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PREFACE

The Regional Rail Reorganization Act of 1973 directed the
U.S. Secretary of Transportation to undertake engineering studies
in preparation for implementation of the recommendations with
respect to rail passenger service contained in the September 1971
Northeast Corridor Report. Included in the study requirements was
the need for detailed DEMAND projections for high speed rail
service.

Planning for the service has been conducted by the Office of
Northeast Corridor Development (ONECD) in the Federal Railroad
Administration. The Transportation Systems Center (TSC) provided
assistance to ONECD in the areas of demand forecasting and finan-
cial analysis. The work described in this document was done under
contract to TSC.
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I. INTRODUCTION

This report presents the methodology, analysis, and results of pro-
jections of rail travel demand in the Northeast Corridor. These projec-
tions were prepared for the Transportation Systems Center (TSC) for
use by the Office of Northeast Corridor Development (ONECD) of the
Federal Railroad Administration (FRA). The purpose of the program
is to carry out the mandate by Congress in the Rail Reorganization Act
of 1973 to implement the recommendations of the Northeast Corridor
Project to develop a high-speed rail service in the corridor. To assist
with the financial analysis, demand projections were prepared to exam-~
ine the revenue implications of different policy options and to assess the
nature of the system loading to estimate operating requirements.

THE PROBLEM

The U.S. Department of Transportation's (DOT) report on improved
rail service in the Northeast Corridor! made specific recommendations
concerning the nature and level of improvement in Northeast Corridor
rail service. Because the report was based on research conducted be-
fore the recent energy shortages and before the severe inflation of re-
cent years, the validity of the recommendations could not be considered
without question. It was, thus, desirable to examine again a wide range
of possible demographic, economic, and rail service scenarios in order
to assess the most appropriate plan for development. Demand projec-
tions and financial analyses accordingly had to be prepared to reflect
the various scenarios and to include the most recently available cost
data from the ongoing engineering studies now being conducted for the
Northeast Corridor Development Program,

OBJECTIVE OF THE STUDY

The primary objective of the study was to prepare reliable rail pat-
ronage projections for use as revenue and system loading inputs to the
financial analysis. A variety of population and economic conditions and
other modes of service were also to be examined. Two secondary ob-
jectives directed the analysis: the necessity of using existing tech-
niques, and the necessity of updating base and projection data to reflect
the most recent developments and thinking,

1Improved High-Speed Rail for the Northeast Corridor. U.S. Department

of Transportation. January 1973,
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To meet the first objective, the study team selected intercity de-
mand and modal split models developed during the Northeast Corridor
Transportation Project and other DOT studies. Based on an existing
comparison of available models,’ the CN27 calibration of the cross-
elasticity model (McLynn) and a demand growth model (PMM&Co. )?
were chosen. A computer program that incorporated the models was
used to prepare rail demand projections by city pair for each projec-
tion year studied. A list of the city pairs used in the analysis is shown
in Table 1.1, Eleven possible city pairs were specifically not used,
either because they did not allow their separation from other city pairs,
or because of the availability of competitive commuter service for their
travelers. All of the excluded city pairs are short distance, and should
be relatively insignificant for corridor service.

The second objective was met by reviewing all the travel and im-
pedance data sources and updating input data to the models. Travel
data were updated to the most recent available volumes; impedances
were reviewed to include new highway speed limits and new toll and
fare increases. Several sources of population and economic projec-
tions were reviewed, and the most appropriate series was chosen for
use in the analysis.

Three additional demand-related analyses were conducted to assist
FRA in the design of the Northeast rail passenger service. These were
development of time series demand estimates for station loading pur-
poses, nalysis of alternative station locations in selected areas, and
analysismof time-of-day travel patterns. The station loading (i. e.,
passenger on and off volume) was prepared for station designs to pro-
vide estimates of potential pedestrian volumes consistent with the offi-
cial FRA demand projections. Selected stations were examined in the
northern Philadelphia and the New York-to-New Haven areas to deter-
mine the potential for additional demand. Finally, a time-of-day trav-
el pattern analysis was performed to assist in analyzing the potential
patterns of rail demand during the projection period.

'Peat, Marwick, Mitchell & Co. Analysis of Intercity Modal Split
Models. U.S. Department of Transportation. July 1973.

’Peat, Marwick, Mitchell & Co. Variations in Travel Forecasts for Im-
proved High-Speed Rail Services in Northeast Corridor. U.S. Depart-
ment of Transportation. July 1973.
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STRUCTURE OF THIS REPORT

This report first presents the modeling techniques used in prepar-
ing the projections. Next the revisions to the base data are described,
and the various population and income data sources are noted. Finally,
results of projections for each of the analyses are presented, along with
the basic assumptions used in each.

1.3



TABLE I, 1

CITY-PAIRS USED IN THE ANALYSIS

W&shingtan. D. C.

Baltimore
Wilmington
Philadelphia
Trenton
Northeast New Jersey
New York City
Long Island
North New York
Bridgeport

New Haven

New London
Providence
Boston

Baltimore

Wilmington
Philadelphia
Trenton
Northeast New Jersey
New York City
Long Island
North New York
Bridgeport

New Haven

New London
Providence
Boston

Wilmington

Philadelphia
Trenton
Northeast New Jersey
New York City
Long Island
North New York
Bridgeport

New Haven

New London
Providence
Boston

Philadelphia

Northeast New Jersey

New York City
Long Island
North New York
Bridgeport

New Haven

New London
Providence
Boston

Trenton

New York Cily
Bridgeport
New Haven
New London
Providence
Boston

Northeast New Jersey

New London
Providence
Boston

New York City

New Haven
New London
Providence
Boston

Long Island

New London
Providence
Boston

North New York
New London

Providence
Boston

Bridgeport

New London
Providence
Boston

New Haven
New London

Providence
Boston

New London

Providence
Boston

Providence

Boston

1.4




II. METHODOLOGY FOR PROJECTING
RAIL TRAVEL DEMAND

Patronage and revenue estimates for each projection year for the
improved high-speed rail service in the Northeast Corridor were de-
veloped in a two-phase analysis process:

. total travel by all modes in each of the major markets
was projected; and then

. the share of travelers using rail in each market was
projected as a function of the attributes of rail and the
competing intercity transportation services.

The models used in each phase of the analysis are described in this
section. A previously developed computer program was modified to
automatically iterate through each year of the projected period varying
the travel, population, and income characteristics according to the
scenario being tested. For each scenario tested, the program could
project patronage and revenue for each city pair, rail link, mode, and
year.

PROJECTIONS OF TOTAL DEMANDS

The projection of total travel in each market for each projection
year was based on three factors relating to:

. changes in local and national population;
. changes in local real per capita income; and
. changes in average trip length.
Using 1974 travel demand as a base, the three factors were combined

as shown in the following equation to estimate total travel in each pro-
jection year:

1.77 (I)F—203
1.77 (I)B-203

I, 1



the demand between the two cities for the projection
DF. DB 2 years and the base year, respectively;

the metropolitan area populations of city a and city
P» Pb = b for the respective years;

P = the national population for the respective years; and

the per capita income of the two cities, a and b,
I = weighted by their populations for the regpective
years.

Per capita income projections by Standard Metropolitan Statistical
Area (SMSA) to 2020 were obtained from ''1972 OBERS Projections - Re~
gional Economic Activity in the U.S.," U.S. Water Resources Council,
Washington, D.C., April 1974. These projections are expressed in con-
stant 1967 dollars and assume a national population growth based on the
U.S. Bureau of the Census Series E forecasts. Table II. 1 shows total
demand and annual growth for typical city pairs using this approach for
estimating growth.

ESTIMATION OF RAIL SHARES

The model used for projecting the rail share of the total travel in
each market is an adaptation of the stratified abstract mode cross-elas-
ticity model developed by McLynn. The particular version of the cross-
elasticity model used for this project is based on the CN27 calibration,
which has been used in several previous studies, including some of those
in the second NEC report! This calibration proved to be the most accu-
rate of eight models tested by PMM&Co? for both rail shares and modal
shares. The application described here should improve further upon
the accuracy as previously tested. The model is stratified into two trip
purpose models, one for business and one for nonbusiness trips; the
primary difference between the two is sensitivity to trip time and trip
cost. Business travelers are assumed to have much higher sensitivity
to trip time than nonbusiness, while nonbusiness travelers are more
sensitive to cost.

'Recommendations for Northeast Corridor Transportation. U.S. Depart-
ment of Transportation. September 1971,

Analysis of Intercity Modal Split Models, op. cit.

I, 2
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In the cross-elasticity model, the modal share is determined as the
ratio of a measure of a given mode's combined attributes to the sum of the
attribute measures for all modes. That is, the share of the intercity travel

market between any two points by mode i, Si , is given by the fraction:

where:
w = the combined measure of the attributes for mode i.

The cross-elasticity model combines the modal attributes of travel
time, price, and frequency in a function of the form:

= a a
v, = agt 1.%2¢123

where:

a,, a,, a,, a, = calibrated parameters of the models;
t = travel time;

¢ = travel price; and

f' = a measure of service frequency.

Since an increase in travel time and price for a given mode implies
that the mode has become relatively less attractive (if all other modes
do not change), the sign of the calibrated coefficients a, and a, must be
negative to ensure that increases in travel time and price for the mode
decrease that mode's share. If f', the measure of service frequency for
non-automobile modes, is a transformation that increases with increasing
frequency, then an increase in frequency implies an improvement in a
mode's competitive position and the sign of the exponent a; must be posi-
tive. Conversely, if f' decreases with increasing frequency, then the sign
of ay must be negative. The values of the calibrated coefficients also imply
certain values for modal share elasticities and imply a ''value-of-time"
or, more accurately, the trade-off between time and price. The coeffi-
cient a, acts essentially as a scaling factor in the modal split model because
it is applied in a multiplicative fashion and because it has relatively little
effect on the sensitivity of modal split to changes in system attributes. A
definition and the calibrated parameters for the model used in this study
are described in Figure I 1.

I1. 4



Description: Stratified, abstract mode, cross-elasticity model - 1971

Specification:

W,
_ 1 - a_} ag,,a,
S1 = 5 W, w1 aot c “f
i
7 =1-e bl
Calibrated Parameters:
20 ! 29 23 k
(air 1,1232 -3.384 -0,483 2,279 0.12
rail 1,4813 -3.384 -0,.483 2,279 0.12
business ¢
bus 0.3767 -3.384 -0,483 0 0
L automobile 1.0 -3.384 -0, 483 0 0
(air 0.7767 -1,5821 ~1,5821 2,0462 0.18
rail 1.9881 -1.5821 -1,5821 2,0462 0.18
non- |/
business | bus 1,3872 -1,5821 -1,5821 0 0
L automobile 1,0 -1.5821 -1,5821 0 0

Variable Definition:

t = total average one-way door-to-door travel time in hours
¢ = total average one-way door-to-door travel price in dollars

automobile per person trip cost; business--2, 3¢/mile;
non-business--1, 0¢ /mile

f = average number of one-way trips in one direction

FIGURE IL.1: DESCRIPTION OF MODEL; CN27

Ii. 5




The modal split model was used to predict traveler response to alterna-
tive transportation services with a ''pivot point' procedure. With this ap-
proach, the parameter a,is adjusted for each city-pair such that the model
exactly reproduces the modal shares for the existing condition. Under normal
circumstances, a calibrated model will replicate aggregate travel patterns
but will normally exhibit some error for each particular forecasting situation
(city-pair). The adjustment of the scaling factor or mode-specific constant a,
assures that the model will reproduce the base condition for every city-
pair and will therefore provide a better measure of incremental travel
response due to changes in transportation service for each city-pair.

The constants, a g, are adjusted such that¥ w; =1 and such that

the model replicates base~-year modal split for each mode, If w'; is
the observed base~-year modal split for mode i, this condition implies:

] L
Wi B oiti

alic azi_'ajsi

£

where a'yi is the adjusted value of agi. Thus:

" Wi
a01= a,i ajzi_'agi
t 1 c 2£ 3
i i
or:
w',
a' . =a —
o ol w
1 gi i

The advantage of utilizing a pivot point analysis is that those aspects
of an intercity travel market that may not be reflected in the travel time,
travel cost, and frequency variables can be incorporated in the modal
split model to reflect the existing pattern of base year patronage. The
application of the pivot point analysis results in different travel markets
exhibiting the same responsiveness to .changes in travel time, cost, or fre-
quency. Using the pivot point analysis, models with identical elasticities
but different modal constants become, in effect, the same model. )

II. 6



III. BASE AND PROJECTION DATA

Two data files were developed for operation of the model:
. the base period data file for calibrating the models; and

. the projection period data file for establishing projection con-
ditions.

The base data file consists of three sets of data:
. historical travel patterns by mode;

. historical travel impedances by mode; and

. population and income information.

The projection data file consists of projection estimates for the latter
two:

. projected travel impedances by mode; and
. projected population and income information.
This section briefly describes the components and sources of these

data files. The reader should refer to the source documents if more
detailed descriptions of the items or values used are desired.

HISTORICAL TRAVEL PATTERN DATA

Historical travel patterns for the base year were developed essen-
tially by updating modal travel data developed previously by Peat,
Marwick, Mitchell & Co. and documented in two reports prepared for
the Federal Railroad Administration!:? Based on the available infor-

mation to update travel estimates, a base year of the 12 months ending

'Analysis of Intercity Modal Split Models, op. cit.

%y ariations in Travel Forecasts, op. cit.

I, 1



June 1974 was chosen., Therefore, the major efforts were directed
toward either obtaining 12-month estimates for the base period or de-
veloping appropriate adjustment factors to the 1969-1970 data so that
the patterns prevalent then could be used to represent the June 1974
base year.

Automobile Travel

Because highway surveys have not been performed throughout the
Northeast Corridor in the past few years, traffic counts were obtained
from other sources. Data on key intercity highway links were obtained
from the Federal Highway Administration, the New Jersey Turnpike
Authority, and the Massachusetts Turnpike Authority for fiscal years
1970 and 1974, Growth factors were developed using those data. The
percentage change in volumes on a link or the average of the change in
volumes on more than one link was applied to the appropriate city pairs
using those links, Table IIL 1 lists the highway links with their respec-
tive volumes and growth factors.

Bus Travel

Because no available origin-destination data exist, growth factors
were developed using Interstate Commerce Commission (ICC) carrier
statistics of patronage for fiscal years 1970 and 1974, Weighted aver-
age factors based on the number of scheduled runs of each carrier be-
tween a given city pair were used to update the original volumes. The
four carriers operating in the Northeast Corridor and for which data
were obtained are:

. Trailways of New England;

. Bonanza (formerly Shortline);

. Safeway Trails; and

. Greyhound.
Air Travel

The Civil Aeronautics Board (CAB) 10-percent ticket sample sur-
vey is the only origin-destination data source available for both time
periods. But, the CAB 10-percent ticket sample only provides an es-

timate of terminal-to-terminal origin-destination (rather than a city-
to-city origin-destination). Therefore, the original air travel volumes

III, 2



TABLE IIL. 1

AVERAGE DAILY AUTOMOBILE TRAVEL
VOLUMES AND FACTORS FOR KEY
INTERCITY HIGHWAY LINKS

AVERAGE DAILY TRAVEL VOLUMES

LINK 1970 1974

FACTOR

Maryland:

U.S. 40 at Susquehanna 15,513 14,873

River Toll Bridge
1-95 at JFK Memorial 27,182 29, 948
Highway Toll Gate

New Jersey:

N.J. Turnpike north of 56,498 44,020
junction with Pennsylvania
Turnpike

Connecticut:

State Route 15 at Wilbur 28,297 29, 765
Cross Parkway

1-95 at Housatonic River 50, 562 53,192

1-95 east of New Haven at 20,474 22,958
Madison ’

Connecticut Turnpike between 7,073 8,968
New London and Providence
at Monteville

Rhode Island:

Noozeneck Expressway (I-95) 15,317 14, 251
west of Providence

Massachusetts:

Massachusetts Turnpike (I-90) 17,639 22,655
at Sturbridge

. 959

1,078

. 868

1,052

1,052
1,121

1,268

.930

1,284

SOURCES: Federal Highway Administration
New Jersey Turnpike Authority
Massachusetts turnpike Authority

II1. 3




were developed as a combination of both the CAB 10-percent survey
and the Northeast Corridor Intercity Travel Survey (conducted in 1969).
(See Variations in Travel Forecasts, PMM&Co,, 1973.)

For city pairs having an estimated amount of air travel and not
having direct or indirect flights between the respective airports serv-
ing the city pair, the NEC estimate was added to the CAB estimate.
When the NEC survey sampled travel between a city pair and the esti-
mate was considerably greater than the CAB's, the possibility existed
that air travelers were using alternate airports as well as the direct
airport, and the NEC estimate was used. When partial estimates were
obtained for a city pair because of multi-legged flights or connecting
passengers, the CAB estimate was used.

To update these data, growth factors were developed using the CAB
10-percent survey for the 12 months ending March 31, 1970, and March
31, 1974, since the June 30, 1974, data were not available at the time.
These factors were then applied to the original volumes, except where
new or significantly revised service was introduced, When major ser-
vice changes occurred, primarily between small city pairs, the 1974
CAB volumes were used directly; i, e., service to and from New Haven
and Bridgeport airports did not exist in all of the years.

The CAB's slightly inflated volumes for the larger terminals indi-
cate that many travelers from small cities drive to nearby large cities
where there is better air service. Because this was found to be the
case for travelers between other NEC cities and Trenton, northeast
New Jersey, Long Island, northern New York, and Bridgeport, the
growth factor developed for New York City was applied to these cities.
Volumes for Long Island were developed as a combination of updated
volumes, using the New York City factor and the 1974 CAB count of
patronage at the Islip Airport, The original data excluded patronage
at Islip because of its low volume. This volume has increased sub-
stantially between 1970 and 1974, The same growth factor developed
for Philadelphia was applied to Wilmington because most NEC travel
to and from Wilmington by air is through the Philadelphia airport.

Rail Travel

As in the case of the CAB 10-percent survey, the continuing on-
board rail passenger count conducted by the FRA, the Data Tag Pro-
gram, provides only a station-to-station estimate of rail travelers,
rather than a true origin-destination count, Therefore, the total pas-
senger count for the 1969-1970 period was developed from both the
Data Tag Program and the NEC survey.

I, 4



To update these original data, growth factors were developed using
the average patronage obtained from the Data Tag Program for routes
between New York and points south, and routes between New York and
points north, for the 12 months ending June 1970 and June 1974, Sam-
ple months in 1974 of trains going through New York were expanded
to yearly totals and used directly for the appropriate city pairs. All
rail volumes include patronage on conventional, metroliner, and turbo
trains,

Because New York City, northeast New Jersey, Long Island, and
northern New York are essentially one metropolitan area, one factor
was developed combining New York and northeast New Jersey patron-
age and then applied to all four areas.

Both Bridgeport and Stamford are in Fairfield County; they can also
be considered part of the same metropolitan area. Because this study
is evaluating the use of only one station, 1974 patronage data on trips
to and from Stamford and Bridgeport (obtained from the Data Tag Pro-
gram) were combined and used directly.

MODAL IMPEDANCES FOR CALIBRATION PURPOSES

Access Impedances

The basic assumptions and development of original access imped-
ances are described in an earlier report by Peat, Marwick, Livingston
& Co.! The actual access impedances used are based on an update of
the original impedances to 1971 values,? Only the changes in assump-
tion and the impacts of recent developments on the assumptions are
discussed here.

Access Times

It was assumed that access times for all modes have remained con-
stant since 1971, It was assumed that most access is by automobile,
and new speed limits do not have a significant effect on urban traffic
flow.

'Peat, Marwick, Livingston & Co. Access and Demand Data Used in
the Development and Calibration of the Northeast Corridor Transpor-
tation Models.

2 s . ]
Variations in Travel Forecasts, op. cit.
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Access Cost

Access costs for all modes were revised to reflect the increase in
the consumer price index of gasoline, both regular and premium, and
the decrease in average miles traveled per gallon of fuel consumed.
These 1974 costs were deflated to 1973 dollars by using the consumer
price index for the Northeast Region.

Line Haul Impedances

Line haul impedances were developed as noted below either from
the 1971 data® or from more recent information when major changes
in service occurred.

Line Haul Times

It was assumed that air travel times have not changed significantly
since 1971. Bus travel times were increased by 9 percent to reflect
the 55-mph speed limit which was in effect during the first half of 1974,
Nine percent was derived from both FHWA statistics and changes in
bus run times between 1970 and 1974, as shown in Russell's Official
National Motor Coach Guide.

Rail travel times were derived from schedules that were in effect
during the first quarter of 1974. An average time was developed by
weighting metroliner and conventional train times by the number of
each type of train between each city pair,

Auto travel times were left at the 1971 values because the 55-mph
speed limit did not appear to be enforced or at least adhered to for a
long enough period of time to show a significant change in travel time.

Line Haul Costs

Costs for all modes are those which were in effect during the first
quarter of 1974. These costs were then deflated to 1973 dollars for
the analysis. Bus fares were obtained from the Interstate Commerce
Commission; air fares were obtained from the Official Airline Guide
(OAG); and rail fares were obtained from Amtrak and were based on a

1Highvvay Statistics published annually by the Federal Highway Admin-
istration.

?vyariations in Travel Forecasts, op. cit.
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weighted average of the number of metroliner coach and conventional
coach trains between each city pair. Auto costs are a combination of
tolls, gasoline (at $0. 60/gallon, estimated price during calibration
period), and the cost of oil and tiresJ

Frequencies

Air and bus frequencies were updated to the summer of 1974 using
the OAG and Russell's Official National Motor Coach Guide, respec-
tively. Rail frequencies were obtained from Amtrak and are those
which were in effect during January 1974,

MODAL IMPEDANCES FOR PROJECTION PURPOSES

The modal impedances used in the base projections are described
below. The alternatives discussed in the next section which involve
varying impedances are described in terms of variations from these
base values.

Access Times and Costs

The same access times and costs for all modes used for calibration
purposes were used for projection purposes.

Line Haul Times

Auto, bus, and air travel times were the same as those used for
calibration purposes., Rail travel times were determined using pre-
liminary unpublished data from ONECD engineering consultants., They
assume a run time of 2 1/2 hours between Washington and New York,

3 hours between New York and Boston, and 1 hour between New York

and Philadelphia. Run times for other city pairs were interpolated
using the ratio of present scheduled run times to proposed run times

and applying the ratio to station stops for the given city pair segments.
At the time these projections were prepared, proposed intermediate sta-
tion running times were not available from the engineering consultants.

!Cost of Operating an Automobile, Federal Highway Administration.
April 1972,
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Line Haul Cost

Ag in the calibration data set, all fares were deflated to 1973 dol-
lars., The bus fares obtained from ICC were those in effect during the
summer of 1974, and air fares from the OAG were in effect during the
fall of 1974. Rail fares were calculated at $1, 50 + 0. 075/mile in 1973
dollars and, thus, were not deflated. Auto costs were developed in the
same way as for calibration purposes, except gasoline was specified by
Transportation Systems Center to be $0. 55/gallon.

Frequencies

Air and bus frequencies were the same as those used for calibra-
tion purposes. Rail frequencies were based on estimates by ONECD
of two trains every hour between major cities! and one train per hour
between a major city and a minor city. It was assumed that service
between two minor cities would be approximately one train every two
hours,

DEMOGRAPHIC AND ECONOMIC PROJECTIONS

Three sources of population and income projections were reviewed
for demand analysis purposes. These are:

. 1972 OBERS Projections - Economic Activity in the U, S.,
by U.S. Water Resources Council, Washington, D.C,, and
Bureau of Economic Analysis (BEA), Department of Com-
merce;

. Metropolitan Demographic Projections, 1960-1985, Na-
tional Planning Association (NPA) Regional Economic Pro-
jection Series, 1974; and

. Travel Demand Forecast, Robert Winestone, Office of the
Secretary, U.S. Department of Transportation.

All three sources base their population projections on the Bureau of
Census' Series "E" population projections which assume 2, 10 births
per female, It should be noted that recently there has been a lower
rate of births per female., It is not known what impact a continuation

1M:a.jor cities are defined as: Washington, Baltimore, Philadelphia,
New York, New Haven, Providence, and Boston, All other cities being
analyzed in this study are considered minor cities.
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of this trend would have on travel demand over the next several dec-
ades, For base projection purposes, the OBERS Projections were used
because, of the three projections, they are intermediate. While popu-
lation projections for all three are similar, income projections are quite
different. NPA's projections are viewed as optimistic and Winestone's
as conservative,

Table III. 2, a comparison of per capita income, is a sample of
the three viewpoints, Population and income projections were obtained
for each metropolitan area, Tables III, 3 and IIl. 4 compare the popu~
lation and income projections, respectively, of the three sources for se-
lected metropolitan areas,

A constant annual growth rate was assumed during the 1970 to 1980
decade to adjust the projected population to 1974:

0.4
- P
1974 = F1970 ( 1980)

where:
P = the metropolitan area population,

Population and income statements were interpolated similarly for fore-
cast years, except for Winestone income data, where a linear interpo-
lation was used. Numerous variations were tested to determine the
sensitivity of demand to the projection assumptions. These variations
and the basic projections are discussed in the next section.
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POPULATION FORECASTS FOR SELECTED

TABLE III, 3

METROPOLITAN AREAS*

(000)
YEAR

SMSA 1970 1980 1985 1990 2000 2020
Boston

BEA 3,715.0 |(1.02) 4,113.2|(1.05) 4,334,5|((1.05) 4,567.6 (.90) 4,995.5 | 5,819.1

NPA 2,910.5 |(.89) 3,180.5|(1.19) 3,374.1

Winestone |3,709.2 |(.67) 3,966.1|(.64) 4,094.6 |(.62) 4,223.0 (.59) 4,479.9
Providence

BEA 770.8 |(.77) 832.2|(.68) 861.0 |(.68) 890.7 (.60) 045.5 | 1,046.86

NPA 910.2 |(.80) 985,8((.84) 1,027.8

Winestone 768.0 |(1.04) 851.6((.97) 893.7((.93) 935.9 (.86) 1,019.4
New London

BEA 231.2 |(.686) 247.0|( .92) 258.6 |( .93) 270.8 (.73) 291.3 335.1

NPA 244, 3 [(1.48) 283,1 (1, 43) 303.9

Winestone 230.4 |(1.26) 261,1((1,15) 276.4 |(1.09) 291.8 (1. 00) 322.4
New York

BEA 11,587.6|( .56) 12,258.2|(.84) 12,781,1|(.84) 13,326.2 (.72) 4,323,2 |16,202.3

NPA 12,540,5((.51) 13,195.9((.70) 13,666,7

Winestone [11,580,0((,71) 12,430.8((.68) 12,856.2|(.65) 13,281.7 (.62) 4,132.6
Philadelphia

BEA 4,853, 2|( .84) 5,277,8|(.73) 5,474.5|(.73) 5,678.5 (.58) 6,015.8 | 6,670.2

NPA 4,835,8((.53) 5,098,2|(.62) b5,258.2

Winestone | 4,823.8((.33) 4,985,3((.,32) 5,065.9|(.32) 5,146.9 (.31) 5,308.4
Washington, D.C.

BEA 2,865.9((1.94) 3,474.3|(2,35) 3,902.3((2.35) 4,383.1 (1,70) 5,189.6 | 6,894.1

NPA 2,918.5((2.63) 3,785,0|(2.40) 4,260.7

Winestone | 2,857.8((1,22) 3,225,0((t.11) 3,408.7((1.05) 3,591.9 (.98) 3,959.0

* Numbers in parentheses indicate annual growth rate in percent

between years.
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TABLE IIL 4

PER CAPITA INCOME FORECASTS
FOR SELECTED METROPOLITAN AREAS*
{1967 constant dollars)

YEAR

SMSA 1970 1980 1985 1990 2000 2020
Boston

BEA 4,050 |(3.11) 5,500 ((2.42) 6,200((2.46) 7,000 | 9,200 |14,500

NPA 3,839 ((3.70) 5,519|(3,71) 6,622

Winestonel 3,181 ((1.93) 3,850 ((1.68) 4,184((1.55) 4,519 | 5,188
Providence

BEA 3,513 [(3.38) 4,900 |(2.34) 5,500((2,75) 6,300 | 8,300 (13,300

NPA 3,463 |(4.39) 5,320|(4.04) 6,486

Winestonel 2,938 ((1.80) 3,511 |(1.58) 3,797|(1.47) 4,084 | 4,657

New London

BEA 3,538 [(3.10) 4,800 |(2.76) 5,500((2.42) 6,200 | 8,200 |13, 300
NPA 4,258 |(3.51) 6.013((3,81) 7,250
Winestonel 3,582 ((1,76) 4,266 |(1.55) 4,608((1.45) 4,951 | 5,635
New York
BEA 4,722 ((2,93) 6,300/(2,42) 7,100((2.16) 7,900 |10,200 | 15,500
NPA 4,182 ((4,18) 6,296 [(4.01) 7,662
Winestonel] 3,502 ((1.83) 4,198 |(1,61) 4,547|(1,49) 4,895 | 5,592
Philadelphia
BEA 3,798 |(2.99) 5,100 |(2.61) 5,800((2,31) 6,500 | 8,600 |13,900
NPA 3,595 ((3.94) 5,291 |(3,77) 6,365

Winestonel 2,985 |(1.78) 3,560 |(1.56) 3,847|(1.44) 4,133 | 4,707
Washington, D. C,
BEA 4,392 ((2.82) 5,800((2.31) 6,500{(2.35) 7,300 | 9,500 |15,000

NPA 3,884 ((3.96) 5,729 |(3.42) 6,719
Winestonel 3,157 |(1.92) 3,818 |(1.68) 4,149((1.55) 4,480 | 5,142

% Numbers in parentheses indicate annual growth rates in percent between years.

t Winestone figures are in 1970 dollars disposable per capita income.
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IV. RESULTS

The analysis focused on two major base cases which could be in
effect in 1982:

. Trail service (as well as all other modes) could remain
unchanged, i.e., existing service as of March 1974; and

the Northeast Corridor Development Program is imple-
mented while other modes remain unchanged.

For the first base case rail impedances were the same as for calibra-
tion. The improvements to rail travel time, frequency, and fares used
for the second base case are described in Section III. Combinations of
the following sets of attributes were examined for each alternative:

simultaneous increased costs for auto and air;
simultaneous increased travel time for auto and bus;

. decreased fares for rail; and

. increased travel time for rail,

An exponential growth rate of the Bureau of Economic Analysis popu-
lation location and income projections was used as the basic condition in
scenarios for both alternatives with the exception of four cases which
examined alternative or adjusted populaton and income growth rates.

Table IV.1 describes all of the final alternatives tested in this task and
lists them in chronological order of their analysis.

1974 RAIL SERVICE LEVELS

Six analyses of the first alternative, which assumed that the exist-
ing conditions would continue for all modes, were conducted and are
summarized in Table IV. 2,

Scenario 1 assumed no changes in attributes for any mode, which re-
sulted in an increase of 3. 3 million rail passengers by 1982 due to the

growth in the total market; rail volume in 1974 was 9.1 million,

Scenario 2 assumed continuing energy shortages and corresponding
increases in the price of fuel. The increased cost of fuel would divert

Iv.1
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TABLE IV. 2

CONVENTIONAL RAIL SCENARIOS TESTED*

Rail Patronage
Scenario Cost Time (000)
Number Parameters Parameters 1982 1990
1 Same as base Same as base 12,426 -
assumptions assumptions
2 Auto x 1, 42; Auto x 1, 10; 17,705 23, 455
Air x 1,10 Bus x 1,10
3 Rail x .90 13,290 17, 604
4 Rail x . 80 14,295 18, 964
5 Rail x .70 15,478 20, 527
6 Rail x , 60 16, 888 22,415

*The exponential method of calculating growth rates was applied to
the Bureau of Economic Analysis' population and income forecasts
for all six scenarios.
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travelers from auto and short-haul air to other modes, especially
rail. An increase in the line-haul times for auto and bus due to
slower speeds on intercity highways was a related assumption., With-
out any improvements to rail service but with a continuing increase
in energy cost, rail patronage was projected to increase by an addi-
tional 5 million over Scenario 1 by 1982.

Scenarios 3 through 6 examine the effect of decreases in the present
rail fares while all other services remain constant. The effects range
from an increase of less than a million passengers over Scenario 1,
with a 10-percent reduction in fare, to an increase of 4.4 million, with
a 40-percent reduction in fare.

IMPROVED RAIL SERVICE

Fifteen analyses of the second alternative, which assumed an im-
provement in rail service while other modes remain unchanged, were
conducted and are summarized in Table IV. 3.

Scenario 1 in Table IV. 3 projects that if all attributes remain con-
stant except for the initial improvements to rail, there would be an in-
crease of 8.1 million rail passengers by 1982 and an additional 5. 6
million by 1990,

Future rail patronage, using the attributes in Scenario 3 came clos-
est to matching the estimates made by the Federal Railroad Adminis-
tration of 30,0 passengers in 1990. Again, this scenario projects an
increase in energy costs and a continuation of slower highway speeds.

A combination of BEA's exponential population growth rates and
Winestone's linear income growth rates is so conservative an outlook
that the rail volume of 11, 1 million in 1982 is 1. 3 million passengers
less than the results obtained if all modal services, including rail,
remain unchanged from their existing conditions.

Scenarios 7 through 10 were examinations of varying rail fare lev-
els. With every 10-percent reduction in fare is an incremental in-
crease in volume. At the same time, however, revenues continue to
decrease, from 187 million dollars with a 10-percent fare reduction to
157 million dollars with a 40-percent fare reduction in 1982. The in-
itial fare in all these cases $1.50 + $0. 075 per mile.

Scenarios 11 through 14 examined the effects of increased rail
travel time, assuming that all other modal attributes remained the
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TABLE IV. 3

IMPROVED RAIL SERVICE SCENARIOS TESTED*

Rail Patronage
Scenario Cost Time (000)
Number Parameters Parameters 1982 1990
1 Same as base Same as base 17, 229 22,808
assumptions assumptions
2 Same as base Same as base 11, 142 -
assumptions assumptions .
3 Auto x 1. 42; Auto x 1. 10; 23,351 | 30,925
Air x 1,10 Bus x 1,10
4 Auto x 1, 42; Auto x 1. 10; 20,984 | 24,944
Air x 1,10 Bus x 1.10
5 Same as base Same as base 14, 883 -
assumptions assumptions
6 Same as base Same as base 16, 131 ---
assumptions assumptions
7 Rail x , 90 Same as base 18,285 | 24,217
assumptions
8 Rail x . 80 Same as base 19,513 | 25,855
assumptions
9 Rail x .70 Same as base 20, 957 27,783
assumptions
10 Rail x . 60 Same as base 22,677 30, 082
assumptions
11 Same as base Rail x 1. 10 15, 932 21,074
assumptions
12 Same as base Rail x 1. 20 14,1762 19, 512
assumptions
13 Same as base Rail x 1. 30 13, 707 18,104
assumptions
14 Same as base Rail x 1, 40 12, 753 16,834
assumptions
15 Rail x . 80 Rail x 1, 20 16,860 | 22,306

*The exponential method of calculating growth rates was applied to the
Bureau of Economic Analysis' population and income forecasts for all
Scenarios except:
. Scenarios 2 and 4 which assume a linear growth rate applied
to Winestone's income forecasts and exponential growth rate
applied to BEA population forecasts;
. Scenario 5 which assumes a BEA income growth of 1%; and

. Scenario 6 which assumes a BEA income growth of 2%,
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same. The results show an approximate reduction in rail patronage
of one million with each 10-percent increase in travel time in 1982.

If rail fares were reduced by 20 percent and travel time were in~
creased by 20 percent, the 1982 patronage would be 16.9 million. This
is approximately midway between the 20-percent reduction in fare and
20-percent increase in travel time and indicates an approximate equal
weight to the two alternatives.

Scenario 3 of the Improved Rail Service Case matched closely the
projections prepared by FRA, Because it presented a realistic future,
Scenario 3 was chosen as the basic projection for most additional anal-
yses. Table IV.4 shows the detailed modal shares for selected city
pairs and for the total corridor (i.e., those city pairs analyzed). It
should be noted that those city pairs analyzed constitute perhaps half
of all intercity trips within the full Northeast Corridor geographic
area.
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TABLE IV. 4
MODAL SHARES FOR SELECTED CITY -PAIRS

City-Pair

FRA Alternative Patronage

Modal Share

(thousands) (percent)
Total Rail Auto Bus Air Rail

Washington-Boston

1974 803.1 21.5 23.9 1.2 72.2 2.7

1982 1,196.1 106.9 23.2 1.2 66.8 8.9

1990 1,760.4 187.3 15.2 1.3 72.9 10.6
Washington-New York

1974 6, 065.0 985.2 45,4 8.8 29.6 16.2

1982 8,772.0 1,864.2 44,4 8.3 26.0 21.3

1990 12, 625.7 3,361.6 33.4 |10.3 29.7 26.6
Washington-Philadelphia

1974 3,367.1 616.1 72.1 4,1 5.5 18.3

1982 4,935.2 1,034.9 70.0 4.0 5.0 21.0

1990 7,096.1 2,168.4 57.3 5.7 6.4 30.6
New York-Philadelphia

1974 13, 200.4 3,107.3 73.3 2.6 0.6 23.5

1982 17,479.8 4,894.3 69.2 2.4 0.4 28.0

1990 22,293.0 8,356.5 58.5 3.4 0.6 37.5
Bridgeport-Boston

1974 429.9 52.8 79.9 1.5 8.3 12.3

1982 5986.2 402, 8 29.9 0.6 1.9 67.6

1990 796.3 628.3 18.4 0.7 2.0 78.9
Total Corridor

1974 71,256.0 9,141.0 75.5 3.8 7.9 12.8

1982 97, 665. 0 17,228.0 72.4 3.6 6.4 17.6°

1990 130, 632.0 30,924.0 63.4 5,2 7.8 23.7

*City pairs which can be served by CorridorRail,
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V. DETAILED ANNUAL AND STATION
LOADING FORECASTS

To convert demand projections to passenger counts usable in station
design, Peat, Marwick, Mitchell & Co., was requested first to develop
a scenario to replicate the Federal Railroad Administration's estimated
total travel for each year and then to distribute these volumes among
the stations. In this analysis of the Northeast Corridor, the model used
by PMM&Co, was the only model currently used by ONECD which can
project demand for all city pairs of interest. Like other models, the
PMM&Co, model is a steady state model, That is, it projects travel pat-
terns, after travelers have fully adjusted to changes in service, For an
essentially new service, such as the one being analyzed, this adjustment
may take several years. While FRA's annual projections recognize this
lag in traveler response, it is necessary to simulate this response in the
model rather than model it directly. This section describes this simula-
tion process and the assumptions which were used to develop peaking fac-
tor estimates for high day and peak hour volumes for each station in the
proposed service,

RECONCILIATION WITH FRA PROJECTIONS

The PMM&Co. demand projections were prepared primarily for steady
state 1990 conditions. The conditions in 1990 which most closely approx=-
imate the 30-million patron projection for CorridorRail prepared by FRA
are:

a 40-percent increase in real (constant dollar) energy
cost component of driving and flying over 1974 cost; and

. a strictly enforced 55-mph highway speed limit or an in-
crease in traffic congestion which would result in a 10-
percent increase in highway travel times over mid-1974
times.,

To replicate the gradual buildup in travel from 1982 (when new service
would first be introduced) to 1987 (when it is estimated that travel pat-
terns would essentially stabilize), it was necessary to artificially adjust
the anticipated energy cost and highway trip times.

Table V.1 shows the assumptions used in developing travel impe-

dances to reconcile the demand model projections with the FRA fore-
casts., The 1982 analysis shows that under steady state conditions, the
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TABLE V.1

IMPEDANCE ASSUMPTIONS USED TO DEVELOP

' FRA COMPATIBLE DEMAND

Assumptions Relative to 1974
(percent increase)

Demand

(millions of annual trips)

Year Energy Cost Auto, Bus Time FRA Estimated
1982 Same as 1974 Same as 1974 17.0 17.2
1983 3 10 20.1 20,1
1984 15 10 22,2 22,1
1985 30 10 24,2 24,3
1986 40 10 26,1 27.4
1987 45 10 27.4 27.4
1988 45 10 28.4 28,4
1989 45 10 29,2 29.4
1990 40 10 30,0 29.9
1995 30 10 34.8 35.0
2000 21 10 40, 3 40.3
2005 19 10 46,7 46.17
2010 17 10 54,2 54,2
2015 15 10 62.8 62.8




FRA demand estimate of 17 million passengers could be exceeded
slightly if 1974 energy costs and highway travel times were in affect.
Since energy costs are already higher than in 1974 and are likely to be
still higher by 1982 (in real dollars), the FRA number seems reason-
able, considering the time lag in traveler response to new services,
For 1983, highway travel times were arbitrarily increased 10 percent
and energy cost 3 percent to replicate the FRA projection. From 1984
to 1987 real energy costs were assumed to increase at up to 12 percent
per year. During the period from 1987 to 1989, the FRA projection
would appear to have reached steady state, with rail travel increasing
just as fast as total travel.

After 1989, the FRA projection of rail travel grows at a slower rate
than the model projection of travel for all modes. This implies that the
rail share of total travel would gradually drop from 1990 on. To repli-
cate the gradual drop in rail share, real energy costs were assumed to
decrease slightly. In fact, this is not likely. It might be more reason-
able to assume that the BEA income projections that were used to esti-
mate growth in total travel are overly optimistic; and that energy cost
and the rail share of total travel might stabilize around 1990. Thus,
the 3-percent growth in rail travel after 1990 does not appear overly
optimistic even in light of a lower growth rate in the real per capita in-
come than the BEA projections, Real per capita income would only have
to rise at about 2 percent per year to bring about the FRA projected
growth.

ESTIMATION OF STATION LOADINGS

Station loadings (total passengers boarding and alighting from trains
at a station) have been tabulated in Tables V, 2 through V.5 for the years
1974, 1982, 1990, and 2015 based on FRA projection totals. The high
day is the design day used by Becthel in their analysis,! which was de-
fined as: 0.38x annual. As such, it represents a higher than average
day, probably a typical Friday. The peak day (see the analysis in
Appendix B) might be as much as twice the volume of the high day, de-
pending upon the type of service offered. If a no-reservation service
were offered, peaks would likely be higher than if reservations were re-
quired. Stations listed in the tables are those included in initial studies
undertaken by FRA,

'Bechtel, Inc. Northeast Cqrridor High-Speed Rail Passenger Service

Improvement Project: Task 1 - Demand Analysis. Federal Rail Admin-
istration, U.S. Department of Transportation. April 1975,
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Peak hour is defined in this analysis as 15 percent of the high-day vol-
ume, In fact, while 15 percent is a typical peak hour factor for average
days, peak-day volumes tend to be somewhat more dispersed than more
typical days, and an estimate of 10 percent of peak-day is appropriate.
Thus, the estimate given here would be appropriate if peak-day traffic
were twice average day (365/270 x . 1552 x .10). A significant imbal-
ance could occur during a peak hour. Thus, the peak hour for boardings,
the more space demanding operation at a station, should be estimated as
60 percent of the numbers given,

High and low estimates have been prepared for the traffic split betwen
stations in metropolitan areas having more than one station. ~ In Boston,
which has two downtown stations and one at Route 128 current patronage
percentages show about 18 percent using Route 128; in Washington, a rela-
tively inaccessible and parking-constrained Capital Beltway draws about 15
percent; the Metropark share at the northeastern New Jersey traffic is
between 10 and 20 percent.



VI. IMPACT ON PATRONAGE OF
SELECTED ADDITIONAL STATIONS

The stations shown below were initially chosen by FRA as the pri-
mary focal points of service in the corridor, The number of stops of
any one train, however, were limited to five intermediate stations be-
tween Boston and New York, and five between New York and Washing-
ton, in order to maintain the overall planned schedule. Major stations
(i. e., those noted with an asterisk) would receive service from every
train. The planned station stops are:

* Boston (South Station)
Route 128

¥ Providence
New London

* New Haven
Stamford

* New York (Penn Station)
Newark
Metropark
Trenton

* Philadelphia (30th Street Station)
Wilmington

* Baltimore
(Capital Beltway)
New Carrollton

* Washington

Since there are only five intermediate stations north of New York,
every one would receive service from every train under the base case.
Service would be rotated among the five secondary stations south of
New York.

North of New York, the base service plan allows possibilities for
expansion of service to more stations if the frequency of service to
others is reduced. South of New York, the planned additional service
between Philadelphia and New York would allow for more stops, par-
ticularly north of Philadelphia., In examining the locations of proposed
station stops relative to population distribution, one notes that the two
largest SMSA's in the corridor, New York and Philadelphia, have only
one station each, and that they are particularly lacking nearby stations
on the north sides of the metropolitan areas. For example, Trenton
is 32 miles north of Philadelphia and relatively inaccessible by direct
expressway route from the northern suburbs of Philadelphia; Stamford
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is 36 miles north of Penn Station, although somewhat more accessible
to northern New York suburbs. Therefore, FRA decided to examine
both the potential for additional service locations between 30th Street
Station Philadelphia and Trenton, and the extent of service require-
ments in the entire area between New York and New Haven.

APPROACH TO ESTIMATING

Models

To conduct these tasks, PMM&Co. used a terminal accessibility
model (UNIM)' that was developed for the Northeast Corridor Project,
to revise access time estimates for input to the modal split model de-
scribed in Section II. The access model develops estimates of average
access impedance from an area to one or more terminals using gener-
al arterial travel speeds and specific expressway links. The basic
system used in the model to represent areas consisted of districts
(usually coded as counties) and subdistricts (geometric subareas of the
districts)., Trip generation rates were based on population density for
the subdistricts. Access impedances were based upon analytical and
empirical estimates of access characteristics from the small subdis-
tricts to each terminal. District-level impedances were estimated by
weighting subdistrict impedances according to their populations. Dif-
ferent levels of service to terminals can be represented by incorpora-
ting service frequencies in a terminal choice portion of the model.
Detailed information on the operation of the model and input require-
ments are included in the above referenced reports.

Input Data

Both the Philadelphia area and the northern New York (the northern
suburbs of New York City)/Fairfield County area had previously been
coded for the access model. It was felt that the coding of the Philadel-
phia area was adequate for this study; however, the northern New
York/Fairfield County areas needed to be coded at a finer level of de-
tail, since the previous coding was focused primarily upon New York
City. New population distribution curves and arterial speed curves
were prepared for Westchester and Rockland Counties, and Fairfield
County was divided into three separate districts focusing on Stamford,
Bridgeport, and Danbury. New population distributions and speed
curves were developed for each district.

"Peat, Marwick, Livingston & Co. Access Characteristics Estimation
System: Vol. I and II. U. S. Department of Transportation Office
of High-Speed Ground Transportation. December 1969.
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ANALYSIS

Philadelphia Area

Access impedances were examined for all eight districts (counties)
comprising the Philadelphia SMSA. Four potential sites of a new high-
gspeed-rail-service station (Figure VI. 1) were examined for their im-
pacts on access and, hence, on demand. The four potential terminal
combinations and the districts that they would serve are:

Terminal Sites Districts
Penn Central Station (30th St.) Philadelphia, Pa.
and Delaware Cty., Pa.
North Philadelphia, (existing) or Serve Chester Cty., Pa.
Bridesburg, or Montgomery Cty., Pa.
Cornwells Heights - Andalusia, or Bucks Cty., Pa.
Bristol Glocester Cty., Pa.

Burlington Cty., Pa.
Camden Cty., Pa.

It was assumed that a new station would have about the same effec-
tive frequency (that which is most useful to the traveler) as Penn Cen-
tral Station. Since it is suburban, it would be operated much as the
Capital Beltway or Metropark stations are today. More trains would
stop during the morning peak hours to carry passengers to downtown
areas such as New York and Washington; during the evening hours,
trains would return passengers from the downtown stations. Fewer
stops would be made during the day. In this way, effective frequency
is maintained at a high level, while actual frequency is somewhat low-
er, Thus, passengers generally have the option to travel to whichever
station is closer. Further, passengers traveling north would save sev-
eral additional minutes since northbound trains would stop at the new
station after they stop at Penn Central Station. Southbound passengers
using the new station would see an increase in line-haul travel time.

Specific sites were not chosen as part of this task since accessibil-
ity does not change rapidly as terminal locations are moved within an
area. Wherever it was located the station was assumed to have rela-
tively easy access from nearby expressways and arterials and no sub-
stantial parking problems which would increase impedances. (These
were not major considerations at Penn Central Station, since it is
relatively accessible from commuter lines and the Schuylkill Express-
way. Most travelers use public transportation to reach this station.)

VI. 3
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Northern New York - Fairfield County

The accessibility of stations from five counties north of New York
City, and the three districts of Fairfield County, were examined. Five
existing sites in these two areas, plus Penn Station and New Haven,
were tested. The study area is shown in Figure VI-2. The seven po-
tential sites and the counties and districts that they would serve are:

Terminals Districts

Penn Station Westchester County
New Rochelle Rockland County
Rye Dutchers County
Stamford Serve Putnam County
Norwalk Orange County
Bridgeport Stamford district
New Haven Bridgeport district

Danbury district

The problems analyzed were the locations and the number of sta-
tions to be served. Since the base plan included Stamford and only
four other stops, a potential for additional service in this area exists
if service is reduced to Stamford, New London, and Route 128. At the
service levels projected for the Northeast Corridor Service, demand
from these cities is relatively insensitive and thus should not be sig-
nificantly affected.

Two types of service were examined--simultaneous and competing.
Simultaneous service is service where each train that serves the area
stops at each station in the area. Competing service is where trains
stop at alternate stations (i.e., one train stops at Station A, the next
train at Station B, etc.). With simultaneous service, patrons were as
sumed to use the station closest to their true origin or destination.
With competing service, patrons were distributed to stations based on
the access time to the station and the level of service at the station,
using the terminal choice portion of the model. Generally, districts
were not assigned to terminals which would have patrons bypassing an
intermediate terminal (i.e., Westchester patrons were not given the
choice between Bridgeport and Stamford, if alternating service were
offered. However, partrons might choose between Rye and Stamford if
alternating service were being offered.)
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RESULTS

Philadelphia Area

Table VI. 1 shows the average access time (including terminal time)
for the five alternative station combinations tested and the overall im-
pact on travel demand in the corridor. Cornwells Heights has slightly
better accessibility than Bristol and Bridesburg and is a substantial im-
provement over North Philadelphia. It should be emphasized that the
values obtained are overall times for the entire metropolitan area.
Since only about 20 percent of the Philadelphia travelers would use
Cornwells Heights, the savings are much more significant for those
who do use it. Further, northbound travelers using Cornwells Heights
would save about 10 minutes in line-haul time as well. Service to Corn-
wells Heights would increase total travel in 1990 from the Philadelphia
area by rail from 11. 74 million annually to 12. 31 million (i.e., an in-
crease of 570, 000 passengers a year). Station loadings, using the same
assumptions as in Section V, are shown in Table VI.2. As shown in
the table, total revenue would increase about $9 million per year in
1990, with the addition of Cornwells Heights.

Northern Suburban New York/Fairfield County

Two problems were addressed in this area. First, what would be
the impact of adding a station for the northern suburbs of New York?
Second, how many stations should be served in the New York-New
Haven area? Two sites were considered for a station that would serve
northern New York, Rye, and New Rochelle. New Rochelle was gen-
erally less accessible to all areas of the five northern New York dis-
tricts except extreme southern Westchester County. The operation of
a station at Rye would result in substantial savings of access time com-
pared to Penn Station or Stamford and an increase of travel in 1990
from northern New York from 1.28 million passengers per year to 1.57
million (i.e., an increase of 290, 000 passengers per year). Station
loadings would change as shown in Table VI. 3. Total revenue would
increase about $5 million per year by 1990, with the addition of Rye.

Table VI. 4 shows the average access time (including terminal time)
by direction of travel for seven alternative station combinations exam-
ined for Fairfield County, and the overall impact on travel demand in
the county. The access time was used in conjunction with line-haul
times from the respective stations to determine the resulting passen-
ger demand,
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The addition of any two stations (which would include Rye as one
stop) would result in a marginal increase in travel in Fairfield County.
The best combination--New York, Rye, Norwalk, New Haven--would
increase travel in Fairfield County in 1990 by 8, 000 passengers per
year, from 1, 512 thousand to 1, 520 thousand. The impact that Rye
would have on total corridor travel is approximately the same whether
the other station location is Stamford or Norwalk. In either case, the
increase in total corridor travel in 1990 would be marginal. Station
loadings for the two best alternatives with two stations is shown in
Table VI. 5.

Although Bridgeport alone showed better average access times than
Stamford for both southbound and northbound travel, the net effect on
demand was a decrease in patronage. This is because while access
times for travelers from the Bridgeport district to the Bridgeport sta-
tion are better than access times from other districts to their respec-
tive stations, the numbers in Table VI. 4 do not reflect the greater line-
haul time from Bridgeport for the more numerous southbound travelers,

Serving Fairfield County with only Bridgeport or Rye between New
York and New Haven was least effective in attracting patronage from
the County. Neither location is close enough to the center of the County
to allow for good accessibility from all three districts.

CONCLUSIONS

Construction of a station in the vicinity of Cornwells Heights appears
to be warranted under almost any circumstances by the potential incre-
mental patronage and revenue, Full service at Rye in addition to Stam-
ford would also be warranted. The incremental patronage does not ap-
pear to warrant service at a third station between New York and New
Haven. Skip-stop alternating station service alternatives had higher
effective (adjusted for frequency of service) access times than any al-
ternative shown in Table VI. 4, and thus appears to be detrimental to
the overall gservice level in thig area. With one stop in addition to Rye,
the analysis indicates little difference in patronage whether the station
is at Stamford or Norwalk, and a definite loss of patronage if the addi-
tional station is at Bridgeport.

The analysis only examined the patronage impacts of operating ad-
ditional stations and assumed that there would be no net degradation of
existing service. If reasonable service (hourly) cannot be provided to
the additional stations without some increase in running times on at
least some trains, patronage should be revised downward slightly for

VI.12
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through travel. These analyses do not consider the cost of building or
improving the station sites or operating the stations, or the incremen-
tal cost of operating (stopping and starting) trains at these stations.
These costs should be at least partially offset by savings at the Penn
Station and 30th Street Station, which are projected to have substantial
volumes of travelers by 1990,
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APPENDIX A

DEMAND MODEL DEVELOPMENT

RELATIONSHIP BETWEEN TOTAL TRAVEL
AND METROPOLITAN AREA POPULATIONS

A relationship between population growth and travel growth between
cities which fulfills several requirements not met by other formulations
was developed. The growth rate of travel between two cities should be
proportional to the growths of each city, all other factors being equal,
since the total number of persons available to travel increases in pro-
portion to the population. An additive form such as:

DabF _ PaF b PbF

5 =
abB PaB + PbB

is satisfactory if both cities are about the same size. For example, if
for cities a and b, for years 1 and 2:

P = P = 10, and

ay b

P = P = 15, then

as ba

D P +P

aby 3 P2 15415 _ ) ¢
D =P +p_ 10+ 10 '

ab; a) b1

or, travel growth is equal to the population growth. An additive form,
however, tends to emphasize the growth of the larger city, if the two
cities are significantly different in size. If, for example, a very large
city, a, does not grow, while a small city, b, doubles its population,

a significant increase (although not necessarily a doubling) in travel be-
tween the two cities would be expected., The additive formulation, how-
ever, results in only a relatively small increase in travel:

P

I

P = 10, and
al az




A multiplicative formulation corrects one problem of the additive
formulation but, if other factors are constant and total travel is pro-
portional to total population, an unconstrained multiplicative function
will tend to overestimate total travel growth. Using the previous ex-
ample, if two cities of approximately equal size each double in popu-
lation, then total travel between them could be expected to double, but
with the multiplicative form:

P =P =10. and

a) b;

Pa2 = sz = 20, then

D P P

P2_ 22 P2 0.0,
Dabl Pal Pbl 10 . 10

Some form of control total or normalization is required if a multipli-
cative function is used. The normalization factor used in this study was
the national population growth rate. Thus, projected travel demand be-~
tween cities a and b is proportional to the product of the population
growths of the two cities divided by the national population growth, or:

DabF = PaFPbFPnB
DabB PaBPbBPnF

For the above two cases, if both equal sized cities double their popu-
lations, and the national population also doubles, then

D

P P
aby aszz n

_20.2.1_,
10 . 10 . 2

P P P
Dab1 a] b]_ o

For the two cities with significantly different population sizes, if national
population doubles, then

) P PP
82b21; 49, 2.1
"T0.1.2 1

ab; Pa1Pb1Pn2

With this formulation, the growth between two cities is inversely pro-
portional to the growth of all other cities. In this second example,
city a becomes less attractive to travelers from city b as compared to

A, 2



other cities. If no national growth occurred, city b becomes more at-
tractive and a relatively larger travel generator than other cities and:

D
aby 49 ,

2 .
Dab1 10 . 1.

RELATIONSHIP BETWEEN PER CAPITA PASSENGER
MILES OF TRAVEL AND PER CAPITA INCOME

The second factor in the equation to project total travel considers
the relationship between per capita intercity passenger miles of travel
and per capita personal incomes. A graph of historical national per
capita intercity travel and per capita income in constant dollars is shown
in Exhibit A.1. A least squares fit of the data yields the relationship:

Y=1.77 T - 203

where:
Y = per capita passenger miles of intercity travel; and
I = per capita personal income.

The coefficient of determination (R?) for this equation is 0.97; the stan-
dard error of estimate is 226.

The correlation of these two variables appears quite strong. Much
of the remaining variance may possibly be explained with a variable de-
scribing the state of the economy. Because of the difficulty in predict-
ing the timing and severity of future cycles, no attempt was made to
incorporate a business cycle variable in the forecasting model.

The passenger-mile travel growth factor, as related to income
growth, was determined as

1.77 I - 203

Fly = 1,77 1, - 203
where:
I = per capita personal income; and
FI = per capita passenger-mile travel growth factor estimated

for forecast year.
A3



EXHIBIT A.1

. PER CAPITA INCOME AND TRAVEL BY YEAR

Year Per Capita Income Per Capita Intercity Travel
(constant 1967$) (miles)
1929 1,458 2,140
1940 1,483 2,500
1950 2, 065 3, 336
1955 2,350 4, 320
1960 2,500 4, 345
1965 2,820 4,750
1969 3, 360 5, 570
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APPENDIX B

PEAKING CHARACTERISTICS AND TIME PATTERNS

As part of the financial analysis, fleet size was projected based on
the peaking patterns of travel, Since diversion of travelers to rail
might not follow the same patterns as existing rail travel, a stratifica-
tion of total travel patterns was prepared from available survey data. .

Based on the Northeast Corridor Intercity Travel Survey by A. M.
Voorhees & Associates, Inc. for the Office of the Secretary of the De-
partment of Transportation, daily and weekly peaking patterns were de-
veloped. Patterns were stratified by distance between cities (0 to 150
miles, 150 to 250 miles, 250 or more miles), purpose (business or
nonbusiness), group size (one, two, three or more persons), and in-
come level (low, medium, high). Yearly peaking patterns of rail vol-
umes in the New York-Washington and New York-Boston corridors were
developed and compared to peaking patterns on major Northeast Corri-
dor expressways.

PEAKING CHARACTERISTICS

Figure B.1 compares typical peaking characteristics of several ma-
jor Northeast Corridor expressways to peaking characteristics of rail
travel in the New York-Washington and New York-Boston corridors. The
horizontal axis represents the days of the year ordered by descending
volumes, and the vertical axis represents the ratios of the volume of
each day to that of the average day.

As is common throughout the corridor, traffic volumes on the urban
facilities - Baltimore Harbor tunnel and the Garden State Highway - al-
though heavier are less peaked than those on other facilities. Traffic
peaks most on rural intercity routes. For example, a peak day on the
Delaware Memorial Bridge is characterized by about 2.3 times as much
traffic as that of the average day, while peak traffic on the JFK Highway
(I-95) in Maryland is almost three times the average daily traffic).
Semi-rural highways, such as the Wilbur Cross Parkway and the Con-
necticut Turnpike, have peaking characteristics which fall between those
of the rural and urban facilities. In general, about 20 percent of all
intercity travel occurs during the peak 10 percent of the days of the
year.

Rail travel volumes between New York and Washington show slightly

lower peaking characteristics than urban facilities (i.e., constantly near
B.1



capacity traffic and suppressed demand). Rail volumes between New
York and Boston have peaking patterns more like those of semirural
highways (i.e., more pronounced peaking and lower volumes).

TIME PATTERNS

Variations in travel also occur within the days of the week and
during the hours of the day. The Northeast Corridor Intercity Travel
Survey also developed hourly and daily peaking patterns for all modes
combined. Patterns were stratified by distance between two cities
(0 to 150 miles, 150 to 250 miles, 250 or more miles), trip purpose
(business, nonbusiness), group size (one, two, three or more persons)
and income level (low, medium, high). Figures 2 through 13 illustrate
peaking patterns within each distance group; business and nonbusiness
trips were stratified either by group size or income level.

As expected, single-person business trips peak during midweek.
(Wednesday is the peak day of travel.) Two- and three-person trips
show similar patterns, with less pronounced peaking and far fewer
trips (Figures B.2, B.6, and B.10)., Nonbusiness trips tend to peak
near the weekend, with larger group sizes having more significant im-
pacts on travel patterns (Figures B.3, B.7, and B.11). Single-person
business trips of less than 150 miles have their peak travel in the morn-
ings, except on Thursday and Friday afternoons when there is a substan-
tial travel between 12 and 4 p.m. Longer trips (over 150 miles) show
midweek peaks later in the day.

Nonbusiness trips of less than 250 miles have their peaks on Friday
afternoons and Saturday mornings and then again on Sunday afternoons.
Three or more person groups dominate these travel patterns. This is
as expected, reflecting nonbusiness weekend travel (Figures B. 3 and
B. 7).

Longer nonbusiness trips (over 250 miles) show somewhat different
travel patterns--group size is smaller and there is less peaking occur-
ring one or two days of the week., Travel begins to increase substantially
on Thursday, drops off Saturday afternoon and Sunday morning, reaches
its highest peak Sunday evenings, and then begins to taper off through
Tuesday (Figure B.11).

Income level has a significant impact on the travel behavior of both
business and nonbusiness travel., Regardless of trip distance, people
in the low income group (i.e., those earning less than $7, 500) make
too few business trips to reveal any peaking patterns. Business travel

B.2



under 150 miles is dominated by people earning from $7, 500 to $20, 000
(medium income), while trips over 150 miles are made predominantly
by people earning over $20, 000 (higher income groups).

The daily and hourly travel patterns for both high and medium in-
come business travelers is parallel (Figures B.4, B.8, and B.12).
Shorter business trips peak on Tuesday and Wednesday mornings; longer
trips (greater than 150 miles) show less distinct peaking patterns and
seem to fluctuate throughout the week.

Short (less than 150 miles) trips are made predominantly by middle
income travelers, peaking on Friday and Saturday mornings and again,
but less pronounced, on Sunday evenings. Medium=-income level people
dominate the travel on longer trips also. Travel is more scattered on
longer trips, but still peaks around the weekend (Figures B.12 and B.13).
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APPENDIX C
REPORT OF INVENTIONS

After a diligent review of the work performed under this
phase of the contract it was determined that no innovation,
discovery, improvement or invention has been made. The work in-
volved updating the data base to be used with existing demand and
modal split models, so no innovative improvements or discoveries
were expected.
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