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EXECUTIVE SUMMARY

AUTOMO3ILE 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 these schedules. The models can be used to obtain accurate esti-
mates of traffic peaking 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
airport employment, into forecasts of the future airport access traffic de-
mand due to air passengers and employees.

The purpose of this summary is to describe briefly the basic concepts and
the application of the models to their potential users. Formal derivations
of the models and the probability theory behind them are detailed in the main

body of this report.

iovs Methods

The realization that patterns of airport access traffic are related to

ft schedules and work shift schecdules is not new. However, there have been

very few formal attempts to express 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 estimate short-term peaks in airport access traffic.



Koussios and Homburger1 developed multiple-regression equations which ex-~
press hourly volumes of access traffic and parking vehicles at San Francisco
International Airport as a function of hourly volumes of enplaning and deplaning
passengers.

Davidson, Martin, and Morton2 used a unit hydrograph method to estimate ‘traf-

fic flow at an airport.

Air Passenger Traffic Volumes

The model proposed for estimating volumes of air passenger vehicles 1s based
on the flight schedule, the number of originating and terminating passengers
per flight and times at which the passenger vehicles enter and leave the airport
relative to scheduled flight times. In particular, the distributions of the fol-

lowlng four times are critical to the method:

(1) entering times of vehicles carrying originating air passengers,
(2) entering times of vehicles picking up terminating air passengers,
(3) 1leaving 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, i.e., enter or leave the airport, in a given time périod.
Using this probability along with information on the number of passengers on the
flight and the number of paésengers per avtomobile, one can estimate the average
number of vehicles expected to cross the airport boundary in the given time period
for a particular flipht. To estimate the total average number of vehicles cross-
ing the boundary in the perioa, one simply adds together for all flights the aver-
ages obtained as above for the individual flights. For example, suppose it is

desired to estimate the access volumes in a particular 15-minute time interval of

}koussios D.,and W. S. Homburger, Vehicle Traffic Patterns at an Airport In
Relation to Airline Passenger Volumes, University of Callfornia, Berkeley, ITTE
Research Report No. 44, May 1967.

~- n

2Dav1dson Martin, and Morton, "A Traffic Prediction Model for Brisbane Alrport,
Journal of the Australian Road Research Board, Vol. 3, No. 10, June 1969, pp.
24-35,




the peak hour. One would first estimate the expected 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 case involves extra trips on the access roadways over and above the number
of trips that would result if all passengers drove themselves to the airport and
parked, namely, trigs by vehicles coming to pick up passengers and trips by
vehicles leaving the airport after dropping off passengers. This points to the
necessity of determining the percent of air passengers who are driven to and from
the airport by someone else; at the Dallas/Fort Worth Regional Airport (DFW)
approximately 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 of
alr passenger traffic on airport access roafways in any selected period of the
day. v

The model was applied to thé Dallas/Fort Werth Regional Airport using input
data collected on (1) scheduled flight times, (2) originating and terminating
alr passeagers per fiight, and (3) the distributions of vehicle entering and
leaving times.A In addition, estimates of traffic volumes cobtained -from the
model were compared to actual field traffic counts of air passenger vehicles
crossing the airport boundary at DFW. These comparisons are described in detail
in the report. 1In general, the estimates were found to compare favorably with
actual counts even in 15-minute time intervals. This ability to estimate short-

term traffic peaks is the major advantage of the proposed mndel 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.

4Ibid.



Employee Traffic Volumes

The medel for estimating volumes of employee vehicle traffic is very similar
to the method 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 shift times, the number of employees per shift, employee vehicle occupancy,
and the distribution of actual employee entering and leaving times relative to the
work-shift startiug and endirg times, one can estirate the average number of em~
ployee vehicles entering and leaving the airport in a given time period for each
shift. Traffic volumes associated with different nearby work shifts may overlap
in the same time interval. Therefore, total average employee accese volumes in
a given period are obtaired by adding together the averzge volumes for the differ-
ent work shifts. The repdrt also provides a means for estimating the variance in
enmployee traffic volumes and evidence that these volumes are normally distributed.
The 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 work-shift times, the number of amployees per shift, employee vehicle occupan.y,
and the distributions of actual embloyee entering and leaving times were collected
at DFW. These data were vsed in conjuncéion with the model described above to
obtain estimates of employee traffic volumes in each 15-minute time interval of
a typtcal 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

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

Summary and Conclusions

Models are available for transforming ekisting 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 summary. A more detailed description of
the derivation of the models and their application to DFW 1s contained in the
main body of the report. The models can be used 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



have on access traffic and parking congestion.

The models have been applied to only one major airport, DFW. It 1s hoped
that further applications of the methods will be performed and reported for other
ma_ or airports so that a better understanding of their accuracy and utility can

be obtained.
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PREFACE

lhis is the 36th in a series of research reports describing activities
and findings as part of the work done under the research report entitled,
"Transportation to Fulfill Human Needs in the Rural/Urban Environment." The
project is divided intc six topics, and this is another report under Topic
I1IIB, "Monitoring the Effects of the Dallas/Fort Worth Regional Airport,"
per Contract No. DOT--0S-30093.

This project is sponsored by The Office of University Research, U. S.

Department of Transportation.

W. J. Dunlay, Jr.
L. Henry

T. G. Caffery

D. W. Wiersig

W. A. Zambrano

December 31, 1976



ACKNOWLEDGEMENTS

During the course of this research, the authors received assistance from
a great many graduate and undergraduate students (too many to list) for which
they are grateful. We also wish to acknowledge the cooperation and assistance

of the following individuals and their organizations:

(1} Michael J. Sganga, Jr., Director of Planning, Dallas/Fort
Worth Regional Airport Board;

(2) Ben Tonic and Richard Jarret of Surtran, Inc.;
(3) Ray E. Bayless, Director of Aviation, City of Austin;

(4) Gary P. Smith, Robert R, Heath and William M. Parker of
the North Central Texas Council of Governments;

{(5) Main Office and Fort Worth Office of the State Department
of Highways and Public Transportation;

(6) The Center for Highway Research of The University of Texas
at Austin.

In addition, we are grateful to the various employers and employees of the

Dallas/Fort Worth Regional Airport for their cooperatirn.

ii



TABLE OF

PREFACE . « + ¢ « ¢« ¢ o o o o« o o o &

ACKNOWLEDGEMENTS . . ¢« « ¢ & « & « &

TABLE OF CONTENTS . . .« « « « « + o &

LIST OF TABLES . . . .« ¢« ¢« ¢« o « « &

LIST OF FIGURES . . . « ¢ ¢« « & « « &

I.

II.

IiY.

Iv.

INTRODUCTION . ¢ « « « « & & »

CONTENTS

Page
e o o s s e 6 s e e o o 2 e s = o @ i
5 000 o000O0O0O0000G0®OBOQ o o okt

5 00©6co0a0o0ao0o00000 o0 o0 o abl

T 1
50 0D00BO0O0O00O0O00DGDODOGDO &
. U

DESCRIPTION ON DFW GROUND TRANSPORTATION SURVEY

Introduction . . . ¢« « ¢ « . .

5 0000000 0Aaaoo0o0o0o0ao WA

Overview of DFW Ground Transportation System . . . . « « « « « &« . 15

Fmployee Travel Survey . . . .

Public Transportation (Surtran)

T &

SUIVEY & 4 + o o o o o o o o = o o 24

Roadside Survey of Automobile Users . . . . . « ¢ ¢ o« & ¢« o o o ¢ 30

Traffic Counts . . . + « « + .
Data Reduction and Storage . .

Austin Test Survey . . « . . «

DATA ANALYSIS

introduction ., . . . .l. 5 o o
Comprehensive Results . . . « .
Employee Travel Survey Results
Surtran Passenger Travel Survey
Automobile User/Traffic Survey

SUMMATY « =« o o o » o s + o o

AIR PASSENGER ACCESS VOLUMES

Introduction . . . « + ¢« ¢ o o
Model Development . . . . . . -
Application of Models . . . .

Conclusions and Recommendations

. |
e
P 1
e e e e e e e e e e e e e e ... 4O
I 1
-

RESULES « = o o o o o « = « o « o« « 16
U O P ¢ 14

e e e e e e e e e e e e e .. . 138

T £

e e e s e s e e e e D X
T &L
R 5 I VY

114



v. EMPLOYEE ACCESS VOLUMES

Introduction . « « ¢ « ¢ 4 e e e e a0 e e e e e . .

pistributions of Arrival and Departure Times of
DFW Employees . . « « o« o o o o o o o o o o o o o

Determination of the Periods of the Day for Analysis

Estimation and Testing of Theoretical Probability
Distributions . « « « o o ¢ o o = o ¢ s o s s e . .

Model Development . « .« « « ¢ o o o ¢ o o o o o o =
Employee Vehicle Traffic Entering the Airport . . .
Employee Vehicle Traffic Leaving the Airport . . . .

Conclusions and Recommendations . . . « « « « ¢ o

VI. PUBLIC TRANSPORTATION VOLUMES

Introductlon « . v « & ¢ s s e e s e e e e e s s e
Initial Research Procedure . . . « « « o ¢ o o o = =

Preliminary Model Development . . . . - - « « = 5 o
VII. CONCLUSIONS AND RECOMMENDATIONS . . . . . « o « - -
THE AUTHORS. & v « o « o o o o o o s o o & o & & o o = ° ¢

REFERTNCES v v v o o« o o o o o o « o o » o o o o o o o 0.0

iv

Page

160

160
161

162
165
165
170
174

176
176
177

188

190

192 -



TABLE

TABLE

TABLE .

TABLE

TABLE

TABLE

TABLE

TABLE

TABLE

TABLE

TABLL

TABLE

TABLE

A my Ty
TARL

TABLE

TABLE

TABLE

TABLE

11.

12.

13.

14.

15.

16.

17.

18.

LIST OF TABLES

Numt2rs of Employees by Type of Industry . . . . . . .

Regional Distribution of DFW Air Passenger
Origins and Destinations . . . . . . +v v ¢ ¢« v « + & .

Cities with Largest Share of Origins and Destinations

Distribution of Long-Haul Versus Commuter Air
Passengers, By Ground Mode . . . . . . . . . . . « . .

Purpose of Afr Trips . . ¢ ¢ & + ¢ v ¢ ¢ v ¢ 4 o o o &

Dallas/Fort Worth-Area Residency of Air Passengers,
37 %08 6 0 6 0 0 0o 00 0 0 000 O0OCOQOOOOODO GO

DFW Ground Transportation Modal Split . . . . . . . .
Contribution to DFW Cround Traffic By Major Component

DFW Ground Transportation Modal Split for Originating/
Terminating Air Passengers . . « « ¢« « &+ o ¢ o o « o @

Distribution of Age Categories for Each Survey
Component . . o o ¢ o ¢« o o o o o o o o ¢ o s 2 o .

Distribution of Occupational Categories for Each
Survey Component . . . + o « « s+ o ¢ s o o « o s o o =

Distribution of Family Income Categories for Each
Survey COmponent . « « o« o o o o « o o o s o a o o+

Distribution of DFW Employees by Cities Inside -the
Intensive Study Area . . « o « ¢« & ¢« + v v e o s e s .

Distribution of DFW Employees by Cities Inside the
Intensive Study Area, According to Previous Love
Field Experience . . . + « o &+ o o o &+ o « = o o o o

Distribution of DFW Employees by Cities Outside the
Intensive Study Area . . « « o « o & ¢ ¢ ¢ ¢ o o . . .

Distribution of DFW Employees by Cities Outside the
Intensive Study Area, According to Previous Love
Field Experience . . « « o o + « o o o o o & o« o s -

DFW-Based Employee Modal Split . . . . . . . « . « « .

DFW Employee Vehicular Occupancy (Car-Pooling) . . . .

Page

20

44

44

45

45

47
48

48
50
51
51
52.

57

58
62
63

66

66



LIST OF TABLES (continued)

Page
TABLE 19. DFW Employee Vehicle Occupancy-

a. During Inbound Peak . + « ¢ ¢« v ¢ ¢ ¢ « ¢ ¢« o « o @ 67
b. During Outbound Peak . « « ¢« « v « + v « v« o « » . . 67
TABLE 20. Distribution of DFW Employees' Perceived Versus

Actual Travel Distances and Times Between Homes
and DFW & . & ¢ ¢t &+ o o « o o o o o o - & o o o o v o 68

TABLE 21, Distribution of DFW Employees' Perceived Versus
Actual Travel Distances and Times Between Homes
and Lave Field . . . . 4 4 4 ¢ ¢ ¢ & o o s o o o o o« o & 68

TABLE 22. Distribution of DFW Employees By Age According to

Previous Love Field Fmployment . . . « « « « « o« « « « «» 10
TABLE 23. Distribution of DFW Employees By Occupation

According to Previous Love Field Employment . . . . . . 70
TABLE 24. Pistribution of DFW Employees By Income According

to Previous Love Field Employment . . . . ¢« « « « o + . 71
TABLE 25. Distribution of DFW Employees By Sex Accnrding

to Previous Love Field Emplcyment . . . . « . « « « & 1
TABLE 26. Comparative Characteristics of Auto-Using Versus

Surtran-Using DFW~Based Employees . . . . . . . . . . . 73
TABLE 27. Comparative Residential Locations of Auto Users

Versus Surtran USErs . . « « + « o o « o « « o & o = o & 73
TARLE 28. Previous Travel Mode to Love Field of Furmer Love

Field Employees: Auto-Using Versus Surtran-Using . . . 74
TALLE 29. Distribution of Age Categories: Auto-Using Versus

Surtran-Using Employees . . . -« « + « v v o ¢ s 0 o . . 74
TABLE 30. Distribution of Occupational Categories: Auto-Usiug

Versus Surtran-Using Employees . . . .« + « « =« « = « = » 75
TABI % 31. Distribution of Income Categories: Auto-Using Versus

Surtran-Using Employees . . « « « « « « « ¢« ¢ o s o . . 75
TABLE 32. Land Use at Surtran Riders' Origius/Destinations . . . . 88
TABLE 33. Surtran Passengers' Mode of Access To/From Outlying

Surtran TerminalsS « - « « o s o o o o o o ¢ = o =+ + « 93
TABLE 34. Surtran Riders' Annual Frequency of Travel To/From

DFH .+ o v e e e e e e e e e e e e e e e e e e e e e . 95




LIST OF TAB!Z5 (continued)

Page
TABLE 35. Surtran Riders' Annual Frequency of Travel To/From
Love Field Before DFW . . . . « & ¢ ¢« ¢ ¢ ¢ o v o o o & 95
TABLE 36. Surtran Riders' Annual Frequency of Travel To/From
Love Field (Current Love Field Users) . . « « « + « « o« 96
TABLE 37. Love Field Air Mode Currently Used By Surtran Riders . . 96
TABLE 38. Surtran Passengers' Ground Trip Purpose

(Non-Employee Person-Trips) .« « « o« « o« o « o = o o » « 97

TABLE 39. Surtran-Using Airline Passengers' Trip Purpose . . . . . 97
TABLE 40. Surtran-Using Air Passengers' Air Trip Duration . . . . 99
TABLE 41. Distribution of Surtran Passengers' Perceived Versus

Actual Travel Distances and Times Between Origin/
Destination and DFW . v « « o o o « « o = o a o ¢« =« + « 99

TABLE 42. Distribution of Surtran Passengers' Perceived Versus
Actual Travel Distarces and Times Between Origin/
Destination and Love Field . . . + « « « « ¢« « = » - « . 100

TABLE 43. Distribution of Surtran Passengers' Industrial
AfF11i3CIONS « = o v o o o o o o o o 4 o o o o o o - . o 101

TABLE 44. Dallas/Fort Worth-Area Residency of Suriran
PASSENEETS « « o « o o o o o o o s s o s o o o = ¢ o o = 104
TABLE 45. Cities With Greatest Share of Local Resident

Surtrar. Passengers . . . o + s o o o o e s e s s e e e 104

TABLE 46. 24~Hour Vehicular Traffic Volumes By Machire

Counter SEAtion .« « « « o ¢ o o « s o s o o = o 8 o @ 105
TABLE 47. 24-Hour Vehicular Volumes By Roadway Location . . . . . 106
TABLE- 48. Land Use at.Auto-Users' Origins/Destinations . . . . . . 115
TABLE 489. Air Passengers' Type of Automobile Sub-Mode (Percent). . 118
TABLE 50. Air Passenger Auto Occupancy (éercent) e e e e s e s . . 118
TAZLE S51. Air Passengers' Automobile Sub-Mode By Residency . . . . 121
TABLE 52. Type of Parking Used By All Vehicles « « « « - e ..o 121
TABLE 53. Type of Parking Used By Air Passenger Auto-Users,

By Sub=Mode .+ . « 4 & 4 s e s e e e e e e e e ee e e 122



LIST OF TABLES (continued)

Page
TABLE 54. Auto-Users' Annual Frequency of Travel To/From DFW . . . . 122

TABLE 55. Auto-Users' Annual Frequency of Travel To/From Love
Field Before DFW . . . .« « & v v v 0 v v v v v v v v . .. 124

TABLE 56. Auto-Users' Annual Frequency of Travel To/From Love
Field (Current Love Field Users) . . . +. v « v « « . . . 124

TABLE 57. Love Field Air Mode Currently Used By Auto-Users . . . . . 124
TABLE 58. Auto-Users' Vehicular Ground Trip Purpose (Percent) . . . 126
TABLE 59. Auto-Users' Ground Trip Purpose (Non-Employee

Person-Trips) . . . . . v ¢ ¢ v v v v 4 4 e e e e e e .. 127

TABLE 60. Auto-Using Airline Passengers' Air Trip Purpose . . . . . 129
TABLE 61 Auto-Using Airline Passengers' Purpose of Air Trips

By Category Groups and Survey Date (Percent) . . . . . . . 129
TABLE 62. Type of Sub-Mode By Air Trip Purpose (Percent) . . . . . . 130
TABLE 63. Type of Parking By AirATrip Purpose (Percent) . . . . . . 132
TABLE 64. Destination of Auto-Users' Perceived Versus Actual

Travel Distances and Times Between Origin/Destination
and DFW . . ¢ . & v v o 4 v s s e v e e e e e e e e e . . 133

TABLE 55, Distribution of Auto-Users' Perceived Versus Actual
Travel Distances and Times Between Origin/Destination a
and Love Field . + ¢ « & v v v v 4 e 4 o« o v w e .« . 133

TABLE 66, Distribution of Auto-Users' Industcrial Affiliatigns . . . 138
TARLE 67. Results of Koussios-Homburger Model . . . . . . ... .. 144
TABLE 68, Index of Time Intervals . . . . I LI N 144
TABLL 69. Kolmogorov-Smirnov Test—Cdmputed Maximum Deviations . . . 148
TABLE 70. Results of K-S Goodness-of-Fit Tests . . . . . + « « « . . 148
TABLE 71. Limits of Periods of Starting and Ending Work Shifts . . . 16l
TABLE 72. Goodness-of-Fit Tests for DFW Employees Starting Their

Work Shifts. . & v ¢ ¢ ¢ v & 6 ¢ & o v o o o « o « o « « . 166

TABLFE. 73. Goodness-of-Fit for DFW Employees Ending Their Work
SHIFES v v v v v vt e e e e e e e e e e e e e e .. 67



FIGURE

FIGUKE

FIGURE

FIGURE

FIGURE

FIGURE

FIGURE

FIGURE

FIGURE

FIGUIE

FIGURE

FIGURE

FIGURE

FIGURE

FIGURE

FIGURE

FIGURE

FIGURE

2(a).

2(b).

6(a).
6(b).
7.

J.

10.

13.

14.

15.

16.

LIST OF FIGURES

Dallas/Fort Worth Regional Airport Showing Principal

Ground Transportation Features . . . . . « « + « « ..

Map of DFW Roadway System. . « « « & « ¢« « o o o o+ &
Detail of DFW Roadway System . . . + « « ¢« « « « « &
Typical Control Plaza (with Survey Personnel Shown)

Employee Travel Survey TOTmM. « « + « « &« o = « & « »
Surtran Route Map. . . . « ¢« ¢« ¢ ¢ & &« o o o « o o =«
Surtran Survey Form (Front) . . . . « ¢« « « « & « &
Surtran Survey Form (Back) . . . . . . . « « « + .« &
Detail of Interview Station . . . . « « « « « + « &
Typical A;to Survey Station . . . . . . . 0 e . e
Auto-User Survey Form. . . . « « « « & + o = « o o -«
Age Category €Card. . . + « . & « o & &« o = o o o o
Déployment of Machine Traffic Counter. . . . . . . .

Hourly Distribution of DFW Air Passengers, Friday
a. Originating. . « « « ¢ « & o ¢ o ¢ o o o o ..o

b. Termlnating. . « « ¢ o & « = ¢ o o o & o o o o

Hourly Distribution of DFW Air Passengers, Tuesday
a. Originating. . « « « « & o & « o o 0 o0 . .o

o. Terminating. . . « « « « « « « ¢ « ¢ ¢ 0 e ..

Number of Air Passengers in Party, By Ground Access
MOAE v v v s o e e e s e e e s s e e e e s s e e

Type of Land Use at Off-Airport Ground-Trip End, By
MOdE v & v o o o o o & o 8 o & s e s a s e e = e o

Residential Location of DFW-Based Employees, By Zone .

Page

12
16
17
18
23
25
28
29
33
33
34
35

37

41
41

42
42

47

50

53



LIST OF FIGURES

FIGURE

FIGURE

FIGURE

FIGURE

FIGURE

FIGURE

FIGURE

FIGURE Z

FIGURE

FIGURE

FIGURE

FIGURE

FIGURE

FIGURE

17(a).

17(b).

18.

19,

0.

b
=

24(b).
25(a).
25(b).

26(a).

26(b).

(continued)

Residential Locations of DFW-Based Employees That
Formerly Worked at Love Field Airport, By Zone . . .

Residential Locations of DFW-Based Employezs That
Did Not Formerly Work at Love Field Airport, By
ZONE v v o o o o o o o s s o a o s o o o v o & = o o

Location of DFW Employees By Cities Inside the
Intensive Study Area . . « « ¢ ¢ o & o o o ¢ ¢ s .o

Locations of DFW Employees By Cities Inside the
Intensive Study Area

a. Former Love Field Workers . . . « « « o & o o

b. Not Former Love Field Workers . . . . . . . « .-

Distribution of DFW Employees' Residential Locations
Ry Categories . . « ¢ o o ¢ o ¢+ o ¢ o o 0 o =0 0 e

Distributions of Work Shift Times of DFW Employees
a. Starting Times . . + « o ¢ « o & o & o o o

b. Ending Times . . « « « « « « « o o o = = o o = =

Distribution of Surtran Ridership Per Route, By
Survey Dute o o o o s e o e s e e e e e e e s e e

Location of Surtran Passengers' Trip-Ends, By Zones

Origin Zones of Surtran Passengers, Downtown Dallas
ROULE o o o o o« = o o o ¢ o o o o« o o o « o o = o

Destination Zones of Surtran Passengers, Doyntown
Dallas ROUEE . o« « o o o o = o o o o + o = o & ¢ ©° =

Origin Zones of Surtran Passengers, North Central
ROULE . « v o o o o s = o o o o o o = o @« o ¢ © © °

Destination Zones of Surtran Passengers, North
Central Route . . + o o « o a s o = » o o = = = =

Origin Zones of Surtran Passengers, Love Field Route .

Destination Zones of Surtran Passengers, Love Field
ROUEE v & o o o o o o o s+ s o o o o o 2 = & = & o °

Page

55

56

59

60

60

61

64

77

78

80

81

82

83

84

85




LIST OF FIGURES

FIGURE

FIGURE

FIGURE

FIGURE

FIGURE

FIGURE

FIGURE

FIGURE

FIGURE

FIGURE

FIGURE

FIGURE

27(a).

27(b).

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

(continued)

Origin Zones of Surtrar Passengers, Fort Worth Route. .

Destination Zones of Surtran Passengers, Fort Worth
ROULE & & ¢ &+ o o a o &+ o o o s o o s v o o o 2 o

Hourly Distribution of Non-Employee Surtran Passengers,
Friday

a. Arriving at DFW . . . o o ¢ ¢ s ¢ o ¢« o & s s o . o
b. Departing from DFW . . . . & ¢ ¢ ¢ o o o o ¢+ o =

Hourly Distribution of Employee Surtran Passengers,
Friday
a. Arriving at DFW . . . « ¢ ¢ v o ¢ o o o o o o o o

b. Departing from DFW . . . . . & « = o ¢« o o ¢ o + -

Hourly Distribution of Non-Employee Surtran Passengers,
Tuesday

a. Arriving at DFW . . « + ¢ ¢ ¢ o ¢ o o » o o ¢ o =«

b. Departing from DFW . . . « .+ o ¢ o & o o o 0+ o o

Hourly Distribution of Employee Surtran Passengers,
Tuesday

a. Arriving at DFW . .« o & ¢ ¢ o o o o o o0 s e e
b. Departing from DFW . . . - « + ¢ o « o« o o = = =

Surtran Passengers' Modal Choice Considerations . . . .

Surtran Passengers' Source of Information About
SUFLETAM o« « « o + o o o o o & o « o = o s o o s o o o o

Main Roadway Traffic Pattern . . . « « o o = « .0 o = ¢

Main Roadway Traffic Patterns, By. Control Plaza and
Service Road Patterns « « « « « o » » o o o s o ¢ & © =

Hourly Distributions of Vehicles By Roadway, Friday
a. Inbound T I R
b. Outbound . « « « o o o o o s oo oo+ e s 2o s 000
Hourly Distributions of Vehicles By Roadway, Tuesday

a. Inbound . . « + o o s e e e e @ e s se s s 000

b. Outbound s+ « « o o o « o o & & o = 4 e w oo e b=

Page

86

87

89
89

90
90

91
91

92
92

102

103

108

- 109

110
110

111
111



LIST OF FIGURES (continued)
Page

FIGURE 38. Hourly Distributions of Vehicles, Total and Air
Passenger Vehicles, Friday

a. Ipbound . . . . . .0 i e e h e e e e e e s e .. 112

b. Outbound . . . & . + & + & ¢ ¢t 4 4 e e e e e e ... 112
FICURE 39. Hourly Distributions of Vehicles, Total and Air

Passenger Vehicles, Tuesday

a. Inbound . « v v v 4 4 4 4 e e e e e e e e e e e e .. 113

b. Outbound . « ¢ o & « & « a4 s 4 4 o« o o0 oa ... 113
FIGURE 40. Location of Auto-Users® Trip-Ends By Zone . . . . . . . . 114

FIGURE 41. Distributions of Auto-Users' i.and Use
a. At Origins . o & v & v e v et e e s e e e e e e 116

b. At DesStinations . - « o« « o o + o « « o « o« o s o+ - 116

FIGURFE 42. Proportion of Private Versus Rented Vehicles . . . . . . 117

FIGURY 43. A: ¢ Passzenger Vehicle Occupancy By Type of Sub-Mode . . . 120
FIGUKE 44. Auto-Users' Vehicular Ground Trip Purpose . . . . . . . . 125
FIGURE 45, Trip Duration by Purpose of Air Trip (Auto Users) . . . . 131
FIGURE 46. Trip Duration By Automobile Sub-Mode . . . . . . . . . . 131
FIGURE 47. Sex Of AULO USCES « + v o « o + o o o o o o s o o o =« o « 135
FIGURE 48. Sex of Auto Users, By Drivers and Passengers . . . . . . 136
FICURE 49, Sex of Auto-Using Air Passengers . . . « « « « + « = « 137
FIGURE 50. Correlation of Auto-Users' Age and Sub-Mode . . . . . . . 139
FIGURE 51. Correlation of Auto-Users' Income and Sub-ﬁode e e . o« . 139
FIGURE 52. Graphic Compariscns of Theorefical Probability

Density Functions, With Sample Frequencies . . . . . « . 149

FIGURE 53. . Four Probability Density Functions Associated With
Flight Departure/Arrival Times . . . . « « « o « « ¢ © = 151

FIGURE 54. Hourly Estimated Versus Sample Volumes of Inbound
Vehicles, Friday . . . « .+ « O £
FIGURE 55. Hourly Estimated Versus Sample Volumes of Outbound

Vehicles, Friday . . « « « o o o oo v oo oo m 000 e 155



LIST OF FIGURES (continued)
Page
FIGURE 56. 15-Minute Estimated Versus Sample Volumes of
Inbound Vehicles, Friday . . . . . . . . . . . .. . . . 156

FIGURE 57. 15-Minute F:timated Versus Sample Volumes of
Outbound Vehicles, Friday . . . . . . . . .. . .. . . 156

FIGURE 58. Typical Observed And Expected Time-Difference
Distribution (Starting Work Shift) . . . . . . . . . . . 163

FIGURE 59. Typical ‘Observed and Expected Time-Difference
Distribution (Ending Work Shife) . . . . . . . . . . . . 163

FICURE 60. Flow Chart of Sequential Steps to Find Theoretical
Distribution of Best Fit . . . . . . + . ¢« + « o « « + . 164

FIGUEE bl. Graph of Typical Probability Density Function for
Arriving Employees . . . . . . . . . . 4 4 i v o 4 e . . 169

FIGY Graph of Typical Probability Density Function for

Terminating Fmployees . . . . . . . . . . ... .« . . . 169
FICURE 63. Flow Chart of Sequential Steps to Estimate Volumes

of UFW Employee Vehicles . .+ + v v ¢« & 4 & « o « & « « » 171
FIGURE 64. Model Estimates Versus Traffic Counts ~ Inbound

Employees . « « ¢ o ¢ ¢« ¢ ¢ 4 o o o o o o« s s s o 2 o« 173
FICURE 65. Model Estimates Versus Traffic Counts - Outbound

Employees . . & 4 v ¢ ¢ @ o 4 e v e o e e s 2 e« o« « . 173
FICURE 66. Sample Distribution and Camma Distribution of

Deplaning Passengers Departing DFW Via Surtran . . . . . 182
FIGURE 67. Cumulative Distribution of Deplaning Passengers

Departing DFW Via Surtran . . « « « o« « o.v o + « « o - 182
FIGURE 68. - Sample Distribution and Log-Normal Distribution of

Enplaning DFW-Bound Passengers Arriving at Outlying

Surtran Station . « « & ¢ 4 o« s . o« o 4 4 e« . o+ . o 184
FIGURE 69. Cumulative Distribution of Fnplaning DFW-Bound

Passengers Arriving at Outlying Surtran Station . . . . 18/



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 aew transpor-
tation facility, the Dallas/Fort Worth Regional Airport (Figure 1), located
approximately halfway between the north Texas cities of Dallas and Fort Worthj
which 1lie about thirty miles apart on an east-west axis (Figure 5). £ scific
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-
access congestion.5 A recent survey of airport officials showed that at
least five major U. S. airports are currently experiencing serious-to-critical
landside congestions, most notably access congestion.6 In the past, the lack
of azdequate data and a validated analysis methodology has hindered objective
studies of the relationship between ground access volumes and the level of
airport activity. v

The development of analytical molels for estimating ground transportation
from observable measures of airport activity has been interpreted as the most
productive means of fulfilling the foregoing objectives. The lack of data on
region-wide traffic volumes, before and after the opening of DFW, has restricted
us to consider only the trip generation aspects of the new airport. Thus,
within the general aim of assessing DFW's impact on ground transportation, our
orientation has been toward the utilization of modeling techniques for inter-
relating air and ground trarfic as well as analyzing changes resulting from

the shift in regional aifport location from Love Field, the previous major

5Wilbur Smith and Associztes, Airport Access/Egress System Study, Firal Report,
DOT-TSC~0ST-73-32, I, September 1973.

5. S. Department of Transportation, The Airport/Urban Interface, Final Report,
DOT-TS-75-12, July 1974.
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airport, located in northwest Dallas, to DFW. It has been expected that such
models relating air traffic activity to ground transportation levels developed
in this project 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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FIGURE 1.

Dallas/Fort Worth Regional Airport Showing
Principal Ground Transportation Features

-12-



This page replaces an intentionally blank page in the original.
-- CTR Library Digitization Team



II. DESCRIPTION OF DFW GROUND TRANSPORTATION SURVEY

INTRODUCTION

his chapter describes a survey of ground transportation at the Dallas/
Fort Worth Regional Airport (DFW) conducted on May 16 and 20, 1975, and in-
cluding two supplementary "mini-surveys" in November 1975 and May 1976. The
primary purpose of the survey was to provide information on ground transporta-
tion that can be related to standard measures of air traffic activity and,
thereby, obtain a better understanding of airpért 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.

Scope

The survey of ground transportation at DFW was designed to obtain as com-
plete a sample as possible of all trips beginning or ending at the airport.
For purpeses 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 DFW. Each of these three classes of
trips was investigated separately. The survey of the first component was
accomplished via personal, oral interviews while the latter two survey compo-
nents were of 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.

This chapter describes the methodology and actual physical performance
of the travel survey. It also provides a preliminary analysis of the findings

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

ground traffic volumes.

Preceding page blank
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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-alrport 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-
self. . 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

(primary transit) traffic, and employee commutation.

Highway Access

Access to DFW by automobile is provided by several distinct roadway sys-
tens, the most important of which is the north-south "spine highway,"which
passes through the center of the airport [Figures 2(a), 2(b) and 3]. Secondary
access roads are located on the east and ;est sides of the airport. These
mincr roads are used mainly by vehicles visiting peripherally-located airport
facilities,such as the administration building and the 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 each side.

Access into DFW via Internaticnal Parkway {s controlled by means of "con-
trol plazas" at the north and south entrances to the alrport, each cunsisting
of eight "control booths" (Figure 3). Control booths on inbound 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 contrcl plazas, International Parkway services the airline
teriminals and other airport facilities via access/egress ramps.

.ne system of service roads is used mainly by employees and by commercial,
maintenance, and service vehicles which have business 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) ari (b)).

15



—— e . L ey, o

FIGURE 2(a). MAP OF DFW ROADWAY SYSTEM
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Intra-Airport Transportation 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
ceptral computer. Airtran., was origirally designed to provide the basic intra-
airport transport service for passengers and employees and also to carry bag-

mail, supplies, and trash. At the time of the survey, however, the

BARE,

sysfem was carrying only airline passengers.

Public Transportation Access

Pyblic 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 leaving the airport. Sur-
tran Tax!, Inc., has the exclusive right to carry passengers away from the
airport.7 A quasi-public corporation, Surtran, created by the cities of
Dallas and Fort Worth, has an exclusiv: franchise to provide express bus ser-
vice to and from the airport for air'passengcrs, visitors, and empioyees.
Surtran is described in greater detail later in this report. In addition,
shuttie bus service is provided by various hotel and rental car companies
using small minibuses or vans that carry passengers in both directions between

DFW and the owning establishments.

EMPLOYEE TRAVEL SURVEY

Background
The 13,000 employees making work trips to and from DFW contribute signif-
icantly to thetotal traffic volume. A general classification of‘employeés

by type of industry and the number in each classification ar2 shown in Table 1.

7Shaw. James T., "Dallas-Fort Worth Airport: Trail Dust to Star Dust?,"
unpublished thesis, San Francisco State University, May, 1974.
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TABLE 1. NUMBERS OF EMPLOYEES BY TYPE OF INDUSTRY

1. Airlines : _ | 8,364
2. Air Cargo 1,139
3. General Aviation 160
4. Food Service | 1,406
5. Maintenance (excluding airline employees) 379
6. Security and Police 378
7. Rent-a~Car Firms 268
8, Miscellaneous 1,334

TOTAL 13,368

The "Miscellaneous" category of Table 1 includes the U. S. Air Mail facil-
ity, the Federal Aviation Administration, the Dallas/Fort Worth Regional Air-
port Board (excluding security and maintendance employees), and the 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 employee trav-
el has been surveyed, it has usuélly been found that at least 80 percent of
airport employee travel is by private auto.8 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.

8Vf’rve Research Corporation, Analysis of Airport Access Traffic, A.Stydy and
Forecast of Air Passenger Ground Access Traffic, Report No. 2: Bibliography
and Summary of Relevant Literature, August 1974,
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.9
Robinson and Nordlie” have presented an origin/destination survey of

Washington 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 consisting 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) work hours,

(b) home address,

(c) type of vehicle,

(d) autormobile 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 employre survey are given by
Robinson and Nordlie. )

Chancéoluu;presented a study of how the different users of airport access
highways create ground transportation problems. ile shows graphs depicting
the daily movement of people at six airports: San Francisco, Washington
National, Dulles, Friendship, Los Angeles, and London Heathrow. In this
studv, the percentages of the total volumes represented by daily employees
were derived deterministicaily 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

fourd.

9Robinson, John P., and Perer G. Nordlie, A Survey of Local Origins and

Destinations of I'sers of Washingggg_National Airport, = U. S. Department
of Comme:ce, Report HS-RR-61-5-MS-b, February 1961, pp. 37-43.

Chance, Merrit 0., Airport Access and Ground Traffic Study Review, (Graduate
Report, Institute of Transportation and Traffic Engineering, University 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 Fignure 4).

In designing the form, attention was prid to the subsequent task of coding
the data for computer analysis. On each survey form, space was provided for
the direct transfer of the responses to coding boxes; this greatly facilitated
the subzequent keypunching operation. Employees' street addresses were con-
verted to North Central Texas Council of Governments Regional Analysis Area

(RAA) zones.

Survey Method

The distribution and collection of the employee survey forms proved to be
a time-consuming task, because seventy-one different airport employers were
contacted. Moct survey forms were distributed through the mail. A letter of
intreduction 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 6f information sent to employers were copies of a bulletin board
flyer, suitable for posting, which anﬂounced the study. The survey forms were
distributed through the employee supervisors. Collection of the completed
questicnnaires was accomplished in exact reverse order of the Jdistribution.
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.

Sample Size
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/cistribution process but at a greater cost.

Critical Evaluation of Employce Survey

Problems with the Employee Survey involved wording of certain questions,
length, and the fact that the DFW Airport Board had recently conducted a sur-

vey of its own,which contained sevzral similar questions. Thus, some employees
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7/ DALLAS / FORT WORTH AIRPORT

&/ EMPLOYEE TRAVEL SURVEY

Daar BV Eapleyees:
This survey te botag comdected for the purpese of tacreasing our noviedre of aieport

Informet .o: fram thesa questisnmeives will bs woed to

Presere plone axd vame for the foture ¢
velogerat o’ e o aible sar

Viesse taks & fov mimutes Lo f111 out the fellowtag weeationa amd give the form to prur
Thaak you.

seperviser.

b WHAT IS YOUR PRESENT STREET ADRESS?

“Thcraet Wo.) TStreat name) {cTty o Towm) (21p)
-
THearast Street Intarsection) ity ot Tam) {z1p)

3. YOR TROAL DISTANE (PLEASE ESTIMATE)

A. Appromimetely w asay wiles lorg would yos guess your total cteip to or fram the etrpere to be?

Abdout =tlee.

B. Nov msay ailes would youwr trip bs to the 2)d sirpore, Belles Love Pleld? abour

3. YOR TRAVEL TI'E (AEASE ESTIMATE)

&

wilee

Approxinetely hou meoy misutes does your tetal trip te wr from the sirpert tan '

About sisutes,

B. Bow maey misetes weuld

telp to Lovs Pleld tabe?  Abwut Biestes.

& TYRE OF VEHICLE TAKEN TO AND FROM WRX:

. Driviag ny swa vedicie —_tent
—_Ridtag ta & carposl __suwTRan
o Meing droppeé eff by somscns __Other (Please specify)
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(Street Pame} (Ciry or Yowa) €21y
o
(Reareet Steeet Intersectian) €1y of Towa) gy
€. Type of vehicle t bow to Love Pleld:
__DPriviag wy swm vehicle — Taxg
A
—Niding 18 & ctarpeel __Tebltc bus
_Suieg drorped o(f by somsone - Other  (Plesse spacify) __
¢ TUE THAT YU ARRIVE MO LEAVE WORK: n
A Wat time 44 you arrive ot the afrport TODAY?Y rw.
AN,
5. Whet ciwe #1d yows work oh{ft slart TUDAY? rs,
€. Wit time will you pet off werk TODATT
B. Wher time vill you Iesvs the afrpott TODATY
7. FREULENDY OF YOLR TRAVEL:
Plea0e check the doye of tha wesh youw work at The airpere.
—tonday —Tuneday e Thuredar . Beturday
o _Nowday o Nedeseday . Vrtaay
0. YUANE: Ml __Temele
9. YARAZ: (msas o€k 0€)
—Ovdec 1 1 Y g 3o
-3 $F3 Over 88
0. YOR OCOPATION:  (nsase ook o)
Prolesetonal - Croftamse, formmsa  ___ Ovher Laber
Clevseal Tecraictan/Oparater Service (Pimase thach sue)
Salss — Kelstenanre teod/atciine/cumodise
1. YORFAULY IODE IS: (mueast oecx oe)
__Pader 15,300 13,000 - §29,000 174,000 « §32,800
$4.300 - §13,000 020,000 - 026,000 Over 12,000
FIGURE 4. EMPLOYEE TRAVEL SURVEY FORM
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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 alrports relative to their homes.

Question & could be improved by asking for the vehicle taken "most often"
or "usually," as we got several multicle responses.

Another troublesome question was the one that requested employees to
clazsify themselves by occupation (professional, clerical, sales, craftsman/
foreman, technician/operator, maintenance, other labor, service). It was
deemed preferable to glve the respondent a check list for this purpose to
avoid nebulous and illegible answers. However, it turns out that the wording
of such a list may also be conducive to misinterpretation by the respondent.
In sddition, a question of this type actually solicits the resrondent's per-

ceived self-classification.

PUBLIC TRANSPORTATION (3URTRAN) SURVEY

Description of System

Access to DFW by public transit is provided via Surtran (SURface TRANs-—
portation), an express 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 Tort
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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for express public transportation service to the airport. L A publiciy owned
system was selected, and the system is presently cwned jointly by the cities
of Dallas and Fort Worth. Initial organization and management of the system
was undertaken by the Pallas Transit Svstem and Fort Worth's city-owned
Citran. Later, Surtran's owa management was established, with offices in
Arlington and a staff of approximately one hundred drivers, maintenance
workers, ticket clerks, and other personnel.

‘ Surtran ticket clerks dispense tickets at Surtran terminals (the outlying
stations as well as at ki-sks within the DFW airline terminals). Sale of
Tartran tickets is subcontracted to hotels served in downtown Dallas and
Arli:gton.

It was deemed important to survey Surtran riders for several reasons.
First. they constitute a significant proportion of trips tc and from the
airport-~avout 3, OOO daily passengers. Furthermore, demographic characteris-
tics of Surtran riders may differ significantly from those of persons maklng

auto trips to/from the airport.

Previous Public Transportation Surveys

No previous survey aimed specifically at public transit riders at Dallas
Luve Field could be found; the only related survey was an on-board survey of
airline passengers, performed in 1969 by Alan M. Voorhees and Associates, in
which a question on mode of travel was asked.

Past studies of public transportation to airports contain very little de-
tail on survey methods and materials. One noteworthy exception is the "Air-
port-Access-by-Transit Studies" in the New York afea,-conducted by the MIT
Civil Engineering Systems Laboratory in 1970 through 1971.13 The types of

llLittle, Arthur D., Inc., Public Ground Transportation for the Dallas-Fort

Worth Regional Airport, Report to the Dallas Fort Worth Regioral Airport
Board, August 1971.

12V00rhees, Alan M. and Associates, Inc., Alr Passenger Survey Data Collection
Program, Dallas Love Field Airport, Dallas, Texas, June 1969.

Dpe Neufville, Richard, "The Demand for Airport Access Services," Traffic

Quarterly, October 1973.
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data gathered in the MIT survey were similar to data of the DFW project, but
the methods of administering the survey forms differed. The MIT group actually
rode the buses with the riders and supervised the on-board completion of the
survey form. In contrast, a stricily self-administered questionnaire handed
out at ticket counters was chosen for the DFW survey in order to reduce man-
power requirements. A 1968-69 Cleveland study utilized on-board airline
passenger Surveys, transit rider surveys, employee questionnaires, and inter-

views in parking lots and terminals.14

The Surtran 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 group in that they include air-
line passengers and airport employees who may be either residents or non-resi-
dents of the Dallas-Fort Worth area. The problem is further complicated by
whether the bus 1is 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 Collicc:ion

The method of purchasing Surtran tickets was conducive to handing out
survey forms because, before boarding Surtran, 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 nccessary (not pro-
viding pencils might bias returns in favor of thuse who carry pencils). The
rider then boarced the bus and completed the form while in transit; the sur-
vey form was printed on heavy paper to facilitate this qn-board cbmpletion.

Surtran drivers collected the forms as passengers left the bus.

l‘ne Neufville, Richard.‘et al., Airport and Air Service Access, U. S.

Department of Transportation, March 1973.
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surtrarn.

DFW AIRPORT TRAVEL SURVEY

Dear Suriran Rider:

This survey 1s being conducted for the purpose of increasing our knowledge of arrport-related travel.

Informat:on {rom these questionnasres will be used 1o prepare plans and programs for velopmen .
DEW Airport so that we can provide you with the best possible service. e future de A ofitrans ortanion servioss o the

Please Lake a few minutes to il out the following questions and give the card (10 your Coach Captain when you reach your final destination.
Thank you.

OR

~>®

D

L

WHERE IN THE DAL LAS-FORT WORTH AREA WILL YOU FINALLY END YOUR TRIP AFTER YOU LEAVE SURTRAN?

(Street Name & Number, OR Nearest Intersection) (City or Toen) (Zp)

(Company Name or Business Locauon) (City or Town) (Zip)
THE ABOVE ADDRESS IS
1} Your home 0 Your work place O Hotel/Motel
[} Someune else’s home O Another place of business 0 Shopping

7} Other (please spocify)
WHAT CITY OR TOWN ARE YOU A RESIDENT OF?

(City of Town) (Siate) (Zip)
WHAT TYPE OF VEHICLF WILL YOU TAKE FROM THE SURTRAN TERMINAL?
1Please Chech One)

O Cuty bus 0O Drove my own vehick

) Limousine : O Picked up by somenne

1y Tan 1 Onher (please spextiv)

YOUR TRAVEL DISTANCE (Please Fsumater . .

Approumately how many mukes would 3o gugss your total 1np 1o he from the arport 10 yout linal & {as stated in q 13
About . mules

How many mdes would vour tnip be from the old mrport. Dallas Love Field, 10 your finad detmnation” About — mules.
How many miics 1» the tnp from where sou will get oft SURTRAN 10 your final de ' Ahout mules. (I you arc stay-

1ng 4t a hotel where you wall leave SURTRAN. chock here Ui and skip part Dy
From where you wilt get off SURTRAN, is your final destination (Check one).
1) very convenrent, 1 converient. OR [0 icunvenient for you

YOUR TRAVEL TIME «Please Estimate) R )
Appeoximaicly how many minutes will your totat thp take from the airport 10 your final destnaton® Aboul . minules.
How many minutes woukd 4 trip from Love Fiehd have teken ? About munutes

WHEN LOVE FIELD WAS THE MAIN AIRPORT, WHAT TYPE OF VEHICLE DID YOU USF MUST OFTEN? (Picase Chieck

Only One)

(3 Ciy Bus . 3 Drove my own vehick
9 Limousne 3 Pwked up by someone
O Tau ] (rher (please speatfy)
14 Rent-ACar '

PURPOSE OF YOUR TRIP TO THE AIRPORT (Picase Check Unel

QO Astline Passenger 23 Asrport employee

3 Greeting someone (8] Bmmm at arport

G Socing someone ofl’ U Visitor "
O Pick up an achne bcket 1 Other (please specify)

FREQUENCY OF YOUR TRAVEL TO THE AIRPORT

How muny umes have yuu travelex! 1o the new airport rovently? About
How often did you make trips to Love bield before the new airport opened ? About
per ycar - o,

Do ye ve b now? (1 Yes O N

ir ‘!)!-:. ::Luoxnclrﬁ c:rﬁ Limes last month, OR about e iMES last year.
What type of arcraft do you fly? () Commercial (1 Private

(OVER}

time last year.
tmes

nmes last moath, OR
. mes per moath, OR

FIGURE 6(a}
SURTRAN SURVEY FORM (FRO!\T)
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FOR AIRLINE PASSENGERS ONLY
What airport did you fly {from”

What aicline flight did you arnive on?
Airline (Picase check one) Flight No.
73 American

2 Bram(¥

{1 Conunentat

T Deha

What ume did your Mlight arnve?
What was the purpose of your aif tnip?
1 Busminess/employment

3 Vaxatuon

1 Convention

0 Personal Affairs

(Airport and/or City)

O FEasiern
O Frontier
O Metroflight
0O Mewxcana

(1 Ozark
) Texas International
) Other (please specify)

O AM. OPM

) Visiung family or friends
0 Military

0 Schood

0 Other (please speaify)

Picase indicate the durauon of your air tnp:

<1 day
o 2 -4 days

0 5-7 days
0§ -2 weeks

5 3 -4 weeks
1 Over | month

If you are a resident of the Dullas-Fort Worth area, how did you feave here? O Fewout O Drove out O Other

if you are nct a resident, how wilt you return home? (1 Fly back 1) Drive back {3 Other
How many other people flew with you, in your party?
SURTRAN INFORMATION

How did vou first find out about the services provided by SURTRAN?

[93 A {1 Dewspaper
0O Isplay

C Radw
73 Other (please specify)

1 Brovhures
11 licket Booth

Why did you take SURTRAN" (Please rank the following 1n the weder of importance 1o you )

e Avoud traffic
. Avord parkaing cost
—— Avoud confusion at airport

____ Onther tplease speaily)

. No avo avantable
—_—— Save ume

Is this your first trep on SURTRAN? U1 Yes a

No

in the futur ~—as 2 porton of all your inps 10 DFW Arpori—will yeu nde SURTRAN on - iplease check oned

1 most of your inps
3 «ome of your tryn

£1 ondy a fow of your thn
0 wan't be going back-tae DI W Airport

WHATEVER your response to the previous question, please tell us WHY?

YOU ARE: 0 Muic ' Female
YOUR AGE: (Please Check One)

Q Under 21 o 45-54
3 2134 ) 5564
€1 3544 11 Over 65
YOUR OCCUPATION

Posiuon.

{3 Professicnal

i Clencal

{1 Sales

() Craftsman/Technicuan

1 Student

22 Retred

) Service (aircke oncd
food domestic  aher

£3 Onher (please spovily)

Type of Industry.

3 Construction

O Muanufactunng

13 Transportation

1 Wholesale/Retail Trade

1 Other (please specily)

11 Communicatons & Unbites

11 Public Adnwnistraston

1 fhnance, Insurance. & Real bstate
23 bdwation

b Vultary

YOUR ANNUAL FAMILY INCOME.
G Under $0.500
L1 $6.500 - $13.000

SURTRAN SURVEY FORM

= §26.000 - §32.000

£ 13000 - 20,500
$13000 - 3 Ouer $32.000

1 $20.000 - §26.000

F1GURE 6(b)
(BACK)
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(3 Personal Recommendation
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Critical Evaluation of Surtran Suryvey

———m

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
py 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
guestion 7. In question 8, which deals with factors affecting mode choice,
very few people attempted to rank the alternatives listed; instead, most just
checked of f one or two items. Perhaps only the most important factor(s)

ghould have been requested.

ROADSIDE SURVEY OF AUTOMOBILE USERS

Previous Research

Most past surveys of automobile travel by air passengers to and from major
airports have used questiornaires distributed and completed on board the air-
craft during flight.ls standard techniques for coaducting such surveys have
been compiled and synthesized by Barton Aschman Associates, Inc., in their

1
Airport Travel Survey Manual. 6

The same manual also describes roadside interview techniques similar to
the one used in this research. The manual recommends that the personal inter-

view technique be limited to airports " .where activity levels are low or

15Corradino, 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 York's Domestic Air Passengers,
February 1972 Thru January 1973, 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--May 1968 through
April 1969, The Port of New York Authority/Aviation Economics Division,
September 1970; Port of New York Authority, New York's Domestic Air Passen-
ger Market June 1967 Through May 1968, The Port of New York Authority/
Aviation Economics Division, December 1970; Voorhees, op. cit.

163arton—Aschman Associates, Inc., Airport Travel Survey Manual, U. S. Depart-
ment. of Transportation, Washingtom, D. C., July 1973.




where trip makers to be surveyed are concentrated at a small number of points."
The manual also points out that, "Personal interviewing is most applicable
when certain aspects of the questionnaire cannot be understood by respon-
dents, or when the line of questioning followéd 1is dependent on the response

wl?
to specific questions."

The selection of the roadside interview technique
for the DFW survey of auto passengers was based, in part, on the above recom-
mendations. Besides, it was felt that much of the information sought, e.g.,
auto occupancy, percecived time and distance, the specific route taken to and
from the airport, and the times of entering and leaving, could best be deter-
pined from a personal interview on the roadside.

Consideration 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 rozdside interview. Besides, the DFW

Airport Board expressed the concern that perscns handing out cards at the con-

trol booths would cause confusion at airport gates.

Scope of Roadway Survey

It was decided to limit interviews to vehicles on the outgoing lanes of
the airport spine roads, i.e., interview vehicles only as they left the airport.
This decisfon was 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 from the interviewers suggested that the above

hypothesis was correct.

Location of Interview 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 unnecessary traffic congestion and other problems
would be created at the affected control booths. Instead, it was considered
preferable to locate the interview stations just outside the control plazas,
placing one on each side of the outgoing spine roads at cach end of the air-
port, for a total of four interview stations. This was the maximum number
deemed appropriate given budgefary constraints and the physicai 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 they 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 sr~tup of the interview lanes. Interviews were
conducted in turnouts located about 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 1l was always open due to its use by Surtran buses and
other larger vehicles. The othner booths were opened as demand warranted,
starting with Booth 2. During low volume periods, booths 1-4 were usually
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 ¢ross too many lanes (see Figure 7).

7The Auto-User Intervicw Form

The auto-user interview form is shown in Figure 9. In designing this
form, careful attention was paid to the phrasing of questions. When asking
for destination, for example, it was felt important to first ask for the
~strect 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 plannad to take to their next destination, it was necessary to be
very persistent in asking for the next strcet along the route because most
drivers had a tendency to stop after giving two or three legs of their journey,
which often left a significact 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 satisfactofilyf In most cases, distance
presented the most difficulty. Tne question on purpose of the air trip also
required persistence, since many ﬁassengefs did not distinquish between the
given categories, e.g., that the "convention" category is distinct from the

L
'"business' one.
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SHORT FORM
DR ORAL AUTO SRVEY

Survayor Nusber

an
Tize i Busber o2 CP'e 00N

Driwer: y

Type of Vehicle: Privste car beut-a—car

INTRODUCTION

1. Yurposs of (rip to atrport?
AP, slone Visitor
Drop off AP Other (specify)

Pick wp AP

Busfsess st airport

Pick wp tickat

1. What city or towa ere you 8 resident of?

2. 2.

2. What city are AP's resldente of?

hmber of AP'e ] |

PEE—

3. TRIP FROM AIRFORT

1. ¥he’ 1s your aext destisation?

2. Your howse Rotel
Somscoe slse's hows Shopping
Your woth place Other (epecify)

Apother place of
businese

3. Sow msdy milas?

4. How eany mimutes!?

$. Joute

4 TRIP 70 AIRFORT

1. Whers did trip to airport ecerc?

1. Your howa Hotel

Sosacss elee's hocw Shopping

Your work place Other (specify)

__Another place of

busissss
[
S. | 1. Ties got to comtrol booth: ™~
2. What kisd of parking €1d you use?
Short-tera Curs
Remote

12 13 1

15 16

1718 1y
0 21 22 23

34023 2¢

J

H

28 29

0

3233343

«]

37 38 38 40

[3]

34

FREUENCY OF AIRPORT USE:

times last
[0 wonth

1. Times used DIV airport: | ) year

2. Times used Love Field befors DIV opened:

th
times per DY“"
3. Use Love Fleld now? Yos Mo
Osoaen Orrivate
times “"Dyﬂl‘ DC_'I

4. How many miles to love Field from next stopl

nilea

5. How many *

6. WUhen Love Fleld vas msin airport, Cype of
vehicle used most often?

___Clty bus __Drove owvn vehicls
_;_I.lmtu ___Dropped off by
somacns else
e Taxt —. Rent-a-car
—_Courtesy bus ___Other
AIRLINE FLIGHT INFORMRTION
1. Ocher sirport: e
2. Flight mumber:
M u oz
. _._n —n
- ___wrRo .___Other
V. Purpose of air trip:
—_ Dustarec/Eaploynent —Visicttag
—VYacation . Miitary
o Conventlon ___School
'erscnal Affaire Other

O

55 S6 7

RN

=

°
13
o
~

o
-

&. When return crip! fly
drive | i l |
other?
64 63 66
PERSONAL IRTA (AP'S wo D's)
1. Nccupatiom:
Position lndustry [}
AP
68 69 20 71
2. Age: A. Under 21 D. 46-3%
72137418
. 21-33 K. 56-65
€. J-45 F. Over &5
3. Pamily lacome: | | '
A Doder 6.3% b. 20% - 2¢* []I:ED
boest ot o2k -0t
c. 1a* - 20" r. over 2%

FIGURE

9. AUTO-USER SURVEY FORM




The procedure for asking 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). The 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 purpuse 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:e form to see that all questions
were completed and legible. Anott.er elemént of the time interval between in-
terviews was the time required to flag another vehicle into the interview
lane; this was a function of delays at the control booths, slack periods in
traffic flow, and the occasional refusal of drivers to be interviewed. The

average irterviewing rate was 8.4 interviews per huur per interviewer.

AGE
A. Under 21 D. 46 - 355
B. 21 - 35 E. 56 - 65
C. 356 - 45 F. Qver o5

"FIGURE 10. AGE CATEGORY CARD
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On Friday, May 15, 1975, there were 278 interviews at the north end and
219 at the scuth 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 expanding the roadside interview sample to represent the
entire population of vehicles entering and leaving the airport.

Both machine counts and manual counts were conducﬁed. 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 during 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.

DATA REDUCTION AND STORAGE

Results from the various survey forms, traffic counts, and passenger
counts were coded for computer input and stored on magnetic tape in the System
2070 Data Management Package. Through the use of System 2000, various data
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
reporced or tested in prévious airport access surveys, e.g., interviewing only
people leaving the airport, perceived time and distance questionms, 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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FIGURE 11. DEPLOYMENT OF MACHINE TRAFFIC COUNTERS
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Texas, to test out the survey forms and procedures. This airport was chosen
because of its proximity to 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. Roadside interview and employee
survey techniques were tested. The lack of a Surtran survey trial was not
considered serious because most of the Surtran questions had very similar
countefparts on the roadside interview and employee forms. This pilot study
led to major improvements and refinements in our survey instruments and bro-

cedures.,
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III. DATA ANALYSIS

INTRODUCTION

The most salient findings of the DFW Travel Survey are presented in this
chapter. For simplicity, the survey data of 16 May 1975 are referrec to merely
as "Friday" and 20 May 1975 as "Tuesday.”" 1In some cases, data were available
oaly for 16 May 1975; therefore, that is identified for convenience as the
Ysample date." It must be emphasized that "auto-users" as applied herein re-
fers to all users of personally-operated motor vehicles (mostly autos) and is
aprlied for convenience cnly. "DrW Employees'" has been used to identify all

eriployees based at DFW, not simply employees of DFW itself.

COXPREHENSIVE RESULTS

This section summarizes pertinent findings relative tc all three survey
ceriponents considered in the aggregate., Each individual survey is discussed in

dctail in subsequent sections.

Air Passenger Traffic

Figures 12(a) and 12(b) and 13(a) and 13(b) illustrate originating and
terminating air passenger volumes by hour of day for both survey dates,

1& Yay 1976 and 20 May 1976. These data are derived from information supplied
te the project by the individual airlines (adjusted and interpreted in core
cares by project staff). The illustrations show that peaking characterlstlcs
for the two separate days were quite similar.

In the travel survey, air passengers were requested to give their air
trip origins or destinafions (0/Ds). In order to discern the general patterns
of air travel into and out of DFW, these 0/Ds have been grouped into the
following eight regions or categories:

(1) Texas: all exclusively intra-state 0/Ds;

(2) States bordering on Texas: 0/Ds to/from Neus Mexico, Oklahoma, Arkan-
sas, Louisiana; :

(3) Northeast states: Maryland, District of Columbia, Delaware, Pennsyl-
vania and north to Maine;

Preceding page blank
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(4) South and Southeastern states: Virginia, West Virginia, Kentucky,
Tennesec, North and South Caroliaa, Mississippi, Alabama, Georgila,
Florida;

(5) Midwest states: Ohio, Michigan, Indiana, Illinios, Wisconsin,
Minnesota, lowa, Missouri, North and South Dakota, Nebaraka, 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: 0/Ds to/from points outside of the fifty
states, including Canada and Mexico.

The respective shares of total 0/Ds to or from DFW and these eight 0/D cate-
gories are given in Table 2. It can be noted that over one-third (35.0%) of
DFW air passenger 0/Ds are located either within Texas or its four border states
(which 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 0/Ds.

Utilizing this O/D information, air passenger trips were then classified
" as either long-haul or short-haul (within a radius of roughly 500 miles). As
shown in Table 4, there is significant difference between users of the two pri-
mary gpround travel modes, Surtran versus auto, in terms of characteristic trip
length. Sartran carries a much larger percentage of long-distance air passen-—
gers. Some of this difference might be attributed to the relatively greater
nwsber of non-residents using Surtran.

The proportionate purpose;of air Cfips are tabulated in Table 5. It can
be readily seen that some two-thirds of these trips are for "Business/
Exployment" purposes.

The duration of the air trip was also investigated for air pasuengers
using both Surtran and automobile. Again, on the average, there was no signi-~
ficant difference between the modes (even though there was variation between
the two survey days). For air passengers using Surtran, 22 percent were on
one-day trips, 41 percent were on 2-4 day trips, 21 percent were 5-7 days,
percent of the passengers were on longer

11 percent were 1-2 weeks, and 5

trips. This corresponds closely to the auto survey results. There was also

similarity in the air passengers' mode of travel on the other long-haul leg

of their trip. For both modes, 90 percent of the alr 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

0/D REGION % OF TOTAL 0/Ds
Texas 20.1
States Bordering on Texas 14.9
Northeast States 14.2
South and Southeastern States 13.9
Midwest States 18.4
Western States 5.9
Far West States . 10.6
Out of U.S. 2.0
TABLE 3

CITIES WITH LARGEST
SHARE OF ORIGINS AND DESTINATIONS

CITY 0/D Z OF TOTAL O/Ds

Houston

New Orleans

New York City
Washington, DfC.
Atlanta

Chicago

Denver

Los Angeles

BLwUVSWULWR
5 550 57 &

POV OoOWnE ®r

|

w
=2}
~

TOTAL
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TABLE 4

DISTRIBUTIOi OF LONG-H/YIL VERSUS
COMMUTER AIR PASSENGERS, BY GROUND MODE

FLIGHT CLASS SURTRAN AUTOMOBILE

Long-Haul 71.5% 29.27%

Commuter 28.52 70.8%
TABLE 5

PURPOSE OF AIR TRIPS

PURPOSE % OF TOTAL
Business/Employment 67.7
Vacation 10.3
Convention 3.0
Personal Affairs 4.9
Visiting 10.3
Military : ' 1.5
School 1.1
Other 1.2

TOTAL 100.0
45
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Comparing the number of air passengers per party between Surtran and auto-
moblle 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 traveling 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
air passengers.

No other significant 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

ocut-of-town visitor's greater dependence on public transportation.

Ground Traffic

Table 7 gives the overall modal split determined from the data in terms
sf 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,

' refers mainly to

as well as motorcycles. '"Other buses, shuttle vans, etc.'
public transit vehicles owned and operated by hotels and car rental agencies
for the convenience of their customers. The "Other" category refers to com-
mercial vehicles.

From Table 7, it can be seen that some 46,380 vehicles entered and left
DFW on the sample date. 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 traffic due to thehigher vehicle 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 (empioyees, Surtran riders, and air passenger and
visitor auto users) to the total ground traffic of the sample date. (Note

that employees represeht 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
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TABLE 6

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

RESIDENCY SURTRAN AUTOMOBILE
Resident . 49.6% v 58.47%
A .67
Nonresident 50.4% 41 '
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TABLE 7

DFW GROUND 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

TABLE 8

CONTRIBUTION TO DFW GROUND TRAFFIC BY MAJOR_COMPONENT

COMPONENT PERSON-TRIPS PERCENT
Employees, service )
personnel, etc. 18,623 25.7
Surtran, taxis, otner
buses, etc. (excluding o
employees) 6,107

to-usi eral
ﬁﬁb‘iﬁés ne sen 47,664 65.9
072,39 100.0

TOTAL
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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 nourly 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(b)].

Table 9 presents the ground transportation modal split of air passengers
only. <learly, Surtran's share of air passengers is significantly higher
(10.9Z; than its share of total person trips (4.2%). 1In 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 equivalent bus services at Love Field before DFW opened.

The land use at off-airport ground trip origins is illustrated in Figure
15, segregated into Surtran and auto (personal motor vehicle) trips. Overall,
this varies in a predictable manner because the Surtran categories include 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 as often as air passengers who use the automobile to access the airport.
The median airport-use frequency for Surtran riders was eight times per year,

as opposed to twentv times per year for auto users. No explanation factor

could be found for this difference.

Demographic Characteristics of the Three Components of Travel

information on socio-economic character-

It is interesting

In all three component surveys,
istics such as age, income, and occupation were requested.
to compare these results among the three component groups.

Table 10 compares the proportional distribution of age categories. There
is a tendency for employees to be slightly younger than the other two groups.

Surtran riders are clearly older than the other categories, e.g., 39.1 percent
over 45 years of age compared to 18.0 percent for employees and 31.1 percent
for air passengers.

Table 11 compares the proportional distribution of occupational categories
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TABLE 9

DFW GROUND TRANSPORTATION MODAL SPLIT FOR
ORIGINATING/TERMINATING AIR PASSEMCGERS

MODE PASSENGERS PERCZENT
Automobile* 16,626 74.3
Surtran bus 2,447 10.9
Taxi 2,088 9.3
Other buses,

shuttles, ctc. 1,223 5.5
TOTAL 22,384 100.0

*Includes persoral light trucks, motorcycles, etc.

69.1
r—

<

4353

Percent of Surtran Trips
Percent of Auto Trips
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TABLE 10

DISTRIBUTION OF AGE CATEGORIES FOR EACH SURVEY COMPONENT

Age % Z Surtran % Auto Users
Category  Employees Riders  Driver Air Pax
<21 years 7.8 3.3 .
. 3. 7.8 4,
21-34 50.0 31.6 44.5 35.;
35-44 24.2 26.0 22.3 28.3
45-54 13.5 24.2 17.9 22.0
L 4.3 10.7 6.5 5.9
Z 65 0.2 4.2 1.0 3.2
TCTAL 100.0 100.0 100.0 100.0
TABLE 1.
DISTRIBUTION OF OCCUPATIONAL CATEGORIES
FOR EACH SURVEY COMPONENT
Occupational % % Surtran % Auto Users
Category Employees Riders Driver Air Pax
Professional _ 31.6 60.9 43.1 51.9
Clerical 12.5 3.2 4.4 1.4
Sales 5.8 15.7 16.3 21.2
Craftsman/Foreman 5.9 4.7 6.8 7.4
Technician/Operator
Maintenance 7.4 - = -
Service 24.9 1.4 2.4 1.4
Student N/A 3.4 - 8.7 5.6
) . 2.8
Retired N/A 3.9 ol
5 5.5
Housewlife N/A 2.6 {5 4
1. 1.
Unemployed N/A 0.4 3
- 0.8 0.9
Self-Euployed N/A
11.9 3.8 0.6 0.5

Other Labor

100.0 . 100.0 100.0 100.0

TOTAL
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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-

w,
sional™; 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 -- 72.3 percent indicating family in-
comes of $20,000 or less per year.

EMPLOYEE TRAVEL SURVEY RESULTS

Previous Love Field Employment

In order to assess the impact on airport-related cmployment of relocating
the regional air facility from Love Field to DFW, the employees were asked to
indicate whether they had previously been working at Love Field. Based on a
response rate to this question of over 98 percent, it was found that 58 percent
were former Love Field-based workers while 42 percent had 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 FAMILY INCOME CATEGORIES FOR EACH SURVEY COMPONENT

% % SURTRAN % AUTO USERS
INCOME CATEGORY EMPLOYEES RIDERS DRIVERS AIR PAX
< $6,500 12.9 4.3 ig.g lg.é
$6,500-513,000 30.5 11.9 26.5 19:8
$13,000-$20,000 28.9 21.7 18.8 192
$20,000-$25,000 13.3 22-; 9:7 N
$26,000-$32,000 6.8 16. leos it
> SSZ,COO 7.6 20.7 . .
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The resicential distribution of DFW employees by RAA zone inside the in-

broken down by employees who formerly worked at the
Love Field Airport and those that did nct,

Figures 17(a) and 17(b).

tensive study area (1IsA),

is illustrated by zonal maps in

dential shifts that has resulted from the opening of the new airport. While
previous Love Field workers reside predominantly in Dallas and 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 lLove 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 previcus 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-
cent of the former Love Field workers indicated they had relocated their resi-
dence because of the shift of the major airport to DFW —— 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 residence due to the changeover to DFW. These data
suggest that changing the site of a major air facility does have a signifi-
cant {mpact 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

concentration, followed by Irving, Fort Worth, and Arlington. The differences

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,
together with the zonal d’'stribution data, corroborates theinference of a
modest westward shift in employee residential patterns (see above) since the
changeover from Love Field to DFW.

In Figure 20, the employees' residential distribution has been aggregated

into the categories of the two large cities (Dallas and Fort Worth), their

t
respective suburbs, the Mid-Citles commuaities lying in between Dallas/For

Wotth and locations Outside tl.‘e ISA- As illustrated, some 40 percent Of the
»
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TABLE 13

DISTRIBUTION OF DFW EMPI iE
b CMPLOYEES
BY CITIES INSIDE THE INTENSIVE STUDY AREA

CITY SAMPLE
FREQUENCY PERCENT

Addison "
Arlington 23; (7)%;
Azle 3 0.09
Balch Springs 4 0'12
Bedford 93 2'87
Benbrock 3 0‘09
Blue Mound 4 0.12
Carrolton 74 2.28
Cedar Hill 5 0.15
Colleyville 28 0.86
Coppell 8 0.25
Dallas 801 24.71
Dalworthington Gardens 1 0.03
De Soto 13 0.40
Cuncanville 13 0.40
Everman 3 0.09
Euless 215 6.63
Farmers Branch 56 1.73
Fort Worth 257 7.93
Forest Hill 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
turst 138 4.26
Hutchins 1 Q.03
Irving 404 12.47
Keller 30 0.93
Kennedale 1 0.03
Lancaster 4 0.12
Mansfiled 3 0.09
Mesquite 25 0.77
North Richland Hills 59 1.82
Pantego 1 0.03
Richardson 33 1.02
Richland Hills ©19 0.59
River Oaks 2 0.06
Sachse 1 JUo)
Saginaw 2 0505

0.03
Seapoville 1 .46
saithville 15 0 e

9 S

South Lake 18 0.56
University Park 12 0.37
Watauga 3 0.09
White Scttlement 1 0.03
Wilmer

$8.18
TOTAL 2,858
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TABLE 14

DISTRIBUTION OF DFW EMPLOYEES BY CITIES INSIDE THE INTENSIVE STUDY AREA,
ACCORDING TO PREVIOUS LOVE FIELD EXPERIENCE

——— _FORMER LOVE FI FLD WORKER _ 1 NON-LOVE FIELD WORKER
PERCFNT OF PERCENT OF DFW | PETTENT OF PERCENT OF DFW
cry i::;tgun TOTAL DFW EMPLOYEES WiTh~ i:ﬁg‘ﬁi ey TOTAL DFW EMPLOYEES
E_-‘it'_:(‘YEES IN CATEGORY EMPLOYEES WITHIN CATEGORY
Add tson 6 0.19 85.17 1 0.03 14.29
Arlington n 2.19 30.47 158 4.86 67.81
Azle 3 0.09 100.00
Balch Springs 4 0.12 100.00 :
Bedford 43 1.33 46.24 48 1.48 51.61
Benbrook 1 0.03 33.33 2 0.06 66.67
Blue Mound 3 0.09 75.00 1 0.03 25,00
Carroclton 62 1.91 83.78 10 0.31 13,51
Cedar Hill 2 0.06 40.00 2 0.06 40.00
Colleyville 14 0.43 50.00 14 0,43 50.00
Coppell 4 0.12 50.00 3 0.09 37.50
Dallas 622 19.19 77.65 175 5.40 21.84
Dalworthiagton N 5 TooT00
Carden o J
DC(S:(O » 9 0.28 69.23 4 0.12 30.77
0.16 38.46
Duncanville 8 0.25 61.54 > 0.06 66.67
Everaan 1 0.03 33.33 2 3-‘9 52.56
Eulcus 93 2.87 Bol) 113 0.34 19.64
Farmcrs Branch 45 1.39 80.36 11 6.08 76.65
Fort Worth 53 1.64 20.62 19; 0.06 66:67
Porest Wsll 1 0.03 33.33 . 6e.87
> 5] 81.63 9 0.28
Carland 40 1.2 . 49 1.51 35.68
Grand Prafre 30 1.20 44.32 p< 1:105 50,54
Crapevine 45 1.39 48.39 W 0.43 70.00
Haltom City S 0.16 25.00 A 0.03 50.00
Hzhlane Park 1 0.03 o 75 2.31 56.35
Pursc o2 003 100.00
Butching 1 0.03 SENT 169 % 41.81
Trving 230 7-1" %667 13 0.40 43.33
Reller 17 0.52 :
enredale
:ancuur 4 0.12 100.83
Mancfiled 3 0.09 Ix'oo 7 0.28 28.00
Me-.quite 17 0.52 e 42 1.30 71.19
8o, Richland Hills 15 0.46 o 1 o.gg 1(;(7).(2)(7)
Pantego 9 0. .
Richardson 24 0.74 ;§Z§ 9 .03 ;(7)-3‘7)
Richland Hille 10 0‘3; 50.00 1 0.03
Ri{ver Oaks 1 8‘03 100. 00 50.00
Sachse 1 ooy 50.00 1 0.03 o .
SO h 0.0 50.00 0.16 13.33
Seagoville L 0.28 60.00 5 oe 55 35
Seithf{eld t) 0.12 46,44 ] s n.a
South Lake ll; 0:46 83.33 g 0:25 66.67
Ei00ey Goe A 0.12 33.33 5 0.08 100.70
Watauga
Vhite Settlement 0.03 100.00
Willmer 170 PR
49.09 5£.70 1,222 37.
TOTAL 1,592 o
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FIGURE 20
DISTRIBUTION OF DFW EMPLOYEES'
RESIDENTIAL LOCATIONS BY CATEGORIES

employees reside in the Mid-Cities communities, another one-third in Dallas or

fts suburbs, and some 13 percent (or about one in eight) in Fort Worth or its

suburbs.

Employce residential distribution outside the ISA is presented in Tables

15 and 16. With the exception of the slightly heavier concentration of em-
ployees in Lewisville (about 3.5 percent compared with less than 1 percent for

any other non-1SA community), no significant pattern is discernable.

Fmployee Travel Characteristics

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

{1lustrated in Figures 21(a) and 21(b). While the largest concentrations occur

eriods of 07:00 - 08:00 and 16:0
ions at 14:00 - 15:00 and 22:00 - 23:00 which result in

affic than if all shifts spanned .the

during the typical p 0 - 17:00, there are other

substantial concentrat
conven=-

somewhat more evenly distributed tr

tional 08:00 - 17:00 period.
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TABLE 15
DISTRIBUTION OF DFW EMPLOYEES BY
CITIES OUTSIDE THE INTENSIVE STUDY AREA

(3544 SAMPLE 2 OF
FREQUENCY TOTAL

Allen

Alvord

Argyle

Aubrey

Blue Ridge
Sonhaa

Bowie

Boyd

B8ridgepore
Celins

Celeste
Cleburne
Clifton
Colltnsville
Conroe

Decature

Denton

Elmo

Ennie

Fairfleld
Farmesville
Ferrie

Flower Mound
Frisco
Catnsville
Cranbury
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Lake Dallas
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DISTRIBUTION OF DFW EMP]
CITIES OUTSIDE THE INTEN
ACCORDING TO PREVIOUS LOVE

TABLE 16

LOYEES BY
SIVE STUDY AREA,
FIELD EXPERIENCE

———
- _NON-LOVE_FIELD VORKEF

“RCENT 3T PERCENT OF DFW
cn SAMPLE X OF TOTAL ;:ILEEE‘S’F PR sambre % of TotaL  PRRCENT OF
FREQUENCY  DFW EMPLOYEFS MITHIN cATEcony FREQUSNCY  DFW EMPLOYEES WITHIN CATEGORY
~—————NITHIN CATECORY;] """ - — M
0.06 100.00
Allen 2 N
0.03 100.00
(BT : 0.19 85.71 6 0.03 14.29
6
Argyle 0.03 100.00
Aubrey 1 o - !
2 0.06 100.00
Blue Ridge 0.03 100.00
Sonhae : 0.03 100.00
e 0.09 50.00 3 0.09 50.00
g H 0.06 50.00 2 0.06 50.00
e 5 0.06 100.00
L4
.00
Celeste 1 o3 10020 1 0.03 100.00
Cleburne 0.03 100.00
St ! 0.03 100.00
Collinsville 1 1 0.03 100.00
Conroe
.03 100. 00
Decatur ! g (;’,n. 77.62 7 0.22 22.58
Denton 24 0'06 100.00
Eleo ; 0.0% 100.00
Ennts i 0.03 100.00
Yairfield R 0.03 100.00 RLGE $0.00
Farmrrsville 0.03 $0.00 1 . 50.00
Ferris 1 3 50.00 1 0.03 ‘S0
1 0.0 3 0.09 37.5
phower Mound 5 .16 62.50 ; %05 100.00
risco .
Catnsville 1 0.0} 100.00
Cranbury 1 0.03 100.00 . 0.03 100.00
Cordon 0.03 50.00
Creenville L 0.03 50.00 ! 0.09 75.00
Joshua 1 0.03 25.00 S )
Justin 0.0? 100.00 3 100.00
Highlaad Village 1 : ﬁ;ﬁ, 16.67
Kernn . 0.12 KK, F7
Lake Dallas N 0.03 100.00 56 L 31.85
Little Eim 7 0.28 65.49 N 0.0} 33.3)
Levisville 2 0.06 66.67 g 0.06 22.22
Madank 7 0.22 1(7)(’);(7)
McKinney 0.0} -
Midlothian : 0.0 100.00
Nevada ) 0.03 190.90
Nocons 69.2 a 0.25 30.
o 1 oo 100,00 , OGE] $0.00
Pilot Pofat > 0.03 50.00
Ponder ; 0.3 :gggg
Poolville 1 0.03 100.00 03 100.00
Quinlan 2 0.06 . 1 g.“ 39957
Red Oak 10 .
66.67
Rhrome 0.61
20 33,13
Roanoke 0.03 ‘
1 33.33
Rockwall 5 0.03 100.00 1 9:9 100.00
San Marcos 2 0.06 N 1 0.0
Sange
Sunset 1 0.03 :ggo()?) 0.0t 66.67
Tloga 8 0.06 L 2 oY 20.00
Valleyview 1 0.0} 80.00 L ’
Weatherfovd . 0.12 106'00 0.03 100.00
Vaxahachie 1 0.0) . ; 1 E
Wills Point 00 H
Whitewright . 0.12 100. '
Wylie —_—
~ - 04 2.90 20.39
4
6.76 S
TOTAL 2Ly
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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 lower 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 carpooling, 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 vehicle occupancy weve col-
lected in a special survey during periods of peak employee traffic. Results
are shown in Tables 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 obviously be sensitive to these conversion factors.

Travel Time/Distance

Employee travel time and distance were aleo surveyed, including dataAre-
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 gi.es perceived versus actual distances and times of em—
ployee travel to DFW while Table 21 gives similar data for hypothetical 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 appreciably higher percentage of employees living
5 miles or less from Love Field as compared with DFW. Also of interest 1s 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-BASED EMPLOYEE MODAL SPLIT

Mode Person-Trips Percent
Automobile* 17,328 96.3
Taxi 18 0.1
Surtran bus 432 2.4
Other 216 1.2
TOTAL 17,994 100.0

*Includes personal light trucks, motorcycles, etc.

TABLE 18

DFW EMPLOYEY VEHICULAR OCCUPANCY (CAR-POOLING)

Number of Employees
Per Auto

Percent of Autos

1

2 or more
3 or more
4 or more

—————

—e e
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76.5
23.5
5.9

1.9
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TABLE 19

DFW EMPLOYEL VEHICLE OCCUPANCY

(a) DURING INBOUND PEAK

Half-Hour Intcrval No. of Employees Per Vehicles

6:00 - 6:30 a.m. ) 1.45
6:30 - 7:00 1.36
7:00 - 7:30 1.15
7:30 - 8:00 1.35
8:00 - 8:30 1.25
8:30 - 9:00 1.25
(b) DURINC OUTEOUND PEAK
Half-Hour Intcrval No. of Employees Per Vehicles
2:30 - 3:00 p.m. 1.38
3:00 - 3:30 1.40
3:30 - 4:00 1.41
4:00 - 4:30 ‘ ;iz
4:30 - 5:00 L2
5:00 - 5:30 .
5:30 - 6:00
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Distance
Range
__(fles)

0-5 miles
6-10

11-15
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Over 60

TCTAL

Distance
Range
(Mles)

0-5 niles
6-10

11-15

16-20

21-25

26-30
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36-40

41-60

Over 60

TABLE 20

DISTRIBUTION OF DFW EMPLOYEES'

ACTUAL TRAVEL DISTAN e

CES AND TIMES BETWEEN HOMES AND DFW

Z Emplovee:
,__Iﬂ}79¥fﬂ 3_1in Range Time Y Emplovees in Range
Perceived Actual Range P ved
Distance Distance Mi ercelve Actual
- inutes) Distance Distance
6.6 1.0 0-10 minutes 8.3 1.0
18.0 21.3 11-20 32.1 31.7
22.9 26.3 21-30 30.5 36.0
18.0 19.4 31-40 14.4 22.1
13.6 14.6 41-50 10.3 7.6
11.0 8.0 51-60 2.9 1.5
5.1 6.2 Over 60 1.5 0.1
1.9 1.6
1.9 1.5 TOTAL 100.0 100.0
1.0 0.1
100.0 100.0
TABLE 21
DISTRIBUTION OF DFW EMPLOYEES® PERCEIVED VERSUS 7
ACTUAL TRAVEL DISTANCES AND TIMES BETWEEN HOMES AND LOVE FIELD
Z Fmplovees in Range Time A Emp%oyees in Raqie
F}rceiﬁﬁd Act:;;f— Range Pe ‘ceived D?Czuﬁce
Distance Distance __(Minutes) Distance eles
i 9.9 3.4
2 9.0 0-10 minutes
:8'2 25.4 11-20 ‘ 26.8 :2:13-‘5)
18.3 13.3 21-30 f;é 239
16.2 22.3 31-40 ‘2-7 9.2
11.4 14.7 41-5C «6.7 3.4
9.6 7.5 51-60 o o
5’5 3.6 over 60 0
3.6 2.4 100.0 100.0
4.9 1.8
1.1 -
10C.0 100.0

TCTAL
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Employee Demographic Characteristicsg
——Fttrlstics
The survey found that 65,0 percent of DIW employ

percent female. €es were male and 35.0

Tablesg 10 through 12 above Present a breakdown of D

FW em
by age, occupation, and inconre, erployees

These latter three cate
gories
are further disaggregated into former Love Field employees and non

coployees {n Tables 22 through 24.

respectively,

Love Field
The distribution of employees by sex is

given 1n Table 25. It {s interesting to note thac +he fortver Love Field workers

are somecwhat older —- in fact representing approximately 70 percent of all DiW

employces over 34. 1In contrast, nou-Love Field employees are younger, for ex-

ample, conatituting 88.1 percout of employees undev 21,

As discussced In a previous report,“" the necessary relirnce on perceived
self-clasuification as to occupation led to some problems (e.g., as to what con-~
stitutes a “professional” or "other labor" occupation); thereforc, interpreta~-
tion of these results must be cautious. It is probable, for instance, that
there i8 considerable overlappiug of identical occupations variously classified
as "professfonal"” and "service (afirl.ne)."

Somewhat clearer t1nterpretation is offered by the occupational contrast
between former Love Field and ron-love Field workers (Table 23). Tor example,

there appears a clear teudency for predominantly more former Love Field workers

[T

to classify thcewselves as "Professional,”" "Sales, Craftsman/¥Foreman,"

"Service (airline)." and “Scrvice (auto rental),” while predominantly more non-
Love Field worke-s tend to classify themselves as "Technicfan/Operator,” "Other
Labor," "Scrvice (tood),"” '"Service (custodial)," and "Service (hotel)."

These results, morvover, correlate logically with the responses as to in-
come represented in Tables 12 and 24, in particular the contrast between former
Love Fleld and non-love Field workers evident in Tabfxe 24, It is apparvent that
non-love Field workers have generally lower incomes, a fact consistent with the

“Service (food)",'Scrvice (custodial),” and other lower-wage types of job cate-
G »

gor{vs in which they apparently predominate. Conversely, fqmer Love Fiecld em- )

to cerrelate with the "Professional,

ployees® gencerally highzr income levels tend
and other higher-inceme occup
atable that the bulk of new jobs

ations in which they cvidently

"Service (alrlind),”

predominate. Trom these results, it is specul ) of e b
ted hy the opening of DFW was in lowar-income categories, while hig
create by e q

nded to be filled by transferees {n the same jobs

income jobs predominantly te

from lLove Ficld.

on }’Q_ttcrns at

’ t al Gurvey of Ground T_;_a_zl;gw_gr‘_t_:lti
et al., DUILNCY ~o e

1 bt = . for Ad-
SDunlny. LB E J.. ; ;jri. .- -{onal Alrport, Research Report 15, Council fo
the NDallas/Fort Worth heglolitl ———'LT,IT_A';J";Ein . August 1975.

ced Tr Studies
vanced Transportation o s 69



TABLE 22

DISTRIBUTION OF DFW EMPLOYEES BY AGE ACCORDING TO
PREVIOUS LOVE FIELD EMPLOYMENT

Z_IN CATEGORY

\CE R % OF EMPLOYEES OF CATEGORY
A ' FORMER
C-'}TE('OR\ LS\E Flh:LD N(J?Q--L()'V'E..FI‘ELD LOVE FIELD NON-LOVE FIELD
Quars) — EMPLOYEES EMPLOYERS EMPLOYEES EMPLOYEES TOTAL
Under 21 1.6 16.2 11.9 88.1 100.0
21 - 34 47.1 54.1 54.7 45.3 100.0
35 - 44 28.8 17.7 69.3 30.7 100.9
45 - 54 17.0 8.8 72.7 27.3 100.0
55 - 64 5.3 3.0 71.5 28.5 100.0
Over €5 0.2 0.2 57.1 42.9 100.0
TOTAL 100.0 100.0
TASLE 23
DISTRIBUTION OF DFW EMPLOVEES BY o ENT
OCCUPATION ACCORDING TO PREVIOUS LOVE FIELD EMPLOYMEN
% OF EMPLOYEES
% IN CATECORY OF CATEGORY
e wous FORnER NON-
S IELD LOVE FIFLD LOVE FILELD
; N LOVE FIELD  LOVE F y L - —
e EMPLOYEES ~EMPLOYEES ~ _EMPLOYEES ~ EMPLOYEES

66.1 ' 33.9 100.0
Professional 35'? ;;2? . ;2'9 47.1 100.0
Clerical REE ' 70.9 29.1 100.0

4.0 . , A
Sales 7.1 1.9 64.2 35.8 100.
Craftsmen/Foremen 2.4 5.2 19.6 60.4 100.0
Techniclan/Operator 2.5 9'3 47.1 52.9 100.Q
Maintenance 5.9 8.9 37.4 62.6 100.0
Service (Food) 3.8 8:3 718.4 . 21.6 }88-8 .
Service (Afrline) 2""3 2.2 21.6 78.4 100‘0
Service (Custodial) 0.4 0.9 62.1 37.9 0'0
1.0 G - 100.0 100.

Service (Auto Fental) 2.2 59 2 oo
Service (Hotel) A0 17.1 40.8 0
Other Labor — e '—’o"a
TOTAL 100.0 100.

~
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TABLE 24

DISTRIBUTION OF DFW EMPLOYLES BY INCOME ACCORDING TO
PREVIOUS LOVE FIELD EMPLOYMENT

% OF ALl DFW EMPLOYEES IN CATEGORY

FORMER
ANNUAL INCOME LOVE FIELD  NON-LOVE FIELD

CATEGORY ($) EMPLOYEES EMPLOYEES TOTAL

< $6,500 3.3 10.0 13.3

$6,500-£13,000 16.7 14.4 31.1

$13,00-$20,C90 18.9 10.0 28.9

$26,000-526,000 8.9 4.4 13.3

$26,000-$32,000 4.5 2.2 6.7

> $32,000 5.6 1.1 6.7

TOTALS 57.9 42,1 100.0

TABLE 25
DISTRIBUTION OF DFW EMPLOYEES BY
SEX ACCORDING TO PREVIOUS LOVE FIELD EMPLOYMENT
- % OF EMPLOYEES
Z IN CATEGORY OF CATEGORY
FORMER NON- FORMER NON-
LOVE FIELD LOVE FIELD LOVE FIELD LOVE FIELD

SEX EMPLOYEES EMPLOYEES EMPLOYEES EMPLOYEFS TOTAL
Male 68.5 60.4 61.0 39.0 100.0
Female _31.5 39.6 39.4 47.6 100.0

TOTAL 100.0 100.0
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Exzployee C):;lracteristxc_‘c{wde of Work Tri
£L ot Work Trip

It is of in d
rnterest to study the differences in characteristics between DFW

based employces using personal
motor vehicley ("auta—users") and those who use

Surtran buses for their work trips. Such an analysis may provide clues helpful

to the understanding of modal choice decisions for this component of airport
por

access travel.

In Table 26, employees are classified by sex under auto users and Surtran

riders. Almost two-thirds of the auto-users are males; the reverse is true of

the Surtran users, over 60 percent of whom are females. This contrasts strongly

with the fact that only 22.0 percent of Surtran riders as a whole are fenales.
In terms of previous Love Field employment, it can be seen that the proportion
of cach group is about the same.

Differences between residential patterns of auto-users and Surtran-users,
shown {n Tabie 27, reflect the characteristics of Surtran service. Surtran-
riders are coacentrated overwhelming.y in the two large cities, Dallas and Fort
Worth, and the dallas suburbs which are well served by, and thus more conveni-
ently accessible to, Surtrain. Auto-users, on the other hand, are far more dis-
persed with over half not locat~d in the two large cities or their suburbs.

The previous mode of travel, before DFW opened. to and from Love Field for
employces formerly based there also ind! .ates an interesting differentiation.
As shown {n Table 28, over i0 percent of Surtran-users also used to use transit

for their work t- ps to and from Love Field, compared with onl7 about one per-—

cent of the current auto-users. It is also significant, however, that over 87

" " -
percent ¢: ~+ ° .. Ficld employees now using Surtran are ''converts" from the
automobi{le r 1
29 through 31, -~uto-users and Surtran users are compared in .erms
2 d 5 &

In Teb.oc.. v .
As indicated in Table 29, there is little

of their age, occupation, and 1rncome.

although proportionally, more Surtran-users are

dffference {n terms of age,

uncer 21 vears old.
as to occupation and Income.

a {{ferences do emerge, however,
T e o wded t- classify

As {nuicated in Table 30, proportionally more auto-users ter -

clerical, sales and craftsman/foreman/techn
e e 'Y »

portion of employee

antly higher for Surtran-users

themsclves in the professional, s classifying them—

clan/operator categories while the piv

3 ic
selves in the scrvice category was signif

24,4 percént of auto-users).

(41.6 percent contrasted with
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TABLE 26

COMPARATIVE CHARACTERISTICS OF AUTO-USING
VERSUS
SURTRAN-USING DFW-BASED EMPLOYEES

PERCENT OF PERCENT OF
CHARACTERISTIC AUTO-USERS SURTRAN-USERS
Male 65.7 37.8
Female 34.3 62.2
Former Love Fleld Employees 58.0 56.0
TABLE 27

COMPARATIVE RESIDENTIAL LOCATIONS OF AUTO-USERS
VERSUS
SURTRAN-USERS

PERCENT OF PERCENT OF

LOCATION ' AUTO-USERS SURTRAN-USERS
Dallas ‘ 24.5 51.3
Pallas Suburbs 8.8 14.5
Fort Worth 7.5 31.6
Fort Worth Suburbs 5.0 ' -—
Mid-Cifies _ 22.8 ——
Other 31.4 ’ 2.6
TOTAL 100.0 100.0
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PREVIOUS TRAVEL MUDE TG LOVE FIELD OF
EMPLOYEES: AUTO-USING

PREVIOUS MODE_TO LOVE FIELD

Auto
Transit

Other

TABLE 28

. FORMER LOVE FIELD
VERSUS SURTRAN-USING

PERCENT OF PERCENT OF
AUTO-USERS SURTRAN-USERS
97.8 87.2
1.1 10.3
1.1 2.6
TABLE 29

DISTRIBUTION OF AGE CATEGORIES

AUTO-USING VERSUS SURTRAN-USING EMPLOYEES

AGE CATERCRY

Under 21 Years

21 - 34
35 - 44
45 - S4
55 - 64

65 and over

TOTAL

PERCENT OF PERCENT OF

AUTO-USERS SURTRAN~US§§§
7.7 12.2
50.0 47.3
24.2 21.6
13.5 12.2
6.6 6.8
0.2 ——=
100.0 . 100.0
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TABLE 30

DIVSTRI'RUTI‘ON OF OCCUPATIONAL CATEGORIES:
AUTO-USING VERSUS SURTRAN-USING EMPLOYEES

PERCENT OF P ‘
OCCUPATIONAL CATEGORY AUTO-USERS S
Professional 31.8 23.6
Clerical 12.6 7.0
Sales 5.8 2.8
Craftsman/Foreman/
Technician/Operator 6.0 . 2.8
Miafntenance 7.4 9.7
Other Labor 11.9 12.5
Service 24.5 41.6
TOTAL 100.0 100.0
TABLE 31

DISTRIBUTION OF INCOME CATEGORTIES:
AUTO-USING VERSUS SURTRAN US1NG EMPLOYEES

PERCENT OF PERCENT OF

INCOME CATEGORY AUTO-USERS SURTRAN-USERS
Under $6,500 12.3 39.4
$6,500 - $13,000 30.6 24.2
$13,000 - $20,000 29.1 ‘ 1:.1
$20,000 - $26,000 13.4 . 3-0
$26,000 - $32,300 679 7.6

Over $32,000 7.6 _ 1.6

100.0 100.0

TOTAL
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As one would expect from the above results, the incomes of Surtran users
are significantly lower than those of auto-users (Table 31). More than one-
third (39.4 percent) of the Surtran-users earn $6,500 or less per year while
only about one-eighth (12.3 percent) of auto-users are in that category.

In summary, Surtran-using employees at DFW 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 employecs, on the other hand, are mostly

“similarly-aged males earning more than $13,000 per year and living more in 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 Arlinpston route 2 percent.

The distribution of Surtran patronage by each of the five routes, 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 tiips on Friday. Similarly, the North Central route, which
serves mainly residential areas, shows 1 greater percentage on Friday than '

on Tuesday.

Origing/Destinations

DFW~bound riders (including employees) were asked to indicate the general
location of their ground trip origins and outbound passengers were asked to
indicate their destinations. This information was subsejuently processed into
accumulations by RAA zones. Figure 23 <{llustrates the pattern of total zonal
trip-eunds of Surtran riders determined by survey responses. Clearly, 0/D's

of Surtran users are much less dispersed and far more voncentrated than those
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of auto users, as an example (cf. Figure 40).

An overwhelmingly high concentration of 0/D's occurs to and from the Dallas
CBD (solid dark area), in which Surtran 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 trip-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 27¢a) and 27(b) disaggregate the 0/U re-
sults by origins and by destinations for passengers using each of the four
major routes (excluding the lightly-used Arlington routs due to inadequate
sample size). For the North Central and Love Field routes -~ providing park-
and ride (P&R) facilities -- rider 0/D's are relatively dispersed (heaviest
concentration 12 percent) compared with the extremely heavy CBD concentration
of 0/D's (58 -~ 78 percent) for the Dowrntown Dallas route, with no P & R pro-
vided.

Two primary concentrations of trip ends are apparent, however: the Down-
town Dallas CBD (already discussed) and the North-Central Dallas area. This
would be expected from the ridership counts, as the two routes that service
these areas account for approximately 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 Central route is used mainly
by Dallas area residents going betwecen the airport and their homes, stili there
exists some overlap due to the multi-purpose trips, e.g., triﬁs that combine
business with visiting family or friends and trips with multiple origins/

destinations.

Laug ''se

The proportions of different land uses at Surtran riders' off-airport 0/D's
are tabulated in Table 32. While the largest share of trips is to/from 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

LAND USE AT SURTRAN-RIDERS' ORIGINS/DESTINATIONS

TYPE OF LAND USE PERCENT
Own Home £3.5
Another's Home : 8.8
Work Place 8.6
Other Business Place 11.9
Hotel/Motel 22.8
Shopping 0.3
Ocher 4.1

TOTAL - 100.0

low proportion of this type of land use for auto users that will be shown later

in this 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,
1975 (provided by the Surtran.management), and from the ridership survey, cer-
tain general characteristics of tl.e ridership demand have been identified.
The hourly variation in arrival and departure times of Surtran passengers, dis-
aggregated by employees and non-employees for each of the two survey days, can
be seen in Figures 28 through 31. These graphs show that Surtran ridership
is oriented toward the afternoon and has strong peaking characteristics.
Heavy peaks occur around 8:00 a.m., nncn, and 4:00 p.m. The afternoon peak
occurs a little later for the from—D?w 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, however, sharp

peaking of traffic is clearly cvident, creating heavy demands espec’ally in
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the 16:00 = 17:00 pariod. It should alsc ke noted that che highest peaks In
esployes ridership occur at differsne tiges than pon-epployes I::m::.m
s0 thete 18 NOL & great superposition of reak loads. :

1 of Access to Terminal ke
Hodes of access toffrom the cutlying {off-airport) Surtran tarmin "%_
.I]-I'I.ﬂ in ‘l!ﬁ:h 33, It is evident that the largest FI'EIIJI:I'I.'-I:’.II;-I m"&ﬁ:

} use parsonal vehicles (predominantiy autcacbiles) via "park-and

" (16,7 pareent) or “"kiss-and-ride” (51.9 porcent), The F-F'H (ngl
portion are driven or picked up by someone aise, s key Factor }i : d
ice decisions for using Surtran which will be discussed later. nﬁ

- BEoTy Wmﬂl to the station (almost excluaively the means ﬂﬂ'
lﬂl‘l-ﬂl:l.-; riders en the Downtown Dallas route).

TADLE 33

SURTRAN PASSENGERS' MODE OF ACCESS
TO/FROM OUTLYING SURTRAN TERHINALS

g™

E MODE PERCENT

‘ ' City Bus : ::
Limousine R

| Taxi “P 5:'

in Drove Oum Vehicle _"":'

L e &
oeher® . R F

| 10,0

TOTAL

alneludes walking.

CER
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Fregueney ol Alrport Use

Table 34 gives the proportionace distribution of survey respendents anpual
frequency of travel to/from DFW, while Table 35 gives their frequency af Erooel

toffrom Love Fleld prior to the opening of BFW. It ls evident that for cha most
part there 15 no significent variation in fraguency of primery afrpert e

sioce the ghifi to DFW. Tt is interesting to note, however, chat abeut afx
percent indicated oo pIE".I'itIILII_ wse of Love Field ac siil.

The travel survey determined chac 30,7 perecent of Sertran passenper= also
ewire #tlll walng Love Fleld, with a frequency of use distribution as glven im
Table 36,

Taule 37 lndicates the bhreakdswn of air mode of these Lowe Fleld usarse.
Clearly, the overwhelming properilen wse commercial flights.

Grounsd Trlp Furpose

fased on the employee survey, it was determined thac eoployees represented
approximately 14 percent of total Surtran passengéfs on the eemple date. Ea=
playes vidership was about 15 purcent greater in the to-DFW dirrction, implying
that some of these cmployees may have been pleved up or shared a ride after

work. As noted {n Table 17, the number of émployees riding Surcran is about

2.4 percent of the total number of DFW employees making daily trips ko the

afrport.

For the non-esployes Surtran passefigirs, the breskdown of purpese of eravel

to/frem the alrport is given in Table 34.

Alr Trip Purpose and Duration

sengers using Surtrad, the diseributian of

for airline pas
Table 32 shows, {f tuslnessmen veing Sureran £6

tion o
their air trip purpose. The high proper

of interesk.

The distribution in Eer
majoriry of Erips Last

s of ale ECip dugation is given in Table 40.

four days oF less.
Clearly, the substantlal

a4



TAELE 34

SURTRAN RIDERS' ANNUAL FREQUENCY OF
TRAVEL TOSFROM DFW

FRNUAL USE .
(TIMES PER YEAR) T OF PASSENCERS
1 -3 .7 _
¥ =8 19.0 i
#-u 2.6 S
13 - 18 a= M Ee I'%."'
19 - 28 7.9 I
2% - 36 3 s
© 37 - 4B 1.4 iy
Ower 48 1.3

TOTAL 100.0




TABLE 35
SURTRAN RIDERS® ANNUAL

TRAVEL TO/FROM LOVE FlELD i

{CURKENT LOVE FLELD USEHRS)
1 - 3 19,9 |
i 4 4.8 q
9 = 12 :3_”.' _‘: .'
12 =18 0.9 iy by
19 - 24 11.5 "; Iy
25 - 3% 4.1 v |t
3 - &8 2.3 Il
Over &8 2.1 L

TOTAL 100.0

TABLE 37

LOVE FIELD AIR MODE
CUPRENTLY LSED BY SURTRAN RIDERS

:'::--



TABLE 18

SURTRAN PASSENGERS' GROUND TRIP Pymg
(RON-EMPLOYEE PERSON-TRIPS)

FEa- BRI

- PERCENT
i 9.0 R |
ﬁ_ﬂll Alr Passenger 0.& i pham T '

- I IJ |

Seeing ALT Fassenger DFE 0.6 i ik, SRR
Pick Up Ticket 0.2 ‘:# .F-
Business at Alrport R L
Vistiter LD :

other 0.6

TOTAL 100.0

TABLE 39
SURTHAN-USING AIRLINE PA“SENCERS' ATR TRIP PURPC

L parosy
Business/Enployment

Vacation

Personal Affairs

Vis.ting Fomily, etc. g
Military 1
School j
other ' Lo
TOTAL

i



Travel Distance and 'I:!_E-_

Sertran passengers’ perceived versus actual (ninimum—path computed) travel
distances and times from their origin or destination to DEW are given in Table
41, Thess data seem Do suggeat that passengers fend to overcatimate bogh
their travel distances and tire to DM,

Surtran users wers also asked to eavimate thelr digtance and Elme ta L
Figld, Thess resulcm, together with actual minimsn-path computations, are
given im Table &I. 1Tn this case, cthers again seems a slight tendency of the
respondents to overestlisate both their total distance and time to Lowve Field.

With regard to the impact of relocating che reoglonal alr facility from
love Field vo BFW, it is particularly interesting to concrast both percedwved
and sactual distance/time atacistics for these ground (flpa. In ewvery case,
for the substantial majority of users both perceived and actual values are
muchk larger for thelr erlp ce DFW.

¥hile mctual distance to DFY is 20 miles or more for a majority of these
passengets, actual distance to Love Figld is 11 miies or less for most. A
mjority estimate thelr distance Eo DEY to bhe 25 miles or more, but oost pas-
sengers estimate the Love Field distance to be 15 miles or less.

Actus] traval time for most passengers from their origin/dsstinacion £

¥ minutes or more to DFW but 24 minutes or less ©o Lowe Fleld. Eimilarly

for perceived time the results are 40 mipnutes or mora to DFW; 19 mioubés oF

fess to Love Field.
fased on these deteérminatlons,
inner-city Love Fleld to the pomewhat mora

a crd
OFd kas resulted In .F-Pl:ln:lf.'lhlfl' logiger EF
[ 4 vyl coORCE and o fon-—
esulis may have anclllary impacts [fn Eorm= of travel &L rEY 5

it can be concluded that the shift [ros

reante {af least viz-a=vis Dallas)
p lengths and travel times, These

suaption.

Harket ing Comslderations

irnsit among trangportation planners,
pointlng to factors influencing

ird [34.5 pereent) of tha
rst [ 5

[
1a vlew of Fecent emphasls on siazf

pecially pignificant in
T ane=th
ghe service for the L
using Surcrani the resilts

the survey data wefa c8
the modal cholce of Surtran USETS.

surveyed riders indicated they were using

aqong for
Fapsengers were asked to welgh their rea
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v i e——

TABRLE &0

SURTRAN=USIHG ATR FM!HI
#1R THIF DURATION

RANGE ¥ PASSEHCERS
—IN RANGE
. 22.
5 = 7 Days 30, 6
I = I Wesks 10.9
3 = & Weeks 2.6
Cwer 1 Month 7.5
TOTAL 100, @

TABLE &1

STRIBUTION OF SURTRAN PASSENGERS® PERCEIVED VERSUS AC
A DISTAMCES AMD TIMES BETWEEN ORIGIN/DHSTINATION AR

1 PASSENGERS e
RANGE Eﬁimu” ACTUAL BANCE
_{MILES)  DISTANCE ~ DISTANCE
0=1 - 3.0 - 0=35
1-5 3.2 - 6 - 10
h-8 1.8 0.1 1= 15
9-11 2.5 0.1 e
12 - 15 8.2 e = F:
16 = 19 &6 9.5 ai 'ﬁ
0 - 24 24.1 57.3 'ﬂ..-'_“'
mogele dra ot EEERRS
-39 22.6 13.9 m'm
= : TOTAL
%0 - 75 1.9 -
7% & over 3.0 —_—
TOTAL 100.0 100.0



TABLE 42

DISTRIBUTION OF SURTRAN PASSENGERS' PERCEIVED
VERSUS
ACTUAL TRAVEL DISTANCES AND TIMES BETWEEN ORIGIN/DESTINATION AND LOVE IIELD

%Z PASSEMGERS Z PASSENGERS

DISTAMCE IN RANGE TIME IN RANGE

RANGE PERCEIVED ACTUAL RANGE PERCEIVED ACTUAL

(MILES) DISTANCE 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 - 29 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
nother" reasons were such factors as travel cost savings and environmental
considerations.

Asked to rate the “.onvenience”" of the station location, over 90.4 per-
cent 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 {llustrated in Figure 33.

Demographic Characteristics

The survey determined thaﬁ 78.0 percent of Surtran users were male and
only 22.0 percent female. Their distribution by age, occupation, and income
has already béen given in Tables 10 through 12. Thelr industrial affiliation
is given in Table 43. '

. TABLE 43
DISTRIBUTION OF SURTRAN PASSENGERS' INDUSTRIAL AFFILIATIONS

% PASSENGERS

INDUSTRIAL CATEGORY 1IN CATEGORY
Construction 3.4
Manufacturing 18.6
Transportation 5.9
Wholesale/Retail Trade 11.4
Communications/Utilities 7.5
Public Admiristration 11.9
Finance/Insuranc:/Roal Estate 12.1
Electronics 0.8
Data Processing 1.4 .
0il 3.5
Education 6.5
Military 4.3
Other 12.7

TOTAL 100.0
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As Table 44 indicates, Surtran passengers are virtually equally divided

between Dallas/Fort Worth a.ea residents and nonresidents.

TABLE 44

DALLAS/FORT WORTH-AREFA RESIDENCY OF SURTRAN PASSENGERS

RESIDENCY Z OF TOTAL PASSENGERS
Residents 49.6
Nonresidents 50.4

TOTAL 100.0

Table 45 gives the five cities accounting for the highest proportion of
residents among Surtran 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 . SHARE OF RESIDENTS, %
Dallas 45.5

Fort Worth 18.8
Richardson 13.2
Garland - ' 6.0

Plano ) 4.9

TOTAL ' 88.4

AUTOMOBILE USER/TRAFFIC SURVEY

In making a survey of automobile (perscnally-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 uszable, which reduced the sample size to
P{A. Even with this reduction and the bad weather experienced on Tuesday, a
sarpie 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 for the analysis.
For the traffic survey, automatic machine counters and individual observer

parsonnel making manual counts were used. The deployment of these was discussed

in Chapter II.

Daily Traffic Volume

Based both on the automatic machine counter -eports and on the manual
tra‘fic counts by survey personnel, a total tabulation of 24-hour motor vehicle
traffic 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 roaw. 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 flanking service roads). These counts are
slightly higher than the sum of Control Plaza plus service road counts since a
small nwnber of vehicles can access the main roadway via Airfield Drive, inner-

airport garages, and 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
13 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 Control Plaza (black

arrows) and Service Road (white arrows) volumes.

Traffic Volume by Time of bLay

Figures 36(a) and (b) are graphs of hourly inbound and outbound traffic
volumes, recpectively, on the Friday, 16 May 1975; survey date; Main Roadway,
Control Plaza, and Service Road volumes are each s£own 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 two survey dates.
It is evident that employee and air passenger vehicle volumes do not peak at
the same time but tend to occur indepéndently, thus mitigating the congestion

that would otherwise occur if the two peaking patterns reinforced each other.

Origins/Destinations of Auto Users

As indicated in Tables 7 through 9, trips via personally-operated motor
vehicles (referred to as automobiles in this report, although a fraction were
pickup trucks, recreational vehicles, motorcycles, etc.) constituted 93.0 per-—
cent of allvehicle trips,. 65.9 percent of all person trips, and_74.3 percent
of air passenger ground trips to or from DFW.

Figure 40 shows the origin/destination dlstribution of all DFW user O/D's
in the Dallas/Fort Worth area. It is interesting to note the substantial dai f-
ferences in distribution of these auto-user trip-ends as compared with those
of employees and Surtran users. For example, a slightly heavier concentration
of 0/D'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 resembling the pattern

for employees.
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FIGURE 34.

MAIN ROADWAY TRAFFIC PATTERN

108



2,341
254 %

3

2,137

27%

H — /
@ @ LB
O e

US Airfield

7

4,378
67.3%

SERVICE ROAD

CONTROL/PLAZA

FIGURE 35. MAIN ROADWAY TRATFIC PATTERNS,
BY CONTROL PLAZA AND SERVICE ROAD PATTLRNS

109

heed

4,269

64.6%

SERVICE ROAD



(a)

(b)

FICURE 36,

NUMBER OF VEHCLES

2000 e Total
» Control Plozo
1800 a Service

1200 -
1000 -
800 |-
600 -

400 -

200 -

0 "y s 8 10 12 14 16 18 20 22 24
TIME (HRS)

INBOUND

2200
® Totol

2000 - = Controf Piaza
A Service

1800 |-
6CO -

1400 +

NUMBER OF VEHRICLES

200 +

— 2 y i L 1 1 Il L D |

o] 2 4 6 8 10 12 14 6 18 20 22 24
TIME(HRS)

OUTBOUND

HOURLY DISTRIBUTIONS OF VEHICLES BY ROADWAY, FRIDAY
110



NUMBER Of VEHICLES

(b).

1800

1600

1400

1200

5
3

800

NUMBER OF VEHICLES

600
" 400

200

(a).

1800
1400 | # Control Plaza
1200
1000
600 -
600 -
400 |-

200

—~ ® Total
B Control Plazo
A Service

1

h 4

1 1 1 ] 1 1 i .

OUTBOUND
FIGURE 37, nBou

RS
£
5]
(o B

0 12 14 6 18 20 22 24
TIME (HRS)

INBG U

% Total

& Service

2 4 6 8 10 (2 11 16 18 20 22 24 “
TIME (HRS) g
LY DISTRIBUTIONS OF VFHICLES BY RO

\
ADWAY, TUESDAY ’ j
111 !




NUMBER OF VEMICLES

NUMBER OF VEMICLES

200 - 3 TOTAL VEHICLES
’ ® AIR PASSENGER VEHICLES

2000 I

1600 -

400 -

800 I~

400 1~

200 I~

h P 8 12 16 20
TIME (HRS)

(a). TINBOUND

1

2200
B ToTAL VEMICLES f
\

2000 ® £t PASSENGER VEHICLES

-
1800 |- / \
1600 -

KOO

400 |-

200 |-

! 4 8 12 16 20

TIME {HRS)

(b).  ouTBouND
FIGURE 38. HOURLY D1STRIBUTIONS OF VEHICLES, TOTAI
AND ATR PASSENGER VEHICLES, FRIDAY

112



35888888
4

NUMBER OF VEMICLES

® TOTAL VEHICLES

i ® AIR PASSENGER VEHICLES

2000 |~

1600

i 4 8 2 16 -] 24
TIME (HRS)

(a). INBOUND

2200 ~ B VOTAL VEHICLES
@ »if PASSENGER VEHICLES

2000 |-

800 |~

1400

200

.800
600
400

200

] 4 T8 B . ” o
TiME (HRS)
(b).  ouTBouND
FICURE e :
CURE 39.  HOURLY DISTRIBUTIONS OF VEHICLES, TOTAL
AND AIR PASSENGER VEHICLES, TUESDAY

113



(34
3%
22

Figure 40. LOCATION OF

AUTO-USERS' TRIP-ENDS,
BY ZONE




Land Use

As with Surtran passengers, motorists were asked to indicate the type of
land use at their ground trip origins and destinations. The proportions of

land uses at auto-users' aggregated trip-ends are given in Table 48.

TABLFE 48

LAND USE AT AUTO-USERS' ORIGINS/DESTINATIONS

TYPE OF LAND USE ) PET.CENT
Own Home 67.5
Another's Home 3.7
Work Place 15.1
Other Business Place 7.2
Hotel/Motel 3.0
Shopping 0.5
Other 3.0

TOTAL 100.0

Comparing Table 48 with prcportionate land uses at Surtran passengers'
0/D's (Table 32), however, reveals significant differences. It is apparent
that substantially more motorists begin and end their DFW trips aé 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 predominant for Surtran users.

Figures 41(a) and (b) illustrate proportionate types of land use at auto-
users' oripins and destinations, respectively. There does not appear 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
|

[ 'would, of course, impact airport access volumes and the demand for long-term

. parking, curbside space, and auto rental.

The breakdown of auto-users' mode into privately-owned versus rented
bvdﬂcles is illustrated in Figure 42. The overwhelming bulk of this mode of
travel is in privately-ovmed vehicles.

Survey results indicate that the percentage of vehicles interviewed 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
ldetermined that 31.7 percent of air passengers using an automobile drove them-
! selves to and from the airport while 68.3.percent were driven by someone else.
This statistic is important because a passerger 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 summarizes the type of

automobile usage for both days of the survey.

PRIVATE VEHICLE
%.3%

“RENTED VEHICLE U.7%

FIGURE 42
PROPORTICN OF PRIVATE VERSUS RENTED VEKICLES
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AIR PASSENGEKRS' TYPE OF AUTOMOBILE SUB-MODE

MODE

Drive Themselves

Driven by Someon::

TOTAL

AIR PASSENGERS

1
2
3

4 or more

TOTAL

TABLE 49

(PERCENT)

FKIDAY . TUESDAY
27.7 _ 36.7
72.3 63.3

100.0 100.0

TABLE 50

AIR PAGSENGER AUTO OCCUPANCY

(PERCENT)
FRIDAY TUESDAY
81.0 85.0
14.2 11.8
2.4 2.6
2.4 .6
100.0 100.0
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TOTAL

82.8
13.1¢
2.5
1.6

100.0



Overall average vehicle occupancy was 1.68 persons 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 air passengers in each vehicle which carried at least one air passenger.
These statistics are required for converting air passengers to autoﬁobiles.

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 automcbile 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 the control
plaza is listed in Table 52, which shows a slight edge for short-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 vehicles containing air passen-
gers. Parking characteriséics of passengers who drive themselves are also
shown in Table 53, which shows that these passengers 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 DFW and, for purposes of comparison, Love Field cur-
rently and prior to the opening of DFW. Table 5& tabulates the propgrtionate
distribution of their annual travel freguency to and from DFW. 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)
RESIDENCS' SUB-MODE EEIDAY TUESDAY IQTAL
Drive themselves 43.6 51.7 47.4
Driven by Someone 56.2 ‘ 48.3 52.6

TOTAL 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 100.0 100.0 100.0
TABLE 52
TYPE OF PARKING UéED BY ALL VEHICLES
(PFRCENT)

TYPE OF PARKING 'FRIDQX TUESDAY TOTAL
Short Term 54.0 60.2 56.8
Remote 9.1 . 5.5 7.5
Curb 36.9 _34.3 35.7

TOTAL 100.0 100.0 100.0
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TABLE 53
TYPE OF PARKING USED BY AIR PASSENGER AUTO-USERS, BY SUL-MODE

Passengers Driven by Others

TYPE OF PARKING FRIDAY TUESDAY TOTAL
Short Term 67.5% 84.1% 76.2%
Remote 32.5 15.9 22,8

TOTAL 100.0% 100. 0% 100.0%

Passengers Driving Themselves

TYPE OF PARKING FRIDAY TUESDAY TOTAL
Short Term . 51.8% 50.7% 51.42
Remote 2.2 1.0 1.7
Curdb 46,0 48.3 46.9

TOTAL 100.02 100.0% 100.G%
TABLE 54

AUTO-USERS' ANNUAL FREQUENCY OF TRAVEL TO/FROM DFW

ANNUAL USE
(TIMES PER YEAR) % OF PASSENGERS
1 =2 12.5
3-6 17.3
7 - 11 ) . 2.6
12 - 24 26.5
25 - 36 6.2
37 - 48 11.9
> 48 _23.0

TOTAL ‘ 100.0
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k stgpificauf variation in "before-and-after" airport use by these respondents.
?‘llso, as with Surtran 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—usefs 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;
ﬁl.l percent of the auto-users report a use frequency 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 survey found that 38.4 percent of these respondents continue to use
Love Field -- perhaps a lightly higher proportion than of Surtran riders. ‘
Table 56 gives their current frequency of use of the oiler facility, while
Table 57 shows the proportionate air mode used.

As with Surtran paséengers (cf. Table 37), about 92 percent used commer-
. clal flights at Love Field at the time of the survey. Similarity extends to
proportionate airport use frequen-y among this category who,unlike auto-users
as a whole, exhibit a usage pattern not different from that of 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 1llustrates 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 date. )

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 areas north and south of DFW. It

is likely that many more vehicles drove through the airport on the service

roads without paying a toll., Although the service roads are signed "autiorized
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 FREQUENCY OF TRAVEL TO/FROM
LOVE FIELD BEFORE DFW

ANNUAL USE

(TIMES PER YEAR) % OF PASSENGERS
Nornie 6.1
1 -2 13.6
3- 6 16.3
7 - il 3.2
12 - 24 24.5

5 35 6.2
37 - 48 10.9
A 19.2

TTAL 100.0
TABLE 56

AUTO-USERS* ANNUAL FREQUENCY OF TRAVEL TO/FROM LOVE FIELD
(CURRENT LOVE FIELD USERS)

ANWUAT. USE
(TIMES PEX YEAR) % OF PASSENGERS

1 - 2 24.9
3 - £ 31.7
7 - i1 1.9
12 2 26.8
25 36 5.3
37 ~ 48 2.6
> 45 6.8

TOTAL 100.0

TABLE 57 _
LOVE FIELD AIR MODE CURRENTLY USED BY AUTO-USERS

AIR MODE Z OF PASSENGERS

Commercial : 92.4
Private 6.3
Both 1.3

TOTAL 100.0
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TABLE 58

AUTO—USF,RS' VEHICULAR GROUND TRIP PURPOSE

(PERCENT)

TRIP PURPCSE FRIDAY TUESDAY
_ TRIP PURTE SR - rRLUA% phtie ot LF
Alr Passengerl Along 22.6 31.6
propping Off Passenged 34.9 32.6
Picking Up Passenger 24.1 22.0
Afrport Business 8.3 4.5
pick~-Up Ticket A .5
Visitor 2.3 .8
Other 3. 3 3-10
Using as Toll Road 4.1 4.5
TOTALS 100.0 100.0
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33.8
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6.6

1.6

3.4

100.0



The data in Table 58, Lcweva., refers to the purpose of vehicular trips,
not person-trips as was the case with Surtran. To effect compatibility and
thus comparison with the Surtran trip-purpose, tabulations (Table 38), a con-
version to person-trips was made including the elimination of "driving through”
trips, and the results presented in Table 59.

with this tabulation, substantial differences 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 users who are greeting or
seeing off air passengers is about 50 times that of Surtran users -- probably
reflecting economic efffciencies 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 was 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' GROUND TR1P PURPOSE
(Non-Employee Person-Trips)

PURPOSE PERCENT

Airline Passengers 39.4
Greetlng (Picking Up) Air Passengers 20.2
Seeing Off (Dropping Off) Air Passengers - 29.7
Pick Up Ticket - 0.4
Business at Alrport 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 pattern of Surtran riders (Table 39). Aggregating air trip

purpose into similar categorical groups and disaggregating by survey 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 percent for military, school

and miscellaneous purposes.

Cross-correlation of air trip purpose and duration with other automobile
modal characteristics yields some interesting results. A tabulation of air
trip purpose by automobile sub-modc is listed in Table 62, which indicates
that a higher percentage of passengers on business and convention trips drove
themselves than for the other two air-trip purpose categories, This can be
attributed to the shorter trip durxtion and general nature of business trips
compared to vacationing and visiting trips. Figurz 45 shows this shorter dur-
ation of business and conveirtion trips while Figu 46 shows air trip duration
by automobile mode. 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 parkirg 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. Use of remote parking is h-ghest for
businesgs trips primarily due to shorter trip duration and the higher percentage

of passengers who drive themselves. .

Travel Distance and Time

Auto-users' perceived versus actual travel distances and times, both
between 0/D and DFW and between 0/D 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 components, striking differences are observable.

For example, while 28.5 percent of auto-users travel 15 miles or less
from 0/D to DFW, only 1.6 percent of Surtran users fs1il vithin 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' 0/Ds are the

clogest of all.
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TABLE 60

AUTO-USING ATRLINE PASSENGERS' AIR TRIP PURPOSE

PURPOSE FRERCERE

Business/Employment 67.9

Vacation 11.7

Conventiocn 1.3

Personal Affairs 2.4

Visiting Yamily, etc. 13.2

Military 1.0

School 0.9

Other __l;fi‘

TOTAL 100.0
TABLE 61
8UTO-USINC AIRLINE PASSENGERS' PURPOSE OF AIR TRIPS BY
CATEGORY GROUPS AND SURVEY DATE
(PERCENT) '
PURFOAE FRIDAY _ TUESDAY TOTAL

Business/
Employment, €3.9 75.7 69.2
Convention
Vacation,
Visiting, A 22.4 27.3
Personal Affairs
Military,
School, 7 1.9
Other 3+
TOTAL 10050 100.0 100.0
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TABLE 62

TYPE OF SUB-MODE BY AIR TRIP PURPOSE

(PERCENT)

TRIP PURPOSE TYPE OF SUB-MODE FRIDAY TUESDAY TOTAL
g;sigeszgt Drive Themselves 39.9 45.6 42.7
ployment, Driven By Someone 60.1 54.4 57.3

Convention
TOTAL 100.0 100.0 100.0
gigitiz;’ Drive Themselves 8.4 8.6 8.5
Personal’Affairs Driven By Someone 91.6 91.4 91.5
TOTAL 100.0 100.0 100.0
gi;igiry’ Drive Themselves 00.0 00.0 0.0
y Driven By Someone 100.0 100.0 100.0

Other

TOTAL 100.0 100.0 100.0
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TODAY 4-5 6-7 8-14 - 15-28 OVER 28

TIME (DAYS)

FIGURE 46
TRIP DURATLON BY AUTOMOBILE SUB-MODE
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TABLE 63. TYPE OF PARKiNG BY AIR TRIP PURPOSE

rAN |

(PERCENT)
TRIP PURPOSE TYPE OF PARKING FRIDAY TUESDAY TOTAL
Busfness/ Short-term 46.9 58.4 ‘ 52.6
Employment , Remote 12.3 6.7 9.5
Convention Curb 40.8 34.9 37.9
Vacation, Short term ‘ 60.7 63.2 61.7
Visiting, Remote 4.5 8.4 4.4
Personal Affairs Curb 34.8 32.4 ' 33.9
Military, _ Short term 82.2 66.7 82.6
School, Remote 5.9 00.0 4.3
Other Curb 5.9 33.3 13.1




DISTRIBUTTON

DISTANCES

TABLE

64

OF AUTO-USERS' PERCEIVED VERSUS ACTUAL TRAVEL
AND TIMES BETWEEN ORIGIN/DESTINATION AND DFW

% RESPONDENTS

IN RANGE
DS&QECE PERCEIVED  ACTUAL
(MiLEs) ~ DISTANCE ~ DISTARCE
(MILES)
0-5 5.1 0.6
6 - 10 13.6 9-2
11 - 15 19.8 18.7
16 - 20 23.5 23.1
a] - 25 12.5 23.8
26 - 30 11.3 10.5
31 - 35 3.7 7.7
36 - 40 3.7 5.0
41 - 60 2.3 1.4
Over 60 405‘__‘ —
TOTAL 100.0 100.0

DISTANCES AN

TABLE

% RESPONDENTS

TIME IN RANGE
RANGE PERCEIVED  ACTUAL
(MINUTES) TIME TIME
0 - 10 9.1 0.6
11 - 20 27.2 18.0
21 - 30 32.1 37.5
31 - 40 13.6 31.3
41 - 50 10.8 11.1
51 - 60 3.4 1.4
Over 60 3.8 0.1
TOTAL 100.0 100.0
65

DISTRIBUTIC: OF AUTO-USERS' PERCEIVFD VERSUS ACTUAL TRAVEL
‘TIMES BETWEEN ORIGIN/DE TINATION AND LOYE FIELD

Z RELYONDENTS

DISTANCE % RANGE
RANGE PERCEIVYD ACTUAL
(MILES) DISTANCE DISTANCE
0-5 19.9 13.2
6 - 10 26.5% 32.8
11 - 15 13.6 15.4
16 - 20 12.9 14.7
21~ 25 6.9 8.5
26 - 30 4.3 4.3
2 - 35 3.4 2.7
36 - 40 3.3 2.9
41 - 60 6.9 5.5
Over 60 2.9 N
100.0 100.0
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% RESPONDENTS

TIME IN RANGE
RANGE PERCEIVED ACTUAL
(MINUTES) TIME TIME
0 - 10 21.5 5.3
11 - 20 31.2 36.8
21 - 30 19.5 30.3
31 - 40 8.2 13.5
41 - 50 7.2 5.5
51 - 60 6.8 6.7
Over 60 5.6 1.9
100.0 100.0



sers apparently estimate thelr travel distance and time somewhat

Auto U

rately than Surtran riders. 1In all tkree survey component populations,
wre accu

pay be a slight tendency to underestimate distance and time -- well ex-

there

jted by the fact that 9.1 percent of auto uscrs estimated their travel tilue
e

hib
pinutes or less, although only 0.6 percent actuwally fell in this range.

‘SSAs with the Surtran case, autr-users' trip lengths and times to Love
field would be substantially less as a whole. For example, over 60 percent
wuld travel 15 miles or iess between Love Field and their 0/D; over 60 per-
cent travel 16 miles or more between DFW and their O/D. For ailr facilitv
uwers as a whole, this implies somewhat increased travel costs, energy con-

susption, and travel time due to the shift of major air operations to DFW.

pemographic Characteristics

Figure 47 shows the proportion of male versus female auto users. Com~-
pared with Surtran riders {pagel(0l), it is apparent that females constitute a
somewhat larger proporticn of the auto users. Further broken dewn into auto
drivers versus passengers, Figure 48 indicates that proportionately fewer
vomen are drivers than passengers.- Approximately 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 that an overwhelming 94.2 percent of automobile drivers
vere DFW-area residents, znd only 5.8 percent nonresidents. This contrasts
sharply with the residency of Surtran riders (Table 44), only 49.6 percent of
vhom are residents.

Hovever, 94.0 percent of the Surtran users were found to be air passen-
$ers. If only air passernger auto users are considered, the survey has found
that 58.4 percent are residents, 41.6 percent are nonresidents (Table 6).

This distribution ig clogser to the Surtran results, although, still indi.cating‘

* slight Preponderance of residents among the autds users.,

- :::u‘::::;‘ﬂ?utions of auto-users' ages, occupations, and incomes have already
in Tables 10 through 12. 1Industrial affiliations are tabulated

in Table 6
6, disaggregated for drivers versus air passengers,
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maLE 67.9%

FEMALE 52,17

FIGURE 47. SEX OF AUTU-USERS
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AUTO DRIVERS' SEX

MALE 76.47%

AUTD PASSENGERS' SEX

MALE 62.7

FIGURE 48. SEX OF AUTO-USERS, BY DRIVERS AND PASSENGERS
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mae /5,1%

FIGURE #Y. SEX OF AUTO-USING AIR PASSENGERS
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TABLE 66

DISTRIBUTION OF AUTO-USERS' INDUSTRIAL AFFILIATIONS

INDUSTRTIAL CATEGORY % RESPONDENTS IN CATEGORY
Drivers Air Pax
-Construction 3.4 3.5
Manufacturing 8.5 11.7
Trangportation 9.5 8.2
Wholesale/Retail Trade 14.1 15.2
Communications/Utilities 7.8 4.5
Pubiic Administration 5.6 7.4
Finance/Insurance/Real Estate 14.3 12:1
Electronics 1.2 1.8
Data Processing 1.7 1.9
0il 0.7 1.4
Education 3.6 5.7
Military 1.5 4.7
Other 28.1 21.9

TOTAL 100.0 100.0

It is of interest to correlate automobile sub-mode with certain demo-
graphic characteristics. 1t is seen from Figure 5U, that young and old pas-
sengers are more likely to be driven to the airport by someone else, vhile a
higher percentage of middle-aged passengers drive themselves. This is pro-
bably related to higher incomes of the middle aged paésengers. 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 airvort contained at
least one air passenger. :

(2) 31.7 percent of air passengers drove themselves and 68.3 percent
were driven by someone.
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CORRELATION OF AUTO-USERS' INCOME AND SUB-MODE
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(3)

(%)

)]

(6)
)]

1 vehicle occupancy was 1.63 persons per vehicle while air

overal
cle occuvancy was 1.24.

Passenger vehi

cent of nonresidents who use auto were driven to the air-

87.5 per :
1se while 52.6 percent of residents were driven

port by someone €
py someone else.
A greater percentage of passengers with higher incomes tended to
drive themselves to the airporet.

short-term parking was the major type of parking used at DFW.

69.3 percent of all air trips were for business/employment, conven-

tion purposes.
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1V. AIR PASSENGER ACCESS VOLUMES

INTRODUCTION

The major objective of this chapter is to describe a model cf airport
trip generation which expresses access volumes as a function of «r. airline
schedule. The Dallas/Fort Worth Regional Airport (DFW) 1is 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 segregated from employee vehicle traffic,which uses a separ-
ate service roadwsay system (see Chapter II). Employee access volumes are
treated in the next chapter of this report.

There have been a number of studie§ aimed at estimating the demand on
airport access facilities as a function of the socio-economic characteristics
of the airport users.20 In this chapter, it is assumed that demand 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
informaton serves as lnput 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 access volures in short time intervals
throughout the entire day or in sele_ted peak periods.

A Results of research described in this chapter will enable airport opera-
tors and planners to estimate 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.

2oael\'eufville, 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. Wolsfeld, "Analysis of Air Passenger Travel in the Twin Cities Metro-
politan Area," Highway Research Board, HRR 369, 1971.

Preceding page blank
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MODEL DEVELOPMENT

Previous Models

From a review of previous studies of airport trip generation, only one
analytical metnod for relating access volumes directly to measures of air-
side activity could be found, namely, the Koussios-Homburger model.21 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 followling varia-
bles:

Dependent Variables:

Zl = pumber of vehicles inbound on main access highway per hour.

Z2 = number of vehicles outbound on main access highway per hour.

Independent Variables:

X1 = number of air passenger deplanements per hour.
xz = number of air passenger enplanements per hour.

X3 = sum of air passenger enplanements and deplanements per hour.

Time Shift Notation:

(t) = any time "t"
(t + 1) = one hour after time "t"

(t = 1) = one hour before time "t

‘The dependent variables were tested against independent variables for tﬁe
same hour, for the following hour, and for the preceding hour. These shifts
in time were intended to account for the fact that passengers.at San Francisco
International Airport reach the airport access/egrcsé points. about 45 minutes
before or after their flight departure or arrival times, respectively.

From the above analysis, multiple regression equa:ions were obtained re-
lating traffic on the main access highway to alr passcnger activity. Sample

results are shown in Table 67.

21Koussios. D. and W. S. Homburger, Vehicular Traffic Patterns at an Airport

in Relation to Airline Passenger Volumes, Univercity of California, Berkeley,
May 1967.
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TABLE 67. RESULTS OF KQUSSIOS~HOMBURGER MODEL

2 Standard
pirection Regression Equation R Error
o

= . X, (e +1 0.823 346.7
tering | 2,(t) = 280.8 + 528K, (£ -1) + .857X,( )
- = + .473%.(t + 1){ 0.876 294.1
Leaving | Z,(8) = 239.2 + 1.000X (t - 1) P
TABLE 68. 1INDEX OF TIME INTERVALS
m%gm_s DESCRIPTION
1 Time prilor to his scheduled departure time that an
originating passenger arrived at the airport
2 Time that {t took a vehicle which dropped of an originat-
ing passenger to leave the alrport relative to the
scheduled departure time.
Tize it took terminating passengers to exit the
3 contro] plaza after deplaning.
4 Time that a vehicle picking up a terminating pPassenger
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 Xz(t 4+ 1) factor corresponds to vehicles bringing in passengers who will be
enplaning in the next hour. For vehicles leaving the airport the Xl(t -1)
factor corresponds to vehicles taking away passengers who deplaned the pre-
ceding hour, while the Xz(t + 1) factor corresponds 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, picking 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 alr passenger volumes. One important fea-
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 passenget—relaﬁed 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 ;hattimeintetval. In this
way an estimate of total expectedAnaﬁber‘of vehicles crossing the airport
boundary during the time interval is obtained. " Inputs to the model include:
(1) the ﬁimes 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 l15-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 plara
after deplaning, and

(4) the time thatta 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 air 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-
cvlated which led to the estimation of significance probabilities. Signifi-
cance probability, usually denoted by PI' is the probability of obtaining a
(hi-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. 4 ‘

From these tests, very few categories of the various factors were found
to have a PI value as small as 0.05.22 Therefore, it was conrluded that the
above factors did mot 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

22Dunlay. et al., op. cit. 146



. the Kolmogorov-Smirnov (K-5) one-sample, goodness-of-fit test. Briefly, the
K-S test involves specifying the cumulative probability values which would

- occur under the hypothesis Ho, that the observed data follow a selected theoret-
i {cal distribution, and couwparing those values with the observed cumulative prob-

.ability distribution. The point at which these two distributions show the
greatest déQiation 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 tle K-S test treats individual observations
and thus, unlike the Chifsquare'test;idoes 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 requ:i ‘'ment of the K-S test that the hypothesized
(theoretical)4distr1pution be specified completely and without regard to any

{Tiu{ULmbblUﬂ“céhidinéd in the sample. Toward this end, the sample means and
variances were calculated from one subsample. These statistics were used to
estimate the parameters of several standard distributions, including the log
>normal, gamma, Pearson Type I1Ii, normal, and the Erlang-rounded-down and up.

The resulting theoretical cumulative 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 Ho for the 5 and 10 percent
significance levels. From Table 69, it is seen thot all but the secund time
interval, whose best fit was the rounded-down Erlang, can be fit at the 10 per-
cent significance ievel, and, even in that case, the maximum deviation is very
close to the 10 percent value. Table 70 shows the theoretical distributions
found to best approximate the sample values for tne four time intervals. Graphic
~Ahcnnparisans»of these theoretical probability density functions together with ob~-

served frequencies are shown in Figure 52.

147



TABLE 69.

KOLMOGOROV~SMIRNOV TEST-COMPUTED MAXIMUM DEVIATIONS

THEORETICAL TIME INTERVAL

DISTRIBUTION 1 2 3 4

‘log-nozmal 0.096 0.150 0,047 0.163

gamma 0.074 G.128 0.069 0.156

Erlang Rounded Down ———— 0.115 ———— G.273

Erlang Rounded Up 0.142 0.202 0.065 0.153

Pearson Type III 0.062 —————— 0.056 ——

normal =0 |  emee—- 0.188 ————— QJIZQ
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 INTERVAL

BEST FIT THEORETICAL

DISTRIBUTION
1 gamma
2 Erlang-~Rounded-Down
3 log-normal
4 normal
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Derivation of Modol

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 of people
who come to the airport to pick up terminating passengers. Sirilarly, a de-
parting flight generates vehicles bringing originating passengers to the air-
port and vehicles leaving the airport after dropping off passengers.

The following notation will be used in developing the model.

K = get of departing flights whose pdf's overlap in
‘ (t, t + At);
M = get-of arriving flights whose pdf's overlap in (t, t +
At);

pk(t, t + At) = area under flight k's probability density function (pdf)
(splid curve) in (t, t + At);

qk(t, t + At) = area under flight k's pdf (dashed curve) in (t, t + ht);
gm(t, t + At) = area under flight m's pdf (solid curve) in (t, t + At);
hm(t, t + At) = area under flight m's pdf (dashed curve) in (t, t + At);

0k = number of originating passenger vehicles associated with
departing flight k;

Dk = number of vehicles which droppéd off originating passen-
gers for departing flight k;

T = number of terminating. passenger vehicles associated with

m
arriving flight m;

Um = 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 + At), Ok(t, t + At), is

E{Ok(t, t +At)} =0 pk(t, t + At)

k
while the expected value of number of flight m passenger vehicles arriving

at the airport in (t, t + At), Um(t, t + At), is

E{u_(t, t + At)} = UL (e, t+ At)
Therefore, the total expected number of passenger-related vehicles arriving-at

the airport in (t, t + At) , NA(c, t + At), is
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The data collected were not sufficient to calculate the sample variances

+
ofNA(t, t At) and NL(t, t + At), f.e., the variation over different days

in the number of vehicles in a particular time interval. However, a rough

approximation of these variances can be obrained by making the following
assuzptions:

(1) the probabilities Px» hps qys and gp apply independentiy and
fidentically to all passenger. on a flight who use automobiles
to or from the airport,

(2) eachof the Ok(Um, Tos Dk) passenger vheicles has the same probability
nf(h o n.) of fall!ag in interval (t, t + At), independently of
ahy oinel passiaper vehicle, That is to say, each passen_~r on a
flight constitutes a Bernoulli trial withthe same probabilaiy of
success, i.e., of falling in a particular interval.

The significance of the two above assumptions is that the random variables
Ok(t. t + At), the number of originating pascenger vehicles arriving for flight
k at the airport in time interval (t, t + At), has a binomial distribution with

pean 0 k(t' t + At) and variance okpk(t, t + 4ae) (1 - Pk([p t + At)].

KP ,

Similarly, R
) + 1-h (t, t + AD)1}

U (t, £+ tt)~binomial{U h (t, t + At); u h (t, t +a0)] S

) + At)[{1-g (t, t + AE)])
T (L, €+ At)-binomial{T g (t, t + at); T g (t, t Yil-g

- + 4v)]}
D (t, ¢t + At)-binomial{D q (t, € + A); D g (t, £+ se)[1-q, (e, t )]

Note that E(NA(t, t + At)}, given by Eq. (1),does not depend on the

ere an
fodamomdanne ~f =%s means, - If it were true that Ok and Um'v

k.
s
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independent set of random variables then the variance of NA(t, t + At)

would be*

Vat{NA(t, t+ At)} = kgKOkpk(t, t + At)[1 - pk(t, t + At)] +
mEMUmhm(t, t + At)[1 - hm(t, t + At)] (&3]

The agsumptions of independence are probably valid:

(1) the 0y, keK, probably form a pairfl*ﬂ independent set, since
they apply to different flights. A similar argument applies
for Um, meM.

(2) For any choice of k anl m, Op and Uy are also probably independent.
The 0, refers to passengers due to leave, while Um 18 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
airport, might cause both quantities tu decrease simultaneously.

Similarly, E{NL(t, t + At)} i3 given by Eq. (2) ¢nd

Var{NL(t, t +At)) = kgKDqu(t, t+ 8t)[1 - q (s, t+ At)] +

I T (t, t+a0)[l-g (e, t+a0)] (4)
meM

Hgnce, the mean and variance of the total number of vehicles arriving and
leaving the airport in any interval (t, t + At) can be estinated 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 moderate size time interval 1is approxim: tely
r~rmal for large sets K and M by the Central Limit Theorem and the above

assunption that NA(t. t + At) is the sum of independent random variables

*For the variance of a sum of random variables to be equal to the sum of

the irdividual variances requires only that the variables be pair-wise un-
correlated. However, the stronger assumption of independence has been made
tc support a subsequent argument for normality.
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ofe, tF At), kek ond u (e, £ F At), meM and that NL(t. t + At) is the sum

of the independent r
s argument could not be tested in this research.

andom variables D (t, t + At), keX and T (t, t + At)
K m ’

.t Thi

APPLICATION OF MODELS
A computer progfral for executing the model was developed to facilitate

the task of superimposing the distributions of the various flights. The program

first reads the input data and converts air passenger volumes to vehicle

yolumes by applying alr passenger vehicle occupancy rates. Then the parameters

of each of the four above probability distributions are estimated. These

parameters are used for caiculating required probabilities in four separate

subroutines; each subroutine calculates expected vehicle volumes in 15-minute

time intervals. This process is repeated for each flight and the vehicle

volumes from each of the four subroutines are combined in each time interval.

.cted number of outbound vehicles for each time interval is

Hence, the total exy

obtained by adding the volumes of terminating-passenger vehicles to the volumes
of vehicles which gropped off originating paséengers. Similarly, the total
expected number of inbound vehicles. for each time interval is obtained by

adding the volumes of originating:passenger vehicles to the volumes of vehicles
arriving to pick up terrminating passengers.

Approximate wiriances for each time interval are compdted in a similar
process. Finally, the accumulated variances are converted to standard devia-
tions and one standard deviation is added to and subtracted from the expected
volumes of inbound and outbound vehicles in each time slice. The resulti’ng
ranges of volume 3+ plotted as a function of time of day and compared to
observed volumes i# Figures 54 through 57. )

Figure 54 showu estimated vs. observed volumes of {nbound vehicles for
l-hour intervals wver 16 hours of the day for Friday, 16 May 1975. Figure 55

shous estimated v_. .lL..vved volumes of outbound vehicles for the same day.

:Even for small sers K and M, one can argue that the normal approximation is
atigfactory for the above binomial distributions for large values of Oy, VUnm,
2‘:; 2:? Ty and for moderate size time intervals where the probability values
Polsay ther close to zero nor unity. For very short time intervals, the

n approximation would apply.
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% Note that there is reasonably close agreement in both figures between model

i estimates and hourly traffic counts.

Comparisons by 15-minute interval between model estimates and actual traf-

fic counts are shown in Figures 56 and 57. Here again, there is clouse 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 resrarch
should be aimed at factoriag 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 report.

CONCLUSIONS AND RECOMMENDATIONS

This chapter has presented a method for transforming 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 themselves to the airport and air passengers who are
dropped off and picked up by others. 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 ard
leave the airport relative to scheduled flight times. Model estimates 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 pquing 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 vehicles, and volumes of
public transportation vehicles. At DFW, the above classes of alrport 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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V. EMPLOYEE ACCESS VOLUMES

INTRODUCTION

Volumes of employee vehicles entering and leaving an airport are generated
almost exclusively by the schedule of airport employee work shifts. This chap-
ter presents an easy-to-apply analytical model for transforming 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 Alrport travel survey of May 1975,
described in Chapters II and III of this report and in a previous 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.

DISTRIBUTLONS OF ARRIVAL AND DEPARTURE TIMES OF DFW EMPLOYEES

The DFW Airport taken as a whole is one of the largest employers in the
pDallas/Fort Worth area and as such is a major traffic generator from the
standpoint of employee vehicles alene. 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 acceés volumes and in the subsequent design qf airport access and

parking facilities. Therefore, the distribution of employees' arrival and

23Dunlay. et al., op. cit.

Preceding page blank
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departure times at the airport relative to their work shift times is of criti~
cal interest 1o this research.

The purpose oi 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. The term "time difference distribution’ refers to
the observed frequency distribution of the above time differences as obtained
- from the DFW data.

DETERMINATION OF THE PERIODS OF THE DAY FOR ANALYSIS

Figures 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 ror starting work shift times, there were approximately five
distinct periods of the day and their limits were tentatively O 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 pericds
during which the arrival or departﬁre patterns of emplovees remained approxi-
métely 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 ENDING WORK SHIFTS

TIME OF

PERIOD STARTING WORKSHIFT ENDING WORKSHIFT
First 0 to 0500 0 to 0600
Second 0500 to 0900 0600 to 1000
Third ' 0900 to 1300 1000 te 1400
Fourth 1300 to 2100 1400 to 1900

Fifth 2100 to 2400 1900 to 2400

2l'Ni.e, Norman, et al., Statistical Package for the Social Sciences (New

York, McGraw-Hill, 1975).
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MATION AND TESTING OF THEORETICAL PRCBABILITY DISTRIBUTIONS
gSTI? B

Figures 58 and 59 show typical observed time-difference distributions.

a visual inspection of these data for each period, the following observa-
From )

t{ons were nade:
stributions considered as candidates to fit the

) Theoretical dis
observed time difference distributions were

(a) normal distribution,

(b) lognormal distritution,
(¢) exponential distribution,
(d) gamma distribution, and
(e) Erland distribution.

(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 minutecs. -Therefore, the intervals sclected were five minutes
in length centered around even five-minute epochs, i.e., the actual
boundaries were defined acccrding to the formulas 5(N + 0.5), where

N is a positiva integer (the first interval had the lower bound of
zero) .

The Kolmogorov Smirnov (K~S) Test was selected for use in 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 ¢ selected
theoretical cumulative distribution functior (edf). This measured difference
{s then compared with tabled values of the K-§ statistic for the appropriate
sample gize and level of significance.2

Figure 60is a f' v chart of the sequence of steps followed in finding the
theoretical distributicn that best fits the observed time difference distri-

bution, First of all, the data were divided randomly into two apprcximately

equ Tom et . ‘
qual parts. This division was made to approximate the K-S test requirement

t -
hat the parameters of the theoretical distribution should not be obtained

Gerlough .
gh, Daniel L. and Frank C. Barnes, Poisson and Other Distributions In

Traffic
SEJW:—J (Saugatuck, Conn.: Eno Foundation for Transportation, 1971) pp.

2
Ibid., pp. 120-121.
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from the same sample that is tested. Fr~m one subset of the data the sample
mean and variance were computed and used to estimate the parameters of each
candidate theoretical distribution. From the other subset the observed cumu-
lative probability distribution function was constructed. Then each theoret-
ical cdf was compared to the observed cumulative distribution function, ard
the maximum vertical differences were obtained. The mirimum of the maximum
vertical differences was then compared with the tablad K-S test statistics.
If the computed value was less than 0.03 K-S statistic, it was concluded that
there was no reason to reject the hypothesis that the corresponding theoret-
ical distribution fits the observed time difference distribution at the 0.05
significance level.

In Tables 72 and 73 are shown the différent periods of day for the par-
ticular theoretical distributions along with the corresponding probability
density functions and estimated parameters. Tae thebretical distribution
that fits most frequently is the gamma distribution. Figures 58 and 59Vshow
sample comparisons of the observed distributions in the form of histrozrams
with the best fit theoretical pdf's for DFW employees entering and leaviﬁg
the airport, respectiﬁely.

MODEL DEVELOPMENT r

The purpose of this section 1is to derive the model for estimating employee
vehicular volumes entering and leaving the airport; Figures 61 and 62 show
examples of how DFW employees arrive at and leuve the airport, respectively,
in terms of the theoretical probability density function (pdi) found to best
fit the data for a particular time period. Note that for the ith work shift
the area under the pdf corresponding to a time interval (t, t + At) represents
the probability that a given employee working on that shift will arrive be-

tween time t and time t + At.

EMPLOYEE VEHICLE TRAFFIC ENTERING THE ATRPORT

Figure 6l shows pdf's for a number of starting work shifts plotted with the
horizonfal scale reversed from that of Figure 58 so that time increased to the
" right. Let I denote the set of starting work shifts whoce pdf's overlap sig-
nificantly in interval (t, t + At). 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 72. GOCDNESS-OF-FIT TESTS FOR DF\' EMPLOYEES STARTING THEIR WORK SHIFTS

991

PERIOD CF . g 7 THEORETICAL DISTRIBUTIONS K-S LEVEL OF
DAY (HRS) | o0AD i H TARAMETERS |+ VALUE SIGNIFICANCE
a k-1 -ax a=0.5
0 to 5 41 gasena f(x)= Te-yT X e K =1 .189 0.1
a = 0.065 .049 0.05
5 to 9 716 - gacma Same k= 1.13
a = 0.055
9 to 13 166 gamma Same K = 1.44 .105 0.05
- a = 0,067 .069 0.05
13 to 21 379 garma Sanme K = 1.67
negative _ -
21 to Zé 144 exponential] £(x) = ae X a = 0,042 .0105 0.05
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TABLE 73.

GOODNESS OF FIT FOR DFW EMPLOYEES ENDING THEIR WORK SHIFTS

THEORETICAL DISTRIBUTIONS

PERIOD OF SAMPLE K-S LEVEL OF
DAY (HRS.) SIZE NAME DENSITY FUNCTIONS PARAMETERS |VALUES SIGNIFICANCE
k -
0to b 107 | Erlang f(x) .(EETST 3 k-le ak 1 a=0.0781 .131 0.05
(rounded up) ' k= 2.0
(k = positive integer)
, k .106 0.10
a k-1 -ak a = 0.081
6 to 10 131 | gatma f(x) = 1! x e K = 1.79
a = 0.056
10 to 14 78. gacma §ame _ K = 1.46 .138 0.10
14 to 19 ey |nesarive £(x) = ae™* a=0.065 1 os3 0.05
exponential
19 o 24 341 | ganma Same a = 0.0651 g9 0.05

k = 1.64




H probab Ly

the alrport in a specified vime interval (t, t + At); this proba 111
Jeaves -

is denoted by Pi(t' t + At).

ting the tctal number of employee vehicles for shift 1 as Ni'

By demno
frport in time interval

the expected number of shift i vehicles entering the

(t. t + At) 15

- o l
h{Ni(t, t + At)} NiPi(t, t + At) ¢9)

vhere N (t, t + At) is a random variable representing the number of shift 1
enployee vehicles wihich enter the airport in the time interval (t, t + At).
Therefore, the total cxpected value of the number of employee vehicles arriv-

ing in (t, t + At) for all work shifts, N(t, t + At), is

E(N(t, t +40)} = ] NP (r, t+At) (2)
iel L '

An approximate variance can be obtained for N(t, t + At) by making the

assumptions:

(1) P, (t, t + ) applies independently and identically for each of the

N1 passenzer vehicles arriving for shift {4, ¥ 1cl.

(2) the Ni(i.ﬁ t + At)'s are stochastically independent, ¥ igI.

Assumption (1) impiiss that

N,~binomial {Ns‘i-%{t, t + 4t), NiPi(t. t + At) [1 - Pi(" t + At)}}, ¥i.

Assumption (2) implies that the variance of N(t, t + At) can be expressed as
the sum of fndividua] variances, {.e., (Ref, )}
r
VarlN(t, ¢ + )} = § NP (£, €+ 1) [1- P (r, t +46)] (3)
iel

Equatfons (2) and {3) enable one to estimate the mean and variance, respec-
t R
ively, of the total number of employces' vehiclcs entering the airport for
8l1 shifts 1n any zrbitrary time interval (t, t + At).

For large set 1 and moderate size time intervals, where the P (t, t + At)'s
ar ;
¢ neither close to zero nor to unity, the random variable N(t, ¢ + Lt) is

appr
PProximately normally distributed by the well-known normal approximation of
the binomial,

For very short time interval
ot als, i.e., small values of At, and

» the Poisson approximation applies,
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A P, (t,t+At)
Shift i

/,.,’w'A;-;- ; —
0 o At T Ti+
Time —
FIGURE 61

CRAPH OF TYPICAL PROBABILITY DENSITY
FUNCTION FOR ARRIVING EMPLOYEES

/‘Qj(f,t+Af)

;4/22
) t - t+At
T T. Tj+|

FIGURE 62
GRAPH OF TYPICAL PROBABILITY DENSTTY
FUNCTTON FOR TERMINATING EMPLOYEES

169



LOYEE VEHICLE C[RAFFIC LEAVING THE AIRPORT
In Figure 60, several pdf's for ending work shifts are shown in close

o each other, superimpose
alogous to the one above for arriving emplo

. t
proxim“)' c d on the same time axis. By an argumen

and set of 35

sumptions an yee vehi-
ne following equations for the mean and variance of the

cles, one can derive t

total number of employze vehicles leaving the airport in time interval

{t, t t At), M(t, t ¥ f o
BM(r, €+ 00} = I My, © 8D (%)
jes 3
var(M(r, ¢ + A0} = 1 Mij(t, t + Ayl - Qj(t' t + A0 (5)

j€J
wmere Q (£, €+ At) = area under ending work shift j's pdf in (t, t + At) —-
] see Figure 7,
J = gset of ending work shifts whose leaving pdf's overlap
in (t, t + 8t), and
M+ total number of employee vehicles leaving the airport
3 after shift 1.

Thus, equations {3) and (5) yield the mean and variance, respectively, of
the total number of omployee vehicles leaving the alrport from all shifts in
set Jin a specif i time interval (¢, t + L4t).

As before, M(t, t + At) is approximately normally distributed for a rca-

sonably large set J aud moderate size time intcrvals.

APPLICATION OF THE idEL

Figure 63 is a ficw chart of tl.a steps involved in estimating the volumes
of DFW : v ‘
enployee vehicle entering or leaving the airport from employee work

shift information.

PRELIMINARY VALIDATION OF MODEL

The Dalla Fort Wo ce a nli e o 0
11 S/ rt Worth Regional Airport pres nted u -qU pportunity C

test the
le proposed c¢mplovee traffic model; the configuration of D:iW makes it
possible t 5 : .
o o observe, separately, the employee vehicles on the airport servi
ads. Dt -
stinguishing employee traffic from air passenger and visiter traffi
T a Cc

L er ai P S s P ssi 1e Thi es t 1 |j
d f cu 'Y nva
08t oth rport b1 jf i It it not lm 08§ b . h S do no
date the
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model for application at other aicports. 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
{V would have to be compared with counts of mixed access traffic.

Not all airport employees use the DFW service roads on which the traffic
counts 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 the expected traffic volumes on the service roads to compare with
observed ones. Traffic volume estimates were obtained by half-hour time
intervals during 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 service 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 estimates 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. There 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 exrlanation for the above discrepanciés 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 Eimes. Although the
avallable data were not sufficient 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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INBOUND EMPLOYEE TRAFFIC VOLUMES
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constructed based
on actual entering and leaving times taken f
rom answers

to the questionnaire. The questi
q on was phrased, "What time did you arrive at

(leave) the airport TODAY?" (See Figure 64.)

Feedback from
cated that some of them interpreted this to mea employees indi--

n their office or work area

h > q
rather than the intended interpretation, namely their times at the airport
o

gates. The resulting differences could be substantial (as large as a half

hour) because most 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 employec

arrival and departure times, and, hence, the model estimates.

CONCLUSICNS AND RECOMMENDATIONS

The following are the major conclusions and recommendations of this

chapter:

(1) Very little information exists on the application of data frow
airport employee travel surveys to estimating employee access

volumes.

(2) The type of vehicle most commonly used for work trips is the

employee's own vehicle.

(3) DFW employees who use public transportation are mostly of rela-
tively low income, female, between the ages of 21 and 44 years, and

residents of the two major cities of the region.

(4) A misinterprctatinn of the survey question on actual arrival and
departurce times of employees probably contributed to the discre-

pancies betwcen model ostimates and traffic counts of employee

vehicles. 7
(S) For application and testing at other airports, the proposed model

should be coupled with a model for estimating volumes of air pas-

senger and visitor vehicles.

(6) The model developed in this research should enable the airport plan-
n insight into the probable'effects of proposed:or fore-

ner to gal g
casted changes in the employee work schedule on airport access tral-

fic volumes.
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VI. PUBLIC TRANSPORTATION VOLUMES

INTRODUCTION

T
his chapter describes Preliminary efforts toward the development of a

model to estimate public transportation passenger volumes for a scheduled

bus service based on scheduled airline passenger volumes
’

with the specific
objective of estim

ating the 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 estimate
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 applied after the modal split
is initially estimated (e.g., via a marginal disability modal split model).
Having projected the modal split, the planner could utilize the hypothetical
passenger volume model to convert airline passenger activity to transit bus
passenger volumes of a scheduled transit service -- the last step, 1n effect,
of a planning process beginning with the estimation of modal splii. The
transit opérator would be able to relate the frequency of bus service to var-
fations in airline schedules. Oufput from the mcdel would be the expected
number of passengers on each bus -- a level of detail not curreatly available,
at least for an air/ground interface typz of service.

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 projact's'DFW travel survey has provided appropriate data for such an

analysis, towards which the work described in this chapter can be considered
ana 5

a first step.

INITIA. RESEARCH PROCEDURE

The data gathered in the Surtran passenger survey were investigated in
e

stages. First, frequency distributions and histograms were constructed for the
results of each of the questions in the Surtran survey. Characteristics of

curtran riders and their ground and air trips were tabulated and compared.
‘ {nformation gathered 1n the automobile us=2r survey to see

Preceding page blank
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<here significan >

t differences existed. Characteristics of the Surtran b
wervice and auto ‘ - N
mobile travel were then compared. Next, observable character

istics of Sur
tran ridership demand by route and time of day were compiled
Yinall c i .
r Yy, various characteristics of trips, trip makers, modes, and airline
Sy »

flights were - i
g cross-tabulated to examine what discernable dependencies exist

among these i
g quantities. Important results of the above analysis have been

presented in Chapter III.

Analysis

From the investigation of trip maker, ground trip, and air trip charac-

teristics, no useful relationships could be developed. 1In those characteris-

tics where variation between modes might be expected, no significant differ-
cnces 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
pallas/Fort Worth areva, where some difference between the two modes does exist).
where variation between the two modes did exist, it was in characteristics

vhere no clear causal relationships could be deduced.

PRELIMINARY MODEL DEVELOPMEXN

Eventually, research attention focused on certain specific characteris-
tics of the DFW public transportation mode (Surtran) which appeared signifi-
cant in terms of determining {nterrelationships between transit service, air

passenger modal choice, and airline flight schedules.

In-Vehicle Travel Time

The Surtran travel time between DFW and the off-airport terminal varies

to route but generally averages about 50 minutes. The Downtown

from route ‘
avel time of 35 to 45 minutes, depending on what airline

nillas route has a tr
fnal is being used For downtown pallas hotels, an averags of an addi-
termina sed.

1 10 minutes ijs required. The same travel time of 15 to 45 minutes
m <

orth and North

tiona

applies to the Fort W
kes 30 to 40 minutes.

Central Dallas routes, while the Love

+ield route ta
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frequency of Service

The schedu £
uled frequency of service (headways) 1is constant during the

daylight
ylight hours for most of the routes. The exception is the North Central

t i =
route, which has I0-minute headways duriag r.dership peaks,from 6:40 a.m

to 8:00 a.m. :
m. and 6:00 p.m. to 7:00 p.m. Otherwise, the North Central route

operates on 30-minute headways from 8:00 a.m. to 10:30 p.m. The Downtown

Dallas and Fort Worth routes also have 30-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 25-minute headways from 5:00 a.m. to 7:00 p.m. The Arlington route

operates on one-hour hcadways from 6:00 a.m. to 11:00 p.m. All routes except

the Arlington route have only marginal service during the late night/early
morning hours, less than one bus per hour. There is a total of approximately
192 scheduled buses 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 the station on the interface mode. The relationship of headways to
the total travel time 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 observations during the Srutran survey, the majority of
Surtran passengers wait between 5 and 10 minutes for a bus at off-zirport
stations. This is true only for the to-DFW direction of travel because those

air passengers deplaning at DFW have no control over when they reach the curb

to begirn their wait for a Surtran bus. For the from-DFW direction, the aver-

age walting time for Surtran passenyers is probably very close to half a head-

way, or about 15 minutes.

From the distribution of Surtran passengers' trip. ends around the sta-

tions and data on travel times in thke Dallas/Fort Worth area, one can esti-
mate the average travel time between the Surtran station and the ultimate .
ground trip erd. This average travel time is approximately 15 minutes. There-
r Surtran passengers is approximately

fore, the average total travel time fo
’

assengers traveling to DFW' and 70 minutes for those leav-

60-65 minutes for P
ing DFW.
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Fare System

At the time 1
me of the gurvey in May 1975, the fare between DFW and any off-

For service at the door of the hotels on the

passengers were charged $4.00.

alrport terminal was $2.50.

Downtown Dallas Toute,

Service Area

The primary service area of each route can be defined by looking at the

maps of origin and destination trip ends (Figures 24(:) and

{b) through 27(a)
and (b)). Based on these,

boundaries of the general service area of each

1oute were perceived. Corsiderable overlap of service areas was noticed in

the Central Dallas arca.

Surtran Passengers' Boardirg Time Relative to :the Airline Flight Time

As discussed in Chapter II, a short follow-up survey was conducted on
Surtran in November 1975 to obtain data on when air nassengers board/deboard
Surtran relative to their flight arriva: or departure time. The distribution
of passengers over time wac needed for Surtran travel both to and from the
airport.

The exact data collected in the minisurvey proved in the analysis stage
to be somewiiat awkward. The survey asked, "What time did ycu board Surtran?,”
rather thar, "what time did you rezch the curb, to wait for the bus?" It is
this latter time that govern; when a passernger is available to board a bus
and, therefore, the volume of passengers from a particular fligrt boarding a

particular bus. That is to say, it is the difference in time between when a

i ; ssenger reaches the curb
Surtran passenger's flight arrives and when that passeng

(becomes available to board a bus) that 1s really of interest in this reseavrch.

Some additional manipulations were necessary to derive the desired infor-

ation First, the data were sorted so that only those passengers who had
mé - ’ .

ridden when the same scheduled headways (20 minutes, 39, 35, ecc.) were in

. t8d i 9 -~ he
Cffe(:t were con ;1de er at tirm en, erenc in time betwean t
s one ime Then |:' e djtfe o >

h d 1 d airline fLight arrival time and the time when tue pQSSCngE'. boalded
schedule N
b was CalCUld[(’d. These time diffe] ences were grouped by fiVE-minute
the us

Vv 1 to faCilitdte C-)lCU]-ati(’HSO For CUllately, most of the survey fC)_HIS
intervals,

namely, passengers serviced by

returned fell into one headway categorys
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3C-minute he. - ‘ay schedulez. The main rout 1
‘es, l.e.,

Downtown Dallas, North

also all haVe S1lml.a t ve times bctween DFW alld
1 r ra 1
(he Off—alrport ter‘ﬂi“dl, ‘-hiCh

Central, and Fort Worth,

further aided the data reduction.

For < A= e
erminatl.\g air pas';Pngers (ridi.lg Surtlan frO D )
t A W »

in time between when the the difference

air pas
passenger boarded a Surtran bus and when that

ad aIIiV(’d (OI hdd beP,Il SChed
Uled to atrlve) was CalCULated-

passenger's fligh: h

roupe i i i
e ped into five-minute intervals. Next, the frequency

of e ons in c: {1\0"(11 ute C 11 was ist Trl t nif rml r the six
1 sponses 3! ich n 3 e d bu ed u orm Yy ove

fi e-mi t $ i vOpPre S LS

V! nute (:el 1s within the rvevious ;0 mlinutes lll(:lll‘-"

ve of the cell during
which they boarded. This involved the assumption that the passengers on a

bus arrived at the curb vuiformly over the revious 30 minutes
the bus.

to wait fer

The reason that 30 minuies was chosen was that, given a scheduie with
30-minute readways, 1f a passenger had arrived at the curb any sooner than 3C
minutes before the bus Iin question, he would have boarded the rrevious bus

one headway earlier. After this procedure was repeated rov cach five-minute

cell, the distributed f{requencies were summed for each cell, to yield an esti-

their fiight had landed (as opposed to the time they t arded the bus). This
{s the distributicn that is nceded to predict rhe volume of passengers on each
bus of thke schedule.

Again, the assumption was made that the passengers cn each bus had acrived
at the curb uniformly over the previous 30 minuta2s. Although this assumption
is not precise, in the absencc of knowing the true distributior. of arrivals

at the cuvpo, the assumption of unifuraity is necessary.

The resultant frequency histogram was used to calculate the mean a»d vari-

ance of the sample dJistrttution. The mean and variance were used to define

che paramaters of a number of srandard distributions, tc see which “heoreti:zal

distribution was most clousely approsnimated by the sample distribution. The

theoretical distributions tried were the uniform, normal, lug aormal, negative

shifted negative exponcntial, gammna , Erlang tounded up, Erlang
istriby <ions.

d using the Chi-Sguz.e test and the

erponential, e
rounded down, and Pearson type 111 d The fit of the sauple cis=

tribution to these distributions was teste

Kolmogorov-Smirnov test. | ) )

For deplaninyg airline passengers (Surtran frem DFW), tue semple distribu
g e e

tion fit the gamma distrituvtion be’t with mean = 26.8 minutes and variauce
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2 :
375.8 minutes (standard deviation = 1914 minutes), as derived from the sam-
ple distribution. The distribution 1is 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

sarmple distribution was developed was 71. The accompanying cumulative dis-
tribn:tion is shown in ligure 67. This indicates that, by 20 minutes after
thelr flight arrived, 45 percent of curtran-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 rassengers arriving at the Surtran station,

relative to when their flight 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 serminal to wait for the next bus.

How well a passenger controls his arrival time depends on the reliability of

his access mode, and his familiarity with the schednle. Given ideal condi-

tions, an air passenger would examine the Surtran time closest to his actual

desired leavins 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

assumption that was made.

In the same way as before, the survey responses were separated into

groups within which all respondents were subject to t

utes, 35 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 dictributed unifcrmly

over the previous 30 minutes, the cell frequency was distributed uniformly
over the 30-minute interval centered at the time at which the passengers
boarded the bus. In practice; to allow for thosé Surtran passengers who are
unfamiliar with the schedule, and for convenience, each five-minute cell fre-
quency was distributed uniformly over six cells,.three cells earlier and two
cells 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 1im the same schedule would have become-

more attractive.
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After the passengers in each five-minute cell had been distvibuted over
the adjacent cells, the distributed frequencies were summed for each cell.
This yielded the distribution for the passengers on Surtran who desired to
catch a bus to the airport, relative to their flight departure time. It is
this distribution that governs the demand that will be placed on buses as
they arrive. This analysis was based on the assumption that trip-makers'
behavior reflects their true, desired behavior, in that passengers boarding a
bus actually desired to catch a bus somewhere in the 30-minute interval cen-
tered at the time they did board. The assumption 1is deemed adequate since
reliability of the Surtran schedule is judged to be good, and the reliability
of the Surtran access mode was good in the majority of cases. Also, the Sur-
tran schedule pamphlet is generally available, and most Surtran riders are
repeat riders; for these reésons, riders would probably be familiar with the
schedule. Again, the assumption that the riders' desired time to leave the
Surtran terminal is uniformly distributed over the 30-minute interval is not
precise, but the true distribution was not yet known, so uniformity was a
.logical default assumption.

Afcer summing the distributed cell frequencies to obtain the resultant
frequeacy distribution, the mean and variance of the sample distribution were
calculared. The mean and variance were used. to define the parameters of the
same standard theoretical distributions, and the sample distribution was com-
pared to these. '

For enplaning airline passengers (taking Surtran to DFW), th~ sample dis-
tribution fit the log-normal distribution best. For a travel time on Surtran
to DFW of 40 minutes, the distribution of the difference in time between when
the air passenger arrived at the Surtran station and the time when his flight
left DFW had a mean of 103.5 minutes and variance of 1190 minutes2 (standard
deviation = 34.5 minutes), as devived 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
devéloped 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 a 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 distribution and the distribution for air-
line passengers leaving DFW by Surtran were considered essential 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 parcent should fall within
two standard deviatious. 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 flights and passengers
and buses at DFW.

Oae of the assumptions of the model is that the proportion of air passen-
gers either enplaning or deplaning Qho will take Surtran is the same for all
flights at DFW. Also, the distributibn 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 términal at the
airport, serving passengefs from all flights that couldbcontribvte to the vol-
ume on a narticular bus. This was not v;lid: on some routes, a particular
bus serves only two of the four terminals during certain hours of its schedule.
Such adéditional 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
DFW, there is a built-in tiﬁe error, 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 sonlit for
passengers on all flights was the same regardless of the time of day. The

breakdown of such data would not complicate the model significantly and the
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results could ~ossibly be thereby improved. This relatiouship needs more
thorough exploration.

In conclusion, the project staff determined that the predictive power of
the preliminary model does not warrant the unwieldly data preparation and
reduction 6perations required for its use at DFW. The only application in
which the model might prove reasonably accurate is ona more aggregate basis,
possibly at an hourly volume level. The model could be considerably simpli-
fied to provide this output. However, at a smaller airport with more compact
terminal layout and simpler airline and bus transit schedules, the model

might 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 bas been devised
through which disaggregate mcdelis 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 bulk 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
liﬁtle research into the other side of this coin, viz., assessing the impact ‘
of new or expanded airport facilities, once jnstalled, 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
{nto 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 can be used to obtain more accurate estimates of short-termvpeaks
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 obtained.
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