this tabulation. From 

these results, it can be seen that nearly one-fourth of the employees engage in 

carpooling if such Is defined as more than one occupant per car. 

A prerequisite to the development of adequately predictive models is trans

forming the number of employees into the corresponding number of vehicles by 

multiplying by average vehicle occupancy. Data on vehicl~ occupancy we~e col

lected in a special survey during periods of peak employee traffic. Results 

are shown in Tabl~s 19(a) and 19(b) for inbound and outbound employees •. Note 

the variation in vehicle occupancy even in the peak period. The model esti

mates of traffic will o~viously be sensitive to these conversion factors. 

Travel Time/DiRtance 

Employee travel time and distance were also surveyed, including data re

garding Love Field for comparison. Employees were asked to estimate their 

distance and time to both airports; later, project staff computed actual dis

tances and times using minimum-path analysis of the respondents' residential 

locations. Table 20 g1J~S perceived versus actual distances and times of em

ployee travel to DFW while Table 21 gives similar data for hypothetiLal travel 

to Love Field. Somewhat surprisingly. there is virtually no significant varia

tion in either actual or perceived distance and time for employee travel to 

either airport. There is an dppreciahly higher percentage of employees living 

5 miles or less from Love Field as compared with DFW. Also of interest is the 

relative accuracy of employees' distance and time estimations compared with the 

actual values. 

*At the time of the survey, employees paid a special price of $1.00; others 
paid $2.50. 
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TABLE 17 

DFW-B~SED EMPLOYEE MODAL SPLIT 

Bode Person-Trips Percent 

Au t omo b i It.' * 17,328 96.3 
T:~xi 18 0.1 
Surtran bus 432 2.4 
Otht.'r 216 1.2 

TOTAL 17,994 100.0 

----------------------------------------------------------
*Includl's personal li!~ht trucks, motorcycles, etc. 

TABLE 18 

DFW EMPLOYE~: VEHICl'LAR OCCUPIu~CY (CAR-POOLING) 

Nu~bpr of Employees 
Per Auto 

2 or more 

3 or more 

4 or more 

66 

Percent of A~tos 

76.5 

23.5 

5.9 

1.9 
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TABLE 19 

DFW EMPLOYEE VEHICLE OCCUPANCY 

(a) DURING INBOUND PEAK 

Half-Hour IntL'rval 
No. of Employees Per Vehicles 

---
6:00 -

6:30 -
7:00 -

7:30 -
8:00 -
8:30 -

6:30 

7:00 

7:30 

8:()0 

8: 30 

9:00 

3.m. 1.45 

1. 36 

1.15 

1.35 
1.25 

1.25 

(b) DURINC OUTEOUND PEAK 

Hal f-}j.:JUr Interval N0. of Employees Per Vehicles 

2:30 -
3:00 -
3:30 -

4:00 -
4:30 -
5:00 -

5:30 -

3:00 

3:30 

4:00 

~: 30 

5:00 

5:30 

6:00 

p.m. 

67 

1.38 

1.40 
1. 41 

1.16 

1.48 

1. 22 

"1.37 
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TABLE 20 

DISTRIHUTIO~ OF Dn-l 
ACTUAL TRAVEL DISTANCES EHPLOYEES' PERCEIVED VERSUS 

A.."JD THIES BETWEEN HOMES A..~D DFW 

Dis L:m CL' D::'12P~Lc(,~, i~~ange 
R.lnge 

Time :t EmElovees Pcrceivpd Act~al 
__ (~~ I~>L_ ~lstancL~ Distance 

Range Perceived 
(Hinutes) Distance 

0-5 miles 6.6 1.0 
6-10 1H.O 

0-10 minutes 0.3 
21.3 11-20 32.1 

11-15 22.9 26.3 21-30 30.5 
16-20 18.0 19.4 31-40 14.4 
21-25 13.6 ! ' .. 6 41-50 JO.3 
26-30 1l.0 B.O 51-60 2.9 
31 - 3C

) 5. 1 6.2 Over 60 1.5 
36-40 1.9 1.6 
41 -(JO 1.9 loS TOTAL 100.0 
Ov('r f,O 1.0 0.1 ----

TCTAL 100.0 100.0 

TABLE 21 

DISTRIBlJ1ION OF DF'W EXPLOYEES~ PERCEIVED VERSUS 
ACTUAL TRAVEL DI STANCES AND THiES BETWEEN HOHES AND LOVE FIEill 

Distan('~ ~ fr:lplo_:.'_pcs i~an_g_~ 

Range P('rceiv~d Ac tua 1 
~i~~<;_L_ Di st_ancc DistancE. ----

Time % EmEloyees 
Range Pe'ceived 

(Hinctes) Distance 

0-5 miles 10.2 9.0 
6-10 19.2 25.4 
11-15 18.3 13.3 
16-20 16.2 22.3 
21-25 11.4 14.7 
26-30 9.6 7.5 
31-35 5.S 3.6 
36-40 3.6 2.4 

0-10 minutes 9.9 
11-20 26.8 
21-30 27.2 

31-40 13.6 
41-50 ~2.7 

51-60 6.7 

Over 60 3.1 

100.0 

41-60 4.9 1.8 
Over 60 1.1 ----

TOTAL lOC.O 100.0 

68 

in Range 
Actual 

Distance 

1.0 
31.7 
36.0 
22.1 

7.6 
1.5 
0.1 

100.0 

in Range 
Actual 

Distance 

3.4 
28.0 
31.5 
23.9 
9.2 
3.4 
0.6 

100.0 

'.." ... _~ .0(.' _"" ..... " .' ." 
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16-20 16.2 22.3 31-40 13.6 23.9 

21-25 11.4 14.7 41-50 ~2.7 9.2 

26-30 9.6 7.5 
31-35 5.S 3.6 

51-60 6.7 3.4 

Over 60 3.1 0.6 

36-40 3.6 2.4 100.0 100.0 

41-60 4.9 1.8 

Over 60 1.1 ----
TOTAL 10C.0 100.0 
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TABLE 20 

DISTRIHUTIO~ OF Df1.l 
ACTUAL TRAVEL DISTANCES EMPLOYEES I PERCEIVED VERSUS 

A."JD THIES BETWEEN HOMES A..~D DFW 

D1 s L:mCl' D::~.l?LC(~~..B.-~ 
R.lnge Time :t EmElovees Pcrceivvd Act~al in Range 

__ (~~ Il's) ~l~L~ Distance 
Range Perceived Actual 

----- o-~inutes ) Distance Distance 

0-5 Tn 1 Il's 6.6 1.0 
6-10 18.0 

0-10 minutes 0.3 1.0 21.3 11-20 
11-15 22.9 32.1 31.7 26.3 21-30 
16-::0 18.0 30.5 36.0 

19.4 31-40 
21-25 13.6 ! '40 6 41-50 

14.4 22.1 

26-30 11.0 
.1,0.3 7.6 

B.O 51-60 
31- 3C

) 5. 1 6.2 
2.9 1.5 

36-40 
Over 60 1.5 0.1 

1.9 1.6 
41-()0 1.9 1.~ 

TOTAL 100.0 100.0 
Ovpr flO 1.0 0.1 ----

TCTAL 100.0 100.0 

TABLE 21 

DISTRIBlJ1 ION OF DFW EMPLOYEES ~ PERCEIVED VERSUS 

ACTUAL TRAVEL DISTANCES AND TIHES BE'J"\.lEI::N HOHES AND LOVE FlEW 

Distan('~ ~ fnp lo)~pcs i~an_g_~ Time % Em210yees in Range 

Rarlr,e Perceivl:d Ac tUCll Range Pe'ceived Actual 

~~~<;L_ Dis~ancc Distcmc£ 
--~-

(Hinctes) Distance Distance 

0-5 miles 10.2 9.0 0-10 minutes 9.9 3.4 

6-10 19.2 25.4 11-20 26.8 28.0 

11-15 18.3 13.3 21-30 27.2 31.5 

16-20 16.2 22.3 31-40 13.6 23.9 

21-25 11.4 14.7 41-50 ~2.7 9.2 

26-30 9.6 7.5 
31-35 5.5 3.6 

51-60 6.7 3.4 

Over 60 3.1 0.6 

36-40 3.6 2.4 100.0 100.0 

41-60 4.9 1.8 

Over 60 1.1 ----
TOTAL 10C.O 100.0 
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Emplovee Demographic Char?cteristics 

The survey found that 65.0 percent f Dr 
Percent female. T 0 ~ employees were male d 3 

ables 10 thr0ugh 12 b' an S.O 
a ove present b k 

by lI~e. occupation, and incot:le a rea down of DFi-1 eMployees 
- ,respectively. These 1· 

.lre further dlsaggrt:'R.-lted 1 t f . utter three categories 
n 0 Ortner Love Field -

MJlployees In ':'ables">2 1 employees and non-Love Field 
.. t lrough 24. The distributi f on 0 employees hy sex is 
It Is intrresting to note thp, . Riven 1n Table 25. 

lire sUr.ll"'Jh.3t older ... he [ol"'l:er Love Field workers 
-- in fact representing approximately 70 percent of all D~7r 

employres over 34 I .w • n contrast, nOll-Lo\'e Field 1 - cmp oyees are younger, for ex-
ample, ~onRtltuting RB.l perc->lIt- f 1 

- a 0 ernp.oyees unde~ :1. 
As rlI8cu9~~d In a prey! ~ 18 9US report, the nec~sgarv rel.L'~,tlCe J • on perce i \led 

self-classification as to o~cupatlon led t 
Q some ~roblems (e.g., as to what con-

s tit ute 8 a " pro f e S S 10 n a 1" l.' r "0· h,....... 1· b " ~ - d or occupation); theceforc, interpreta-
tion of these results must he cautious. It is prob3ble, for instance, that 
there Is con~lder~ble 1 i f l)Ver 31'1' I&g 0 identical occupations variously classified 

liS "profrHblon.11" and "Sl'rvtre (airl.ne)." 

Somewhal ~lt!arl'r tnterpretdtioH is offered hy the occup:>,tional contrast 

bet\Jt>~n forr.lcr Love Field .,nd "on-Love Field yorkers tTable 23). ::'or example. 

t1.cre ap~t!."lrs a clear tClld ... ncy for predominantly more former Love Field workers 

to cI8s~i{y themselves Il~ "Professional," "Sales," "Craftsrnan/t"orcm;ln," 

"Serv1l.'c (nir) ine)." and "~~ervlc~ (auto rental)." while p:-edominantly more non-

Love F i .·ld worke -9 tend to c 1."1 SS i fy thems(:l ves as "Technic tan/Opera tor." "Other 

labor," "S\.'rv 1 cc U ood) ," "S..!rv J cc (cus tod ial) • tf and ttService (hotel)." 

The,..e rc~mlt!'. moreover, correlate logically with the responses as to in-

come represented in Tables 12 ar.d 24. in particular the contrast between former 

Love Field and non-J..ove Fit.·ld worker..; eviJent in Table 24. It Is app,nent lhat 

non-l""ve Field \Jorkers have generally lower incomes. a fact consistent with the 

"Service (f~}od)". "Service (.::ustodi;Jl)," and other lower-· .... agc types of job cate-

gories in \Jhfch they .1pparently predominate:. Convers~Iy, former Love Field em-

ployees' ~('nct-~lly h1f',h!r Inco:1ll' lcvc.:ls tend to correlate with the "Professional." 

"Srrvlce (a1rlinL)," .wd other higher-1.ncome occupations in which they evidently 

prcdumlnate. 7rom tht's~ results. it is speculnlablc that the bulk of new jobs 

OF
'" I "." ~ In low;.!r-i n~omc ra tl'gortcs, whil e hJghcr-

cn':Ht..d hy th~ opening of -w _ •• " 

t
"nd,-,I to he filled by transferees 1n the same jobs 
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frolll J..oVf' field. 
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TABLE 22 

DISTRIBulIO~ Of DFW EMF 
PREVIOUS LOVE ~;~~LEDES .BY AGE ACCORDING TO 

EXPLOYHENT 

---_% IN CATECORY 
AGE FOR..'!E~ 

% OF J-~~LOYE~<) OF CATEGORY 
FORH[R ---

CATi-:CORY LO\,E FIELD NON-LOVE F:ELD LOVE FIELD NON..., LOVE FIELD 
lY_l~.,-r~;J_ _f~~P ~!y f. t.0 __ EHPLOYl::t.~ EMPLOY EEL EMPLOYEES TOTAL 

L:ndl'r 21 1.6 16.2 11.9 88.1 100.0 
21 - 34 47. 1 54. 1 54.7 45.3 100.0 
35 - ' , .~ .. :!8.8 17.7 69.3 30.7 100./') 
45 - 54 17.0 8.8 72.7 27.3 100.0 

55 - 64 S.3 3.0 71.5 28.5 100.0 

l""l'r ( ') O.~ 0.2 57.1 42.9 100.0 ----

TtHAL 100.0 100.0 

TA~LE 23 

D1 STRI Bl!T1()!~ OF DFW EMPLOYEES BY 
()CCl!pATlm~ ACCIJRDl~(; TO PREVIOUS LOVE FIELD EHPLOYHENT 

OCCL:PATIOSAL 
___ ~.l~;()RY __ _ 

Profession:Il 
Clericl1 
Sale s 
Cr.1 f t S-::lt:ll/ Fl)remen 
T .. '('hnlc ian/Operator 
11.11 n t en.1nre 
Sl'r\'!c~ (Food) 
S I.' r vir t: (A 1 r 11 tH: ) 

S'~rv:ce (Cll,,(o~ial) 
S('rviu' (Auto Pe1tal) 
Sl'lvict' (Hotel) 
Other Lahar 

TOTAL 

1. IN CATEGORY 
--FORMt~K-------NO~ 

LOVE FIELD LOVE FIELD 
E!-1PLOYEES --------

35.9 
11.3 

7. 1 
2.4 
2.5 
5.9 
3.8 

2).3 
0.4 
}.O 

8.4 ----
100.0 

25.9 
14. 1 
4.0 
1.9 
5.2 
9.3 
8.9 
8.3 
2.2 
0.9 
2.2 

_17-=.1_ 
100.0 

70 

% OF EMPLOYEES 
OF CATE(',oRY ------ -------FO"-:-tt:R NON-

LOVE FIFLD LOVE FIELD 
E'1PLOYEES E!'tPLOYEES 

66.1 
- 52.9 

70.9 
64.2 
39.6 
47.1 
37.4 
78.4 
21.6 
62. 1 

40.S 

33.9 
/47. 1 
29.1 
35.S 
60.14 
52.9 
62.6 
21.6 
78.4 
37.9 

100.0 
59.2 

TOTAL 

100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 

TABLE 22 

DISTHIBulIO~ OF D~ EMF 

PREVIOUS LOVE !;~YELEDES .BY AGE ACCORDING TO 
EXPl.OYHENT 

____ 4 IN CATECORY 
AGE FOR.'!E~ ~J1.~LOYE~<) OF CATEGORY 

CATl::CORY LO\'E FIELD NON-LOVE 
FORH[R ---

lY_l~.,-r-,;J_ 
r:ElD LOVE FIELD 

_f~~P ~JYF.~~S __ EHPL()YEt.~ EMP~~ 
NON..., LOVE FIELD 

EMPLOYEES 

L'ndl'r 21 1.6 16.2 11.9 88.1 
21 - 34 47. 1 54. 1 54.7 45.3 
35 - ' , :!8.8 ' ... 17. 7 69.3 30.7 
45 - 5<'. 17.0 8.8 72.7 27.3 
55 - 64 5.3 3.0 71.5 28.5 
(h,,.'l'r ( S O.~ ---- 0.2 57. 1 42.9 

TtHAL 100.0 100.0 

'fA':;LE 23 

01 STRI BUTI O~~ OF DF'W EMPLOYEES BY 

OCCl!PATIO~; ACCURDI~(; TO PREVIOUS LOVE FIELD EHPLOYMENT 

OCCL:PATIOSAL 

CATECoRY -------- ---

Profession:!l 
Clerical 
Salt,s 

Cr.1ft s:-:wll!Fl)[emen 

T .. 'LllIlic ian/Operator 

11.11 n t L'nanre 

Sl'f\'!Cl.' (Food) 

S p r v 1 c t: ( Air Ii tH: ) 

S'~rv:ce (Cll,,(o~ial) 

S('rvic(" (Auto Pe1tal) 

Sl'[vfct' (Hotel) 

Other Lahar 

TOTAL 

% INCA TE('(H~Y 
--FORMi:-t{------~O~ 

LOVE FIELD LOVE FIELD 
E~1PLOYEES EHPLOYEES 

-------- -----
)5.9 25.9 
11.3 14. 1 

7. 1 4.0 

2.4 1.9 

2.5 5.2 
5.9 9.3 

3.8 8.9 

21.3 8.3 

0.4 2.2 

1.0 0.9 
2.2 

8.4 1"1. 1 
---- ----
100.0 100.0 

70 

% OF EMPLOYEES 
OF CATE(',oRY 

FOh:-u-:R NON-
LOVE FIFLD LOVE fIELD 

E'1PLOYEES EHPLOYEES -- -
66.1 33.9 

. 52.9 Id.l 
70.9 29.1 
64.2 35.8 
39.6 60.4 
47.1 52.9 
37.4 62.6 
78.4 21.6 
21.6 78.4 
62. 1 37.9 

100.0 
40.S 59.2 

~ 

100.0 

100.0 

100./') 

100.0 

100.0 

100.0 

TOTAL 

100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
}OO.O 
LOO.O 
100.0 
100.0 



SEX ---
Hale 

Female 

TOTAL 

TABLE 24 

DISTRI BUT 10:-; 01: DFW EMPLOYl:ES BY INCOME ACCORDING Tt' 
PREVIOUS LOVE FI ELD E!-IPLOY:1E~T 

% OF ALI. DFW EMPLOYEES IN CATEGORY 
FORMER 

ANNUAL INCOME LOVE FIELD NON-LOVE FIELD 
CATEGORY ($) EMPLOYEES EMPLOYEES 

< $6,500 3.3 10.0 
~6,500-~lj.000 16.7 14.4 
$13,OO'J-$20,C'l0 18.9 10.0 
$2C,OOO-$26.uOO 8.9 4.4 
$26,000-$32.000 4.5 2.2 
> $32.000 .~ 1.1 

TOTALS 57.9 42.1 

TABLE 25 

DISTRIBL7ION OF DFW EHPLOYEE~ BY 
SEX ACCORDING TO PREVIOliS J,.OVE flEW EMPI.OYMENT 

% IN CATEc,oRY -------_._-------
fO~~R SON-

LOVE fIElD LOVE FIELD 
f_'fi'LOYF.ES E~fPLOYEr:S 

68.5 

31. 5 ----
100.0 

60.4 

~~ 

100.0 

% OF EMPLOYEES 
-..,=..,...O=:. F CATEGORY ___ _ 

FO~~ER NO~-

LOVE FIELD WVE FIELD 
E~!!'LOYEE5 EMPLOYErS -------- ----

71 

61.0 

39.6 

39.0 

47.6 

~ 

13.3 
31.1 
28.9 
13.3 
6.7 
6.7 

100.0 

TOTAL 

100.0 

100.0 
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TOTAL 
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_~:~.r}~~_...fl~H~_~istiCl.'_~~f Work Trip 

It 15 of i~terest to study the differences i h 
n C aracteristics between Dt~

based cmployees using personal motor vehicles ("auto-users") and those who use 
Surtr.1n buses for thei r work trips. S h 1 

uc an ana ysis may provide clues helpful 
to the understandin~ of modal chQice deCisions for this component of airport 
accf'SS travel. 
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Male 

Female 
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TABLE 26 

COMPARATIVE CHARACTERISTICS OF AUTD-USING 
VERSUS 

SURTRAN-USING DFW-BASED EMPLOYEES 

PERCENT OF 
CHARACTERISTIC AUTD-USERS 

65.7 

34.3 

Love Field Employees 58.0 

TABLE 27 

PERCENT OF 
SURTRAN-USERS 

37.8 

62.2 

56.0 

COMPARATIVE RESIDENTIAL LOCATIONS OF AUTO-USERS 
VERSUS 

LOCATION 

Dallas 

Dallas Suburbs 

Fort Worth 

Fort Worth Suburbs 

H.id-C1ries 

Other 

TOTAL 

SURTRAN-USERS 

73 

PERCENT OF 
AUTO-USERS 

24.5 

8.8 

7.5 

5.0 

22.8 

1.4 

100.0 

PERCENT OF 
SURTRA .. "I-USERS 

51.3 

14.5 

31.6 

100.0 
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TABLE 28 

P}{£VIOLIS TRA\'EL HdDE TfJ LOVE FIELD OF FORt"'1ER LOVE FIELD 
EMPLOYEES: ACTU- US LNG VERSUS SURTRA.~-USING 

Autu 

Transit 

Other 

Vnder 21 Yt.'ars 

21 - )4 

)5 - 1.4 

45 - 54 
55 - (.4 

65 and over 

TOTAL 

PERCENT OF 
AUTO-USERS 

97.8 
1.1 

1.1 

TABT.E 29 

DISTRIBUTION Of AGE CATEGORIES 
AUTO-CSlt\G \,E}-~SUS SURTRAN-USI~G EMPLOYEES 

PERCENT OF 
AUTO-USERS 

7.7 
50.0 

24.2 
13.5 
6.6 

-~ 
100.0 

PERCE?~T OF 
SURTRfu'i-USERS 

87.2 
10.3 
2.6 

PERCENT OF 
SURTR.AN-USER~ 

12.:l 
47.3 
21.6 
12.2 
6.8 

100.0 
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TABLE 30 

llISTRIP,UTIO~ OF OCCUPATIONAL CATEGORIES: 
AUTO-USING VERSeS SURTRAN-USING EHPLOYEES 

()Cl~~'T-,\'I.!.0-="'-Al--~_A}[COl~~ 

Pn)fl'~sional 

Clt.·rlcal 

Sales 

Cr.\ f t ST:'';' n / Fo rt·C1.;ln/ 
Te,bn I c L,n / OPt.' r a to r 

~I 1 n t (' nan c e 

Ot he r L.1 bo r 

St' rvi ce 

TOTAL 

Vode r $6, SOO 

$6,500 - Sl3,OvO 

513,000 - 520.000 

$20,000 - S~6,oon 

526.000 - S}2,JOO 

Ovt.'f' S 12.000 

TOTAL 

PERCENT OF 
AUTO-USERS 

31.8 
12.6 

5.8 

6.0 

7.4 

11.9 
24.5 ----

100.0 

TARLE 31 

PERCENT OF 
~ISER~ 

75 

12.3 
30.6 

29. 1 

11.4 
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PERCENT OF 
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12.5 
41.6 
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PERCENT OF 
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19.7 
6.1 
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7.6 

100.0 
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As one would expect from the above results, the incomes of S~rtran ~sers 

are significantly lower than these of auto-users (Table 31). More than one

third (39.4 percent) of the Surtran-users earn $6,500 or 1es~ per year while 

only about one-eighth (12.3 percent) of auto-users are in that cate20rv. 

In summary, Surtran-using employees at UFW are predominantly females 

between 21 and 44 years old earning $13,000 or less per year and living in one 

of the cities or suburbs. Auto-using employees, on the other hand, are mostly 

similarly-aged ~les earning more than $13,000 per year and living more 1n the 

Mid-Cities area and other areas. 

SURTRAN PASSENGER TRAVEL SURVEY RESULTS 

Ridership by Route 

The total number of passengers riding Surtran during the survey was 3,035 

for 16 May 1975 and 2.397 for 20 May 1975; this included air passengers, DFW 

airport employees. and non-air-passenger Surtran riders. On the average, over 

the two days, the Downtown Dallas route carried 33 percent of the riders, the 

North Central route 30 percent, the Fort Worth route 20 percent. the Love Field 

route 15 percent, and the Arlinr.ton route 2 percent. 

The distribution of Surtran patronage by each of the five rOlltes, and by 

day surveyed. is illustrated by the graph in Figure 22. Clearly. the Downtown 

Dallas and North Central Dallas routes together handle over 60 percent of total 

Surtran ridership. 

As one would expect, the percentage on the Downtown Dallas route was 

slightly lower on Friday. May 16. than on Tuesday, as there are relatively 

fewer business air tlips on Friday. Similarly, the North Central route, which 

serves mainly residential areas, shows ~ greater percentage on Friday than 

on ::uesday. 

Origins/Destinations 

DFW-bound riders (including employees) were asked to indicate the g~neral 

location of their ground trip origins and outbound passengers were asked to 

indicate their destinations. This infor'DIdtion was subse~u~ntly processed into 

accumulations oy RAA zones. Figure 23 illustrates the pattern of total zonal 

trip-euds of Surtran riders determined by survey responses. Clear] y. OlD· 5 

of Surtran users are much less dispersed·and far more· ~~ncentrated than those 
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of auto users. as an example (cf. Figure 40). 

An overwhelmingly high concentration of OlD's occurs to and from the Dallas 

CBD (solid dark area). in which 5urtr3n provides virtual doorstep service for 

each of the major hotels. This high level of convenience, plus the fact that 

air passengers using local hotels probably would not tend to have private auto

mobiles available. undoubtably helps explain the heavy usage of Surtran. This 

heavy concentration of trlp-ends is approximately five times the heaviest sin

gle concentration for either of the other two components of DFW travel. 

Figures 24(a) and 24(b) through 27t~) and 27(b) disaggregate the O/~ re

sults by origins and by destinations for passengers using each of the four 

major routes (excluding the lightly-ased Arlington rout2 due to inadequate 

sample size). For the North Central and Love Field routes -- providing park-

and ride (P&R) facilities rider OlD's are relatively dispersed (heaviest 

concentration 12 percent) compared with the extremely heavy CBD concentration 

of O/D's (58 - 78 percent) for the Dowr.town Dallas route, with no P & R pro

vided. 

Two primary concentrations of trip ends are apparent, however: the Down

town Dallas eBD (already discussed) and the North-Central Dallas area. This 

would be expected from the ridelship counts, as the two routes that service 

these areas account for approxi~tely 63 percent of total Surtran riders. 

There is considerable overlap in the service areas of the Downtown Dallas, 

North Central, and Love Field routes. Although the Downtown Dallas route is 

primarily oriented toward out-of-town business persons making trips to the 

Dallas Central Business District, and the North Cp.ntral route is used mainly 

by Dallas area residents going between the airport and their homes. still there 

exists some overlap dUE to the multi-purpose trips. e.g •• trips that combine 

husineas with visiting family or friends and trips with multiple ortgins/ 

des t ina tions. 

Law~ nse ----
The proportions of different land uses at Surtran riders' off~airport OlD's 

are tabulated in Table 32. While the largest share of trips is lo/fro~ the 

passenger's own home. the high proportion of trips to/from hotels and motels 

(22.8 percent) is worth noting. especially in contrast with the relatively 
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TABLE 32 

Ll~D USE AT SURTRAN-RIDERS' ORIGINS/DESTINATIONS 

TYPE OF LAIro USE PERCENT 

Own Home 43.5 

Another's Home 8.8 

Work Place 8.6 

Other Business Place 11.9 

Hotel/Motel 22.8 

Shopping 0.3 

O~her 4.1 

TOTAL· 100.0 

low IH.·oportion of this type of land use for auto users th<tt will be shown later 

in th~s chapter (cf. Table 48). 

Surtran Demand by Time of Day 

From data taken from the Surtran driver's trip sheets for May 16 and 20, 

1915 (provided by the S~r~ran managQment), and from the ridership survey, cer

tain general characteristics of tl.eridership demand have been identified. 

The hourly variation in arrival and departure times of Surtran passengers, dis

aggregated ~y employees and non-employees for each of the two survey days, can 

be seeo in Figures 28 through 31. These graphs show that Surtran ridership 

is oriented toward the afternoon and has strong peaking characteristicR 

Heavy peaks occur around 8:00 a.m., nryen, and 4:00 p.m. The afternoon peak 

occurs a little later for the from-Dn,; direction. due to the fact that many 

one-to-three-day travelers return in the afternoon. 

Somewhat surprisingly, employee usage of Surtran tends to be far more 

homogeneous over the day than employee travel in general and non-employee 

Surtran travel. In the case of the majority of Surtran users, how(;:ver, sharp 

peaking of traffic is clea:-ly eVident, creating heavy demands espec'ally in 
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TABLE 42 

DISTRIBUTION OF SURTRAN PASSENGERS' PERCEIVED 
VERSUS 

ACTUAL TRAVEL DISTANCES AND TIMES BETWEEN ORIGIN/DESTINATION AND LOVE :. IELD 
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DISTA'lCE IN RANGE TIME IN RANGE 

RANGE PERCEIVED ACTUAL RANGE PERCEIVED ACTUAL 
(MILES) DI"";TANCE DISTANCE (MINUTES) TIME TIME 

0-2 4.0 1.7 0-5 3.2 0.9 

3 - 5 18.1 5.5 6 - 10 9.8 2.6 

6 - 8 11.7 36.7 11 - 15 16.9 6.1 

9 - 11 15.8 12.5 16 - 19 0.6 29.7 

12 - 15 14.9 15.2 20 - 24 19.5 24.8 

16 - 19 4.9 7. C· 25 - 2CJ 7.8 11.2 

20 - 24 8.0 3.4 30 - 39 17 .2 6.6 

25 - 29 1.4 0.9 40 - 49 6.5 7.1 

"30 - 39 5.9 11.1 50 - 60 8.6 9.4 

40 - 49 5.8 6.0 61 & over 9.9 1.6 

50 - 75 5.9 TOTAL 100.0 100.0 

76 & over 3.6 

TOTAL 100.0 100.0 
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are illustrated in Figure 32. It can be seen that "captive" ridership played 

a significant role in the usage of the Surtran transit service. Included as 

"other" reasons were such factors as travel cost savings and environmental 

considerations. 
Asked to rate the "convenience" of the station location. over 90.4 per-

cenc of the passengers indicated the location as convenient, including 40.6 

percent who rated it as "very convenient." Only 9.5 percent indicated the 

location was inconvenient. 
Also important in the market analysis of transit service was the medium 

through which particular passengers were persuaded to try Surtran. Passenger 

responses on this item are i1lustrat~d in Figure 33. 

Demographic Characteristics 

The survey determined that 78.0 percent of Surtran users were male_and 

only 22.0 percent female. Their distribution by age, occupation. and income 

has already been given in Tables 10 through 12. Their industrial affiliation 

is given in Table 43. 

TABLE 43 

DISTRIBUTION OF SURTRAN PASSENGERS' INDUSTRIAL AFFILIATIONS 

INDUSTRIAL CATEGORY 

Construction 
Manufacturing 
Transportation 
~101esale/Retail Trade 
Commllnicat ion~;/Ut il i ties 
Public Admiristration 
Finan~e/Insuranc~/Rpal Estate 
Electronics 
Data Processing 
Oil 
Education 
Military 
Other 

TOTAL 
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% PASSENGERS 
IN CATEGORY 

3.4 
18.6 
5.9 

11.4 
].5 

11.9 
12.1 
0.8 
1.4 
3.5 
6.5 
4.3 

12.7 

100.0 
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As Table 44 indicates, Surtran passengers are virtually equally divided 

between Dallas/ Fort Worth a_'ea residp.nts and nonresidents. 

TABLE 44 

DALLAS/FORT WORTH-AREA RESIDENCi OF SURTRAN PASSENGERS 

RESIDENCY 

Residents 

Nonresidents 

TOTAL 

% OF TOTAL PASSENGERS 

49.6 

50.4 

100.0 

Table 45 gives the five cities accounting for the highest proportion of 

residents amvng Surtren passengers who are local residents; Dallas is the 

city of residence for almost half. 

TABLE 45 

CITIES WITH GREATEST SHARE OF LOCAL 
RESIDENT SURTRAN PASSENGERS 

CITY OF RESIDENCE 

Dallas 

Fort Worth 

Richardson 

Garland 

Plano 

TOTAL 

AUTOMOBILE USER/TRAFFIC SURVEY 

SHARE OF RESIDENTS, % 

45.5 

18.8 

13.2 

6.0 

4,9 

88.4 

In making a survey of automobile (personally-operated motor vehicle) users 

of DFW, a total of 886 interviews were conducted, 497 on Friday and 389 on 

Tuesday. 'Of this total, 22 were not us~able, which reduced the sample size to 

eG~. Even with this reduction and the bad weather experienced on Tuesday, a 

~a~ple size of 4.94 percent was obtained. Considering the restrictions in the 

survey technique and the resources available, this sample size is considered 
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DALLAS/FORT WORTH-AREA RESIDENCi OF SURTRAN PASSENGERS 

RESIDENCY 

Residents 

Nonresidents 

TOTAL 

% OF TOTAL PASSENGERS 

49.6 

50.4 

100.0 

Table 45 gives the five cities accounting for the highest proportion of 

residents am0ng Surtren passengers who are local residents; Dallas is the 

city of residence for almost half. 

TABLE 45 

CITIES WITH GREATEST SHARE OF LOCAL 
RESIDENT SURTRAN PASSENGERS 

CITY OF RESIDENCE 

Dallas 

Fort Worth 

Richardson 

Garland 

Plano 

TOTAL 

AUTOMOBILE USER/TRAFFIC SURVEY 

SHARE OF RESIDENTS, % 

45.5 

l8.8 

l3.2 

6.0 

4,9 

88.4 

In making a survey of automobile (personally-operated motor vehicle) users 

of DFW, a total of 886 interviews were conducted, 497 on Friday and 389 on 

Tuesday. 'O( this total, 22 were not us~able. which reduced the sample size to 

eG~. Even with this reduction and the bad weather experienced on Tuesday. a 

~a~~le size of 4.94 percent was obtained. Considering the restrictions in the 

survey technique and the resources available. this sample size is considered 
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adequate fo:.- the analysis·. 

For the traffic survey, automatic machine counters and individual o~server 

r~rsonnel making manual counts were used. The deployment of these was discussed 

in Chapter II. 

Based both on the automatic mac~ine counter =eports and on the manual 

tra~fic counts by sULvey personnel; a total tabulation of 24-hour motor vehicle 

trnffic volumes was developed. From these traffic counts, it has been deter

mined that 67.1 percent of all vehicles using the airport passed through the 

control plazas (via International Parkway) while the remaining 32.9 percent 

used the service roa~. and/or the perimeter road, Air Field Drive. 

Table 46 gives a tabulation of 24-hour traffic volumes by machine counter 

stations. (See Figure 11 for key.) Table 47 gives a summary of traffic vol

umes by roadway location for each of the two survey days (Main Road refers 

to both International Parkway and the flankin~ service roads). These counts are 

slightly higher than the sum of Control Plaza plus service road counts since a 

small number of vehicles can access the main roadway via Airfield Drive, inner

airport garages, ana similar points.) 

TABLE 46 

24-HOUR VEHICULAR TRAFFIC VOLUMES BY MACHINE COUNTER STATION 

FRIDAY TUESDAY 
5/16/75 5/20/76 

STATION (VEHICLES) (VEHICLES) 

1 13,653 11 ,847 
2 13,729 12,372 
3 9,278 7,927 
4 9,720 8,174 
5 7,392 6,363 
6 7,225 5,813 
7 8,378 6,732 
8 8,972 7,613 
9 4,269 4,204 

1·) 4,378 4,310 
11 2,137 2,247 
12 2,341 1,948 

13 1,012 812 
14 1,649 1,545 
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Figure 34 illustrates the traffic pattern on the Main Roadway. Figure 

35 illustrates the pattern in terms of disaggregated CQntrol Plaza (black 

arrows) and Service Road (white arrows) volumes. 

Traffic Volume by Time of [)<IV 

Figurpg 36(a) and (b) are graphs of hourly inbound and outbound traffic 

volumes, re~pectivelYt on the F~iday, 16 May 1975, survey date; Main Roadway, 
-', 

Control Plaza, and Service Road volumes are each shown separately. Figures 

37(a) and (b) similarly graph such data for the Tuesday, May 20, date. 

An examination of these graphs reveals that the peaks in Service Road 

volumes frequently occur at times when Control Plaza volumes are at an ebb. 

High Control Plaza volumes tend to occur in morning and late afternoon hours 

when airline passenger traffic is heaviest [cf. Figures 12(a) and (b) and 

Figures 13(a) and (b) for example.] 

Figures 38(a) and (b) and 39(a) and (b) compare inbound and outbound air 

passenger vehicle volumes with total vehicle volumes on the t1l.'O survey dates. 

It is evident that employee and air passenger vehicle volumes do not peak at 

the same time but tend to occur independently, thus mitigating the congestion 

that would otherwise occur if the two peaking patterns reinforced each other. 

Origins/Destinations of Auto Users 

As indicated in Tab~es 7 through 9, trips viJ personally-operated motor 

vehicles (referred to as automobiles in this report, although a fraction were 

pic~up trucks, recreational vehicles, motorcycles, etc.) constituted 93.0 per

cent of all vehfcle trips,. 65.9 percent of all person trips, and 74.3 percent 

of air passenger ground trips to o~ from DFW. 

Figure 40 shows the origin/destination distribution of all DFW user OlD's 

in the Dallas/Fort Worth area. It is interesting to note the substantial dif

ferences in distribution of these auto-user trip-ends as compared with those 

of employees and Surtran users. For example, a sliRhtlv heavier concentration 

of OlD's in the Dallas CEO can be perceived (similar to the Surtran case and 

in the area north of DFW); however, concentrations as a whole are relatively 

sparse and dispersed throughout the region, generally rcsembli~g the p3ttern 

for employees. 

107 

Figure 34 illustrates the traffic pattern on the Main Roadway. Figure 

35 illustrates the pattern in terms of disaggregated CQntrol Plaza (black 

arrows) and Service Road (white arrows) volumes. 

Traffic Volume by Time of [)av 

Figurps 36(a) and (b) are graphs of hourly inbound and outbound traffic 

volumes, re~pectively, on the F~iday, 16 May 1975, survey date; ~in Roadway, --, 
Control Plaza, and Service Road volumes are each sho~ separately. Figures 

37(a) and (b) similarly graph such data for the Tuesday, May 20, date. 

An examination of these graphs reveals that the peaks in Service Road 

volumes frequently occur at times when Control Plaza volumes are at an ebb. 

High Control Plaza volumes tend to occur in morning and late afternoon hours 

when airline passenger traffic is heaviest [cf. Figures 12(a) and (b) and 

Figures 13(a) and (b) for example.} 

Figures 38(a) and (b) and 39(a) and (b) compare inbound and outbound air 

passenger vehicle volumes with total vehicle volumes on the t,.·o survey dates. 

It is evident that employee and air passenger vehicle volumes do not peak at 

the same time but tend to occur independently, thus mitigating the congestion 

that would otherwise occur if the two peaking patterns reinforced each other. 

Origins/Destinations of Auto Users 

As indicated in Tab~es 7 through 9, trips viJ personally-operated motor 

vehicles (referred to as automobiles in this report, although a fraction were 

pic~up trucks, recreational vehicles, motorcycles, etc.) constituted 93.0 per

cent of allveh:l.cle trips,_ 65.9 percent of all person trips, and 74.3 percent 

of air passenger ground trips to o~ from DFW. 

Figure 40 shows the origin/destination distribution of all DFW user OlD's 

in the Dallas/rort Worth area. It is interesti~g to note the substantial dif

ferences in distribution of these auto-user trip-ends as compared with those 

of employees and Surtran users. For example, a slir,htlv heavier concentration 

of OlD's in the Dallas CBD can be perceived (similar to the Surtran case and 

in the area north of DFW); however, concentrations as a whole are relatively 

sparse and dispersed throughout the region, generally rcsembli~g the p3ttern 

for employees. 

107 



13,653 
59.5% 

o 

. 
~ 

I 
13,729 

58.8% 

FIGURE 14. HAUl ROAD'..JAY TRAFFIC i'ATTl:RN 

:08 

I 

I 
I 

I' 
I 

, 

I 

. I 
I . 

9,720 
41.2% 

. 
~ 

I 
13,653 13,729 

59.5% 58.8% 

FIGURE 1t.. HAUl ROAD',.JAY TRAFFIC i'ATTl:RN 

:08 



2,341 
35.4 % 

2,137 
32.7'}'0 

4,269 
64.6°/0 

SERV Ill:: Rl1.\D SERvrCE RO:dl 

COt-;T IWL/ 1'1.AL\ 

FICU!ZE 35. HA{~ ROt\J)',-IAY H:Arnc PATTER~S. 
IlY CO:;TROL \'J..\ZA AS;) SE1\.\' I CE (W,\D PATTER~S 

109 

, 
, 

I 
, , 

2,341 
35.4 % 

2,137 
32.70/0 

4,269 
64.6°/0 

SEKV let:: Rl1.\D SERV r CF RO,\!l 

FJ(:Ula·: 35. ~L\(~ RO,\!):..'A), H:ArFlC I'ATTER~S. 

Il'l CO:;TI\o1. I'J..\ZA AS;) SE1\.\' I CF. I\OAD PATTER~S 

109 

, 
, 

I 
, , 



-----~ 

2000 

'1300 

\II 1600 

~ 
u 1400 
~ 
IIJ 
> 1200 
"-
0 

II: 1000 
IIJ 
CD 
:I 800 :l 
Z 

600 

400 

200 

0 

(a) INBOUND 

2200 

2000 

1800 

I6CO 
In 
w 
..J 1400 
u 
l: 

'" 1200 
> 
IL 

1000 0 

Q; 

'" BOO III 
:I 

Z 600 

400 

200 

0 

• Total 
• Control Plaza 

A ~rvice 

2 .-:;-.-.~.~ - 10 12 14 16 

TIME (HRS) 

• Total 

iii C()(1lrol PlaIa 

A S~r.'ce 

,.., 

18 20 22 24 

I . 
I ' .. A 

\ 
\,/"\..,... 

--'--I 
2 4 6 8 10 12 14 16 18 20 22 24 

TINE (HRS) 

(b) OUTR()lj:m 

FIGURE 36. H()URLY DISTRIBUTIONS OF VEHICLES BY ROADwAY, FRIDAY 

110 

------ -.-.--.-. ..--~ 

2000 

'1300 

ell 1600 

~ 
u 1400 
~ 
IIJ 
> 

1200 
16-
0 

a: 1000 
IIJ 
ID 
:I 800 :l 
Z 

600 

400 

200 

0 

• Total 
• Control Plozo 
A ~rviCe 

.. _ ... L ... _ .. --L-..: . .J.:"':-:'-'.J-_.J-_.J-_.J-_::l:-_-=:-~~-;: 
2 .,;j 6 8 10 12 14 16 18 20 22 24 

TIME (HRS) 

(a) INBOUND 

2200 

2000 

1800 

!Seo 
In 
w 
..J 1400 
u 
:z: 

'" 1200 
> ... 

1000 0 

Q; 
..... 

800 III 
~ 

z 600 

400 

200 

<» Totol 
II Control PIOIO 

A ServIce 

~~-~ --'--L '--L-J-..--.JL---'-_'-'-_-L_...L.---I 
o 2 4 6 8 to 12 14 16 18 20 22 24 

TINE (HRS) 

(b) OUTFI()lj:m 

FIGURE 36. H()URLY DISTRIBUTIONS OF VEHICLES BY ROADWAY. FRIDAY 

110 



1800 

1600 
c/'l 

j 1400 
:x: 
~ 1200 
Lt, 
o 
a; 1000 
w 

~ 800 
::> z 

600 

400 

200 

o 

(o3).INBO";'· 

1600 
,~ Totol 

lD 1400 ~ Control Plaza 

~ Service ..J 
U 

:z: 1200 
OJ 

> 
"- 1000 
0 
cr 
w 

600 r CD 
~ 
~ z 600 

400 

• Totol 
• Control Plaza 
• Service 

200 t 
0 

2 
L---L---~ __ ~ __ ~ __ ~ __ -L--'~ __ ~L-__ ~ __ ~I ___ ~I __ ~I 

10 12 1·1 16 18 ~O 22 24 4 6 8 

i IME (rlRS) 

(b) . OUTBor\[) 

i'IGul{E 37. IiUurn,y D1STRTBl'TIO"S OF \TII1CU:S H1' ROA[1''';AY, TUESDAY 

111 

i 
, i 
i I 

, I 

'I 
I 

! I 

1800 

1600 
c/'I 

j 1400 
J: 
~ 1200 
1.1. 
o 
a; 1000 
w 

~ 800 
::> z 

600 

400 

200 

o 

(3).INBO";': 

1600 
,~ Totol 

tD 1400 ~ Control Plaza 

~ Service ..J 
U 

:z: 1200 
OJ 

> 
"- 1000 
0 
a:: 
w 

GOOf 
CD 
~ 
~ z 600 

400 

• Totol 
.Control Plaza 
• Service 

200 t 
0 

2 
L-__ L-__ ~ __ ~ __ ~ __ ~ ___ -L--~ ____ ~ __ ~ __ ~I~ ___ ~ __ ~I 

4 6 8 10 12 I·l 16 18 ~O 22 24 
iIME(rlRS) 

(b) . OUTBor\[) 

FIGul{E 37. IiUUI~LY D1STRTBl'TIO"S OF \"E1I1CI.ES HY ROMl''':AY, TUESJ)AY 

111 



2200 S TOTAL VEHICLES 
• AIR PASSENGER VEHICLES 

2000 

1Il00 

III 1600 

'" ~ 1400 
X 

'" 1200 :> .. 
0 1000 
a: 
'" CD 
J 

800 
:J 
Z 600 

400 

200 

Ll-.J..-....1--I.---"- P,.L .. "~.-1_L..L~1 ~-lL.L--L--.J16~L...L..-L~20~.l..-..J---'-----;'24 

III 
w 
.J 
U 

1: 
W 
> 

"" 0 

a: 
\oJ 
CD 
;( 
:J 
Z 

TIME tHRSI 

(a) . INBOUND 

2200 
• lOYAL VEHICLES 

2000 •• t,!H :'ASSENGER VEHICLES 

1800 

1600 

1400 

1200 

1000 

800 

600 

400 

200 

4 8 12 16 
TIME tHRSI 

(b). OUTBOUND 

FIGURE lR. HOl'RLY D1STRIBUTIONS OF VEHICLES, TOTAL 
A~;]) AIR PASSENCER VEHl(':LES, FRIDAY 

112 

20. 

2200 :I TOTAL VEHICLES 
• AIR PASSENGER VEHICLES 

2000 

1800 

III 1600 

'" ,j 1400 
I 

~ 1200 .. 
0 

a: 
'" CD 
J 
:l 
Z 

II> 
w 
.J 
U 

1: 
W 
> 
"-
0 

It 
W 
CD 
:l 
:l 
Z 

1000 

800 

600 

400 

200 

L..l.--.L.-.......... -'-~ P,.L .. "~.-1_L..L~1 ~~LL--L~16;-L-.J--J..~20:;-.L.-"""~2.24 

TIME tHRSI 

(a) . INBOUND 

2200 
• lOYAL VEHICLES 

2000 •• t,!H :'ASSENGER VEHICLES 

1800 

1600 

1400 

1200 

1000 

800 

600 

400 

200 

4 8 12 
TIME tHRSI 

(b). OUTBOUND 

FIGURE lR. HOl'RLY D1STRIBUTIONS OF VEHICLES, TOTAL 
A~;]) AIR PASSENCER VEHI(':LES, FRIDAY 

112 



• TOTAL VEHICLES 
2200 • AIR PASSE"lGER VEHICLES 

2000 

1800 

OIl 1600 
'" .J 
<J 1400 i 
'" > 1200 .. 
0 1000 
II: 

'" cD 800 
:I 
:> 
z 600 

400 

200 

12 
TIME IHRSI 

(a). INBOU!;'1) 

2200r 

2000 

';I; 'O:'(,l. VEHICl ES 
Ij.\ i;,;'! PASSENGER VEHICLES 

1800 

:::1600 
.J 

¥l4oo 
'" > IZOO 

~ 
1000 

II: 
!oJ 

~ .800 
:> 
Z 600 

400 

200 

~L-~_L-L~ __ L-~I~ __ ~. '- I 

4 e 12 

TI!04E (HRS) 

(b). OUTBOUND 

16 

1 

16. 
I I 

20 

FIeURE 39. HOllKLY IlISTRIHlITl()}lS OF VEHICLES, TOTAL 
AND AIR PASS[~;CER VEHICLES, TUESDAY 

113 

24 

I 
24 

2200 

2000 

1800 

'" t600 

'" .J 
<) 1400 
:t 

'" > 1200 .. 
0 1000 
II: 

'" CD 800 
:I 
:> 
z 600 

400 

200 

(a). 

1800 

::1600 
.J 

¥I4 OO 
'" > 1200 

~ 
1000 

II: 
!oJ 

~ .800 
:> 
Z 600 

400 

200 

• TOTAL VEHICLES 

• AIR PASSE .. GER VEHICLES 

12 16 
TIME iHRSI 

INBom:u 

'£I ilj:'"l. VEHICLES 
Ij;\ i;,;'! PASSENGER VEHICLES 

~~~-~~~ __ L-~I~ __ ~. '- I 1 

16. 
I I 

20 4 e 12 
TI!o'IE (HRS) 

(b). OUTBOUND 

FIeURE 39. HOllKLY IlISTRIlIUTl()}lS OF VEHICLES, TOTAL 
AND AIR PASS[~;Cr:R VEHICLES, TUESDAY 

113 

24 

I 
24 



", 

:' 
f 

, .•• 0.' -, 
! I' 

\ 

114 

a 
a 

B
C

lU
1lllllU

 

z o .... f-t 
<

 
u :3 

.... .... 
l:' 

.3 -4% 

Fa 2 - l% 

CI - 2% 

~O - 1% 
1-0 
'-' 

Figure 40. LOCATION OF AUTO-USERS' TRIP-ENDS, 
BY ZONE 



Land U!>e 

As with Surtran passengers, motorists were asked to indicate the type of 

land use at their ground t~ip origins and destinations. The proportions of 

land uses at auto-users' aggregated trip-ends are given in Table 48. 

TABU 48 

L&~~ USE AT AUTO-USERS' ORIGINS/DESTINATIONS 

TYPE OF LAND USE 

Own Home 

Another's Home 

Work Place 

Other Business Place 

Hotel/Motel 

Shopping 

Other 

TOTAL 

PEi:CENT 

67.5 

3.7 

15.1 

7.2 

3.0 

0.5 

3.0 

100.0 

Comparing Tab~e 48 with proportionate land uses at Surtran passengers' 

OlD's (Table 32), however, reveals significant differences. It is apparent 
\ 

that substantially more motorists begin and epd their DFW trips at their 

own homes or places of work. On the other hand, the percentage of trips be

ginning or ending at a hotel or motel is about seven times greater for Surtran 

riders, while trip-ends at "Another's Home" or "Other Business Place" are 

also more predominaltt f0r Surtran users. 

Fir,ures 41(a) and (b) illustrate proportionate types of land use at auto' 

'Jsers' origins and destinations, respectively. There does not a'ppear to be 

any significant variation in land use distribution between the two trip-end 

types. 

Auto-Users' Modal Characteristics 

The survey also determined certain significant characteristics of auto

using air passengers' sub-modal split, i.e., the split between those who drive 
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themselves and those who are driven by someone else. These characteristics 

wuld, of course, impact airport access volumes and the demand for long-term 

~rking, curbside space, and auto rental. 

The breakdown of auto-users' mode into privately-owned versus rented 

vehicles is illustrated in Figure 42. The overwhelming bulk of this mode of 

travel is in privately-m.oned vehicles. 

Survey results indicate that the percentage of vehicles intervie~ed that 

carried an air passenger (the first three categories of Table 58) was 81.6 

percent on Friday and 86.2 percent on Tuesday. From both days of data, it was 

determined that 31.7 percent of air passenbers using an automobile drove them

selves to and from the airpvrt while 68.3 percent were driven by someone else. 

This statistic is important because a passepger driven to the airport by some

one else generates an additional trip from the airport by the person who 

dropped him off. Similarly, an additional trip to the airport is generated by 

a passenger who. is picked up at the airport. Table 49 summarize3 the type of 

automobile usage for both days of the survey. 

PRIVATE ~...HICl£ 

gj.3: 

FIGURE 42 

RENtED VEHICLE LI.7: 

PROPORTIC~ OF PRIVATE VERSUS RENTED VEHICLES 
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TABLE 49 

AIR PASSENGEKS' TYPE OF AUTOMOBILE SUB-MODE 

(PERCENT) 

MODE 

Drive Themselves 

Driven by Someon,' 

TOTAL 

AIR PASSENGERS 
l'ER VEHICLE 

2 

3 

4 or more 

TOTAL 

FRIDAY 

27.7 

72.3 

100.0 

TABLE 50 

TUESDAY 

36.1 

63.3 

100.0 

AIR PASSENGER AUTO OCCUPANCY 

(PERCENT) 

FRIDAY TUESDAY ----

81.0 85.0 

14.2 11.8 

2.4 2.6 

2.4 .6 ----
100.0 100.0 

118 

TOTAL 

31. 7 

613.3 

100.0 

TOTAL 

82.8 

13.1 

2.5 

1.6 

100.0 

I I 
i 
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- --------_._----------._-

Overall average vehicle occupancy was 1.68 per@ons per vehicle on Friday 

and 1.58 on Tuesday for a combined occupancy average of 1.63 persons. These 

occupancy figures include air passengers. visitors. etc. Average vehicle 

occupancy in terms of air passengers was 1.26 per vehicle on Friday and 1.19 

on Tuesday for a combined average of 1.24. These values measure the number 

of ai~ passengers in each vehicle which carried at least one air passenger. 

These statistics are required for converting air passengers to automobiles. 

Table 50 shows the distribution of air passengers per vehicle for the two 

survey dates disaggregated and combined. In Figure 43. air passenger vehicle 

occupancy is correlated with sub-mode. It can be seen that as air passenger 

group size increases, the passengers are more likely to be driven to the air

port by someone else. 

Table 51 lists type of automc!>P.e mode for residents and nonresidents, 

respectively. The table shows the not unexpected result that nonresidents 

are most often driven to the airport by someone while residents are virtually 

even in their automobile mode choice.as evidenced by 47.4 percent driving 

themselves and 52.6 percent heing driven by someone. 

'The type of parking used by all vehicles passing through th~ control 

plaza is listed in Table 52, which shows a slight edge for ~ho~t-term parking 

over curbside drop-off and pick-up. A similar parking breakdown is shown in

Table 53 for passengers who are driven by someone. The indicated reduction 

in remote parking for this case suggests that vehicles not containing air 

passengers use the remote parking more than vehi~les containing air passen

gers. Parking characteristics of passengers who drive themselves are also 

shown in Table 53, which shows that these passenBers have a tendency to use 

short-term parking over remote. 

Frequency of Airport Use 

As were Surtran passengers. the auto-users were questioned as to their 

frequency of use both of OFW and, -for purposes of comparison, Love Field cur

rently and prior to the opening of OFW. Table 54 tabulates the proportionate 

distribution of their annual travel frequency to and from OFW. This can then 

be compared with prior use of Love Field in Table 55. 

As was the case with Surtran users (Tables 34 and 35). there appears no 
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TABLE 51 

AIR PASSENGERS' AUTOMCBILE SUB-MODE BY RESIDENCY 

(PERCENT) 

RESIDEN L'S' SUB-MODE FlU DAY TUESDAY TOT.\L ---

Drive themselves 43.8 51.7 47.4 

Driven by Someone 56.2 48.3 52.6 

TonL 100.0 100.0 100.0 

NONRESIDENTS • 
SUB-MODE 

Drive themselves 6.6 20.9 i2.5 

Driven by Someone 93.4 79.1 87.5 ---

TOTAL 11)0.0 100.0 100.0 

TABLE 52 

TYPE OF PARKING USED BY ALL VEHI CLES 

(PF.}(CE~T) 

TYPE OF PARKING FRIDAY TUESDAY TOTAL 

Short Tenn 54.0 60.2 56.8 

Remote 9.1 5.5 7.5 

Curb 36.9 .2.~ 35.7 

TOTAL 100.0 100.0 100.0 
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TABLE 51 

AIR PASSENGERS' AUTOMCBILE SUB-MODE BY RESIDENCY 

RESIDENLS' SUB-MODE 

Drive themselves 

Driven by Someone 

TOTA.L 

NONRESIDENTS • 
SUB-MODE 

Drive themselves 

Driven by S~meone 

TOTAL 

(PERCENT) 

43.0 

56.2 

100.0 

6.6 

93.4 

11)0.0 

TABLE 52 

TYPE OF PARKING USED BY 

(PF.\(CE~T) 

TYPE OF PARKING FRIDAY 

Short Tenn 54.0 

Remote 9.1 

Curb 36.9 

TOTAL 100.0 

121 

TUESDAY 

51.7 

48.3 

100.0 

20.9 

79.1 

100.0 

ALL VEHICLES 

TUESDAY 

60.2 

5.5 

2~ 

100.0 

TOT.\L 

47.4 

52.6 

100.0 

i2.5· 

87.5 

100.0 

TOTAL 

56.8 

7.5 

35.7 

100.0 



TABLE 53 

TYPE 0F PARKING USED BY AIR PASSENGER AUTO-USERS, BY SUB-MODE 

Passengers Driven hy Others 

TYPE OF PARKING FRIDAY TUESDAY TOTAL 

Short Term 67.5% 84.1% 76.2% 
Remote 32.5 lS.9 2~.8 

TOTAL 100.0% 100.0% 100.0% 

Passengers Driving Themselves 

TYPE OF PARKI~G FRIDAY TI'ESDAY TOTAL ---
Short Term 51.8% 50.7% 51.4% 
Remote 2.2 1.0 1. 7 . 
Curb 46.0 48.3 46.9 --

TOTAL 100.0r. 100.0% 100.G% 

TABLE 54 

AUTO-USERS' ~~UAL FREQUENf.Y OF TRAVEL TO/FROM DFW 

ANNUAL USE 
(TIMES PER YEAR) 

1 - 2 
3 - 6 
7 - 11 
12 - 24 
25 - 36 
37 - 48 
> 48 

TOTAL 

% OF PASSENGERS 

12.5 
17.3 
2.6 

26.5 
6.2 

11.9 
23.0 ---

100.0 
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Short Term 51.8% 50.7'? 51.4% 
Remote 2.2 1.0 1. 7 . 
Curb 46.0 48.3 46.9 --

TOTAL 100.07- 100.07- 100.G% 

TABLE 54 

AUTO-USERS' ~~UAL FREQUENCY OF TRAVEL TO/FROM DFW 

ANNUAL USE 
(TIMES PER YEAR) 

1 - 2 
3 - 6 
7 - 11 
12 - 24 
25 - 36 
37 - 48 
> 48 

TOTAL 

:22 

% OF PASSENGERS 

12.5 
17 .3 
2.6 

26.5 
6.2 

11.9 
23.0 ---

100.0 



sigpificallt variation in "before-and-after" airport use by these respondents. 

as with Surtrnn users, about 6 percent report no previous use of Love 

Field at all. 

There is some significant difference perceivable between use frequency 

of the auto-users versus Surtran users, however. Auto-users indicate a sub

stantially higher proportionate airport use -- 23.0 percent using DFW over 

48 times per year, for example, versus only 11.3 percent of Surtran riders; 

41.1 per~ent of the auto-users report a use fre.quency of more than 24 times 

a year, compared with only 27.0 percent of Surtran users. A similar pattern 

characterizes previous use of Love Field. 

The surv~y found th~t 38.4 percent of these respondents continue to use 

Love Field -- perhaps 0. lightly hieher proportion than of Surtran riders. 

Table 56 gives their current frequency of use of the o~~er facility, while 

Table 57 shows the proportionate air mode used. 

As with Surtran passengers (cf. Table 37), about 92 percent used commer

cial flights at Love Field at the time of the sUT.vey. Simil~ri~y extends to 

proportionate airport use freque~~y among this category who. unlike auto-users 

as a whole, exhibit a usage pattern not different from that ~f Surtran riders 

who currently use Love Field (cf. Table 36). 

Ground Trip Purpose 

Since employees were surveyed separately, they were specifically excluded 

from the interviews of auto-users. Figure 44 illustrates graphically the per

centage distribution of auto-users' purpose of their ground trips to/from DFW. 

This distribution is then tabulated in Table 58, which also gives the break

down for each survey da~e. 

The 4.3 percent of respondents "driving through" the airport should be 

noted. These drivers were, in effect, using the relatively high speed and 

conveniently located DFW spine road (International Parkway) as a toll road 

for faster more direct access between the area~ north and south of DFW. It 

is likely that many more vehicles drove through the airport on the service 

roads without p:1ying a toll. Although the service roads are signed "aut~;orized 

vehicles only," this is not enforced. This purpose, of course, could not 

apply to Surtran users. 
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TABLE 55 

AUTO-USERS' ANNUAL FREQUENr.i' OF TRAVEL TO/FROM 
LOVE FIELD BEFORE DFW 

ANNUAL USE 
.iTI~'F!:_]EAR) 

None 
1 -- L 
3 - (. 
7 -- il 
12 -- 2/; 

25 .- ':1(, 

37 .-- 1;0 

> 48 

TUTAL 

TABLE 56 

% OF PASSENGERS 

6.1 
13.6 
16.3 
3.2 

24.5 
6.2 

10.9 
19.2 

100.0 

AUTO-USEr>' ;I~;SUAL FREQUENCY OF TRAVEL TO/FROM LOVE FlEL)) 
(CURRENT LOVE FIELD USERS) 

AN\ ,_!,I i_USE 
(TI ~~_)~l-:_~_YEAR) 

1 <' 
3 .. r, 
7 .. i 1 
1;' '24 
2~ -- }6 
37 -- '.8 
> I~ f3 

TABLE 57 

% OF PASSENGERS 

24.9 
31.7 

1.9 
26.8 
5.3 
2.6 
6.8 

100.0 

LOVE fIELD AIR MODE CURRENTLY USED BY AUTO-USERS 

AIR MODE 

Commercial 
Privllte 
Both 

TOTAL 

124 

% OF PASSE~GERS 

92.4 
6.3 
l.3 

100.0 

,[ 

TABLE S5 

AUTO-USERS' ANNUAL FREQUENr.i' OF TRAVEL TO/FROM 
LOVE FIELD BEFORE DFW 

ANNUAL USE 
iTIMES l'Fl\ YEAR) __ ._ ... _.M. __ _ 

None 
1 -- L 
3 - (. 
7 .- il 
12 -- 2/; 
25 .- ~J{1 

> 48 

TUTAL 

TABLE S6 

% OF PASSENGERS 

6.1 
13.6 
16.3 
3.2 

24.5 
6.2 

10.9 
19.2 

100.0 

AUTO-USEr>' ;I~;SUAL FREQUENCY OF TRAVEL TO/FROM LOVE FIELD 
(CU~NT LOVE FIELD USERS) 

AN\ ;.!,~ L USE 
(TI~~_)~l':_~_YEAR) 

1 <' 
3 .. f, 

7 .. 1 1 
1;' '24 
2) .. :16 
37 .. '.8 
> I~ f3 

TABLE S7 

% OF PASSENGERS 

24.9 
31.7 

1.9 
26.8 
5.3 
2.6 
6. B. 

100.0 

LOVE fIELD AIR MODE CURRENTLY USED BY AUTO-USERS 

AIR MODE 

CommerCl<!l 
Private 
Both 

TOTAL 

124 

% OF PASSE~Gr:RS 

92.4 
6.3 
1.3 

100.0 
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TABLE 58 

AUTO-L:SfRS' VElIICULAR GROUND TRIP PURPOSE 

(PERCENT) 

TRIP PURPOSE 
FRIDAY TUESDAY 

Air Pass~nger Along 
22.6 31.6 

Dropping Off Passenger 
34.9 32.6 

Picking Up Passenger 
24.1 22.0 

Airport Business 
8.3 4.5 

Pick-Up Ticket 
.4 .5 

Visitor 
2.3 .8 

Other 3.3 3.4 

Using as Toll Road 4.1 4.5 

TOTALS 100.0 100.0 

126 

TOTAL 

26.9 

33.8 

22.9 

6.6 

.5 

1.6 

3.4 

4.3 

100.0 

TABLE 58 

AUTO-\JSl~RS' VEHICULAR GROUND TRIP PURPOSE 

(PERCENT) 
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Ai rport Bus iness 8.3 4.5 

Pick-Up Ticket .4 .5 

ViRi tor 2.3 .8 

Other 3.3 3.4 

Using as Toll Road 4.1 4.5 

TOTALS 100.0 100.0 

126 

TOTAL 

26.9 

33.8 

22.9 

6.6 

.5 

1.6 

3.4 

4.3 

100.0 



~ .. --~-------~----

The data in Tp!:.le 58, j,C;';<:V~;L·, refers to the purpose of vehicular trips, 

not person-trips as was the case with Surtran. To effect com~atibility and 

thus comparison with the Surtran trip-purpose. Lgbulations (Tdble 38), a con

version to person-trips was made including the elimination of "driving through" 

trips, and the results pr~sented in Table 59. 

With this tabulation, substantial dlffennces form the trip-purpose dis

tribution of Surtran riders are obvious. Fo:~ example, the proportion of 

auto users that are air passengers is only about two-fifths that of Surtran 

riders. On the other hand, the proportion of auto ~sers who are greeting or 

seeing off air passengers is about 50 times that of Surtran users -- probably 

reflecting economic efficiencies of multiple-riding in personal automobiles 

not realizable for transit patrons. It may be recalled that the largest pro

portion of Surtran riders said that their mode choice wa~ based on a desire 

to "avoid trip by other person." This factor may indicate an untapped or 

potential selling point for promoting Surtran patronage. 

TABLE 59 

AUTO-USERS' GROu~D TRIP PURPOSE 
(Non-Employee Person-Trips) 

PURPOSE PERCENT 

Airline Passengers 39.4 
GreetIng (Picking Up) Air Passengers 20.2 
Seeinr Off (Dropping Off) Air Passengers 29.7 
Pick Up Ticket 0.4 
Business at Airport 5.9 
Visitor 1.4 
Other 3.0 

TOTAL 100.0 

Air Trip Purpose and Duration 

The purpose of air trips (Table 60) of auto users generally follows the ~ 

corresponding p~ttern of Surtran riders (Table 39). Aggregating air trip 

purpose into similar categorical groups and disaggregatin~ by survey date 
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TABLE 59 

AUTO-USERS' GROu~D TRIP PURPOSE 
(Non-Employee Person-Trips) 

PURPOSE 

Airline PasSE'ngers 
Greeting (Picking Up) Air Passengers 
Seeinr Off (Dropping Off) Air Passengers 
Pick Up Ticket 
Business at Airport 
Visitor 

. Other 

TOTAL 

Air Trip Purpose and Duration 

PERCENT 

39.4 
20.2 
29.7 
0.4 
5.9 
1.4 
3.0 

100.0 

The purpose of air trips (Table 60) of auto users generally follows the· 

corresponding p~ttern of Surtran riders (Table 39). Aggregating air trip 

purpose into similar categorical groups and disaggregatinB by survE'y date 
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gives results as indicated in Table 61. For both days combined, 69.3 percent 

of air trips were for business or convention purposes while 27.3 percent were 

vacation, visiting or personal affairs, and 3. 5 pl~rcent for military, school 

and ~isce1laneous purposes. 

Cross-correlation of a~r trip purpose and dur.ation with other automobile 

modal characteristics yields qome interesting results. A tabulation of air 

trip purpose by automobile sub-mo~c is listed in Table 62, which indicates 

that a ~igher percentage of passengers on business and convention trips drove 

themselves than for the other two air-trip purpose c:ategories. This can be 

attributed to the shorter trip du~~tion ann general nature of business trips 

compared to vacationing and visi ting trips. Figur'~ 45 shows this shorter dur

ation of business and conve.ltion trips while Figu-~ 46 shows air trip duration 

by automobile mo1e. As Figure ~6 indicates, the percentage of air passengers 

who drive themselves is inversely related to the duration of the air trip. 

This is predictable, because parking costs increase over time. 

Type of parking by air trip purpose is tabulated in Table 63. People 

on business and vacation trips have a tendency to use short-term rather than 

curbside pick-up and drop-off, while those on military and school trips show 

a tendency to use only short-term parking. Vse of remote parking is h:ghest for 

" business trips primarily due to shorter trip duration and the higher percentage 

of passengers who drive themselves. 

Travel D!stance and Time 

Auto-users' perceived versus actual travel distanct!s and times, both 

between OlD and DFW and between OlD and Love Field, have been processed into 

range distributions in Tables 64 and 65 in the same manner as with employees 

(Tables 20 and 21) and Surtran riders (Tables 41 and 42). Comparing the re

sults of the three survey compone~ts, striking differences are observable. 

For example. while 28.5 percent of auto-users travel 15 miles or less 

from OlD to DFW. only 1.6 percent of Surtran users full \'ithin this range, 

while 48.6 percent of employees live 15 miles or less from DFW. Auto-users. 

thus, tend to originate and terminate their trips closer to DFW than Surtran 

riders __ a somewhat surprising result -- while employees' aIDs are the 

closest of all. 
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TABLE 60 

AUTO-USING AIRLINE PASSENGERS' AIR TRIP PURPOSE 

PURPOSE 

Business/Employment 

Vacation 

Convention 

Personal Affairs 

Visiting Family. etc. 

Military 

School 

Other 

TOTAL 

TABLE 61 

PERCENT 

67.9 

11.7 

1.3 

2.4 

13.2 

1.0 

0.9 

1.6 

100.0 

6UTO-USP;C AIRLINE PASSENGERS' PURPOSE OF AIR TRIPS BY 
CATEGORY GROUPS AND SURVEY DATE 

___ --=-P..::.:U~RFU';E 

Business/ 
Employme'nt, 
Convention 

Vacation, 
ViSiting, 
Personal Affairs 

Military, 
School, 
Other 

TOTAL 

(PERCENT) 

FRIDAY 

63.9 

31.4 

4.7 

100.0 

129 

TUESDAY 

75.7 

22.4 

1.9 

100.0 

TOTAL 

69.2 

27.3 

3.5 

100.0 
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Other 

TOTAL 

TABLE 61 

PERCENT 

67.9 
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1.3 

2.4 

13.2 

1.0 

0.9 

1.6 

100.0 
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Personal Affairs 

Military, 
School, 
Other 

TOTAL 

(PERCENT) 

FRIDAY 
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31.4 

4.7 

100.0 

129 

TUESDAY 

75.7 

22.4 

1.9 

100.0 

TOTAL 

69.2 

27.3 

3.5 

100.0 



.... 
IN 
0 
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(PERCENT) 

TYPE OF SUB-MODE 

Drive Themselves 
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00.0 
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TRIP PURPOSE 

Bus i ness / 

Employment. 

Convention 

V.lcati on. 

Visiting. 
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School, 
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TABLE 63. TYPE OF PARKING BY AIR TRIP PURPOSE 

(PERCENT) 

TYPE OF PARKING FRIDAY 

Short-term 46.9 

Remote 12.3 

Curb 40.8 

Short term 60.7 

Remote 4.5 

Curb 34.8 

Short term 82.2 

Remote 5.9 

Curb 5.9 

TUESDAY TOTAL 

58.4 52.6 

6.7 9.5 

34.9 37.9 

63.2 61.7 

4.4 4.4 

32.4 33.9 

66.7 82.6 

00.0 4.3 

33.3 13.1 I 
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TABLE 64 

DISTRIBUTION OF AUTO-USERS' .PERCEIVED VERSUS ACTUAL TRAVEL 
DISTANCES AND TIMES BETWEEN ORIGIN/DESTINATION AND DFW 

% RESPONDENTS % RESPONDENTS 

DISTANCE 
IN RAJ'ICE TIME IN R&~GE 

P'ERCEIVl:.D ACTUAL RANGE PERCEIVED ACTiJAL 
RANGE 

(t!ILES) DISTA.~Ct;. DISTANCE (MINUTES) TIME TIME 

o - 5 5.1 0.6 o - 10 9.1 0.6 

6 - 10 13.6 9.2 11 - 20 27.2 IS.0 

11 - 15 19.8 lS.7 21 - 30 32.1 37.5 

16 - 20 23.5 23.1 31 - 40 13.6 31. 3 

:!1 - 25 12.5 23.S 41 - 50 10.8 11.1 

26 - 30 11. 3 10.5 51 - 60 3.4 1.4 

31 - 35 3.7 7.7 Over 60 3.8 0.1 

36 - 40 3.7 5.0 TOTAL 100.0 100.0 
41 - 60 2.3 1.4 
Over 60 4.5 -----"-

TOTAL 100.0 100.0 

TABLE 65 

DISTR1BL:TIO:i OF AUTO-USERS' PERCEIVfD VERSUS ACTUAL TRAVEL 
DISTANCES A:\)) THIES BETWEEN ORIGIN/DE TINATION AND L011E FIELD 

% Rbl'otiDENTS % RESPONDENTS 
DISTANCE P; FA'lGE TIME IN R&"lGE 

RANGE PERCE-I\;J;l)' ACTUAL RANGE PERCEIVED ACTUAL 
(mLES) DISTASCE DISTA:>lCE (MINUTES) TINE TUIE ----
o - 5 19.9 13.2 0 - 10 21.5 5.3 
6 - 10 26.8 32.S 11 - 20 31. 2 36.S 
11 - 15 13 '(J 15.4 21 30 19.5 30.3 -
16 - 20 12.0 14.7 31 - 40 8.2 13.5 
21- 25 6.9 8.5 41 - 50 7.2 5.5 
26 - 30 4.3 4.3 51 60 6.8 
31 

- 6.7 - 3') 3.4 2.7 Over 60 5.6 
36 - 40 3.3 2.9 

--- _1_·L 

41 - 60 6.9 5.5 
100.0 100.0 

Over 60 -2:2_ ---
100.0 100.0 
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apparently estimate their travel distance and time somewhat 
AutO users 

tely than Surtran riders. In all three survey component populations, 
.,re accura 

b a slight tendency to underestimate distance and time -- well ex
there may e 

d by the fact that 9.1 percent of auto users estin:ated their travel th,e 
hlbi te 

5 i U
tes or less, although only 0.6 percent actually fell in this range. 

,s !II n 
As with the Surtran case, aut"-users' trip lengths and times to Love 

Field would be substantially less as a wt.ole. For example, over 60 percent 

vould travel 15 miles or less between Love Field and their OlD; over 60 per

cent travel 16 miles or IT.ore between DFW and their 0/0. For air facility 

users as a whole, this irlplies somewhat increased travel costs, energy con

sUilption, and travel tirrk' due to the shift of major air operations to DFW. 

Demographic Characteristics 

Figure 47 shows the proportion of male versus female auto users. Com

pared with Surtran rider ,-, (page 101), it is apparent tha t females cons ti tu te a 

somewhat larger proport i., of the auto users. Further broken dCNn into auto 

drivers versus passenger"" Figure 48 ind ica tes tha t proportiona tely fewer 

lIomen are drivers than p3ssengers. AI-proximately one-fourth of auto-using air 

passengers are women, as illustrated in Figure 49. 

Some interesting contrasts are revealed over the question of residency. 

The survey determined thn t an overwhelming 94.2 percent of' aLtomobile drivers 

were DFW-area reSidents, :md only 5.8 percent nonresidents. This contrasts 

sharply with the residef)"Y of Surtran riders (Table 44), only 49.6 percent of 

whom are residents. 

gerg. 
However, 94.0 perCt'clt of the Surtran users were found to be air passen

If only air passe~ger auto users are considered, the survey has found 
that 58.4 percent ( are residents, 41.6 percent are nonresidents Table 6). 
This distribution 

is closer to the Suit ran results, although, sti)l indicating 
a slight preponderance of residents among the aut~ users. 

The distributions of auto-users' ages, occupations, and incomes have already 
been tab I . 

u ated 1n Tables 10 through 12. 
in Table 66 

, disaggregated for drivers versus air passengers. 

Industrial affilia~ions are tabulated 
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TABLE 66 

DISTRIBUTION OF AUTO-USERS' INDUSTRIAL AFFILIATIONS 

INDUSTRIAL CATEGORY 

. Construction 
Manufacturing 
Transportation 
Wholesale/Retail Trade 
Communications/Utilities 
Public Administration 
Finance/Insurance/Real Estate 
Electronics 
Data Processing 
011 
Education 
Military 
Other 

TOTAL 

% RESPONDENTS IN CATEGORY 

Drivers Air Pax 

3.4 3.5 
8.5 11.7 
9.5 8.2 

14.1 15.2 
7.8 4.5 
5.6 7.4 

14.3 12.1 
1.2 1.8 
1.7 1.9 
0.7 1.4 
3.6 5.7 
1.5 4.7 

28.1 21.9 

100.0 100.0 

It is of interest to correlate automobile sub-mode with certain demo

graphic characteristics. It is ~een from Figure 5~. that young and ol~ pas

sengers are more likely to be driven to the airport by someone else. '[hile a 

higher percentage of middle-aged passengers drive themselves. This is pro

bably related to higher incomes of the middle aged passengers. The propor

tion of passengers driving themselves to the airport increases with income 

(Figure 51), which is probably due to their ability to pay parking fees. 

SUMMARY 

Through che investigation of responses to the DFW survey questions, the 

following air passenger characteristics of auto-users were determined: 

(1) 54.7 percent of vehicles interviewed at the air:,ort contained at 

least one air passenger. 

(2) 31.7 percent of ai'r passengers drove themselves and 68.3 percent 

were driven by someone. 
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TABLE 66 

DISTRIBUTION OF AUTO-USERS' INDUSTRIAL AFFILIATIONS 

INDUSTRIAL CATEGORY % RESPONDENTS IN CATEGORY 

Drivers Air Pax 
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11 vehicle occupancy was 1.63 persons per vehicle while air 
(3) overa 

passenger vehicle occu:Jancy was 1.24. 

87.5 percent of nonresidents who use auto were driven to the air
(4) port by someone elst' while 52.6 percent of residents were driven 

by someone else. 

(5) A greater percentage of passengers with higher incomes tended to 
drive themselves to the airport. 

(6) Short-term parking was the maj 0r type of parki ng used at DFW. 

(7) 69.3 percent of all air trips were for business/employment, conven
tion purposes. 
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IV. AIR PASSENGER ACCESS VOLUMES 

INTRODUCTION 

The major objective of this chapter is to describe a model ~f airport 

trip ~eneration which expresses acceSA volumes as a function of ~~ airline 

9chedule. The Dallas/Fort Worth Regional Airport (DFW) is used as a test 

case. Only volumes of automobiles carrying airline passengers and visitors 

are modeled. This is feasible at DFW because passenger and visitor vehicle 

traffic Is largely 

ate service road_ay 

treated in the next 

segregated from employee vehicle traffic,which uses a separ

system (see Chapter II). Employee access volumes are 

chapter of this report. 
19 

There have been a number of studies aimed at estimating the demand on 
I 

airport access facilities as a function of the socio-economic characteristics 

20 
of the airport users. In this chapter. it i~ assumed that demanrl forecasts 

have already been obtained. probably from tne airlines. in the form of future 

flight schedules along with an approximate load factor for each flight; this 

in forma ton serves as input to the method. That is to say. the model is not a 

demand model. but rather it transforms a forecast of passenger demand into a 

forecast of corresponding airport ac~ess vol~es in short time intervals 

throughout the entire day or in sele_ted peak periods. 

Results of research described in this chapter will enable airport opera

tors and planners to ~stimate the effect of anticipated changes in airline 

schedules on ground traffic volumes. The model has its greatest advantage 

over existing methods in estimating the peaking characteristics of airport 

access traffic. 

19See also: Zambrano. W. A., "Employee Travel at the Dallas/Fort Worth Re

gional Airport." Unpublished M.S. Thesis in Civil Engineering. The Univer

sity of Texas at Austin, May 1976. 

20lieNeufville, R. D., "The Demand for Airport Access Service," Traffic Quar

terly, VXXVII. No.4, October 1973. pp. 583-600·; and Navin. R. P. D •• and 

R. P. WeIsfeld. "Analysis of Air Passenger Travel in the Twin Cities Metro

politan Area." Highway Research Board,·HRR 369. 1971. 
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MODEL DEVELOPMENT 

Previous Models 

From a review of previous studies of airport trip generation, only one 

analytical metClod for relating access volumes directly to measures of air-
21 side activity could be found, namely, the Koussios-Homburger model. This 

model was designed to predict vehicular volumes at San Francisco International 

Airport and consists of equations which predict the hourly volumes of vehicles 

inbound and outbound on the main access highway. The equations were developed 

by step-wise multiple regression techniques which tested the following varia

bles: 

Dependent Variables: 

ZI - number of vehicles inbound on main access highway per hour. 

Z2 = number of vehicles outbound on main access highway per hour. 

Independent Variables: 

Xl -number of air passenger deplanements per hour. 

X2 
.. number of air passenger enplanements pE:r hour. 

X3 sum of air passenger enplanements and deplanements 

Time Shift Notation: 

(t) any time "t" 

(t + 1) - one hour after time "t" 

(t 1) - one hour before tilJ)(> "t" 

per hour. 

The dependent variables were tested against ind~rendent variables for the 

same hour, for the following hour. and for the preceding hour. These shifts 

in time were intended to account for the fact that ?assengers at ~an Francisco 

International Airport reach the airport access/egress points about 45 minutes 
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MODEL DEVELOPMENT 
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TABLE 67. RESULTS OF KOUSSIOS-HOMBURGER MODEL 

-..--
R2 Standard 

Direction 
Regression Equation Error 

Entering ZI(t) a 280.8 + .528X
1
(t -1) + .857X

2
(t + 1) 0.823 346.7 

ZI (t) 239.2 + 1.000X (t - 1) + .473X
2
(t + 1) 0.876 294.1 

Leaving - 1 

----_ .. . _-

TABLE 68. INDEX OF TIME INTERVALS 

- ~-

TIME 
DESCRIPTION INTERVALS 

--
I Time prior to his scheduled departure time that 

originating passenger arrived at the airport 
an 

2 Time that it took a vehicle which dropped of an originat-
ing p<'lssenger to leave the airp0rt relative to the 
scheduled departure time. 

Time it took terminating passengers to exit the 3 control plaza after deplaning. 

-
4 Time that a vehicle picking up a terminating passenger 

arrived at the airport relative to the scheduled arrival 
time. 
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For vehicles entering the airport, the Xl(t - 1) factor corresponds to 

vehicles arriving to pick up passengers who deplaned the preceding hour, while 

the X2(t + 1) factor corresponds to vehicles bringing in passengers who will be 

enplanin8 in the next hour. For vehicles leaving the airport the Xl(t -1) 

factor corresponds to vehicles taking away passengers who d~planed the pre

ceding hour, while the X2(t + 1) factor corrpsponds to vehicles that dropped 

off passengers who will enplane in the next hour. 

There are several drawbacks to the Koussios-Homburger model, including: 

1. The model uses enplaning and deplaning passengers, which include 

transfer passengers who do not use ground access facilities. These 

may not be significant at San Francisco International Airport but 

would be at an airport with high transfer-passenger percentages, 

such as DFW. 

2. Not all of the vehicle volumes on the roadway are directly related 

to air passengers. Other trip purposes include going to work 

(employees), conducting business at the airport. pi~king up ti.kets, 

and Visiting. These trips should be factored out of the vehicle 

volumes so that only vehicle volumes relating to air passengers are 

considered in the regression equations. 

3. Time blocks of less than one hour are not .considered. 

The Koussios-Homburger model represents a useful methodology for predict

ing vehicular volumes in relation to air passenger volumes. One important f.ea

ture of the model is that it uses aggregate data for air passenger volumes and 

vehicle volumes. The model developed in this research, on the other hand, 

disaggregates passenger data by flight. 

Model Description 

The model is based on the distributions of the times before or after 

flights that passenger-related vehicles cross the airport boundary. Total 

traffic volume estimates are obtained for a particular time interval by super

imposing all of the distributions that overlap in that time interval. In this 

wayan estimate of total expecte~. n~ter of vehicles crossing the airport 

boundary during the time interval is obtained •. Inputs to the model include: 

(1) the times of flight arrivals and departures, (2) the expected nUmber of· 

originating or terminating passengers on each flight, and (3) the above dis

tributions of times relative to the flight that vehicles enter or leave the 
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airport. Outputs are estimates of vehicular traffic volumes by 1S-minute time 

interval and by direction. 

Analysis of Passenger Arrival and Departure Times 

From the data, four time-interval distributions which explain the vehicle 

arrival and departure times of auto-users were defined. These time intervals 

were: 

(1) the time prior to his scheduled departure time that an originating 

passenger entered the airport, 

(2) the time that it took a vehicle which dropped off an originating 

passenger to leave the airport relative to the scheduled departure 

time, 

(3) the time it took terminating passengers to exit the control pla?a 

after deplaning, and 

(4) the time that".'a vehicle picking up a terminating passenger entered 

the airport relative to the scheduled flight arrival time. 

To test the influence that various factors might have on the above time 

interval distributions, contingency tables were constructed to test the null 

hypothesis. Ho' that the distributions of the time at which ~ir passengers 

enter and leave the airport are statistically independent of certain factors, 

including: (1) type of auto usage, (2) purpose of air trip, and (3) length 

of airline flight. From these contingency tables, Chi-square values were cal

culated which led to the estimation of significance probabilities. Signifi

cance probability, usually denoted by PI' is th~ probability of obtaining a 

Lhi-square value as large or larger than the one calculated in the test, 

given that the hypothesis tested is "true. A significance level of 0.05 was 

chosen. 

From these tests, very few cate?,ories of the various factors were found 

22 
to have a PI value as small as 0.05. Therefore, it was con~luued that the 

above factors did not play a significant role in explaining the group arrival 

and departure times of air passenger vehicles. 

Goodness-of-Fit Tests 

The first step in developing the model was to perform goodness-of-fit 

tests of various theoretical probability distributions against the observed 

distributions for the above time intervals. This was accomplished by employing 

22 Dunlay, et al., ~. cit. 146 
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the Kolmogorov-Smirnov (K-~) one-sample, goodness-of-fit test. BrIefly, the 

K-S test involves specifying the cu~ulative probability values which would 

occur und~r the hypothesis H , that the observed data follow a selected theoret
o 

fcal distribution, and cOlllparing those values with the observt!d cumulative prob-

<ilhi lity d~.;;t:rib~lt~on. The' }0int at which these two distributions show the 

greatest deviation is determined. and the sampling distribution of this test 

'statistic is used to estimate the probability that a divergence as large as the 

one observed would occur if the observations were a random sample from the 

theoretical distribution. 

The K-S test was chosen over the Chi-square test because it requires only 

the assumptions that sampling is random and that the sampled population is 

continuous. Another reason is that t: e K-S test treats individual observations 

and thus. unlike the Chi~squaretest, does not lose information through the 

combining of data into discrete categories. 

The data for the Tuesday and Friday DFW travel survey dates were combined 

into one sample and then divided randomly into two smaller subsamples. This 

was done to approximate the requi !ment of the K-S test that the hypothesized 

(theoretical) dif tr.ipution be specified camp' ~tely and without regard to any 

'i~lr{.1Lmal:i"n«~0""ained in the sample. Toward this enc, the sample means and 

variances were calculat~d from one subsample. These statistics were used to 

estimate the parameters of several standard distributions, including the log 

normal. gamma, Pearson Type III, normal, a~d the Erlang~ounded-down and up. 

The resulting theoretical cumulacive distributions were then compared to the 

observed cumulative distribution defined from the other subsample to determine 

the maximum deviations between the two. Table 68 presents an index of the tiMe 

intervals considered. Table 69 summarizes the results of the K-S test statis

tics along with the critical values for rejection of H for the 5 and 10 percent 
o 

significance levels. From TabLe 69, it is seen th~t all but the seLund time 

interval, whose best fit was the rounded-down Erlang, can be fit at the 10 per

cent significance level, and, even in that case, the tlax5.mum deviation is very 

close to the 10 percent value. Table 70 shows the theoretical distributions 

found to be:~t .~pproximate the sample values for tile four time intervals. Graphic 

-.r:mapariSQllS ,of these theoretical probability density functions together with ob

served frequencies are shown in Figure 52. 
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TABLE 69. KOLMOGOROV-SMIRNOV TEST-COMPUTED MAXIMUM DEVIATIONS 

THEOr.ETICAL TIME INTERVAL 
DISTRIBUTION 1 2 3 4 

log-normal 0.096 0.150 1W2ll 0.163 
-

gamma 0.074 0.128 0.069 0.156 

Erlang Rounded Down ---- .2.:..!.l1 ----- u.273 

Er1ang Roufided Up 0.142 0.202 0.065 0.153 

-
Pearson Type III 0.062 ------ 0.056 ----

normal ----- 0.188 ----- O.m 
MAX ALLOWABLE 10% 0.1132 0.1132 0.0917 0.1438 

DEVIATION 
5% 0.1263 0.1263 0.102 0.1263 

TABLE 70. RESULTS OF K-S GOODNESS-Of-fIT TESTS 

TIME INTERVA!.. BEST FIT THEOP.ETICM. 
DISTRIBUTION 

1 gamma 

2 Erlang-Rounded-Down 

-
3 1og-:normal 

4 normal 
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Derivation of Mod~l 

The theoretical concepts of the model are best introduced by examining 

Figure 53, where four probability density functions (pdf's) associated with 

the scheduled departure and arrival times of flights k and m are shown. Note 

that each arriving flight has two pdf's associated with it, one for vehicles 

which carry passengers away from the airport and one for vehicles ~f people 

who come to the airport to pick up terminating passengers. Si~ilarly, a de

parting flight generates vehicles bringing originating passengers to the air

port and vehiclee leaving the airport after dropping off passengers. 

The following notation will be used in developing the model. 

K 

M 

- set of departing flights whose pdf's overlap in 
(t, t + lit); 

- set·of arriving flights whose pdf's overlap in (t, t + 
lit); 

Pk (t, t + ~t) = area under flight k's probability density function (pdf) 
(solid curve) in (t, t + ~t); 

qk(t, 

g (t, 
m 

h (t, 
m 

Ok 

T 
m 

U 
·m 

t + ~t) - area under flight k's pdf (dashed curve) in (t, t + ilt); 

t + lit) • area under flight mrs pdf (solid curve) in (t, t + llt); 

t + lit) a area under flight mrs pdf (dashed curve) in (t, t + lit); 

- number of originating passenger vehicles associated with 
departing flight k; 

• number of vehicles which dropped off originating passen
gers for departing flight k; 

.. number of terminating-passenger vehicles associated uith 
arriving flight m; 

- number of vehicles which picked up terminating passen
gers from arriving flight m. 

The expected number of vehicles arriving at the airport with flight-k 

passengers in (t, t + bt), 0k(t, t + btl, is 

E{Ok(t, t + lit)} a 0kPk(t, t + llt) 

while the expected value of number of flight m passenger vehicles arriving 

at the airport in (t, t + lit), U (t, t + ~t), is 
m 

E{U (t, t + ~t)} .. U 11 (t, t + M) 
m mm 

Therefore, the total expected number of passenger-related vehicles arriving at 

the airport in (t, t + lit) , NA(t, t + lit), is 
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E{NA(t. t + ~t)}. \ ° ( 
~K kP~ t. t + ~t~ + L Uhhm(t. t + ~t) 

IIl£M (1) 

Sicllarly. the total expected b 
n~ er of passencer vehicles leaving the 

(2) 

The data collected were not sufficient to calculate the sample variances 
of NA(t. t + flt) and NL(t. t + ~t). Le •• the variation over diff d erent ays 
in the number of vehicles in a particular time interval. However. a rough 
approximation of these v~riances can be ob~aj~ed by making the following 

assulIIplions: 

(1) the probabilitit's Pk' ~. qk' and gm apply independently and 
identically to all passenger~ on a flight who use automobiles 
to or from the airport, 

(2) each n£ tloe Ok (Um, Tm, Dk) passenger vheicles has the same probability 
n Ih r ":) nF f~J' '~g in interval (t. t + 6t), independently of 
n~'J v~;.<:'l p.~55': '''':;''(" vl·hiclc. That is to say, each passel., '"'r on a 
flight constitutes a Bernoulli trial with the same probabil~ty of 
8uccess. 1.e •• of falling in a particular interval. 

The significance of the two above assumptions is that the nmdom variables 

Oketo t + 6t), the number of originating pa~=~nger vehicles arriving for flight 

k at the airport in time interval (t, t + tt), has a binomial distribution with 

mean 0kPk(t, t + flt) and variance 0kPk(t, t + tt) [1 - Pk(t. t + tt)}. 

Similarly. 
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t mill m 

1!I III m 
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m m l'!l 
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Sicllarly. the total expected b 
n~ er of passencer vehicles leaving the 

E{NA(t. t +~t)} - LTg (t. t + ~t) 
mEM m m (2) 

The data collected were not sufficient to cal~ulate the 
~ sample variances 
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independent set of random variables then the variance of NA(t, t + ~t) 
would be* 

Var{NA(t, t + ~t)} - r 0kPk(t, t + ~t)[l - Pk(t, t + ~t») + 
kr.K 

r U h (t, t + ~t)[l - h (t, t + ~t») (3) 
mcMmm m 

The assumptions of independence are probably valid: 

(1) the~, keK, probably form a pain::-~ independent set, since 
they apply to different flights. A similar argument applies 
for U , meMo 

m 

(2) For any choice of k anI m, ~ and Um are also probably independent. 
The Ok refers to passengers due to leave, while U~ is related to 
passengers due to arrive; there is no apparent reason why the two 
would vary simultaneously under normal conditions. However, 
severe weather, which prevents arrivals ~nd departures from the 
airpor4might cause both quantities t~ decr~~se simultaneously. 

Similarly, E{NL(t, t + ~t)} i~ given by Eq. (2) ~nd 

V~r{NL(t, t + ~t)} z r Dkqk(t, t + ~t)[l - qk(~' t + ht») + 
kcK 

r T 2 (t, t + ~t)[l - g (t, t + ~t)J 
mcM min m 

(4) 

Hence. the mean and variance of the total number of vehicles arriving and 

leaving the airport in any interval (t, t + bt) can be estitlated using Eqs. 

(1) through (4). 

It can be argued that distribution of the total number of vehicles enter

ing or leaving the airport in any ~oderate size time interval is approxim.tely 

r~~l for large sets K and M by the Central Limit Theorem and the above 

ass~~p~iori that NA(t, t + 6t) is the sum of independent random variables 

*For the variance of a sum of random variables to be equal to the sum of 
the jr~ividual variances requires only that the variables be pair-wise un
correlated. However, the stronger assumption of ind.cpendence has been made 
to support a subsequent argument for normality. 
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o (t, t + tit), kst< <'nd Um(t, t + llt), mE:M and that NL(t, t + 6t) is the sum 

o~ .he inJependent random variables DK(t, t + llt), kE:K and Tm(t, t + 6t), 

• This argument could not be tested in thb research. 
oCJoI. 

APPLICATION Of MODELS 

A computer program for executing the model was developed to facilitate 

~e task of superimposing the distributions of the various flights. The program 

(irs
t 

reads the input data and converts air passenger volumes to vehicle 

volumes by applying alr passenger vehicle occup::.ncy rates. Then the parameters 

of each of the fOUf :ibove probability distributions are estimated. These 

parameters are used for caiculating required probabilities in four separate 

subroutines; each ~uilroutine calculates expected vehicle volumes in lS-minute 

time intervals. ThJ d process is repeated for each flight and the vehicle 

volumes from each of the four subro'Jtines are combined in each time intervaL 

Ho!nce, the total c;,,_pected number of outbound vehicles for each time interval is 

obtained by adding : h,~ volum~s of tl:!rminating-passenger vehicles to the volumes 

of vehicles which li ropped off originating passengers. Similarly, the total 

expected number of 1 nbound vehicles, for each t!me interval is obtained by 

adding the volumes of originating::'passenger vehicles to the volumes of vehicles 

arriving to pick 11 f' terminating passengers. 

Approximate ",dances for each time interval ar~ computed in a similar 

process. Finally, the accumulated variances are converted to standard devia

tions and one stcwd;]t'd deviation is added to and subtracted from the expected 

volumes of inbound :lnd outbound vehicles in each time slice. ThE: resulting 

ranges of volume ,,,,' plotted as a func-tion of time of day and compared 1:0 

observed volumes : j) Figures 54 through 57. 

Figure 54 sno .. :: estimated vs. observed volumes of inbound vehicles for 

i-hour intervals.'\"_~ r 16 hours of t he day for Fr iday, 16 }Iay 1975. Figure 55 

shows estjmat<:!d \' ___ :,,~ .. "'Ved volumes of outbound vehicles for the same day. 

'Even for small sets K and M, one can argue that the normal approximation is 
satisfactory for the above binomial distributions for large values of Ok, Um• 
~, and Tm and for moderate size time intervals ",here the probability values 
:r~ neither close to zero nor unity. For very short time intervals, the 

o sson approximatio:1 would apply. 
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Note that there is reasonably close agreement in both figures between model 

estimates and hourly traffic counts. 

Comparisons by IS-minute interval between model estimates and actual traf

fic counts are shown in Figures 56 and 57. Here again, there is clo~;e agree

ment except for the period 1500 to 1700 hours. During that period there were 

substantial volumes of airport employee-related vehicles using the main public 

roadway in addition to the service roads. This was not accounted for in the 

model estimates of public-roadway traffic volumes; those estimates considered 

only air passenger-related vehicles. Prior to the DFW survey it was thought 

that employee vehicles used only the service roadway system. Future res~arch 

should be aimed at factorlug out these employee vehicles to obtain better 

estimates of DFW air passenger vehicular volumes. Volumes of employee vehicles 

are explicitly modeled as a function of work-shift schedules in the next chap

ter of this repo~t. 

CONCLUSIONS AND RECOMMENDATIONS 

This chapter has pres~nted a method for transfor~ing an existing or fore

casted airline schedule into estimates of volumes of ground vehicles entering 

and leaving an airport in any time period. The method accounts for both air 

passengers who drive ~hemse1ves to the airport and air passengers who are 

dropped off and picked up by otheis. In addition, it is easy to apply in that 

it requires only (1) the airline schedule and approximate load factors and 

(2) the distributions of times at which passenger-related vehicles enter ar.d 

leave the airport relative to scheduled flight times. Model estinwtes have 

been found to compare favorably with actual traffic counts at DFW. The model 

has application in providing information for the design of airport access 

highways, traffic control sys:ems, and airport parking facilities. 

Future research is needed to test the method at other airports. The 

method should be combined with similar procedures for estimating employee 

access volumes, volumes of commercial and service vehiclcs, and volumes of 

public transportation vehicles. At DFW, the above classes of. airport users 

were largely distinguishable (because of the service road system) and could 

be treated separately. This is not the case at most other airports. 
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rch is also needed to further explore the factors which might affect 
Resea 

i 
at which passengers enter and leave the airport relative to scheduled 

the t mes 
In particular. the possib~lity of disaggregating these distributions by 

times. 

) 
e of flight. (2) purpose of air trip, (3) time of day, (4) trip length, 

(1 typ 
and (5) type of automobile usage, 1. e., whether the passenger drove himself 

or was driven by SOlll';one else, should be explored. These factors were found 

not to be significant in this research for DFW. 

Finally, and l11fl!.;t importantly, research is needed to account for the effect 

of "lateness;" in tilts research actual flight tilr.es rather than scheduled flight 

times were used. ThLs is rrobably not too inaccurate for vehicles associated 

with departing flib!1.n. However, vehicles associated with arriving flights are 

directly affected by lateness. 
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V. EMPLOYEE ACCESS VOLUMES 

INTRODUCTION 

Volumes of employee vehicles entering and leaving an airport are generated 

almost exclusively by the schedule of airport employeE' :"ork shifts. This chap

ter presents an easy-to-apply analytical model for tran~forming an existing or 

future employee work shift schedule into estimates of incoming and outgoing 

volumes' of employee vehicles in any time interval. These estimates have appli

cation to the planning and design of airport access facilities and employee 

parking areas. 

An-analysis is presented of data obtained from the employee survey com

ponent of the DallaS/Fort Worth Regional Airport travel survey of May 1975, 

described in Chapters II and lIt of this report and in a ~revious report.23 

The analysis focuses on estimating theoretical probability distributions for 

the differences between work shift times and actual entering and leaving 

times of airport employees. The model requires these distributions as input 

along with (1) periods of the day and lengths of time intervals to be con

sidered, (2) estimates of parameters for the above theoretical distributions 

for each period, (3) starting or ending time of each work shift, and (4) num

ber of employees per shift. The output is the expected value and variance of 

the number of employee vehicles entering and leaving the airport in each 15-

minute time interval throughout the day. 

DISTRIBUTIONS OF ARRIVAL AND DEPARTURE TIMES OF DFW EMPLOYEES 

The DFW Airport taken as'a whole is one of the largest employers in the 

Dallas/Fort Worth area and as such is a major traffic generator from the 

standpoint of employee vehicles alone. The arrivals and departures of em

ployees' vehicles are in addition to the traffic volumes generated by the air

line passenger and visitor activity and must be considered both in modeling 

airport access volumes and in the subsequent design of airport access and 

parking f3cilities. Therefore, the distribution of employees' arrival and 

23 Dunlay, et aI., ~ cit. 
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departure times at the airport relative to their work shift times is of criti

cal interest 1~ this research. 

The purpose or this section is to describe the Jistributions of DFW em

ployees' arrival and departure times at the airport relative to work shift 

starting and ending times. TIle term "time difference distribution" refers to 

the observed frequency distribution of the above time differences as obtained 

from the DFW data. 

DETE&~INATION OF THE PERIODS OF THE DAY FOR ANALYSIS 

Fib~res 21(a) and (b) in Chapter III are histograms of the percentages of 

DFW employees by starting work shift times and ending work shift times, res

pectively, during a normal work day. Figure 21(b) is roughly the same as 

Figure 21(a) but shifted to the right by eight hours. It was noted from 

Figure 21(a) that Lor starting work shift times, there were approximately five 

distinct periods of the day and their limits were tentatively 0 to 4, 4 to 

10, 10 to 13, 13 to 20, and 20 to 24 hours. Ranges of alternative limits 

around the above tentative periods were tested and fixed for each period when 

the percent of DFW employees distributed by five-minute interval tended to 

change most significantly.24 A similar procedure was followed for the ending 

work shift periods. The definitive limits of the periods based on this pro

cess are shown in Table 71. The objective here was to distinguish time perilds 

during which the arrival or departure patterns of employees remained approxi

mately stationary. The next step was to determine which theoretical probabil

ity distribution best explained the observed time difference distribution 

within each of the above periods. 

TABLE 71. LIMITS OF PERIODS OF STARTING AND EN))!NG WORK SHIFTS 

TIME OF 
PERIOD STARTING WORKSHIFT ENDING WORKSHIFT 

First 0 to 0500 0 to 0600 
Second 0')00 to 0900 0600 to 1000 
Third 0900 to 1300 1000 to 1400 
Fourth 1300 to 2100 1400 to 1900 
Fifth 2100 to 2400 1900 to 2400 

24 Nie , Norman, et al., Stati~tical Package for the Social Sciences (New 
York, McGraw-Hill, 1975). 
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departure times at the airport relative to their work shift times is of criti

cal interest 1~ this research. 

The purpose 0': this section is to describe the Jistributions of DFW em

ployees' arrival and departure times at the airport relative to work shift 

starting and ending times. TIle term "time difference distribution" refers to 

the observed frequency distribution of the above time differences as obtained 

from the DFW data. 

DETE&~INATION OF THE PERIODS OF THE DAY FOR ANALYSIS 

Fib~res 21(a) and (b) in Chapter III are histograms of the percentages of 

DFW employees by starting work shift times and ending work shift times, res

pectively, during a normal work day. Figure 21(b) is roughly the same as 

Figure 21(a) but shifted to the right by eight hours. It was noted from 

Figure 21(a) that Lor starting work shift times, there were approximately five 

distinct periods of the day and their limits were tentatively 0 to 4, 4 to 

10, 10 to 13, 13 to 20, and 20 to 24 hours. Ranges of alternative limits 

around the above tentative periods were tested and fixed for each period when 

the percent of DFW employees distributed by five-minute interval tended to 

change most significantly. 24 A similar procedure was followed for the ending 

work shift periods. The definitive limits of the periods based on this pro

cess are shown in Table 71. The objective here was to distinguish time perilds 

during which the arrival or departure patterns of employees remained approxi

mately stationary. The next step was to determine which theoretical probabil

ity distribution best explained the observed time difference distribution 

within each of the above periods. 

TABLE 71. LIMITS OF PERIODS OF STARTING AND EN)HNG WORK SHIFTS 
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"ATION AND TESTING OF THEORETICAL PROBABILITY DISTRIBUTIONS 
ESrI"" ' 

d 59 
show typical observed time-difference distributions. 

Figures 58 an 
O

f these data for each period, the followi~g observ
a

-
visual inspecti0n 

froID a . 

tlons were made: 

Theoretical distributions considered as candidC\tes to fit the 
observed time difference distributions were (1) 

(2) 

(a) normal distribution, 

(b) lognormal distritution, 

(c) exponential distribution, 

(d) gamma distribution, and 

(e) Erland distribution. 

When DFW employees were asked what time they entered or left the 
airport, there was an apparent tendency to answer to the nearest 
five minutes. Therefore, the intervals s~lected were five minutes 
in length centered around even five-minute epochs, i.e., the actual 
boundaries \<re~:e defined acccrding to thL formulas 5(N + 0.5), where 
N is a posit{\lc' integer (the first inte:-val had the lower bOU:ld of 

zero). 

The Kolmogorov Smirnov (K-S) Test was selected ror use ir. testing the 

goodness-of-fit of the candidate theoretical probability distributions.
25 

The K-S test is based on the measurement of the maximum vertical difference 

between an observed cumulative probability distribution and c;. selected 

theoretical cumulative distribution functior. (cdf). This measured d ifferer.ce 

is then compared with cabled values of the. K-S statistic for the appropriate 

sample size and level of significance.
26 

Figure 60 is a f "chart of the sequence of steps followed in finding the 

theoretical distributi(>11 that best fits the observed time difference distri

bution. First of all, the data were divided rando~ly into two apprvdmatelv 

equal parts. This divj sion .... 'as made to approximate the K-S test reqUiremen~ 
that the parameters of the theoretical distribution should not be obtained 

n 
Gerlough, 
Traffic, 
35-4/, • 

Daniel L. and Frank C. BPi ames, 0 sson and Other Distributions In 
(Saugatuck, Conn.: EnD Foundation for Transportatio[~71) pp. 

26 
~., pp. 120-121. 

162 

G OF THEORETICAL PROBABILITY DISTRIBUTIONS 
ESTIMATION AND TESTIN 

Figures 58 an d 59 show typical observed time-difference distributions. 

Of these data for each period, the followi~g observa
visual inspecti0n 

from a . 

tions were made: 

(1) Theoretical distributions considered as candidB.tes 

observed time difference distributions were 

(a) normal distribution, 

(b) lognormal distribution, 

(c) exponential distribution, 

(d) gamma distribution, and 

(e) Erland distribution. 

to fit the 

(2) When DFW employees were asked what time they entered or left the 

airport, there was an apparent tendency to answer to the nearest 

five minutes. Therefore, the intervals s~lected were five minutes 

in length centered around even five-minute epochs, i.e., the actual 

boundaries \<re~:e defined accerding to thL formulas 5(N + 0.5), where 

N is a posit '.ve· integer (the first inte:-val had the lower bou:ld of 

zero). 

The Kolmogorov Smirnov (K-S) Test was selected ror use ir. testing the 

goodness-of-fit of the candidate theoretical probability distributions.
25 

The K-S test is based on the measurement of the maximum vertical difference 

between an observed cumulative probability distribution and c::. selected 

theoretical cumulative distribution functior. (cdf). This measured differer.ce 

is then compared with cabled values of the. K-S statistic for the appropriate 

sample size and level of' i ifi 26 _ s gn _ cance. 

Figure 60 is a f 'I chart of the sequence of steps followed in finding the 

theoretical distributic,n that best fits the observed time difference distri

bution. First of all, the data were divided rando!llly into two apprc-<imatelv 

equal parts. This divjsion was made to approximate the K-S test reqUiremen~ 

that the parameters of the theoretical distribution should not be obtained 

n 
Ger1ough, Daniel L. and Frank C 

~!~~c, (Saugatuck, Conn.: En~ 

26 
~., pp. 120-12l. 

Barnes, Poisson and Other Distributi.ons In 

Foundation for TransportatiO\~71) p • p. 

162 



.,-.--- ---.--- ---------_. -

0' 
.~ 40 pObserved Values 
~30 ..... Expected Values 
III 
Q) 

~20 
o -EtO 
lJJ ....... --4 

t. 0 10 2-6 30 40 50 60 70 80 90 100 
Time Before Starting Work Shift (n1in.) 

FIGURE 58. 
TYPICAL OBSEP\'W AND EXPECTED TIME-DIFFERENCE DISTRIBUTIONS 

(STARTING WORK SHIFT} 

0' 50 QObserved Values 
.... Expected Values c: .-

~ 40 
Q) 

....J 30 
f/) 
Q) 

~20 o 
a. 
E 

lLJ 

20 30 40 50 60 70 80 90 100 
After Ending Work Shift (min.) 

FIGURE 59. 
TYPICAL OBSER\~D AND EXPECTED TIME-DIFFERENCE DISTRIBUTIONS 

(ENDING WORK SHIFT) 

163 

Q. 
E 

I.LJ 

WObserved Values 
.... Expected Values 

FIGURE 58. 

TYPICAL OBsnrw AND EXPECTED TIHE-DIFFERENCE DISTRIBUTIONS 

(STARTING WORK SHIFT) 

DObserved Values 

..... Expected Values 

20 30 40 50 60 70 80 90 100 

After Ending Work Shift (min.) 

FIGURE 59. 

TYPICAL OBSER\~D AND EXPECTED TIME-DIFFERENCE DISTRIBUTIONS 

(ENDING WORK Sill IT) 

163 



;..-

.... 
C1\ 
.r:-

I CO~E W'.PI..E /"{All AlID VARIANCE 
I 

I 
[ ES1 iMTE PAFN'fTERS OF 

THEC ~ I CAL D I SiR I BUT ION , 

OBTAI,. lHEO:tt'lICAL CDF 

C~PARE THEORETICAL COF 
IflTH OBSERVED 

CUI'IlLATlv[ DISTRlBUTIC»l 

MXII'lJ~ VERTICAl DlFFEREKCt:S I ~ 

REJECT HYPOTIIES I!\ 

LEVEL OF SIGKIFlCAI\CE (0.05) 

CtWAaE MXIM 
VERTICAL DIFFEREIICES VERSUS 

K-S STATISTIC VflLUES 

FIGURE 60. FLOW CHART OF SEQt'cNTIAL STEPS TO FIND THEORETICAL DISTRIBUTION OF BEST FIT 

r 

.---._--1 RANDOIII. Y DIVIDE SA.'lPLE 

r-W'.PI..E I"{A~ A.'ID VARIANCE 

[ ES1 iMTE PI\PJ'~IERS OF 

THEC ~ICAL DISTRIBUTION 

OBTAI~ lHEO:\fTlCAL CDF 

C~PARE THEORETICAL CDF 
If ITH OBSERVED 

CUI'llLATlv[ DISTRlBUTl~ 

MXII'll!,\ VERTICAl nIFF'EREIIC£S 

REJECT HYroTI[SI!\ 1--_4--a.L--' 

lEVEL OF SIGIIIFICAIICE lO.OS) 

C£HlAaE MXIM 
VERTICAL DIFFtREIICES VERSUS 

K-S ST.~T1STIC VflLUES. 

FIGURE 60. FLOW CHART OF SEQt'iNTIAL STEPS TO FIND TllEORETICAL DISTRIBUTION OF BEST FIT 



from the same sample that is tested. Fr~,m or.e subset of the data the sample 

mean and variance were computed and used to estimate the parameters of each 

candidate theoretical distrioution. From the other subset the observed cumu

lative probability distribution function was constructed. Thcn each theoret

ical cdf was compared to the observed cumulative dtdtribution function, ard 

the maximum vertical differences were obtained. The micimum of the maxim~m 

vertical differences was then compared with the tabl~d K-S test statistics. 

If the comput~d value was less than 0.05 K-S statistic, it was concluded that 

there was no reason to reject the hypothesis tb~t the corresponding theoret

ical distribution fits the obser/ed time differenc~ distribution at the 0.05 

significance level. 

In Tables 72 and 73 are shown the different periods of doy for the par

ticular theoretical distributions along with the corresponding probability 

density functions and estimated parameters. T~e theoretical distribution 

that fits most frequently is the gamma distribution. Figures sa and 59 show 

sample comparisons of the observed distributions in the f~rm of histr06rams 

with the best fit theoretical pdf's for DFW employees entering and leavi~g 

the airport, respectively. 

MODEL DEVELOPHENT .... 

The purpose of this section is to derive the model for estimating employee 

vehicular volumes entering and leaving the airport. Figures fil and 62 show 

examples of how DFW employees arrive at and le~ve the airport, resp~ctively. 

in terms of the theoretical pr.obability density function (pdi-) founJ to best 

fit the data for a particular time period. Note that for the ith work Ehift 

th~ area under the pdf correspondln~ to a time interval (t. t + ~t) r~presents 

the probability that a given employee working on that sh~ft will arrive be

tween time t and time t + ~t. 

EMPLOYEE VEHICLE TRAFFIC ENTERING THE AIRPOR'r 

Figure 61 shows pdf's for a number of starting work shifts plott~d with the 

horizontal scale reversed from that of Figure 58 so that time increased to the 

right. Let I denote the set of starting ·Nork shifts whof'c pd f'!:I overlap sig

nificantly in interval (t. t + ~t). From each pdf one can estimate the 

probability that an employe~ selected at random from any shift (say shift i) 
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TABLE 73. GOODNESS OF FIT FOR DFW tMPLOYEES ENDING THEIR WORK SHIITS 0 

PERtOD OF SAMPLE 
THF.0RETICAL DISTRIBUTIONS 

K-S LEVEL OF 
DAY (HRS.) Sl7.E NAME DENSITY r1mCTIONS PARA.'1ETERS VALUES SIGNIFICANCE 
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o to 6 107 Er1ang f(x) 
elk k-l-ak 

n • 0.078 .131 0.05 
• (k-l): x e 

(rounded up) 
(k .£o~i t ive intep,er) k • 2.C 

k k-l -ok a - 0.081 
.106 0.10 

6 to 10 131 
(l 

gan~a f{x) • (k-l)! x e 
k • 1. 79 

-c-
~ 

10 to 14 78 S:lme a - 0.056 .138 0.10 gacna k • 1.46 

14 to 19 686 negative -ax a • 0.065 .052 0.05 
exponential f(x) • aeo' 

19 to 24 341 S.lme a • 0.065 .074 0.05 ganrr..a k • 1. 64 
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leaves the 

is denoted 

specified ~ime interval (t, t + ~t); this probability 
airport in a 

by Pj(t, t + ~t). 

By denoting the tctal number of employee vehicles for shift i as Ni , 

of shift i vehicles entering th.: 'rport in time interval 
the expected number 

(t, t + tJt) is 

(1) 

",here N (t, t + lit) .is a random variable represent ing the number of shift i 
i 

employee vehicles which enter the airport in the time interval (t, t + lit). 

Therefore, the totaJ expected vC'lue of the number of employee vehicles arriv

ing in (t, t + lit) Ln- all work shifts, N(t, t + ll.t), is 

E{N(t, t + lit)} a I NiPi(t, t + lit) 
ieI 

(2) 

An approximat;' variance can be obtained for N(t, t + bt) by making the 

assumpt ions: 

(1) Pi (t, t + ' ) applies independently and identically for each of the 
Ni pas~en;er vehicles arriving for shift i. Y lEI. 

(2) the Ni(l. t + ~t)'s are stochastically independent, U ieI. 

Assumption (1) iclp! if'S t.hat 

Assumption (2) inpi;",'J that the variance of N(t, t + tIt.) can be expressE'd as 

the sum of indiv5d'JlJ varLmcea, Le., (Ref. ) 

Var~N(t. t + t,()}. I NiPi(t, t + lit) [1 - Pi(t, t + llt)] 
ieI 

(3) 

Equat!ons (2) and (3) ~nable 

ti vely, of 

all shifts 

one to estim.ile the tr.can and variance, respec-

the total number of employees! ~ehlclcs entering t~e airport for 

In any <lrbitr.lry time interval (t, t + :\t). 

For large ~l't I 
and moderate size time intervals, where the Pi(t, t + ~t)'s 

arl! neither close t() zero nor to unity, the random variable N(t, t + t,t) is 

approximately normallv distributed b h 
J y. t e well-known normal approximation of 

the binomial. F 
or very short time intervals, i 11 1 .e., sma va ues of ~t, an~ 

large I, the Pol~son approximation applies. 
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YE
t' VEHICLE TRAFFIC LEAVING THE !.IRPORT 

E.'!PLO . ,., 
In Figure 60, several pdf's for ending work shifts are shown in close 

1 

ity co each other. superimposed on the same time axis. By an argument 

prox m and set of assumptions analogouS to the one abuve for arriving employee vehi-

cles, one can derive the following equations for the tr.ean and variance of the 

total number cf employ~,e vehicles leaving the ai=port in time interval 

(t, t + 6t), M(t, t -}" /,e): 

E[:1(t, t + l1t)} = I MjQj(t, t + fit) 
je::J 

VadM(t, 

(4) 

(5) 
+ ~t)} = L M.Qj(t, t + 6t)[l - Qj(t, t + ~t)l 

j£J J 

"rea under ending work shift j's pdf in (t, t + !'It) -

J 

,ice Figure 7, 
~;et of end ing work shifts whose leaving pdf' s overlap 

in (t, t + Clt), and 
total number of emplo)'ee vehicles leaving the airport 

after shift 1. 

Thus. equation;; (j,) and (5) yield the mean and variance, respectively. of 

the total number of '-'·,lployee vehicles leaving the airport from all shi fts in 

set J in a specif tv time interval (t, t + tt). 

As before, M(t, t + lit) hl approxblately normally distributed for a rea-

sonably large set J ,-,,,d moderate size ti;lIe interval .,. 

APPLICATION OF THE :l;'OEL 

Figure 63 Is aile,,,,, chart of tl . ..! steps' involved in estimating the volumes 

a h" rom employee work of DFW employee vehicle enterim! or leavin o tIle <~irp()rt f 

shift in for-rna t ion. 

PRELIMINARY VAdDATIO~ OF ~IODEL 

The Dallas/Fort ~orth Regional i A rport pre~ented a unique 0 i 
test the pro d pportun ty to 

pose employee traffic ~odel', the fi i con gurat on of D.~ makes it 

poss lb Ie to b o serve, separately, the employee 

rOads. lHstinguishtng employee traffic 

at IIIOst other airports is difficult, it 

vehicles on the airport service 

from air passenger and visiter traffic 

not irnpoqsible. Thi d S oes not invalidate the 
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(~ployee traffic from air passenger and visiter traffic 

is difficult, it not irnpoqsible. Thi d 
S Des not invalidate the 
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model for application at other ai~ports. It does imply. however. that to 

validate the model at other airports. the combined estimates from the proposed 

employee model and a model of air passenger and visitor traffic as in Chapter 

IV would have to be compared with counts of Mixed access traFfic. 

Not all airport employees use the DF~ service roads on which the traffic 

count3 were made; however, those who do not (approximately 27 percent) could be 

deterministically factored out for the model test. Fortunately, it was safe 

to assume that air passengers and visitors do not use the service roads. 

Therefore, data on the subset of employees who do use the service roads could 

be used in the model along with data on employee vehicle occupancy to obtain 

estimates of t~e expected traffic volumes on the service roads to compare with 

observed ones. Traffic volume estimates were obtained by half-hour time 

intervals dur:ng inbound and outbound peak periods. Only the peak period per

formance of the model was tested due to limits on data-collection resources. 

Besides, it is for these periods that the accuracy of the model is of greatest 

concern. 

Figure 64 shows model estimates versus serviLe road counts for the 6:00 

a.m. through 9:00 a.m. inbound peak. Data points in the figure were plotted 

at the mid-points of half-hour time intervals. Note that, except for the 

interval (7:30-8:00 a.m.). model estimates compare favorably with the observed 

traffic volumes. In the 7:30-8:00 a.m. interval, the model estimate exceeds 

the observed traffic volume by about 30 percent. No causal explanation for 

this discrepancy could be found. 

Figure 65 compares model estimatP~ and traffic counts for the 2:30 p.m.-

6:00 p.m. outbound employee peak. Here, the model performance over the entire 

period appears reasonably accurate. Th.'re are. however, a few intervals 

within the peak for which the estimates differ significantly from the counts, 

e.g., the 3:30-4:00 p.m. interval. 

Although no causal ext'lanation for the above discrepancies could be found, 

one hypothesis is offered below. 

The main inputs to the model are the distributions of the times at which 

employees enter and leave the airport relative to shift times. Although the 

available data were not suff{rient for a formal sensitivity analysis. it is 

obvious from the model formulation that estimates produced by the model are 

sensitive to the input distributions. At DFW, these distributions were 
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constructed based on actual entering and leaving times taken from answers 
to the questionnaire. The question was phrased, "What time did you arrive at 

(leave) the airport TODAY?" (See Figure 64.) Feedback from employees indi

cated that some of them interpreted this to mean their office or work area 

rather than the intended interpretation, namely their times at the airport 

gates. The resulting differences could be substantial (as large as a half 

hour) because mo~t employees park in remote parking areas and ride an intra .. 

airport transit system called Airtrans to their final destination. It is 

suspected that these misinterpretations distorted the distributions of employe~ 

arrival and departure times, and, hence, the model estimates. 

CONCLUSIGNS MD RECOM!-IENDATIONS 

The following arc the major conclusions and recommendations of this 

chapter: 

(1) Very little information exists on the application of data fr0~ 

airport employce travel surveys to estimating employee access 

volumes. 

(2) 

(3) 

(4 ) 

(5) 

(6 ) 

of V"lli cle most commonly used for work trips is the The typl~ c 

err.p luyee' s Ol.'ll veh ic Ie. 

1i transportation ~re mostly of relaDFW employees who use pub, C 

between the ages of 21 and 44 years, and tively lvw incomc, female, 

j 'ties of the reg.ion. residents of the two rna or C1 

h "question on actual arrival and A mislnterprctatinn of t e sur.ey 

departure timcs 0 ib t d to the discref employees probably contru e 

. d traffic ~ounts of employee del cst1mates an pancies between mo 

vehicles. 

i rts the proposed model and testing at other a rpo ' , 
For appl ica tion volumes of air pas-

I f estimating coupled with a mode or should be 

d vi sitor vehicles. senger an I 
t hould enable the airport p an-

model devcloped in this researCl s 
The h probable' effects of proposed,or fore-

i ight into t e t 'f 
ner to gain I1S h d Ie on airport access ra-

i n the employee work sc e u casted changes 

fic volumes. 

174 

constructed based on actual entering and leaving times taken from answers 
to the questionnaire. 

The question was phrased, "What time did you arrive at 

(leave) the airport TODAY?" (See Figure 64.) Feedback from employees indi

cated that some of them interpreted this to mean their office or work area 

rather than the intended interpretation, namely their times at the airport 

gates. The resulting differences could be substantial (as large as a half 

hour) because mo~teI:\ployees park in remote parking areas and ride an intra .. 

a.rport transit system called Airtrans to their final destination. It is 

suspected that these misinterpretations distorted the distributions of employe.:

arrival and departure times, and, hence, the model estimates. 

CONCLUSIGNS MD RECOM!-IENDATIONS 

The following are the major conclusions and recommendations of this 

chapter: 

(1) Very little information exists on the application of data fro~ 

airport employee travel surveys to estimating employee access 

(2) 

(3) 

(4 ) 

(5) 

(6) 

volumes. 

The typl~ c of V "llj cle most commonly used for work trips is the 

crr.pluycc's o .... n vehicle. 

1i transportation ~re mostly of relaDFW employee~ who use pub, C 

h of 21 and 44 years, and tive1y lvw income, female, between t e ages 

j 'ti s of the reg.ion. residents of the two rna or C1 e 

question on actual arrival and A misinterpretatinn of the survey 

departure times ib t d to the discreof employees probably contru e 

timates and traffic ~ounts of employee pancies between model cs 

vehicles. 

other airports, the proposed model For application and testing at 

should be d I estimating volumes of air pas-coupled with a mo e for 

a d Visitor vehicles. senger n I 
t hould enable the airport p an-

The model devcloped in ~his researCI s 
the probable' effects of proposed,or fore-

i in sight into traf-
ner to ga n . k hedule on airport access 

h employee wor sc casted changes in t e 

fic volumes. 

174 



!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
"#$%!&'()!*)&+',)%!'-!$-.)-.$/-'++0!1+'-2!&'()!$-!.#)!/*$($-'+3!

44!5"6!7$1*'*0!8$($.$9'.$/-!")':!



VI. PUBLIC TRANSPORTATION VOLU~ffiS 

INTRODUCTION 

This chapter describes preliminary ff 
e arts toward the developmen" of a 

model to estimate public transportation 
passenger volumes for a scheduled 

bus service based I d 1 d 
on sc Ie u e airline passenger volumes, with the specific 

objective of estim3ting til(> expected numbers of bus passengers boarding or 

debarking from buses at airline terminals. By interrelating transit bus and 

airline schedules, it should be possible to use such a model to esti~ate 

volumes from airline passenger volumes for each individual scheduled bus as 

a function of bus service levels (headways, travel time, cost, etc.). 

The model sought in this research could be applierl after the modal split 

is initially estimated (e.g., via a marginal disability modal split model). 

Having projected the mod31 split, the planner could utilize the hypl.thetical 

passenger vol~e model to convert airline passenger activity to transit bus 

passenger volumes of a scheduled transit service -- the last step, in effect, 

of a planning process beginning with the estimation of modal spliL. The 

transit operator would be able to relate the frequency of bus service to var

iations in airline schedules. Output from the medel would be the expected 

number of passengers on each hus -- a level of detail not currently available y 

at least for an air/ground interface typ~ of serv.i.ce. 

An obvious first step in the development of such a model is an investiga

tive analysis of the relationship existing between airline and bus schedules. 

The proj.!ct's DFW travel survey has provided appropriate data for such an 

analysis, towards ,. .. hich t!le work described in ttd s chapter can be considered 

a first step. 

INITIA~ RESEARCH PROCEDURE 

h Surtran passenger survey were investigated in 
The data gathered in t e -

i and histograms were constructed for 
First, frequency distribut ons 

stages. Characteristics of 
of ea.~h of the cjuestions in the Surtran survey. 

results - and compared their ground and air trips were tahulated 
5urtran riders and 

d in the automobile us~r survey to see 
with corresponding information gathere 
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·.i,,'rc significant differences existed. Characteristics of the Surtran bus 
',,'rvice and al.!tomobile travel were then compared. Next, observable ch3racter-

i~tics of Surtran ridership demand by route and time of day were compiled. 
finally, various characteristi f i . cs 0 tr ps, tr1p makers, modes, and airline 

flights were cross-tabulated to e . h d' xam1ne '001 at 1scernable dependencies exist 

.'r.10ng these quantities. Important results of the above analysis have been 

I'resented in Chapter III. 

From the investigation of trip maker, ground trip, and air trip charac

teristics, no useful relationships could be developed. In those characteris

tics where variation between modes might be expected, no significant differ

ences existed. For air passengers, no variation was found in those variables 

that were expected to be explanatory, such as air passenger's income, purpose 

of air trip, and duration of air trip (the exception is residency in the 

Ihllas/Fort Worth area, I.'here some difference between the tl.'O modes does exist). 

h11cre variation between the two ~odes did exist, it was in characteristics 

where no clear CJusal relationships could be deduced. 

I'RELlXlNARY HODEL DL\'ELOP~Ir:~H 

Eventually, research attention focused on certain specific characteris

tics of the DFW public transportation mode (Surtran) which appeared signifi
transit service, air 

cant in terms of deterMining interrelationships between 

passenger modal choice, and airline flight schedules. 

In Vehicle Travel Time 

The Surtran travel time 
betlo/cen DFW and the off-airport terninal varies 

The Down town 
but generally averages about 40 minutes. 

from route to route . Ii 

I
i of 35 to 45 minutes, depending on what air ne 

~Illas route has a trave t me 

F
'or downtown Dallas hotels. an ave rags of an addi-

t ~~.ln~l is being used. ~,... ~ I i f 35 to 45 minutes d The same trave t me 0 

ti
onal 10 minutes is require. central Dalla~, routes, while the Love 

the Fort Worth and North 
..1pplies to 

takes 30 to 40 minutes. 
Yield rout~ . 
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The scheduled frequency ot- service (headways) is 

d Ii h h 

constant during the 

ay g t ours for most of th e routes. TIle except1'on i s the North Central 

route, which has ~()-minute h .eadways during r:dErship peaks, from 6:40 a.m. 

tu 8:00 a.m. and 6:00 p.m. 7 00 to : p.m. Otherwise, the North Cent=al route 

operates on 3D-minute headways from 8:00 a .m. to 10: 30 p.m. The Downtown 

D'lllas and Fort Worth ro t 1 u es a so have 3D-minute headways, from 5:00 a.m. to 

10:00 p.m. and from 6:00 a.m. to 8:00 p.m., respectively. The Love Field 

route has ~C;-minute I d f lea ways rom 5:00 a.m. to 7:00 p.m. The Arlington route 

operates on one-hour h2adways from 6:00 a.m. to 11;00 p.m. All routes except 

have only marginal service during the late night/early the ArU,ngt.:m route 

ere s a total of approximately morning hours, less than one bus per llour. Th i 

192 scheduled bU5cs run to and from DFW per day. 

Total travel time on public transportaton is a function of in-vehicle 

time, scheduled frequency of service (headways). reliability, and travel time 

to/from th~ station on the interface mode. The relationship of headways to 

the total travel tine is not as obvious as the others. The "average" passen

ger's wait time at the station depends on his familiarity with the Surtran 

schedule. Based on ohservations during the Srutran survey, the majority of 

Surtran passengers wait between 5 and 10 minutes for a bus at off-~irport 
stations. l'his is true only for the to-DFW direction of travel because those 

air passengers deplaning at DFW have no control over when tl,ey reach the curb 

to begir. their wai t for a Surtran bus. For the from-DFW direction. the aver

age waiting time for SUI'tr::m passenr,ers is probably very cJose to half a head-

way, or about 15 minutes. 
From the distribution of Sur.tran passengers' trip ends around the sta

tions and data on tra~~l times in the Dallas/Fort Worth area, one can esti-

trav~l time between the Surtran station and the ultimate 
mate the average ~ 

i d 
~i5 averaoc travel time is approximately IS minutes. There-

ground tr P er.· ii' " 

6D-65 minutes for passengers traveling to DFW 

to
tal travel tiIDe for Surtran passengers is approximately 

fore, the average and 70 minutes for those \ea~-

ing DFi-l. 
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Fare System 

At the time f 1 o tle survey in Maj 1975, the fare b elween DFW and any off-
a ieport termina 1 .... as $ 2.50. 

Dololtltown Dallas 
For service at the door of h 

tout2 pa<;se t e hotels on the 
, ngers were charged $4.00. 

Service Area 

The primary service are f a J each route can be defined b 
maps of o-igi d y looking at the 

- n an destination trip ends (Fi·' 
and (b». Based on th >. gHe<; 24(1) and ~b) through 27(a) 

ese, bo~ndaries of th e general service area 0f each 
loutc were perceived. Corsiderable overl~p of service areas was noticed in 

the Central Dallas ar23. 

Surtran Passengers' Boardirp _ __ .' Time Relative to ::he Airline Flight TimE-

As discussed in ChapteY:' II, a short follow-up survey was ~onducted on 

data on .... hen air passengers board/deboard 

Surtran relative to tl 1 f1 

Surtran in November 1975 to obtain 

lP right arriva: or departure time. The distribution 

of passengers over tim~ .... as needed for Surtran travel both to and from the 

airport. 

The exact data collected in the Minisurvey proved in the analysis stage 

to be some .... ;,.! t awkwa l'd . Tll ... surv'cy u~k ... J, "h11at time did yeu board Surtran?," 

rather tharo, "\..11at time did you re<:ch the curb, to wa;.t for the bus?" It i.l 

this latter time that govl.'rn; ~hen a passecger is available to board a bus 

and,therefore, the volume of passengers from a particular flig~t boarding a 

particular bus. 111at is to say, 1 t is the difference i:1 time between w!len a 

Surtran passenger's flight arrives and when that passenger reaches the curb 

(becomes available to board a bus) that is re3lly of intere3t in this research. 

Some addition31 manipulations were necessary to derive the desired infor

mation. First, the data were dorted so that only those pa~.engers who hzd 

ridden when the same scheduled headways (20 minutes, )\), 35, ecc.) were in 

effect were considered at one tiMe. Then, t!.e ditferenc~ in tjme betwe;:!n the 

scheduled airline filght arrival time and the time when ~,e p~ssenge~ boarded 

the bus was ca1culatpd. 
T:lese time differences were grouped by five-minute 

f i1 i I latinns Fortunately, most of the surley fo:-ms 
intervals, to ae tate ca cu .• 
returned fell into one headway c~tegory, namely, passengers serviced by 
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3C'-minute he~. 'ay sched ules. 
TIle main roules, i e D •. , owntown Dallas, North 

Central, and Fort • .... orth. also all have sl'm; ~ ~'r I 
L_~ trave tilnes between DFW and 

the off-airport terminal, whici. further aided the data reducti0n. 

For terminat ing ai r passengers (ridi~g Surtran fro,~ DFW), t:le differenc€-

in time between when thp air passenger boarded a Surtran bus and when that 

passenger's flight had arrivpd (or had bep.n scheduled to arrive) ... as calculated. 

These \alues were tl:e' ~rouped into five-minute intervals. Next, the frequency 

ot responses in each fiv~·-r.dnute "cell" was distributed uniformly over the six 

five-minute cells wi th~!I the pr,'v iOlls 30 minutes, inclupive of the cell d~::-tng 

which they bourded. Plis involved the assump::ion that the passengers on a 

bus arrived at the curb eni fon::ly over the ;.revious 30 minutes to wait fer 

the bus. The reas('n t ::a t 30 ml nu Les was chosen '<las that, given a schedu';'e win. 

3D-minute readw.1Ys. if a passenge!'" had arrived at the curb any sooner than 3( 

minutes before the bus in question, he would have bo;:>rded the rrevious bus 

one headway earlier. After Lhis procedure was repeated fu~ ~=~~ five-minute 

cell, the distribut('d frequencies were summed for each cell., to yield an !"sti-

r h llil.d arrived _at_th_e cur') at any time :tftl2r mated frequ(!ncy (> passpnf',ers w 0 . 

their fii~ht had lanch-d (as opposed to the time they 1: arced thp. bus). This 

1 J'.s nc('d"d to predict d.e volume of passengers on ee.ch is the distribut ic n t lat - ~ 

bus of tte schedule. 

Again, '.'.~s Inade that the passengers on each buti had acrived the .,.,sump t ion -" 

at the curb uniformly over the previous 30 minut~s. Although this assumption 

the true distributio~ of arrivals is not precise, in the absence of knowing 

f . f Ii 6,. is neces3ary. at tbe cu\.o, the aSSUMption 0 un~ Ur'i , 
. sed to calculate The res~l tant frequency histogr.1r.: was u 

the mean a:'::\ vari-

of t~e sample ~istr1tution. 
The mean and yariiinr.e wete used to defir.c 

which ~heoreti~al allc.e 
f a number of stanrlard distributions. to see 

param;~ters 0 • I distribution. The 

distribution was most 
clusely appro~imated bj the sampe 

normal, lur. .lOrmal, negative d re ~he uniforn., 
t~eoretical distributions trle we ~ 

t i ' I ga"Una, 
ne0,a~ive expon~n a, e~ponential, shift~d ~ 

III d :stribl o:ion5. 
d P n type ~ rounded down, an cars') 

was tested using 
tribution to these distI ihutions 

Erlang rounded up, Erlang 

The fit of the s8Llple dis-

1 ~hi Sou-e tef;t and the tIe ,. - , "'. 

Kolnogorov-Smirnov test. frr:m DFW). til\!' semplp. dist"it.u-
"'r& (Surtran 

For de nI.'lnin'· ai rline p<lsseng..· and var:l.al.<::e .. 
... 0 = 26.8 minuteo 

distril,utf on b~~t with mean 
tion fit the gamma 
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37~. minutes (standard deviation = 1914 minutes), as derived from the sam-

ple distribution. The distribution is illustrated in Figure 66. The sample 

distribution fit the gamma distribution with a Chi-Square level of signifi

cance of x = 0.27 with 3 degrees of freedom. The sample size for which the 

sa~ple distribution was developed was 71. The accompanyi~g cumulative dis

tribl:tion is shown in ~igure 67. This indicates that, by 20 minutes after 

their flight arrived, 45 percent of ~urtran-riding air passengers had reached 

the curb, and at 40 miputes, 80 percent had reached the curb. 

An analogous method, with some modifications, was used to determine the 

distribution in. time of airline T':lssengers arriving at the SurtraTl station, 

relative to when their fl~ght was scheduled to depart foru DFW. The differ

ence is that, for the Surtran trip to DFW, an air passenger can control the 

time that he arrives at the off-airport ~erMinal to wait for the next bus. 

How wpll a passenger controls his arrival time depends on the reliability of 

his access mode, and his familiarity with the schedl1le. Given ideal condi

tions, aTl air passenger would examine the Surtran tirn~ closest to his actual 

desired leavinr time. He would then time his arrival at the Surtran station 

to a few minutes before the bus left. To a certain extent, this is the 

aSFumptio{\ that was made. 
'\ 

In the same way as before, the survey responses were separated in~o 

groups wit~in which all respondents were subject to the same headway (30 min- . 

utes, 3~ minutes, etc.). Then, the difference in time between when they 

boarded Surtran and the time that their flight was scheduled to leave was 

calculated and grouped into five-minute intervals for convenience. Then 

this difference was implemented: rather than being distributed lIniCLrmly 

over the previous 30 minutes, the cell frequency was distributed uniformly 

over the.30-m1nute interval centered at the tim~ at which the passengers 

boarded the bus. In practice, to allow for those Surtran passengers who are 

unfamiliar with the schedule, and for con~enience, each five-minute cell fre

quency was distributed uniformly over six cells, three cells earlier and two 

~ells later than the cell in question. As before, the reason the frequencies 

were distributed over 30 minutes is that, if a passenger had fallen outside 

of this range for one bus. another bus In the same schedule would have become 

more attractive. 
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After the passengers in each five-min!.1te cell had been dist"ibuted over 

le adjacent cells. the distributed frequencies were summed for each cell. 

lis yielded the distribution for the passengers on Surtran wlw desired to 

itch a bus to the airport. relative to their flight departure time. It is 

1is distribution that governs the demand that will be placed on buses as 

ley arrive. This analysis was based on the assumption that trip-makers' 

~havior reflects their true. desired behavior. in that passengers boarding a 

us actually desired to catch a bus somewhere in the 30-minute interval cen

ered at the time they did board. The assumption is deemed adequate since 

eliability of the Surtran schedule is judged to be good, and the reliability 

f the Surtran access mode was good in the majority of caties. A1bO, the Sur

ran schedule pamphlet is generally available, and most Surtran riders are 

epeat riders; for these reasons, riders would probably be familiar with the 

chedule. Again, the assumption that the riders' desired time to leave the 

urtran terminal is uniformly distributed over the 30-minute interval is not 

recise, but the true distribution was not yet known, so uniformity was a 

ogica1 default assumption. 

Afc.er summing the distributed cell frequencies to obtain the resultant 

:reque~cy distribution, the mean and variance of the sample distribution were 

:alculared. The ~ean and variance were used to define the parameters of the 

;ame standard theoretical distributions, and the sample distribution was com

jared to these. 

For enplaning airline passengers (taking Surtran to DFW), t~~ sample dis

:ribution fit the log-normal distrihution best. For a travel time on Surtran 

~o DFW of 40 minutes, the distribution of the difference in time between when 

the air passenger arrived at tlte Surtran station and the time when his flight 

Left DFW had a mean of 103.5 minutes and variance of 1190 minutes
2 

(standard 

~eviation = 34.5 minuteb), as dc~ived from the sample distribution. The dis

tribution is illustrated in Figure 68. The sample distribution fit the log

normal distribution with a Chi-Square level of significance of x = C.xx with 

4 degrees of freedom. The sample size for which the sample distribution was 

developed was 142. The cumulative distribution is shown in Figure' 69, where 

it can be seen that, by 120 minutes before a flight is scheduled to leave, 

27 percent of the passengers riding Surtran have arrived at the off-airport 

terminal to wait for.3 bus,and, by 90 minut~s before, 61 percent were wanting 
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to board a bus. It should be noted that these curves relate the passengers' 

desired behavior and not their actual behavior, which is affected by the 

existing Surtran schedule. This d!stribution and the distribution for air

line passengers leaving DFW by ~urtran 'lere considered ess~ntial links in 

the development of a model of Surtran demand. 

Preliminary Model Evaluation 

A preliminary model developed during project research has not given satis

factory results -- on the average, only 56 percent of actual bus volumes (based 

on buses leaving DFW) were within two standard deviations of the predicted 

volumes. In order to pass a hypothesis test, 95 !,'.!rcent should fall within 

two standard deviatio •• s. This indicates that the preliminary model does not 

realistically reflect the passenger loadings on buses at DFW. 

There are a number of possible explanations for the model's failure to 

date. Perhaps the most likely is that the current model's assumptions are un

realistic, that is. that the underlying assumptions in its structure are too 

simple to accurately represent the complex behavior of flight3 and passengers 

and bused at DFW. 

O;'1e of the assumptions of the model is that the fJroportion of air passen

gers either enplaning or deplaning who will take Surtran is the same for all 

flights at DFW. Also. the distribution of these passengers among the Surtran 

routes is the same for all flights. Although this does not seem obvious, no 

relationships could be found to indicate otherwise. 

Another assumption is that every bus visits every airline terminal at the 

airport, serving passengers from all flights that could contrib .. te to the vol

ume on a narticular bus. This was not valid: on some routes, a particular 

bus serves only two of the four terminals during certain hours of its schedule. 

Such additional data would make the preliminary model much more complicated. 

Also, because of the 20 minutes it takes a bus to visit all the terminals at 

DFU, there is a built-in time prror, as one bus has only one arrival and de

parture time associated with it. 

One assumption which might be corrected has been that the mode ~?lit for 

passengers on all flights was the same regardless of the time of day. The 

breakdown of ouch data would not complicate the model significantly a~j the 
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volumes. In order to pass a hypothesis test, 95 !,'.!rcent should fall within 

two standard deviatio .. s. This indicates that the preliminary model does not 

realistically reflect the passenger loadings on buses at DFW. 

There are a number of possible explanations for the model's failure to 

date. Perhaps the most likely is that the current model's assumptions are un

realistic, that is, that the underlying assumptions in its structure are too 

simple to accurately represent the complex ~ehavior of flight3 and passengers 

and buse~ at DFW. 

O'1e of the assumptions of the model is that the proportion of air passen

gers either enplaning or deplaning who will take Surtran is the same for all 

flights at DFW. Also, the distribution of these passengers among the Surtran 

routes is the same for all flights. Although this does not seem obvious, no 

relationships could be found to indicate otherwise. 

Another assumption is that every bus visits every airline terminal at the 

airport, serving passengers from all flights that could contrib .. te to the vol

ume on a narticular bus. This was not valid: on some routes, a particular 

bus serves only two of the four terminals during certain hours of its schedule. 

Such additional data would make the preliminary model much more complicated. 

Also, because of the 20 minutes it takes a bus to visit all the terminals at 

Dfll, there is a buil t-in time f't'ror, as one bus has only one arrival and de

parture time associated with it. 

One assumption whi~h might be corrected has been that the mode ~?lit for 

passengers on all flights was the same regardless of the time of day. The 

breakdown of ouch data would not complicate the model significantly a~j the 
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~sults could "'ossibly be thereby improved. This relatiollship 'leeds more 

lorough exploration. 

In conclusion, the project staff deterMined that the p·redictive power of 

he preliminary model does not warrant the unwieldly data preparation and 

eduction operations required for its use at DFW. The only application in 

hieh the model might prove reasonably accurate is ona more aggregate basis, 

ossibly at an hourly volume level. The model could be considerably simpli

ied to provide this output. However, at a smaller airrort with more compact 

erminal layout and simpler aiLline and bus tran&it schedules, the model 

.ight be useful and reasonably accurate. 
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----------_ .. -

VII. CONCLUSIONS AND RECOMMENDATIONS 

The research of this project has been intended to produce a relevant con

tribution to transportation impacts analysis, particularly of airports, and to 

provide greater quantitative insight and knowledge of changes in ground trans

portation patterns that can be expected to accompany the implementation of 

major new airports or airport improvements. A methodology has been devised 

through which disaggregate mc1e~s of airport trip generation can be developed, 

with a view towards both augmenting impacts analysis research and enhancing 

the long-range planning of airport ground-side facilities. 

The DFW Travel Survey was successfully completed within the research 

objectives, procedures, and experiences as described in the report. A prelimi

nary analysis of results is also provided in this report. The data generated 

by the DFW Travel Survey was the tasis for estimating and modeling airport 

trip generation. It also allowed a preliminary examination of the spatial 

distribution of off-airport trip-ends. 

While the hulk of other studies in this field have concentrated on air

port access problems from the standpoint of ground traffic demand projections, 

our own efforts have been directed, in part, towards augmenting the relatively 

little research into the other side of this coin, viz., assessing the impact 

of new or expanded airport facilities, once installed, on ground transportation 

patterns. In addition, previous studies of airport access have been mainly 

directed toward determining ground access requirements for a specific airport. 

This research has sought to develop models for estimating ground transportation 

volumes as a function of aircraft and/or airline passenger, visitor, and 

employee activity in gene:al. 

Models have been developed and are now available for transforming existing 

or proposed airline schedules and employee work-shift schedules at an airport 

into estimates of the volumes of automobile access traffic in any time period. 

The general concepts underlying the methods have been presented in this report. 

The models ca~ be used to obtain more accurate estimates of short-term peaks 

in airport access traffic than it has been possible to obtain using previous 

methods. They can also be used to evaluate the effects that alternative 

changes in airline schedules or airport employees work hours may have on 

access traffic and parking congestion. 
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The models have been applied to only one major airport, DFW. It is hoped 

that further applications of the methods will be performed and reported for 

other major airports so that a better understanding of their accuracy and 

ultility can be obtaiaed. 
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