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Mirgetion Zone

CRR

Calibrotion

Carpool

Corridor Zone

"Cost!"

Drive Alone

Drop=-off

HOV

Headway

GLOSSARY

A zone at the non-home end of a home-based trip. In
this study, the attraction zones are the employment
zones of inbound commuter railroad passenger trips in
the D.C./Arlington/Alexandria destination area.

Commuter Hailroad. An urban/suburban rail passenger
service operated with locomotive-hauled trains or self-
propelled cars operated over the tracks of a eommon
carrier passenger/{reight railroad.

The technigue of testing a forecasting model against
known deta and adjusting the model, if required, so
that it reproduces the known data within the required
standards of accuracy.

A private vehicle with two or more oececupants. With
respect to mode of arrival, carpool refers to such a
vehicle driven to e rail station, earrying rail patrons,
and parked.

Essentially the same as a Traffic Analysis Zone, but
specifally configured in connection with the study of a
particular corridor.

The form of impedence used in the SIMS modal choice
model, where time components are weighted to make
their units equivalent to cents and are then added,
elong with unweighted cost components, to provide =&
measure expressed as the "ecost" of going from one
place to enother.

4 private vehicle with one occupant. With respeet to
mode of arrivel, refers to such & vehicle driven to e
reil station by a reil petron and parked.

Mode of arrivel in which the transit patren is driven
to & rail stetion in & ecar which is not subsequently
parked,

High Occupancy Vehicle. Specifically, a carpool or van-
pool with sufficient oceupants to qualify for use of
HOV (diemond) lanes &nd other facilities set aside for
HOV's. In the study corridor, the 1-395 HOV lanes re-
guire 4 oecupents, &and peak period use of 1-66 inside
the Cepital Beltway requires § occupants.

A method of expressing the freguency of transit ser-
vice, A 30-minute headway would indicate transit
service every 30 minutes,

—hr-



GLOSSARY - continued:

Home=Based Trip

Impedance

In=Vehicle Time

LOV

Mw COG

Meximum Load Point

Modal Split

Mode of Arrival

NVTC

Network

Kormelize

Out-of-Vehiele Time

A trip going either to home or from home.

The term used in this report to deseribe the time and
cost expenditure for an individual to go from one place
to another viae publie transit, or alternatively, via pri-
vate vehicle on the highway system. Impedance implies
8 combination of time, convenience and cost components
into a single number, using appropriate weightings of
the different components, which is then used in travel
demand models to deseribe quality of travel

That portion of door-to-door travel
transit or private vehicle; also referred to as "run
time." This component of travel time is viewed as less
onerous than Out-of-Vehicle Time.

time spent in &

Low Occupaney Vehiele. Specifically, a single-occupant
vehicle or carpool with too few occupants to qualify
for HOV facility use.

Metropolitan Washington Council of Governments

That point on & bus route or rail line at which the
passenger volume is greatest.

A term applied to the rational sllocation of total travel
demand (expressed as Person Trips) to the various travel
modes of a transportation system, such as publie trensit
versus privete auto travel, for example.

The means by which transit patrons arrive at & rail
station. In this study, possible modes of arrival in-
clude: welk, bike, bus, drop-off, carpool, drive alone.

Northern Virginia Transpertation Commission

A mathematica!l deseription of the transit or highway
system in & format used for computer processing and
anelysis, such &s the use in this study for caleculstion
of zone-to—zone travel time components.

Te bring into conformity with, or reduce to, & statis-
ticel nerm or standard.

That portion of door-to-door travel time spent in activi-
ties outside of any vehicle, ineluding walking, waiting
at & transit stop, or making & transfer. This component
of trevel time elso serves as & measure of convenience
(the less out-of-vehicle time the better).

- 1.i .



GLOSSARY - continued:

Ferson Trip

Produetion Zone

Itevenue

SMSA

Sub-Modal Split

Traffic Analysis Zone

Trip Distribution

Trip Generation

Trip Purpose

Validetion

A trip for which no travel mode is designated. Total
person trips thus include travel by all modes.

A zone at the home end of & home-based trip. In this
study, the production zones mre the zones in the tribu-
tary ares of the Virginia Railway Express commuter
railrond services; the zones in which the patrons re-
side.

Revenue, as the term is used in this study, is the
gross income from operation of the transit system, in-
cluding both basic and special fares. It does not
include income derived from advertising, concessions,
and rents.

Standard Metropolitan Statistical Area. The metropoli-
tan area as defined by the Buresu of the Census. The
W ashington SMSA is coincident with the MW COG boundaries,
and includes the District of Columbia, Montgomery and
Prince George's Counties in Maryland, and Arlington,
Alexandria, Fairfax County, Loudoun County, Prince
William County, &nd the independent ecities ineluded
therein, in Virginia.

The ellocation of travel within a particular type of
mode. In this study, sub-modal split refers to the split
between commuter rail transit and all other transit.

A smell portion of the metropolitan area used to deseribe
the geographie location of travel and other characteris-
ties such as population, auto ownership and employment.

The procedure of estimating the gecgraphie orientstion
in distance and direction of the travel demand from &
specific snglysis srea.

The procedure of estimating the amount of travel demand
for verious purposes from & specific analysis area.

In deseribing home-based trips, the trip purpose repre-
sents the type of activity at the end of the trip away
from home, e.g., work, scheol, shopping, social-recrea-
tion, ete. A work trip may be to work or from work.

The testing of & calibrated model sgainst known data,
other than the dste used in cealibration, to verify that
it can reproduce more than just the known data mgainst
which it was celibrated.
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CHAFPTER 1

INTRODUCTION

The Northern Virginia Transportation Commission (NVTC) is actively proceeding
toward implementation of a two-year experiment in providing commuter rail ser-
vice from both Manassas and Fredericksburg to Washington Union Station in the
Distriet of Columbia. NVTC has appointed & five-member committee to work
with officials of the Potomac Rappahanock Transportation Distriet (Prinee Wil-
liam and Stafford Counties and the City of Manassas), the Cities of Mannssas
Park and Frederieksburg, and Spotslvenis County. Signifieant progress has been
made in drafting & master agreement, defining policy and financial relationships
between localities and the NVTC, developing & financial plan and program, se-
curing motor fuel tax revenue and State and Federal grants, service planning,
equipment procurement, development of &n operating agreement with AMTRAK
and the RF&P and Norfolk Southern Railroads, and in programming insurance
for liability claims &nd judgments. The proposed commuter railroad operation

has been named the Virginie Railway Express,

Planning hes been proceeding on the besis on an interim patronage forecast,
derived with modificetions from & 1984 study by the Metropolitan W ashington
Couneil of Governments. That study assumed & northern terminus at Alexan-
dria, with transfer to Metroreil, & limitation that no longer pertains. The
foreeasts in thet study were derived through direct analogy with the patronage
charecteristies of the Brunswick Line commuter rsilroad serviece, operasted by

MARC in the State of Merylend.

Perticipanis in the implementetion of the Virginia Railwaey Express have felt it
would be desireble to heve & new set of forecasts, specific to the operation
now proposed, &and developed using the full travel! demand modeling sequence
applied In other mejor corridor studies. This commuter rail patronage and
revenue study was thus initiated with the charge to forecast 1987 and 2005

1-1



patronage through &8 step-wise forecasting of travel in terms of person trips by
all travel modes, mode choice between suto and transit, sub-mode choice be-
tween commuter rail and other transit modes (Metrorail and bus), and station

mode of necess,

This report presents both the forecasting procedures and results of the study.
The transportation system and demographic assumptions employed are deseribed
next, in Chapter 2, Chapter 3§ presents the overall patronage forecasting
methodology, while detanils of the component models and procedures are provided
in Chapter 4. The patronage and revenue estimates themselves are presented in
Chepter 5, starting with & discussion of forecast interpretation and use. The
reader desiring only an overview of the procedures may wish to concentrate on
Chapter 2, Chapter 3 through Exhibit 8 (page 3-7), and Chapter 5.



CHAPTER 2

TRANSPORTATION SYSTEM AND DEMOGRAPHIC ASSUMPTIONS

Virginia Railway Express

The Virginia Railwey Express commuter rail service is proposed for operation in
two corridors, utilizing the RF&P and Norfolk Southern Railroads. The RF&P
service would start at Fredericksburg, with stations at Brooke, Quantico, Wood-
bridge, Pohick, and Springfield. The Norfolk Southern service would start at
Manassas Airport, with stops st Manassas, Burke, HRelling Road, and Backliek
Road. Trains from both lines would stop at Alexandria Union Station (King
Street), Crystal City, and L'Enfent Plaze, in addition to the Washington Union
Station terminus. Al four of these inner stations offer connection with Metre-
rail for further passenger distribution.

Exhibit 1 provides & map of the Virginie Railwey Express operation. Note that
within Springfield, the stop on the RF&P is designated "Springfield," while the
stop on the Norfolk Scuthern is designated 'Backliek Road."

The planned running time is 75 minutes from Fredericksburg to Union Station,
and 55 minutes from NManassas Airport to Union Station. Trains would run every
half hour during the peek period, four trains on each line, for & total of eight
inbound morning and eight out-bound evening treins. Exhibit 2 illustrates the
morning in-bound schedule assumed for purposes of describing the travel time
characteristics of the proposed service, The evening out-bound schedule is
comparable. Train eapacity was not used &s & patronage forecast restraint;
additional trains mey be reguired to sccommodate pasenger loadings, depending
on platform length end eguipment configuration., AMTRAK trains provide sup-
plemental serviee to Frederieksburg, Manassas, Alexandria and Union Station,
but these are, for the most part, outside of the peak commuting period, and

were not considered in the patronege forecasting.

2-1
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stations
Fredericksburg
Brooke
Quantico
Masassas Airport
Manassas City
Burke

Helling Read
Hacklick Hoad
Woodbridge
Fohieck
Springfield
Mexandria
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Union Station
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Exhibit 3 presents the assumed schedule of fares. It is anticipated that most
commuters will use the 20-ride pass, offering the equivalent of & $3.50 dis-
counted one-way fare from Fredericksburg and a $3.25 fare from Manassas, with
lesser fares for shorter trips. Single, round-trip tickets would be 25 percent to
50 percent more costly per ride, and single, one-way tickets would be 120 pereent

more.

The 1987 and 2005 unconstrained patronage estimates assume availability at each
station of sufficient parking to meet demand, The eonstrained estimates ASSUMe

the following numbers of parking spaces, as specified by the counties and eities

involved:

Station Number of Parking Spaces
Frederieksburg 116 spaces
Brooke 130
Quantico 500

W oodbridge 500
Fohick 200
Springfield 0
Manessas Airport Unlimited
Manesses 168

Burke 500
Rolling Road 300
Backlick Road 200
Alexandrie 0

Suitable eutomobile and pedestrian access is sssumed for all stations.

Metrorail and Bus

The Virginia Reailwey Express will operate as pert of the regional public

transportation system, complementing Metroreil, Metrobus, and other public and

private bus services, From a patronage forecasting perspective, Metrorail will

both compete with the Virginie Railway Express and offer vital passenger dis-

tribution to destinations not directly served by commuter rail. Certain bus
2=4
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services also offer passenger distribution, particularly in Alexandria, Arlington
and the Distriet of Columbia, while other bus operations will stand as an alter-
native to commuter rail use.

For the 1987 forecast, Metrorail and bus services in operation as of the first
of the year have been sssumed. For Metrorail, this includes the Yellow Line
service to Huntington and the Orange Line service to Vienna. Bus services
include the Virginia and D.C. Metrobus operation, DASH in Alexandrin, the
Fairfax Connector service to Huntington Station, and the Prince William Com-
muteride services operated by Bus Lease Contraet Serviees, primarily via 1-85
and 1-66. Also included are the private bus operations of Aries, D&J, Grey-
hound, Lee Coaches, Trailways, Virginia Motor Coach, White's and Lawson Bus
Company. These operations utilize the 1-395/1-95 High 'Dccupnncy Yehicle
(HOV) lanes and serve Park & Ride lots and local stops within Stafford County,
Fredericksburg and Spotslyvania County.

For the 2005 forecast, the full Metrorail System has been amssumed. This in-
cludes the downtown distribution afforded by the Green Line, and Yellow Line
service to Van Dorn eand Franconia (Springfield). The latter line parallels the

commuter rail route almost as far as the Springfield station on the RF&P.

For 2005 bus services, the same basic level of service as today has been as-
sumed, but with reorientation to mesh with the expanded Metrorail service.
Within the Weshington Metropolitan Ares Transit Authority service ares, the
assumed bus route frequency and density is that developed in concert with the
involved jurisdictions for the purposes of the Federel City Couneil study of

projected transit serviee.l

Continuation of the presently existing Prince
William County, Stafford Country, Fredericksburg, end Spotsylvania County com-
muter bus routes has been essumed. In the 2005 forecests, these routes obtain
the running time savings that will ecerue from projected extension of the I-85

HOV lanes.

1'I'rr;r:sit in the Netion's Cepital: What Lies Ahead? A Studv of Projected
Transit Serviee, Costs, &nd Financial Impecis on the Region Through the Year
2000. Federal City Council/UMTA, February 1986.
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Highway Network

Both low occupaney vehicles (LOV) and high oecupancy vehieles (carpools and
vanpools) have been considered as alternative travel modes in developing the
Virginia Railway Express patronage estimates, For 1987, the LOV and HOV
fueilities and restrictions in place as of the first of the year have been
assumed. Highway facility assumptions for 2005 are those embodied in the eur-
rent Metropolitan Washington Council of Governments (MWCOG) 2005 highw ay
network for that year. This MWCOG network is based on the Highway Section
of the 1983 Long-Range Element of the Transportation Plan as adopted by the
Transportation Planning Board (TPB), with further update by the Virginie De-
partment of Transportatien (VDOT) in advance of the Springficld Bypass study.
The same base case highway assumptions have been used since for all studies in

northern Virginia.

The major facility expansion most directly affecting the year 2005 analysis 1s
extension of the separate Shirley Highwey HOV roadway, south along 1-85, into
Prince William County. Provision of & comparable facility west of [-495 on I-
66 is not included in the 2005 highway assumptions. Other highway improvements
are assumed, such as construction of the Springfield Bypass, but these have rel-

atively minor impact on radial travel into the urban core.
Highway speeds and travel times were derived by MWCOG, based on projected

volumes and highway capacities. This process is described further in Chapter 3

in the Model Inputs section,

Population and Emplovment

The patronege forecasting work of this study required utilizing two primery
sources for population &nd employment forecasts. For jurisdietions within the
Washington Standard Metropolitan Statistical Area (SMSA), the source was
MWCOG. For jurisdictions outside of the SMSA, other sources had to be uti-
lized, primarily estimates by the Virginia Department of Planning and Budget.



Inside of the SMSA, the forecasting work of this study started with person trip
estimates furnished by MWCOG for home-based work trips, comprising all travel
for the purpose of getting from home to work and back. The population and
employment forecasts thet underlie these MWCOG trip estimates are those of
the I;termedinte Population Foreeasts, Round 3 Cooperative Forecast, Update
1985.

1985 and the 1987 forecast year, assuming straight line growth between the

These forecasts infer a 2.2 percent regional population growth between

officinl 1985 and 19890 forecasts, They project a 17 percent regional population
growth between 1985 and the 2005 forecast year. Employment forecasts for
the primary destination areas of the Virginia Railway Express service, and popu-
lation forecasts for the tributary areas within in the SMSA, are given in
Exhibit 4. The MWCOG person trip estimates are made utilizing the population
and employment forecasts for all jurisdictions within the SMSA, broken down

into projections for each small area of the region.

Exhibit & illustrates the derivation and gives the 1987 and 2005 results of
population forecasts for the exurban jurisdictions of interest to the study,
comprising the Virginia Railwey Express tributary area outside of the SMSA.
Exeepting the old city ares of Fredericksburg end Culpeper County, these fore-
casts indicate & 1985 to 2005 population growth ranging from 51 percent to 76
percent. The figures for Spotsylvanie County include the “new city" area of
Fredericksburg. Adjustment for the expanded ecity boundaries was made in a

subsequent step of the patronage forecasting process.

2Hesr:rlmtir:nw on_ 1985 Updetes te Cooperative Forecasts of Population,
Households, and Emplovment for Metropolitan Washington, Metropolitan Washing-
ton Ceouneil ¢f Governments, October 9, 18985,
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EXHIBIT 4

WASHINGTON SMSA EMPLOYMENT AND POPULATION FORECASTS

Jurd sdi etion

District of Columbia
Arlington County

City of Alexandria

Montgomery County
Frince George's County
Fairfax County

Fairfax City

Falls Church

Loudoun County

Prince William County

Independent Cities
{Va. Outer Suburbs)

Employment - Core Jurisdictions
1985 | 1987 | 1990 | 2005
679,000 684,200 692,000 | 735,000
153,500 156,900 167,000 | 203,500
72,400 63,900 101,100 | 134,300
i

Fopulation - Sub

urban Jurisdicetiona

1985 1987 1990 2005
620,000 | 640,200 {670,400 | 766,000
676,400 | 683,500 {694,100 | 763,700
668,300 | 689,900 | 722,400 | 786,500

| 20,800 | 20,900 21,000 22,000
9,500 9,700 9,900 11,000
66,600 72,400 81,000 | 135,700

E 177,000 | 186,800 |201,500 | 273,500
24,700 25,800 | 27,400 33,000

Hotes: 1085,

1880 and 2005 estimates are based on the Metropolitan

Weshington Council of Governments' Intermediate Population and
Employment Forescasts, Round III Cooperative Forecast, Update
1985,

1987 estimates are based on 2 straight-line interpolation between
19B5 =nd 1980,
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EXHIBIT &

EXURBAN COUNTY POPULATION FORECASTS

Jurisdiction lEEE EEEE 1987 EEEE 2005
Stafford 40,470 47,934 45 427 70,000 81,200
Frederichksburg 15,384 15,634 15,684 16,500 16,750
Spoteylvania 34,435 45,534 47,754 69,000 BO, 040
Fing Georpe 10,543 11,500 11,693 15,000 17,400
Fauguier 35,889 40,365 41,260 58,450 67,802
Culpeper 22,620 24,600 24,095 27,400 31,784
Hotes: Estimates for the City of Fredericksburg are for the 01d City

area only; population of the New City area is included in the
Spotsylvania County estimates.

1980 estimates are based on Buresu of Census, 1980. (Freder—
icksburg is based on trending back from 1985 to 1980, based on

an assumed growth of 250 persons per 5-vear perioed.)

1985 estimates sre based on Virginia Department of Planning and
Budget estimztes.

1987 estimates are based on a straight-line extrapolation from
1980 to 1985.

2000 estimates are based on Virginia Department of Flanning and
Budget estimstes,

2005 estimates are extrapolations from 2000 estimates, using a 3%
per year, or 16Z oversll growth.
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CHAPTER 3

PATRONAGE FORECASTING METHODOLOGY

Study Arean

The study aren for the Virginia Railway Express Patronage Forecast was defined
in two parts: the primary destination, or trip attraction, ares; and the tributary,
or trip production, erea. Both are shown in Exhibit 6. The trip attraction
areg encompassed the Alexandrie central business distriet and vieinity, the
Pentagon, Crystal City, Rosslyn and vieinity, the Distriet of Columbia core, and
certain nearby areas within D.C. The trip production part of the study area
encompessed the sectors of Fairfax County lying south and west of Springfield,
& small portion of Loudoun County, and Prince William, Stafford, Spotslyvania,
King George, Ceroline, Westmoreland, Fauquier, Warren, Culpeper and Rappahan-

neek Counties, along with the independent eities contained therein.

The portion of the total study ares that lies within the Washington SMSA con-
tains over 300 of the treffic analysis zones utilized by MWCOG for travel
forecasting. These zones represent the locations of trip origine and desti-
nations. To keep the cost and time of the Virginia Reilway Express patronage
forecasts within acceptable limits, these KW COG traffiec analysis zones were
combined inte the 43 eattraction zones and 16 production zones illustrated in
Exhibit 6. An eadditionel six production zones were used to describe the ex-
urban ares production zones,

By this means, the number of produetion zone and attraction zone pairs that
had to be anelyzed was held to slightly over T700. The zone combination pro-
cess agpregated arees of similar transportation system charecteristies, suech as
groups of zones surrounding proposed Virginis Railway Express stations. Fur-

ther detail wes provided by separetely analyzing the ereas within produetion
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zones that would be within walking distance of commuter railroad stations,
within walking distance of other transit service, within walking distance of

both, or not within walking distance at all

Not shown in Exhibit 6 are the comparable zones established in Maryland for
purposes of validating that the forecasting process emploved is capable of
replicating existing commuter railroad patronage. This validation test, con-
ducted for areas along the MARC Brunswick Line in Montgomery County, is

deseribed in subseqguent sections.

Travel Demand Model Chain

Exhibit 7 illustrates the basie travel demand model chain utilized for producing
the Virginia Railway Express patronage forecasts. An overview of this modeling
system will be given here. Further details about the models and their calibra-

tion and validation are provided in Chapter 4,

The first step in this sequential modeling process was estimation of person
trips, by all travel modes, from each of the study area produetion =zones to
each of the attraction zones. This was done for 1980, for purposes of model
calibration and velidetion, and for 1987 and 2005, for purposes of the forecasts.
Given the commuter orientation of the proposed service, only work purpose trips

were modeled.

The person ftrips internel to the SMSA were estimated by MWCOG in previous
studies, employing trip generation models and & trip distribution model. The
trip generation models estimate the number of trips, based primarily on number
of households &nd vehicle ownership &t the home end, and employment at the
work end. A 'gravity" distribution model is used to estimate the geographic
orientation of the trips, bassed on where trips are produced, where the trip

destination (attraction) opportunities are, and the travel time between.
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No sueh modeling of trips wes available for person trips from the exurban zones.
These trips were estimated utilizing & growth expansion process, starting with
1980 Census travel data.

The internal and external estimotes of work purpose person trips were combined
inte & single table, or matrix, representing the overall commuter travel market
available for the Virginia Railway Express service to draw from. Estimation of
the proportien that would be ecaputured by Virginia Railway Express service was

done in two subseguent "modal split" steps.

The first modal split step estimated the allocation of person trips between the
available hiphway modes of travel and gll of the available transit modes. The
highway modes include low oeccupany vehiele travel, which must use the regular
highway lanes, and carpool/vanpool travel, which ecan utilize HOV facilities.
The publie transit modes inelude Metrorail, Metrobus, other publie &nd private
bus operations, and eommuter rail. The modeling process utilizes a mathemati-
cal formulation to make the alloeation between highway and transit on the
basis of travel times, convenience measures, distance and cost of the competing
modes. After this ellocation, the estimated person trips via highway were set

pside &5 being of no further interest to the study objectives.

In mest irensportation plenning studies, the next step would be to load the es-
timated transit trips onto individusl trensit routes, making the assumption that
the minimum time routing will be utilized by the transit passenger. This pro-
cedure is generglly not edequete, however, for commuter railroad patronage
forecasting. For this resson, & sub-model split model wes used to specifically
estimate the commuter railroed market shere of the total transit ridership mar-
ket for eaech of the zone-to-zone peirs under study. This model utilized the
same transit time, convenience end cost measures es the prime mode split mod-
el, but with a different mathematicel formulation specific to sub-mode split
estimation.

The result of the sub-model split step wes to separete trips that would use only

Metrorail or bus from the trips forecasted to use commuter railroad. Like the
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highwey trips, the estimated Metrorail and bus-only trips were set aside, and
the final eomputations coneentrated on the commuter railroad ridership esti-

male,

Not shown in Exhibit 7, but essential to the process, are the ancillary models
and procedures used to take the basic eommuter railroad patronage forecast and
augment it with estimation of non-work trip usage, travel between non-downtown
stations, mode of access to stations, parking requirements, impaet of parking

constraints, and revenuc. These, also, are deseribed further in Chapter 4.

Model Inputs

Exhibit 8 essentially takes the final steps of the travel demand model echain,
illustrated in Exhibit 7, end blows them up to show the modal split and sub-modal
split model inputs. These inputs had to be prepared for each of the calibration/
velidation and forecast years—1980, 1987, and 2003,

Highway Characteristies

The modal split model, but not the sub-modal split model, requires & description
of highway travel cheraeteristies for eeeh produetion to sttraction zone pair.
All characteristies except parking costs sre derived from MWCOG network repre-
sentations of the highway system, For 1980, the MWCOG model calibration
network was used. For 1987, the MWCOG 1985 validation network was emploved.
For 2005, & 2005 highwey network previously developed for the Springfield By-
pess Study was utilized.

Highway distances were celeulated on the basis of the minimum time path through
the highway networks, exclusive of HOV feeilities. LOV highway driving (run)
times were computed in asccordance with the same path, and HOV run times were
similarly computed from network representetions that included all HOV {acil-
itfies. The highwey speeds upon which the run times were based had been
previously developed e&s & funection of eepaecity and highway traffic forecasted

in previous MWCOG analyses,
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For the exurban zones, travel times and distances for the portion of the trip
internal to the Washington SMSA were determined from the MW COG networks,
while times and distances for the exurban portion of the trip were compided

manually, based on inspection of available maps.

Results of the run time caleulations showed that highway speeds were estimated
to have decreased, and corresponding times were estimoted to have inereased,
by 4 percent per year between 1980 and 1985, A further highway travel time
increase was not mpplied for the 1987 forecast in view of somewhal diminished
traffic growth between 1985 and 1987, mlong with opening of the Springfield
HOV lane in the RF&P corridor, and opening of the Metrorail Orange Line (with
presumed travel diversion) in the Norfolk Southern Corridor. Most LOV trip
times for radiel travel were forecast to further incresse by 2005, but HOV
times will be reduced in the RF&P Corridor by virtue of the 1-95 separate HOV

lanes extension.

Since the modal split model utilized for this study does not differentiste be-
tween LOV and HOV highway run times, & weighted average was developed to
reflect the impect of both types of auto travel. The besis for the weighting
was date for 1985 commuter trips from esstern Prinee William County to the

D.C. core, presented in the Transit Options Studv for Prinee William Cr:rum}.r.a

These commuter trips were judged to be typicel of the highway alernatives to
patrenage of the Virginie Reilway Express, and showed spproximately 40 percent
of the highway commutation in question to be in HOV vehicles.

Parking cost was estimated using the parking cost model developed to accom-
pany MW COG's regional, zonel level modal split model. This parking cost model,
in effect, relates parking cost to emplovment density. It takes into sceount
not only the cost of pay perking, but ealso the proportion of employee parking
subsidized by employers.

“Trensit Options Study, prepared for Prince William County, by JHK and
Associates, Exhibit 11.
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Commuter Hailroad Charscteristies

Both commuter railroad cheracteristics and the characteristics of other transit
services were input to both the modal split and sub-modal split models. Tor
ench zone pair under consideration, the best of commuter rail, or other transit,
was used in estimation of the transit vs. auto mode share. Conversely, commut-

er rail was contrasted with other transit in the sub-modal split computation.

All commuter railroad characteristics were newly caleulated for this study.
Sinece areas within walking distance of commuter railroad stations and areas not
within walking distance were trested separately, the percentage of each zone
within wealking distance had to be computed. This was done by taking the area
within a 2,000-foot radius around each station as being the area within walking
distance. The computation was done for production zones only; the attraction
zones being smell enough to be considered either entirely in or not within

walking distance.

A 2,000-foot maximum radius for welk trips equates to & 10-minute maximum
walk. Accordingly, 5 minutes was used es the average walk time for ell produe-
tion zone welk-on ereas. Auto asccess times for areas not within walking
distance were measured for individual MWCOG traffic analysis zones and aver-
aged, weighting by population, toc produce velues for each corridor study =zone.
At the other end of the trip, attrection zone walk time, for zones within walk-

ing distance of commuter railroad service, was estimated a&s a zonal average.

The wait time for commuter railroad service was estimated on the basis of A.JM
peak period schedules. The proposed Virginia Railway Express service is sched-
uled to run essentislly on & 30-minute headway. The average weit for & bus at
this headway would be helf of the headway, or 13 minutes. However, past com-
muter reilroed petronage estimation has shown that the beneficial effect of
reilroad service schedule reliebility must be accounted for. This has been done
in this study by taking the wait time to be one-quarter of the headway, as was
also done in the calibration of the sub-modal split model Emp]::-1-.re+t'lfL The effee-

4Highwav Eesearch Record #268, "Estimating Multi-Mode Transit Use in &
Corridor Analysis,” by Gorden W. Schultz and Richard H. Pratt.

3-8




Tive possenper wWaaal Line vons Has estimelos B0 B mamelbes  Jor Yepanet Redlway
[ spess prossengers, CThe computalien lor RARC servire bsed an ol wnlice-
Thatiy Wb eevssarily teore cotpdes, bat comparabde, A watl Olane o Too b
colnpuied Tol cenel soneg ns WWARU svevieo feeguenoy vares baeoosilobion.

ooounter pbrond runmnge ine wes teben Trom the seheaole peosented g Pl
S tor Ahe Virpaab Tombweey Dapress, andd Trome e applieabile A RO Lindbnble,
Aol possenper wiat W, s ncustiient o wars upphed e Chie ense ol eomisinter
pendronl rononag, G I the prevaons worle eeferenevd gbhove, 01 won Tonnd Hhal
eolrib ey prilron punnng time b to Do faetored by UL T order La rephenle
caantinp pelrontse, Pl eotntgter serviee it that enso {0 henpor & Bont bl
LT I-:z.|w\'u_‘5'] oftferedl wn rar-conlraned,  seats for ooll ambocoes wilh new
epptnett, 1oesnlrast to eompeiiyy treastt modes, b the MARC corridor sae
colen el s sludy, commuter realroed roptong e adpustioent Toeloes ol 100y
.7, upt b o were pll testod,  Gouod replicobion ol existog potrongse wis pb
Loined Goly wily the DY eoquetment fector, the some fs ealibraled dnrlier i
Cneupo, CHhe mlleencet thoneht immortant o the epse 07 the 1UET MALRD service,
welhivdh weowdd eppdy 1o the Virgeoe Ratlwes bapress g5 owell, are bolh 1ty sonte-

for-nll serviet snd 1w schoedeie rehwbalily moconirest to perollel bus Servieo,

A omegority of the deslimalion sones wnebveed arc ool wilion normal walkmp s

tanee of the proposcd eonnaner rillroso stetlonn, These dareas will bie servod

Ly inddervormociion vig Boelrorgll, Meiroous, o DASE bus serviee,  To estimatle

tregisler Umes, oo Lones, Gud ecstingtion walk tings Tor comnecddnp services,

FW- OO0 Lronsin pelweork dofonmelios wos wtibzed.  Oo the bagis ol the MWOGG

neiwores, the besl roule 16 pich OCETI0E

£

ot mone, from o either Woeshinglon Lie-

1

ion Stevion; D'aadent Plssse Orovste! ity oor Alexangne Lodon Steticn, wes

determinesd end Cevseribed,

Conmuter taifrosd TEres wert ebizined from the schodule of fovos given in Li-
nibit 4, mnd ernverles o 1REU ocllurs for wse Ly the mode] split oanel sub-motiz)

snlit mipdels. Farer oo vonnecimp Sciroronl, Meirchus, omgl JVASH sorvices wore

Lhkor fronn B OO0 wet,

=70



Other Transit Charaecteristies

Essentially the same information had to be developed for other (non-commuter
railroad) transit. However, for the most part, this information was directly
obtainable from transit networks previously developed by MW COG. The transit
networks utilized were the 1980 model ecalibration network, the 1485 model
validation network, and the 1995 network developed on the basis of the previ-
ously-cited Federal City Couneil studies. Various adjustments, such as lo
reflect extension of the Metrorail Orange Line between 1985 and 1987, and
extension of the Metrorail Yellow Line between 1995 and 2005, were handled us
a subsequent step.

The MWCOG transit network data, like the highway network data, is at the tral-
fic mnalysis zone level of detril. To {faeilitate conversion to the corridor study
zone system, transit “impedance" was first computed for eaeh MWCOG traffic
analysis zone pair. This "impedence” is & combination of the various time and
cost elements in acccordance with the mode choice model formulation presented
in Chapter 4. Weightied average impedances were then computed for each corridor
zone pair, using U.S. Depertment of Transportetion UTPS computer programs,
and weighting by person trips. Sepsrate computations were made for trips ori-
gineting within walking distance of other transit service and not within walking

distance.

The percentapges of each zone within welking distance were computed from estimates
previously developed in conjunetion with the transit networks. A complementary
item of information, menuelly developed, weas identifieation of whether or not
other transit, s well a5 & commuter railroad, served each commuter railroad

stetion welk-on eres.

Impedances for bus travel from Stafferd County, Fredericksburg, and Spotsylvan-
ia County were computed menuelly, starting with schedules and tariffs furnished
by the private bus compenies to the Rappehannock Area Development Commission
in connection with their ride-shering progrem. No bus servieces useful for nor-

mal eommutation were identified for any of the other exurban eounties,
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Several circumstances required manual modification of the initially-derived
impedances for travel via other transit. These cireumstances and their solution
ineluded:

o Inclusion of commuter railroad trevel times along with other tran-
sit in the MARC service corridor: New, execlusively bus/Metrorail
transit impedances were developed for all cases where commuter
railrond had been selected in network analysis as the "best" path.
(This problem did not present itself in the Virginia Railway Ex-
press service area, because the proposed service was not in the
MW COG network.)

o Need for 1987 representation of the Metrorail Orange Line exten-
sion, not included in the 1985 transit network: New, other transit
impedances were developed for the affected zone pairs, based pri-
marily on examination of impedances from the 1995 transit network.

o Need for 2005 representation of extension of Metrorail Yellow
Line serviece, from Van Dorn Station to Franconia Station, not in-
cluded in the MWCOG 1995 network: Impedances for the affected
zones were modified based on analogy with impedance ehanges re-
lated to other study erees Metroraeil extensions. In sddition, the
model results aceruing from these adjustments were further checked
against past eommuter reil to Metrorail patronage diversion exper-
ience, as diseussed further in Chapter 4.

A key item of additional dats, not included in the Exhibit 8 illustration, was
1980 Census informetion on surveyed person trevel and trensit usege for home-
to-work trips within the study corridor. These dete were used for modal split
model calibration. Census date were not used to obtain commuter railroad
patronage figures for the MARC corridor model wvalidation; for that task, a
1981 Maryland DOT survey wes utilized.
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Model Application Program

A computer program, specially developed for this study, was prepared by MW COG
staff to hendle all of the input data, carry out the modal split and sub-modal
split computations, and provide summaries of the forecasted commuter railroud
patronage. This program was prepared utilizing SAS (Statistical Analysis
System) software. The program encompassed the mathematical formulae of the
modal split and sub-modal split models, and accommodated all of the bookkeeping

required for separate treatment of the four categories of transit availability:

o Trips originating within walking distance of both commuter railroad
and other transit,

o Trips originating within walking distance of commuter railroad, but
not other transit,

o Trips originating within walking distance of other transit, but not
commuter railrosd.

o Trips originating within welking distance of neither commuter rail-

road nor other transit.
A useful feature of the program developed was that it provided printout of all
input date and intermediste caleulations, allowing comprehensive error checking

of the forecesting process,

Five model applications were sccomplished with the NVIC commuter railroad

foreeast program. These were:

o 1980 calibration in the Virginie corridor of the modal split model

used in this study.

o 1580-'81 validation, in the Silver Spring to Germantown, Maryland,

MARC Brunswick Line service corridor, of the entire model chain.
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© 1986-'87 wvalidation, in the Virginia study corridor, of the model chain

up th'rough model split.
o 1987 Virginia Railway Express forecast.
o 2005 Virginia Railway Express forecast.
The results of the 1980 modal split model ecalibration are discussed in the Modal

Split section of the next chapter. Validation and forecest results are the sub-
jeet of Chapter &.
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CHAFPTER 4

COMPORENT MODELS AND PROCEDURES

Person ‘Trip Estimation

Person trip estimates, for the portion of the study area lying within the Wash-
ington SMSA, were obtained from prior MWCOG forecasting work, as detailed in
the previous chapter. These person trip estimates conformed with this study's
population and employment assumptions, as given in Exhibit 4, with one ﬂxeeptioh.
The yeur 2005 person trip forecest, done for the Springfield Bypass study, had
been developed with & somewhat higher employment forecast for Fairfax County.
This was deemed to be of negligible consequence to this study, as the small
amount of commuter railroad travel destined to Fairfax County employment was
not estimeted using the primary travel demand model chain. Full documentation
of the MWCOG trip peneration end distribution models, utilized in developing

these prior forecasts, is given in MWCOG Technical Report No. 23.5

It was possible to use the 1980 and 2005 MW COG person trip forecasts directly
in the corridor study, requiring only aggregation of the trip forecast from
MW COG traffic enalysis zones to the corridor study zones illustrated in Exhibit 6.
The 1985 person trip forecast, however, had to be growth factored to 1987, As
previously noted, a 2.2% regional growth is estimated for this two-year period.
However, the growth is differential by jurisdietion, and higher than average in
the study corridor, A series of jurisdiction-to-jurisdietion growth fectors were
developed through an interative average factor analysis and epplied to the 1985
person trip forecast. Within the study corridor, these twe-year growth faectors
ranged from 1.02 to 1.05 for trips destined to the Distriect of Columbia, from
1.03 to 1.06 for trips destined to Arlington, and from 1.14 to 1.17 for trips des-

tined to Alexandris employment.

“hpA New Trip Generation Model and Check of Gravity Model 'F' Curve
for Work Person Trips,” Technical Report No. 23, Metropolitan Washington Coun-
cil of Governments, July 1884,
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The estimation of home-based work trips from the exurban jurisdietions to the
Distriet of Columbis, Arlington County, and Alexandria was based on dats {rom
the 1980 Census, factored to 1987 and 2005, using the forecasts of population
given in Exhibit 5 and of employment given in Exhibit 4. The estimation pro-
cess involved the following steps:

o Development of 1980 daily in-commuting from Census Bureau data.
o Conversion of Census data to 1980 home-bused work trips.
o Growth factoring of trips to 1987 and 2005.

o Distribution of the estimated jurisdietion-to-jurisdiction trips to
individual MWCOG traffic analysis zones and then to individual cor-

ridor zones,

The Census in-commuting data, home-based work trip conversion factors, 1980
home-based work trips, population forecests, employment forecasts, and estimated
1980, 1987 and 2005 person trips are given in Tables 1 through & of Appendix A,

along with & more detailed, technicsl discussion of their derivation.

In general terms, the first step started with Census Bureau data on people who
live in the exurban jurisdictions and work in the Washington SMSA. Some of
the distances inveolved are extremely long, end it was thus assumed that some
of the trips are not made on & dsily besis. Discount factors were developed
by anelogy with commuting patterns in the Brunswiek, Maryland to Martinsburg,
West Virgine corridor, where commuter railroad serviee exists today., After
application of the discount factors, the second step involved conversion of the
daily in-commuting to home-besed work trips., This involved both proration of
workers with unspecified places of work and factoring to accomplish the home-
based work trip conversion.

The growth factering epplied in the third step utilized the average growth fac-

tor technigue, applying to each jurisdiction-to-jurisdiction trip estimate the

4-2



average of the exurbasn jurisdiction population growth factor and the Distriet
of Columbia, Arlington or Alexandria employment growth factor. In the final
step, the jurisdietion-to-jurisdiction trip estimates were prorated to traffic
analysis zones in proportion to the internal trip forecasts of work trips
attracted to them. It was at this point in the process that a portion of
Spotsylvania County trips were shifted to the Fredericksburg analysis zone to

account for the “new city" boundaries.

With the internal and external trip estimates complete, they were merged to
provide & total picture of the commutation travel merket in the corridor. At

this point, they were ready for application of the modal split model.

Modal Split

Medel Strueture

The MWCOG BIMS (Simple Mode Split) Model was utilized in this study for the
allocation of person trips to the highway and public transit travel meodes. The
SIM5 model was originelly developed for purposes of sub-area analysis, using
Fairfax Coumty home-to-work travel data from the 1980 Census, and has since
been used in corridor study applications that inelude the Easst-West Transitway
Feasibility Study and the Route 29 Corridor Study in suburban Maryland. The

model is & simple, linear relationship. The criginal formulation was as follows:

% using transit = 20 - 0L10X
where:
X = highway “cost" - transit "eost"

highwey "eost" = (.5 x perking cost
4 x highwey time
+ 22 x distance

4 x time in-vehicle time

8 x time out-pf-vehicle time

1 x fare

[5-minute suto—connect penalty]

transit "eost" =
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Note that the formulation makes transit usage & function of the comparison of
highway "eost" or "impedance" with transit "eost" or "impedance." Highwoay
"eost" is made up of parking cost, factored by 0.5 to alloeate half the cost to
the trip to work and the other half to the trip back home; highway travel time,
including & I-minute allowance for origin zone time to initiate the trip (termi-
nal time); and distance. Transit "ecost" is a function of door-to-door travel
time and fare, differentiating between in-vehicle (running) time and out-of-
vehicle time (walking, waiting, transfering). Note that the coelficient or
penalty on out-of-vehicle time is twice that for in-vehicle time, providing an
expression of convenience. Modal split model ealibrations throughout the coun-
try heve indicated that the weighting of out-of-vehicle time should be two to

three times the weighting of in-vehicle time,

The transit "cost" includes an suto-connect penelty applied to trips from areas
not within walking distance of commuter railroad or other transit service, which-
ever pertains. This aute-connect penelty is multiplied by the out-of-vehicle
time coefficient. It can be thought of as representing the inconvenience of hav-
ing to drive or be driven to transit service, and can be calibrated based on
observed travel behavior, as wes done for MWCOG's regional logit modal split
model.® '

Unlike the regionel model split model, the SIMS model is a corridor sketch-
planning model, and as sueh must be recelibrated for each sub-grea or corridor
where it is employed. The cealibration matches the constant and coefficients
of the mathemeatical formulstion to observed trevel behavior in the context of
the speeifie ecorridor.

Model Calibration
The celibration of the SIMS model for the Virginia Railway Express peatronage
study invclved the first appliestion of the forecast program described in Chap-

ter 4. The procedure employed was to stert with the original SIMS ealibration

EMWCDG Mode Choice Celibration Studv—Development, Calibration eand
Velidation of the Mode Choice Model, by Barton-Aschmen Associates, Inc., in
association with Ecosometries, Inc. for the Metropolitan Washington Counecil of
Governments, July 15, 1986,
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and successively adjust the constant, coefficients, and auto-conneet penalty
until the model application properly forecasted surveyed transit usage. The
surveyved transit usage in this case was from 1980 Census journey-to-work datn,

previously prepared by MWCOG for other model calibration activities.

The SIMS model ealibration was done starting with the 1980 person trip esti-
mate and 1980 highway and transit travel characteristies. For each trial, the
pereent transit estimated by the SIMS model was tabulated for each zone-to-
zone pair and summarized by production and attraction zone. The results were
then compared with the percent transit found by the 1980 Census {or each zone
pair and production and ettraction zone. The comparisons were plotted on maps

and examined for geographic bias,

The first applications of the SIMS model in the study ecorridor did show &
distance-related bias, resulting in relative overestimation of transit for long
trips and underestimation for short trips. This bias was confirmed by graphing
error apeinst distance. At the seme time &8s the overestimation applied to long
trips, it also applied to trips originating in aress mostly beyond wealking dis-
tanee of transit service. An exemination of auto ownership patterns did not
show any promise of resclving the blas through inelusion of auto ownership in

ithe model.

Two steps were taken towerd elimination of the distance biss. One was to lower
the highway distance coefficient to & value of 5, the least value that eould
reasonably reflect common perception of the fuel cost of operating en automo-
bile. The other wes to inerease the suto-connect penalty to & velue of 18
minutes, & figure derived from the calibrated coefficients of the regional modal
split model for erees of medium and high eutoc ownership. After making these
changes, & regression enealysis wes run to find the "best" constant and co-
efficient for the SIMS model eguation. The resultant equation was:
% using transit = 41 - 0.107TX

The constant incressed over its originel value; a natural result of lowering one
of the highway "cost" coefficients and raising one of the transit "eost" compo-
nents.



This trial formulation was further tested and, again, results were plotted on
maps. These plots showed that no consistent distance bias remained, but that
transit usage was siill being overestimated for outer areas relative to inner
areas. The area boundaries were quite distinctive. For trip productions, the
area of overestimate, the “outer zones," was comprised of Prince William County
and a small portion of Fairfax County west of Fairfax City (corridor zone G0).
The wrea of underestimate, the "inner zones," was comprised of the rest of
Fairfax County within the study area. For trip attractions, the primary line of
demareation was the boundary of the D.C. and Arlington core, with the transit
trips inside of the core being underestimated relative to trips attracted to
points outside of the core. A secondary line of demareation bounded those
zones categorized by MWCOG as comprising "Ring Zero." The greatest underesti-
mation pertained to these zones.

The solution, leading to the final ealibration of the SIMS model for the Virginia
Railway Express application, was to develop separate constants for trips
between each of the twe trip-production aress and eaeh of the three trip-

attraction areas defined, six separate constants in all.  The resultant final
equation was es follows:

% using transit = constent - 0.107X
where:
X = highwey "“eost" - transit "eost"

highway “eost" = 0.5 x parking cost
+ 4 x highway time
+ 5 x distence
transit "eost" = 4 x time in-vehicle time
g x time out-of-vehicle time
1 x fare
[18-minute sutc-connect penalty)

constant = or inner zones to Ring 0

i

for inner zenes to rest of core

for inner zones to rest of Arlington and Alexandria
for outer zones to Ring 0

for outer zones to rest of core

for outer zones to rest of Arlington and Alexandria



This final formulation replicated the 1980 transit usage percentage for the
study corridor within 1% overall, The following tabulation compares the observed and
estimated percent transit for each of the ares-to-ares combinations for
which separate constants were calibrated:

1980 Pereent Transit

Observed Estimated
Inner zones to ring 0 32.0% 32.0%
Inner zones to rest of Core 25.5 25.5
Inner zones to rest of Arl./Alex. 7.6 7.5
Outer zones to ring 0 17.1 17.0
Outer zones to rest of Core 12.3 12.4
Outer zones to rest of Arl./Alex. 3.1 3.6

In spplying the SIMS model, it was necessary to adopt & constant for the exur—
ban jurisdictions, which for lack of data, were not included in the ecalibration.
It was decided to use the seme constants es those developed for the "outer
zones"; 39.8 for exurban zones to Ring 0, 37.2 for exurban zones to the rest of

the core, and 34.0 for exurban zones to the rest of Arlington and Alexandria.

Sub-Modal Split

The sub-model split medel used in this study to allocate the estimated transit
trips between the commuter railroad and other transit sub-modes was edapted
from & similar model calibreted, using Chicago Ares Transportation Study survey
deta, for the Chicage north subi.u'bs.? This same model, with minor variations,
has been successfully used to estimate commuter railroasd ridership in several
urban areas, including: Orange County, Celifornia; Buenos Aires, Argentina; and
Queens/Brooklyn, New York. The model weas vaelidated in both of the latter
two ecities by demonstraeting that it could sstisfectorily simulate existing ecom-
muter railroad ridership.

?Highwa:.r Research Record, op. cit.
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The formulation of the sub-modal split model as calibrated in Chicago was:

Percent CRR (standard score) = -7.5 x (CRR utiles - fastest rapid transit
utiles)

With the following definition of & utile:
Utile = 1.0 x in-vehicle time + 2.3 x out-of-vehicle time + 0.33 x cost

In this formulation, CRR stands for commuter railroand, and “"standard score" is
& mathematical deviece for simplifving caleulations when using the normal eumula-
tive distribution. Further technical discussion and & table of conversion

between standard scores and percent mode share is given in Appendix B.

It was necessary to adapt this model to address "other transit," instead of just
competing rapid transit, and to fit with the SIMS model ealculation of "cost" or
"impedance." The first requirement involved only & definitional change; while
the requirement for consisteney with the SIMS model involved substitution of
"eost" measurement of transit service impedance for "utile" measurement of im-
pedence. In effeect, the utile is expressed in "equivalent time,” while SIMS?
impedence is expressed in "equivelent cost." The cost to time relationship of
the SIMS model, which pleces four times as mueh importance on one minute as
on one cent, wes used to accomplish the conversion and define the necessary
medifieation to the formule coefficient. The resultant equation, as applied in
the Virginia Reailway Express forecesting, wes:

Percent CRR (standard score) = -1.875 x (CRER impedance - other transit
impedance)

The estimating curve expressed by this formuation is illustreted in Exhibit 9.
Essentially, it says, if commuter railroad end other transit serviee are equi-
valent for e given trip, each will receive 50 percent usage from among the
total pool of ftransit riders. To the extent that either transit sub-mode is

better, it will receive & greater share.
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Recalibration of the sub-modal split model, given prior experience, was not
deemed necessary. The model was fully validated for local use in the process
of demonstrating that surveyed patronage on the MARC commuter railroad ser-
vice could be replicated. This validation is deseribed in the first section of
Chapter 5.

Patronage Volume Derivation

The preceding discussion has focused on the primary travel demand modeling
proecess of the Virginia Railway Express patronage study, which produced as n
produet estimated work purpose travel via commuter railroad from each ol the
study corridor production zones to each of the study corridor attraction wzones.
A few additiona] steps were required to produce complete forecasts of commuter

railroad patronege volumes.

The first additional step was to expand work purpose commuter railroad trips to
commuter railroad trips for all purposes. Since no mid-day service is proposed,
the proportion of commuter railroed passenger trips that will be non-work is
quite small, After examination of pertinent tabulations from the MW COG 1968
Home Interview Survey, an expansion factor of 1.06 was selected. The added 6
percent represents primarily trips that definitionally may have & non-work
purpose, either in-bound or ocut-bound, because of combining shopping or other
activities with the besie work trip. Other examples of non-work travel would
be the occesional ell-day excursion to W ashington, or making Netional Airport

or Union Station plane/train connections.

The second step in volume derivetion wes that of relating zone-to-zone travel
to station-to-station volumes. This conversion was facilitated by the design of
the corridor zone system, which grouped MWCOG traffic enalysis zones in part
aecording to station tributary saress, A correspondence table of zones to
stations was epplied to produce the station-to-station matrix of forecested
volumes.
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A third step wes introduced for the 2005 forecast, involving only those stations
within the influence areas of the Yellow Line Metrorail extension to Franconia.
As noted in Chapter 3, the forecast results aceruing from analogy-based adjust-
ment of other-transit impedances to refleet the extension were compared against
the commuier rail to Metrorail patronage diversion experience obtained in the
actual 1984 extension of Metrorail Red Line service to Grosvenor and Shady
Grove in the MARC Brunswick Line corridor. The comparison argued for manual
adjustment of the forecasted volumes at the affected stations to reflect an ad-
ditional sub-modal split shift from the Virginia Railway Express to the Yellow
Line extension. The adjustment process was sccomplished using a relationship
of pereent diversion as & function of the distance of the commuter railroad

station from the nearest new Metrorail station.

The final step was to make certain minor hand adjustments between stations
and to insert station-to-station movements not estimated in the primary model-
ing process. The movements not estimated in the primary process were trips
from Alexandria Union Station to inner stations, and local trips from outlying
stations to other outlying stations in as far as Springfield. These trips,
comprising 2 to 3 percent of the totel, were estimated by analogy with MARC
Brunswick Line patronege, as obtained in their 1981 survey. Post-Metrorail
boardings at Silver Spring were used as the basis for Alexandria beoardings, and
local trips were computed as & percentage of through travel to the major des-
tinations.  Examination of the MARC dete showed that loecal travel is only
prevalent from the outer-most stations; thus, the low estimate of local travel
for the shorter Virginie Reailwey Express service to lanasses, as compared to

the longer Fredericksburg serviece,

Mode of Arrival

Mode of arrival wes estimated for each station in each forecast year, alloeating
trips to the walk/bike, bus, drop-off (kiss 'n ride), ear pool, and drive-alone
modes of aerrival. .
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The walk trip proportion of arrivals at each station was estimated directly by
the primary modeling process, in that areas within walking distance were segre-
gated from other areas in the forecast program application. Before utilizing
these direct estimates, the MARC corridor validation was examined to judge the
accuracy of the walk-sccess component, In the MARC validation, walk trips
were estimated within § percent of sactusl experience overall, and within 20
percent or better of sctual experience at individual stations. For forecasting

6l the station level of detail, this was judged quite satisfactory.

The other modes of arrival were allocated by snalogy to experience with the
MARC Brunwick Line service which, in turn, is similar to experience with other
commuter railroad services elsewhere. Overall use of bus for access to MARC
service is 2 percent of all station arrivals, but examination of individual
Virginia Railway Express stations indicated that existing connnecting bus service
eould not possibly justify this percentage, and & lower estimate wes prepared.
The auto modes eof arrival at MARC stations are more substantial, allowing devel-
opment of a simple model for drop—off, cerpool, and drive-alone access. This
model is applied efter subtracting walk/bike trips and bus trips.

The model relates the percentage of these three sutc-access modes to distance
of the station in question from the principal downtown station, Union Station in
the case of MARC, and L'Enfant Plaze in the case of the Virginia Railwey Express.
Exhibit 10 illustrates the relationships. The drop—off mode of arrival ranges
from 22 percent of all suto-arrivel trips at innermost stations to 19 percent at
60 miles out. Carpooling is in the 10 percent to 11 percent range for inner
stetions, but ineresses in importance to elmost 30 percent st 60 miles. Cor-
respondingly, the single-occupent suto mode of arrival is 68 percent of all
suto-arrivael modes at inner stations, but drops toward 50 percent at 60 miles.
The outer terminals reguire special adjustment, ineluding halving the drop-off

mode of arrival and correspondingly edjusting the single-occupant arrival mode.
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Parking Constraint lmpact

The first set of estimates produced by this study assumed that parking could
somehow be made available for every potential commuter rail customer who
wished to drive to the station. Development of these "unconstrained" estimates
specificully provided information on parking demand. It will not be possible,
however, to meet the demand at all stations. Accordingly, a set of "“eon-
strained" estimates was also produced for Virginia Hailway Express patronage,

utilizing an initial determination of maximum feasible number of spaces.

The parking constraints affected four stations: Springfield, Woodbridgpe, I'red-
ericksburg, and Manasssas. No allowance wes made for the possibility that

patrons might find places outside of the station lots to park.

To produce the “constrained" estimate, it was first assumed that the origins of
trips able to park within the reduced parking lot capacity would be proportional
to the origins of the totel potential demand. Then is was assumed that the
walk/bike, bus and drop-off modes of arrival would increase modestly at the
affected stations. A 10 perecent increase was used. Finally, it was assumed
that, where reasonable, there would be diversion from the constrained stations
to neerby stations. Reasonsbleness was defined in terms of the amount of indi-
rectness of auto travel invelved. Only one mile was allowed for inner stations,

ineressing to 3 to 4 miles for outer stations,

Trips diverting to other siations were discounted saceording to the amount of
extra auto-access travel involved. The discount factor was 10 percent for each addi-
tional mile not involving indireet trevel, and 20 percent for each additional mile of
indireet travel. Trips lost in this discounting and trips for whieh diversion to
other stations wes deemed illogicel were presumed lost ss commuter railroad
patrons.

The net result of the constrained parking estimates was loss of sbout 8/10 of &
paetron for eech needed perking space not provided. The remaining patronage
that would be essociated with & station perking space weas that portion esti-
mated to divert to other access modes or other stations,
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Hevenue

The daily revenue corresponding to the ridership forecast for each yvear and
parking scenario was estimated by multiplying each projected station-to-station
passenger volume by its corresponding fare. Most fares were assumed to be
those available through purchase of 20-ride pass, according to the schedule of
fares set forth in Exhibit 3.

A pereentage adjustment was made for use of single round-trip fares and single
one-way fares. In light of the experience of other commuter railroad systems
with the sales of different types of fares, taken in the eontext of the proposed
Virginia Railway Express fare schedule, it was projected that 94 percent of the
fares sold would be multiple-ride, 5 percent would be round-trip, and 1 percent
would be one-way. The corresponding adjustment factor used to convert revenue

based on the 20-ride pass to everage revenue wes 1.024.
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CHAPTER 5

PATRONAGE ARD REVENUE ESTIMATES

Forecas! Interpretation and Use

The Virginia Railway Express patronage and revenue estimates developed in this
study are presented in the following sections of this chapter. Every effort has
been made to prepare reliable forecasts fully suitable for facility design, oper-
ations planning and financial analyses. The various error, validation, and logic
checks made during the preparatory and forecasting steps ensure the reascnable-
ness of the forecasts presented.

At the same time, the users of these estimates must recognize that patronage
forecasting involves many uncertainties which cannot be avoided. Aectual results
are subject to variability in comparison to the forecasts. Physical facility
design, and service and finaneiel planning, should provide enough leeway for the

inevitable wvaristions,

The most confidence can be placed in forecasts in the aggregate; in other words,
the forecest totels, such as the estimates of total patronage on & line and the
estimates of patronage systemwide. A single "most likely" estimate is given in
this report for each item estimated. In light of forecasting experience in
general, the specific models used in this study, and indications provided by the
validation tests, it is recommended that & range of plus or minus 20 percent be
taken as describing the confidence limits of the forecast totals, There is
reasonable confidence that the results will fell within this range, if the

assumptions of the study are not violated.
The more an estimate is broken down into its components, the more statistical
variability is introduced. The estimates for individual stations and jurisdictions

of residence are subject to more variability then the line and system patronage
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totals. In an mpparent contradiction, but really only as an arithmetic con-
venience, the patronage forecast details tabulated in Exhibits 13 through 22
have not been rounded off. The users of these detailed estimates should, for
example, interpret "BY parked vehicles" as “around 100, most likely less."
Despite the lesser confidence in disaggregated forecast elements, the orders of
megnitude expressed should receive careful attention. For example, the major
importance of the L'Enfant station, as shown in the estimates, is a certainty.

The design implications of this forecast must be addressed.

All of the estimates provided are for matured or stabilized ridership. In netual
practice, patronage will probably take over & year after opening of service to
build up to these levels, A full discussion of ridership maturation experience is

provided following presentation of the forecasts.

There are & number of productive ways to address the uncertainties introduced

by variability in forecasts and ridership maturation. These include:

o taking advantage of the initial patronage growth curve, the rider-
ship maturation process, to gain en early assessment of progress

toward echieving the forecast:

o staging of construction, perticularly with respect to station park-
ing, where ample leewey in land eveailsbility should be sought, but

initial paving cen be more limited in scope;
¢ provision of {flexibility in capital investment, suech as through
conservative eguipment purchases, backed up by additionel rolling

stock that mey be evsilable for loan or lesse, if needed:

o contingency plenning for both the opening week &nd subseguent
months of service.

The forecasts produced in this study should certainly receive the fullest con-

sideration in the design and plenning processes, The forecasts clearly show
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where certain essumed facilities, such as the parking at specific stations, may
be excessive, and where proposed facilities are very likely to prove insufficient.
They demonstrate that the planning estimates NVTC has been using are, in the

aggregate, reasonable but likely to be exceeded,

Model Validation

Two separate validations of the forecasting process were provided by forecast
program applications carried out prior to patronage and revenue estimation,
These validations were exclusive of the modal choice model ealibration itself,
which replicated 1980 percent transit usage in the study corridor to within 1

percent.

MARC Corridor Validation

The most exhaustive validetion wes the test to see if the complete model chain
could replicate surveyed patronage on the existing MARC Brunswick Line commuter
railroad service. The 1980 person irip estimates and highwey and transit net-
work data were input to this forecast. The survey, against which the results
of the validation estimate were checked, was the March 1981 passenger survey
on the Brunswick Line.g Only trips originating within Montgomery County were
included in the wvalidation, in order to avoid the date problems Inherent in
dealing with trips external to the Washington SMSA.

In 1880-'81, the MARC Brunswick Line had no Metrorail competition except at
Silver Spring. The commuter patronage cn B&O and AMTRAK trains on the Bruns-
wick Line totelled 2,391 (in-bound only), according to the survey, of which
1,423 boarded in Montgomery County inside of the MWCOG cordon. After remov-
ing Forest Glen end Silver Spring boardings, and trips not destined to Silver
Spring or Union Station, nene of which were modeled, and after alse removing

non-Montgomery County residents and en estimate of other Montgomery County

SBrunswick Line Commuter Eail Studv: Phase 1 Report. '"Results of
March 1981 Passenger Survey," prepered by Maryland Department of Transporte-
tion in cooperation with Stete Reilrosd Administration, August 17, 1981.
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boardings originating outside the MWCOG outer cordon, the validation objective

of 1,317 in-bound trips or 2,634 daily trips was derived.

This validation test required development of a full set of model inputs for the
MARC service corridor from Union Station out through Montgomery County, inelud-
ing commuter railrond percent walk, all of the commuter railroad time and cost
components, other transit percent walk, and other transit impedance. As pre-
viously noted, other transit impedance could not be obtained directly from the
availuble networks but, instead, required modification of the impedances to re-
move the effeet of the presence of the commuter railroad operation. Otherwise,
in the sub-mode split step, commuter railroad would have been modeled as compet-
ing with itself.

The modal split model was not recalibrated for the Union Station-to-Germantown
corridor. As noted in the deseription of the SIMS modal split model, it is not
intended for transfer from one corridor to enother without recelibration. For
this reason, two sets of estimates were made, one using the raw output of the
full model chein &nd cne normalizing to the percent transit as observed in the
1880 Census. The normelized estimate provided a better test of the data pre-

paration and the sub-mode split model.

The results given here are those obteined with the 0.7 factor on ecommuter rail-
road running time, discussed in Chepter 3. The modeled patronage was factored

by 1.06 to eccount for non-work travel. The results were:

Calibration objective {daily trips) 2,634
Estimeted trips (uncelibreted model choice model} 2,133
Estimeted trips (normelized percent transit) 2,803

As can be seen, the validation with the uncalibrated SIMS modal choice model
produced an estimate differing by 19 percent from the survey cata. The normal-
ized estimate, which provides & test of the input data preparation and the
sub-model split model alone, wes within 6 percent of the calibration objective.
It should be noted that MARC Brunswiek Line patronage often differs from count

to count by as much &s 10 percent in response to time of year, day of the week,



and other imponderables such as the weather., The results of the MARC corridor
validation, taken in the context of experience with similar estimates, more
than adequately demonstrated that the travel demand forecasting process was
performing well.

Study Corridor Validation

The seeond element of the validation process was less rigrous, but did serve to
provide edditional assurance of the reasonableness of the model results. This
element was accomplished by means of a preliminary run of the 1987 forecast,
omitting the proposed Virginia Railway Express service. This provided an esti-
mate of present day trensit usage in the corridor, which could be compared

with available patronage stetisties from a year previous,

The first component of this validetion test wes comparison of the estimated
transit usege from Prince William County, and the exurban counties, with 1986
Beltway cordon count dats for commuter bus passengers. A total of 1,748 com-
muter bus passengers were counted in-bound in the applicable MWCOG sectors
(Sectors 8 through 10), equivalent to about 3,500 daily trips. The 1987 fore-
cast of corridor transit trips produced in Prince William County and the external
counties was 3,750, or 3,975 when factored up for non-work travel. The esti-
mate is 14 percent higher than the count, which is reasonsble and sppropriate,
in that transit trips cheosing the euto mode to gain sccess to Metrorail or
Metrobus service are included in the forecast but not in the ecommuter bus pas-
senger count.

The other compeonent of the 1988-'87 velidetion wes estimation of transit trips
produced in the Washington Metropolitan Aree Transit Authority (WMATA) service
area portion of the study ecorridor. These were compared with the 1980 and
1986 Beltway counts of Metrorail pessengers and transit bus passengers for the
6:30 to 9:30 A.NM. period, meking ellowance for off-peak work trips and peak
non-work trips. The comparisen could not be made precisely, because only an
exhaustive study could heve identified whet portion of the public bus passenger
totals from the Sectors 8 and 10 cordon counts, in addition to Sector 9 counts,
are attributable to the Virginia Railwaey Express study corridor. Nevertheless,
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and other imponderables such as the weather., The results of the MARC corridor
validation, taken in the context of experience with similar estimates, more
than adequately demonstrated that the travel demand foreeasting process was
performing well.

Study Corridor Validation

The second element of the validation process was less rigrous, but did serve to
provide additional assurance of the reasonableness of the model results. This
element was accomplished by means of a preliminary run of the 1987 forecast,
omitting the proposed Virginia Hailway Express serviee. This provided an esti-
mate of present day trensit usage in the corridor, which could be compared

with available patronage statisties from & year previous,

The first component of this validation test wes comparison of the estimated
transit usege from Prince William County, and the exurban counties, with 1986
Beltway cordon count date for commuter bus passengers. A total of 1,748 com-
muter bus passengers were counted in-bound in the applicable MWCOG sectors
(Sectors 8 through 10), equivalent to about 3,500 daily trips. The 1987 fore-
cast of corridor transit trips produced in Prince William County and the external
counties was 3,750, or 3,975 when factored up for non-work travel. The esti-
mate is 14 percent higher than the count, which is reasonesble and sppropriate,
in that transit trips cheosing the auto mode to gain access to Metrorail or
Metrobus service are included in the forecast but not in the commuter bus pas-
senger count.

The other compeonent of the 1988-'87 velidetion was estimation of transit trips
produced in the Washington Metmpoiitan Aree Trensit Authority (WMATA) service
area portion of the study corridor. These were compared with the 1980 and
1986 Beltway counts of Metrorail passengers and trensit bus passengers for the
6:30 to 9:30 A.NM. period, meking ellowence for off-peak work trips and peak
non-work trips. The comparison could not be made precisely, because only an
exhaustive study could have identified whet portion of the public bus passenger
totals from the Sectors & and 10 cordon counts, in addition to Sector 9 counts,
are attributable to the Virginia Railway Express study corridor. Nevertheless,
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the 15,566 transit trips forecasted for the corrider zones in the WMATA service
area fell within the range of 14,600 to 17,600 trips estimated using slternative
interpretations of the 1986 Beltway cordon data. Similarly, the estimated increase
in eorridor transit usage of 18 percent between 1980 and 1987 appeared reasonable

in light of comparison of 1980 and 1986 Beltway cordon count data.

Patronape Foreenst Hesults

The patronage forecast results for the Virginia Railway Express are summarized
in Exhibit 11. Four sets of estimates are presented; 1987 and 2005 uncon-
strained by station parking limitations, and 1987 and 2005 constrained by an
initial estimate of the parking that can be provided. All of these estimates
are for matured ridership, which will take some time to sceure after opening of

service,

The 1887 unconstrained estimates for the RF4P and Norfolk Southern Lines are
almost equal; approximately 2,000 in-bound riders end 4,000 daily riders apiece.
The 2005 unconstrained forecast shows & 25 perecent growth overall, but with

most of the growth occurring on the Norfolk Southern Line.

Interestingly, the greater population growth is forecest for the RF&P corridor,
but this is counterbalanced by loss of market share, resulting from improved ecar
pool and bus travel times with opening of the extended separate 1-95 HOV lanes,
along with extension of the Metroreil Yellow Line. The 23-year population growth
forecast for the two corridors is 44 percent in the RF&F corridor and 14 percent
in the Norfelk Southern corridor. The commuter railroad share is foreeast to
drop 23 percent in the RF&F corridor over the seme 1987 to 2005 period, while
increasing 22 percent in the Norfolk Southern corridor, largely 8s & result of

congestion in the eorridor end on 1-66.
When parking constraints are introduced, the 1987 patronage forecasts are re-
duced by 11 percent; and the 2005 forecasts are reduced by 16 percent. The

greater parking constraint impact is on the RF&P line, with station parking
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EXHIBIT 11

VIRGINIA RAILWAY EXPRESS FORECAST SUMMARY

Daily Patrronage/Revenue Unconstrained by Parking

1987 2005
Patronage Revenue Patronage Revenue
Rrep! 4,100 4,550
NS Linel 4,000 5,550
Total 8,100 $23,900 10,100 $30,700
Daeily Patronage/Hevenue Constrained by Parking
1987 2005
Patronage Revenue Patronage Revenue
EF&F Line 3,450 3,700
NS Line 3,750 4,800
Total 7,200 $21,200 E,500 525,700

1 y 4
Alexandria patronage 2lloceted 50-50

Note:  Daily patronage is twice the inbound patronage tabulated elsewhere.



deficiencies &t Springfield, Woodbridge and Fredericksburg. The Norfolk South-
ern Line would have s deficiency only at the Manassas station.

Forecasted revenues are also given in Exhibit 11 for all four scenarios. Daily
revenue with station parking constraints is estimated at $21,200 for 1987 and
$25,700 for 2005. The corresponding annual gross revenues from ticket sales
would be $5,280,000 and $6,420,000 per year, respectively.

Exhibit 12 provides a comparison of the 1987 forecasts with prior forecusts for
commuter railroad service on the RF&P and Norfolk Southern. As can be seen,
the forecasts produced by this study are somewhat above the planning estimate
previously in use by NVTC, less so in the case of the constrained estimates.
Compared to the 1985 estimates made by MWCOG in 1984, the forecasts of this
study are lower for the RF&P Line and higher for the Norfolk Southern Line.
It should be noted that the MWCOG estimates of 1984 were done primarily by
analogy rather than by going through the travel demand forecasting chain, and
pertained to a service that required ell centrally destined commuters to trans—

fer to Metrorail at King Street Station, adjacent to Alexandria Union Station.

Petronage Forecast Details

Details of the patronage forecasts are given in Exhibits 13 through 22. For
convenience, the figures in the tables presented have not been rounded off.
As previously discussed, the user of these forecasts should understand that their

reliability is not es great as the unrounded numbers would imply.

Exhibit 13 presents the 1987 unconstrained estimate of patronage, broken down
by individual station-to-station movements, and shown as inbound riders (half
deily patronege). "Locel destinations” refers to stations south of Springfield on
the RF&P Line and west of Backlick Road on the Norfolk Southern Line. Inbound
trips destined to these stations are so small in number that they have been
grouped together. The heaviest boarding station is Woodbridge, and the most
important destinaetion station by far is L'Enfant Plaza.
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EXHIBIT 12

COMPARISON WITH PRIOR FORECASTS

Daily Patronage

RF&P NS

Unconstrained

Forecast (19B7) 4,100 4,000
Conastreined

Forecast (1987) 3,400 i, 700
WTC Planning

Estimate 2,900 3,050
1984 MWCDG 1 '

Estimate (15B85) 5,000 2,800

» . . x ’
Twice the inbound estimate supplied in the 1984 study.
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EXHIBIT 14

1987 MODE OF ARRIVAL ESTIMATE BY STATION
Matured Ridership - Inbound Trips Only
Uneonstrained by Parking Limitations

Drive Car Drop Walk/ | Inbound Parked

Alone Pool Off Bus  Bike Total Vehiclas®
Alexandria 3 2 i 3 f 20 l
Springfield 101 16 31 0 16 164 108
Pohick 125 20 39 0 32 216 134
Woodbridge 636 114 199 0 28 a7T 686
Quantico 144 39 g 0 14 243 161
Erooke 91 35 3 0 3 159 106
Fredericksburg 175 T1 27 0 10 263 206
Backlick Road B3 13 26 2 26 150 gg
Rolling Road 214 34 B& 1 67 382 2249
Burke 330 53 102 1 Bi 550 353
Manzsszas 322 B1 104 1 5 583 357
Lirport 214 66 31 0 3 314 243
Total 2,438 5Lz T06 g 346 4,041 2,676

¥ Excludes Kiss 'n Ride (drop-off) parking.
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EXHIBIT 15
18987 PASSENGER TRIP ESTIMATE BY JURISDICTION OF RESIDENCE
Matured Daily Inbound and Outbound Ridership
Uneonstrained by Parking Limitations

Daily Trips%

RF&F NS Total
Alexandria 20 20 40
Fairfax 760 2,175 2,935
Prince William 2,325 1,025 3,350
Starford b3y 434
Fredericksburg 102 102
Spotsylvania 235 235
Caroline 83 83
King George | 112 112
Westmoreland 34 3y
Mana=sas 37T e 4T i i
Manassas Park 107 107 i
Loudoun 10 10
Fauguier 199 198

i

Warren 1 L 4
Culpeper 52 52
Rappahannock B B
Total L.,105 3,977 B,0B2

® Twice inbound trips
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EXHIBIT 17

2005 MODE OF ARRIVAL ESTIMATE BY STATION
Matured Ridership - Inbound Trips Only
Unconstrained by Parking Limitations

Drive Car Drop Walk/ ! Inbound Parked

Alone Pool orf Hus  Bike Total Vehicleaw
Alexandria 3 2 i 3 8 20 4
Springfield BO 12 24 0 23 139 B5
Pohick 42 23 a4 0 48 257 152
Woodbridge 700 125 218 22 3y 1,100 TG54
Quantico 156 L2 50 0 18 266 174
Erooke | 110 41 38 0 8 197 128
Fredericksburg oy 79 30 g 12 3156 230
Backlick Road 39 6 12 0 2z 79 Lz
Rolling Hoad 136 21 Lz 0 62 261 145
Burke 330 53 102 1 75 561 353
Manasszs BEG 172 222 25 136 11,241 761
Airport L3z 133 62 0 £ 633 490
Total 3,008 709 gug 51 452 5,069 3,318

]

* Excludes Kiss 'n Ride (drop-off) parking.




EXHIBIT 18

2005 PASSENGER TRIP ESTIMATE BY JURISDICTION OF RESIDENCE
Matured Daily Inbound And Outbound Ridership
Unconstrained by Parking Limitations

Daily Tripsa*

RFEP NS Total
From:
Alexandria 20 20 40
Fairfax 792 1,840 2,632
Prince William 2,584 2,542 5,126
Stafford 538 538
Fredericksburg 110 110

i

Spotsylvania 214 214
Caroline 113 113
King George 151 151
Westmoreland 45 ug
Manzssas S4g 548
Manassas Park 164 164
Loudeoun 12 12
Fauguier 350 3250
Warren T T
Culpeper 77 T
Rappahannock 12 12
Total L,568 5,573 13,141

¥ Twice inbound trips




EXHIBIT 18

1987 STATION PARKING AND PASSENGER TRIP ESTIMATES
Matured Ridership - Inbound Trips Only
Constrained by Parking Limitations

Assumed No., of Parked Inbound

Parking Spaces Autos Fassengers
Alexandria 0 a 16
Springfield 0 0 B2
Pohick 200 134 216
Woodbridge 500 500 TaT
Quantice 500 188 272

i

Erocke 130 130 187
Fredericksburg 116 116 180
Backliek Road 200 g7 159
Relling Road 500 229 3Bz
Burke 500 353 550
Manassas 168 168 388
Lirport Unlimited 304 383
Total H.L&. 2,219 3,582

¥ Exeludes Kiss 'n Ride (drop-off) parking.
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EXHIBIT 20

1987 PASSENGER TRIP ESTIMATE BY JURISDICTION OF RESIDENCE
Matured Daily Inbound and Outbound Ridership
Constrained by Parking Limitations

Daily Trips*

HF &P NS Total
AMexandria 16 16 32
Fairfax 535 2,190 2,725
Prince William 2,023 879 2,902
Stafford ‘ 434 434
Fredericksburg B2 g2
Spotsylvania 149 149
Caroline Lg 49
Eing George 104 104
Westmoreland 2z 3z

i

Manassas | 317 317
Mana=szs Park (1] £9
Loudoun B 6
Fauguier 184 129
Warren L 4
Culpeper S5e 52
fazppahannock B b
Total 3,524 3,740 T,164

¥ Twice inbound trips

cn
T

—
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EXHIBIT 21

2005 STATION PARKING AND PASSENGER TRIP ESTIMATES
Matured Ridership - Inbound Trips Only
Constrained by Parking Limitations

Assumed No, of Farked Inbound

Parking Spaces Autos Passengers
Alexandria 0 0 16
Springfield 0 0 5
Fohick 200 152 257
Woodbridge 500 500 gag
Quantico 500 203 298
Hrooke 130 130 1599
Fredericksburg 116 116 164
Backlick FRoad 200 Le 83
Rolling Road 500 145 261
Burke i 500 353 561

i

Manzssas 168 168 612
Airport Unlimited T1T 888
Total H. &, £;530 4,259

* Excludes Kiss ‘o Ride (drop-off) parkinog.
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EXHIBIT 22

2005 PASSENGER TRIP ESTIMATE BY JURISDICTION OF RESIDENCE
Matured Daily Inbound and Qutbound Ridership
Constrained by Parking Limitations

Daily Tripa®

RF&P NS Total
Alexandria 16 16 32
Fairfax 616 1,822 2,438
Frince William 2,146 2,018 4,164
Stafford 538 538
Fredericksburg BO BO
Spotsylvania 128 128
Caroline 59 59
KEing George Bs 85 i
Westmoreland 24 24
Manzssas L39 439
Manassas Fark Bo BO
Loudoun B 3]
Feuguier 350 350
Warren T T
Culpeper | 7 TT
Rappahannock 12 12
Total 3,692 4,829 8,521

®* Twice inbound trips




Exhibit 14 presents the corresponding estimates of mode of arrival by station.
In nddition to the estimate of the number of passengers that would arrive by
each arrival mode, an estimate is ulso provided of the number of parked vehi-
cles. The parked vehicle estimate assumes a car pool occupaney of 2.3 persons
per car pool, and does not include provision for passenger drop-off (kiss 'n ride)
parking. Of the forecasted patronage, 74 percent would rely on vehicles parked
at the station for access. Another 17 percent would rely on being dropped off
by auto. The walk/bike and bus arrival modes account for the remainder. The
bike component of the walk/bike mode of arrival is expected to be cxlremely

smell, requiring accommodation of maybe one or two bieyeles per station.

Exhibit 15 presents the 1987 unconstrained patronage estimate with the patrons
allocated to their jurisdiction of residence. Since the two previous exhibits
presented in-bound trips, these daily estimates are twice as large. Prinece
William County is the econtributor of the largest amount of potential patronage,

41 percent of the total, with Fairfax County next at 36 percent.

Exhibits 16 through 18 present the eguivalent unconstrained forecast details for
2005. Totals do not match precisely among tables because of rounding in fore-
cast preparation. The mode of arrival estimate by station includes 2 pereent
bus arrivals at Woodbridge and Manassas stations, on the assumption that by

2005 some sort of locel bus eonnections would be available,

Exhibit 19 provides the 1887 estimate by station of patronage under conditions
of parking constraint. In addition to the in-bound passenger estimates, the
assumecd number of pearking spaces and the estimate of parked autos are also
provided. At the seme time a&s some lots &re projected to be filled, certain

other faeilities would be underutilized if sized aeccording to these essumptions.

Exhibit 20 gives the corresponding estimate of daily passengers sliocated to

their jurisdiction of residence.

Exhibits 21 and 22 give the equivalent forecest details for the 2005 constrained
forecast.
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Hidership Maturation

As previously noted, the patronage and revenue forecasts prepared in this study
and presented in this report all essume matured ridership. The travel demand
models are calibrated on the basis of transit facilities that have been in place
for some time, and the forecasts produced by them similarly assume a stable

situation.

A new serviece will not mchieve this level of patronage immediately. Prospective
patrons have to learn about the new service and its advantages to their partie-
ular trip requirements, and the opportune time for shifting modes may not come
al once. The result is inevitably lower patronage during the initial menths of
operation than would have been the ecase if the service had been operating flor

some time.

Te underscore this important point, an enalysis has been made of the patronage
maturation experience offered by recent Metrorail openings. Exhibit 23 pre-
sents a summarization of this experience. Four openings were examined: extension
of the Yellow Line from Naticnal Airport to Huntington; extension of the Red
Line from Van Ness to Grosvenor; extension of the Red Line from Grosvenor to
Shady Grove; and extension of the Orange Line from Ballston to Vienna. This
investigetion of maturation experience took into account, and adjusted for, such
events gs complimentary bus service reorgenizetion end (in the case of the Yel-
low Line) fare changes. In each cese, the metured ridership waes compared to
equivalent patronage during the opening week end during the first and second

years of operation.

As shown in Exhibit 23, the ridership meturation varied econsiderably among lines.
Except for the Orange Line, the various line segments required 15 to 26 months
to reech their metured ridership level. Orenge Line patronage took only one
month befcre it flettened oui, probably becsuse of parking constraints. Patron-
age during the initial week or two was 30 percent of matured ridership for the
Yellow Line, 44 percent to 52 percent for the Red Line, and &0 percent for
the Orange Line. The Red Line experience is most comparable to previous nation-

al experience.
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EXHIBIT 23

METRORAIL PATRONAGE MATURATION EXPERIENCE

Yellow Hed Line Orange
Line Mid Outer Line

Monthe to Stabilize 15 26 19 1
Initial Patronage
as 8 § of Matured
Fatronage 30% 523 L4g BO%
First-Year Patronage
a8 a8 § of Matured
Patronage b7% T0% 683 N/ A
Second-Year Patronage
a3 a ¥ of Matured
Patronage o064 g2% 93% N/ A

Note: Based on counts through 10/86 for Yellow Line, 3/87 for Red Line,
and 1/87 for COrange Line.
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For the three line segments with enough months of datas to provide a reliable
estimate, the first-year patronage was between 67 and 70 percent of matured
ridership. Second-year patronage ranged from 92 to 96 percent of matured rider-

ship. Again, this conforms with previous national experience,

Virginia Railwey Express first-week patronage of enywhere from 30 to 80 percent
of the matured patronage forecast should be anticipated and prepared for. Finan-
cinl planning should be on the basis of 65 te 75 percent of matured ridership
during the first year, and 90 to 95 percent during the second year. It is appro-
priate to use the unconstrained estimate as the basis for anticipating patronage
up to the point where undersized station parking fecilities would fill up. Al-
though provision of no parking, as assumed for Springfield, will result in an
immediate constraint, the overall perking constraint effect in the first year of
operation will be small

Significant Assumptions

It is well at this point, following presentation of the Virginia Railway Express
patronege and revenue forecasts, to review those assumptions having a major
influence on the estimates., These principal essumptions and their effects are
itemized below by cetegory. A full deseription of populstion, employment, trans—

portation facility and trensit fere essumptions is provided in Chapter 2.

Population and Employment

Assumption: Employment in the Distriet ¢f Columbia end Arlington ecore, and in
the areas surrounding the Crystal City and Alexandria stations, will grow as
projected in the MWCOG Cooperative Forecests of households and emplovment.
To any extent to which projected central erea growth is not achieved, Virginia
Reilway Express ridership will be correspondingly lower and, conversely, if the
current growth estimetes prove conservative, patronage will be higher than pro—
jected,



Assumption: The study corridor, in both the counties of the Washington SMSA
and the exurban counties, will grow as foreecasted by MWCOG and the Virginia
Department of Planning and Budget. Differences in either the amount or loca-
tion of population growth will correspondingly affeet Virginie Railway Express
patronage.

Highway and Transit Facilities

Assumption: Highway f{acilities, particularly radial highway facilities, will be
improved in accordance with the program and schedule implied by the highway
networks assumed in this study., 1f the actual highway program is expanded in
the future, sueh as by provision of separate I-66 HOV lanes west into Prince
William County, commuter railroad patronage will be reduced accordingly. If
assumed highway improvement plans, such as the [-95 separate HOV lane exten-
sion, are delayed, Virginie Railway Express usage in the affected corridors will
be higher than forecast.

Assumption: Transit serviece in the study corrider will continue at levels com-
parable to those of todey, with adjustments to secommodete Metrorail expansion,
but without major changes in freguency or coverage. Substantial increases in
redial bus service to Metroreil and the urben core would provide more alterna-
tives to commuter rail then envisioned in these forecasts, and would decrease
petronage accordingly. Conversely, bus service reduction in response to com-
muter railroad service would result in diversion of additionsl patronasge to the
Virginia Reilway Express.

Commuter Railroad Faecilities

Assumption: Each Virginie Reilwey Express stetion will be provided with ample
vehiele end pedestrian access (unimpeded by military restrietion in the case of
Quantico) from each of the adjecent arterial thoroughfares and neighborhoods.
If good sauto eecess is not provided, commuter railroad service will not be as
attractive to those living beyond walking distance, and patronage will suffer.
Similarly, if & neighborhood on one or the other side of the tracks is not con-
nected to the station by suiteble pedestrian ways, patronage will be adversely
affected.

o-24



Assumption: Virginia Railway Express running times, train frequencies and park-
ing lot sizing will be as provided by NVTC as input to this study. Longer
running times, less frequent service, or reduced sizing of ecritical parking lois
will lower the patronage. Shorter running times, more frequent serviee and

larger parking lots at eritical locations will inerease ridership.

Assumption: The Virginia Railway Express operation will provide serviee relia-
bility and quality comparable to that already provided in the Maryland section
of the Washington metropolitan area by Maryland DOT's MARC service. The
patronage forecasts of this study refleet a relatively small degree of market
penetration, produecing & somewhat unstable condition; both a challenge and an
opportunity. If the Virginia Railwey Express service is unreliable or otherwise
inadequate, patronage will be minimal. To the extent that Virginia Raeilway Ex-

press service and promotion exceed the norm, additional patronage will aceure.

Assumption: Sufficient trains and train eapacity will be provided to sceommo-
date passenger loads. Train capacity was not used es a eonstraint in developing
the patronege forecasts of this study. If the eapacity provided is such that
there are occasionelly s few standees at the maximum load point, the adverse
effect will be minimel. If there are many standees, and particularly if there is

severe overcrowding, petronage will be depressed.

Fare System

Assumption: Commuter railroed fares will be meintained at levels generally con-
sistent with those presented in Exhibit 3. The proposed commuter railroad
service 1s in & highly competitive market and higher fares will reduce patron-
age, while lower fares will lead to patronage, but not revenue, in excess of
that estimated.

Assumption: The fare structure will maintein & modest diseount for regular rid-
ers, but not tc the point of exseting a large penalty on occaesional use., An
execessive penalty on occesional use will make it more diffieult to promote the
Virginia Railway Express service and will inhibit patronage by the significant

element of the travel market thet cannot logically make everyday use of the ser-
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vice. Maintenance of a belanced fare structure will enhance promotion and build

patron loyalty.
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APFENDIX A

PROCEDURE FOR ESTIMATING EXTERNAL TRIPS
William W. Mann, MW COG

The procedure for estimating home-based work trips in production-attraction
format from COG's external jurisdictions to the Distriet of Columbia, Arling-
ton County, and Alexandria was based on journey-te-work data from the 1980
Census for commuting trips from external to internal jurisdietions.  This
datn is shown in Table 1. Procedures to convert the data into home-based
work trips in produection-attraction format for wse in this study, and lo
factor it to 1987 and 2005 using forecasts of population and employment
data and the average growth factor technique, were as follows:

Development of 1980 Daily In-Commuting

The Census Bureau reports data on people who live in COG's outlying jurisdie-
tions and work in COG's inner jurisdictions. Since some of these workers'
commutes are extremely long, it was assumed that some of them do not make
this round trip on & regular besis and, instead, do not return to their
"usual" home every night. For this reason, discount factors were developed
by analogy with commuting patterns in the Brunswiek, Maryland to Martinsburg,
West Virginia cerrider, where commuter railroad service exists today. These
discount factors are shown in Table 2. These factors were then applied to the
data in Table 1 to produce the in—commuter trips on & daily basis, as shown in
Table 3. (Zone boundsries for this study for external jurisdictions are shown in
Exhibit 6.)

Development of 1980 Externel Home-Based Work Trips (Production-Attraction
Format)

The dete from Table 3 weas then converted to trips using two faetors. The
first factor was developed 1o prorate the workers at unspecified places of
work within the COG region, &s reported by the Census Burezsu, to known places
of work. These feetors ere shown in Table 4 for each zone. This table
glso shows the second factor, used to convert workers to trips In production-
attraetion format. The results of applying these two factors to workers
to produce trips is shown in Table 3.

Development of Future Trips

The everege growth fector technigue wes then applied to the 1980 trips tlo
produce 1987 end 2005 trips. Population foreeasts for esch of the external
zones are shown in Teble 6. The growth factors to grow population from
19B0 to beth 1987 and 2005 are alse shown in Teble 6. Employment forecasts
for the Distriet of Columbia, Arlington County, and Alexandria are shown

A-1



in Table 7. The growth {metors from Tables 6 and 7 were then used in
the mverage growth factor technigue to grow 1980 trips to 1987 trips and
to 2005 trips.

The final tebles of jurisdietion-to-jurisdiction trips are shown in Table &.
These were subsequently sllocated to MWCOG traffie analysis zones and study
corridor attraction zones within the Distriet of Columbia, Arlington and Alex-
andrie jurisdietions.
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TAELE 2

Factors to Discount In-Commuters to Daily Travel

The rules for discounting the in-commuters from outlying counties are de-
rived from & visual examination of Brunswick/Martinsburg B&0 patronage

plotted on a map:

Hule 1: Discount the in-commuting by 10 percent for each one-{ifth of the
county beyond 60 miles from downtown D.C. and over 15 miles from

the commuter railroad terminal,

Rule 2: Discount the in-commuters by an additional 10 percent for each
cne-Tifth of the county beyond 30 miles from the commuter railroad

terminal .

Hesulta:

Discount
County/City (Rule 1 + Rule 2)
Stafford none
Fredericksburg none
Spotsylvania 208 + 0%
King George none
Caroline 30% + 0%
Westmoreland 15% + 35%
Fauquier 0% + 30%
Warren LpE + 50%
Culpeper 30% + 209
Rappahannock 41092 + 30%
Fage 50% + 50%

1Dnes not apply tec Fairfax County znd Prince William County destina-

tions.

OO D0 OO0 D S0 —

.00
.0o
.60
00
.10
50
.70
0
.50
30
.00

Factor
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TAELE 3

In-Commuters

(Discounted to Daily Travel)

Live-In
External
done County
62 Stafford
63 Freder'rg.,
G4 Spottsyl.
65 Carocline
65 King Geo,
5 Westmoreland
[ Subroral
6 Fauguier
+15] Warren
B Subtoral
67 Culpeper
67 Rappahannock
&7 Subtoral
TOTAL
NETE:

Work-In

Di.Cy arl. Alex. Ffrx. Lou. P.W. Unsp. Toral
1484 549 ° 793 2057 20 2507 266 7701
161 45 - 245 - 287 196 964
522 157 - 514 “ 658 g2 2263
75 13 54 119 - 25 28 a14
152 = = - - 48 224 Gl
f - & - " 9 1 123
2591 13 34 119 20 B2 312 671
L69 179 62 2053 395 184D 102 alid
15 2 2 &0 9 | it 1:0
SEL 181 64 2113 404 18B1 143 5230
74 L 3 138 - 136 123 323
13 & g 49 & 2 & 74
B5 B e 183 4 138 128 60z
3be2 993 225 5233 428 3383 1407 17631

Unsp. = Unspecified place of work within the

.

COS zegion.



TABLE 4

WORKERE “TO TRIPS FACTORS

Trip

Unspecified Generation

Lone Factor Factor™
&2 1.04 1.33
03 1.26 L33
b 1.20 1.:33
65 1.38 I33
66 1.02 1.33
(& a2 .33

* Bee Technical Report #25.

TABLE 5
HOME BASED WORK TRIPS (P-A Format)

(Trips from External Zones to COG Internal Jurisdictions)

Origin Zone To D.C. Arl. Alex, Fix. Lou, |
62 2080 739 1097 2B45 28 JL68
63 320 75 - 411 = 481
B4 833 251 # 820 - 1098
65 334 24 99 218 - 15T
T B57 245 E7 X808 S48 2352
&7 144 g1 24 312 7 Iz3
TOTAL



TABLE &

POPULATION FORECASTS

sone County Year Growth Factors

1960 1985 1987 2000 2005 87/680  '05/80
&2 Stafford 40,470 47,934 49,427 70,000 81,200 1.221 2.006
63 Fredsbrg. 15,384 15,634 15,684 16,500 16,750 1.020  1.089
fidy Spotsylv. 34,435 45,534 47,754 69,000 80,040 1.387  2.324
05 King Geo. 10,543 11,500 11,693 15,000 17,400 1.109  1.650
G Fauguier 35,889 40,365 41,260 58,430 67,802 1.150  1.B89
67 Culpeper 22,620 24,600 24,996 27,400 31,6784 1.105 1,405
NOTES

1980 estimates are based on Bureau of Census, 1980
(Fredericksburg is based on extrapolating 1985 to
1980 based on an assumed growth of 250 persons per
S-year perios.)

1985 estimates are based on Virginia Dept. of Planning
and Bndget estimates.

1587 estimetes are besed on excrapolating a straight
line from 1980 To 19E&5,

2000 estimates sre based on Virginia Dept. of Planning
and Budget estimates.

2005 estimates are extrapolations from 2000 estimates
using a 3% per year or 1.16 overall growch,



TABLE 7

EMPLOYMENT FORECASTS

Year Growth Factors
Jurisdiction 1980 1981 2005 . E7 /80 "0E /80
Dist. of Col. 666.0 E84.2 735.0 i EO oL 1.104
Arlington Co. 121.0 15E8.%9 203,58 1327 1.£43
Alesandria 64,6 £3.9 134.3 l1.2889 2,079

source: Cooperative Forecast Round III Upgate

A4-B



12B0 Trips

Crigin Zone To D.E. Arl. Alex. TOTAL
62 2060 759 1097 3gle
E3 320 75 o 395
64 833 251 0 1084
65 534 24 99 €57
66 657 246 87 290
67 lag El 24 249
TOTAL 4548 1436 1307 7291

1987 Trips

Crigin Zone

E2 2315 8s1 1382 <588
63 3ZB Bl o 409
B4 1005 316 o 1321
&5 570 27 119 716
B& 715 285 107 110z
657 153 &0 9 272
TOTAL = 5086 iB85 1637 g£dg

2005 Trips
Crigin EZcne

52 3203 i3Cc9 2ZL3 ETSE
63 251 25 0 445
£4 14ZE 273 0 i o
&5 738 37 i 57
=1 SE3 =10 173 R E
67 181 115 22 338
TOTAL BEE]1 2430 28=l +1EEL
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APPERDIX B

TECHNICAL DISCUSSION—SUB-MODAL SPLIT MODEL

The sub-modal split model used in this study for estimating commuter railroad
sub-mode split probability is an adaptation of the "ecommuter railroad Versus
rapid transit sub-modal split formulation” presented in HRR 264, Estimating
Multimode Transit Use in & Corridor Analysis, by Gordon W. Schultz and Riechard
H. Pratt, page 44. As presented there the model is:

Percent CRR (standard score) = 7.5 x (CRR utiles - fastest rapid
transit utiles)

With the following definition of & utile:
Utile = 1.0 x running time + 2.3 x excess time + 0.33 x cost

The model was adapted to both deal with "other transit," instead of just compet-
ing rapid transit, and to fit with the SIMS model calculation of impedanee. The
first was accomplished by substitution of "other transt" for "fastest rapid
transit" in the formula. This substitution did not ecall for any adjustment of
the mathematical relationships, as the two are logical equivalents. (Where rapid
transit is the best non-commuter railrosd transit mode, it will be the "other
transit."): The second adjustment was based on comparison of the "utile" with
the SIMS definition of impedance:

Impedance = 4.0 x running time + 8.0 x excess time + 1.0 x cost
In effect, the utile is expressed in "eguivelent time" and the SIMS model impe-
dance 1s expressed in "equivalent cost. To use the SIMS impedance with the
sub-modal split model, the impedance was divided by four to express it in “equi-
valent time':

Impedance / 4 = 1.0 x running time + 2.0 x execess time + .25 x
cost

The sub-modal split equation thus becomes:

Pereent CRR (stendard secore) = 7.5 x (CRR impedance / 4 - other
transit impedance / 4)

or:

Percent CRR (standard score) = -1.875 x (CRR impedance - other
transit impedance)

The coefficient of -1.875 serves solely to adjust the sensitivity of the model.



The dependent variable is expressed in terms of a standard score (essentially
the normel eumulative distribution). The formula gives the standard score, and
the percent (or probability) must be looked up in a table. Table 1 gives the
relationship. Table 1 is taken from the report Development and Calibration of
the Washington Mode Choice Models, by R. H. Pratt Associates, Ine., MW COG
Technical Report No., 8, June 1973, Note that the table relates the standard
score to "percent transit" (percent CRR in the model at hand). This value
must be divided through by 100 to give CRR probability.
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TABLE 1

CONVERSION OF PERCENT TRANSIT T0 A STANDARD SCORE

PERCENT TRANEIT STANDARD SCORE PERCENT TRANSIT ETANDARD SCORE
(i]8] -281.0 26 -06G4g, 3
01 =232.7 27 =061.3
02 ~205.4 28 -058., 3
03 -18B.0 29 =055.3
o4 L7513 30 -052.4
05 ~164.5 31 -048.6
O -155.5 32 -046.8
07 ~147.6 33 =044 .0
0B -140.5 34 =041.2
09 =134.1 35 -D38.5
10 -128.2 36 -035.8
11 =122.6 37 -033.2
12 -117.5 38 -030.6
13 =112Z.6 39 =027.9
14 -108.0 40 -D25.3
15 =103.7 41 -022.7
16 -098.5 42 -020.2
17 -095.4 43 -017.6
18 =091.5 &4 =0l15.1
19 ~-0B87.8 25 ~-0l2.6
20 -0B4.1 46 =D10.1
21 -0B0.6 47 -007.6
£ =2 4B -Q03.0
23 -073.9 45 -Q02.5
24 -070.6 50 -0o0.0
25 -0E7.4 5L 0c2.5
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TABLE 1 (Cont'd)

PERCENT TRANSIT STANDARD SCORE PERCENT TRANSIT STANDARD SCORE
52 005.0 76 070.6
53 007.6 77 073,9
54 010.1 76 077.2
55 012.6 79 0BO. 6
56 015,1 80 084.1
57 017.6 a1 0B7.8
58 020.2 82 091.5
59 022.7 83 085, 4
60 025.3 84 089.5
61 027.9 s 103.7
62 030.6 86 106.0
63 033.2 87 112.6
64 035.8 £8 117.5
65 038.5 89 122.6
66 041.2 a0 12E,2
67 044.0 a1 134.1
68 045. 8 a2 140.5
£a 04%.6 a3 147.6
70 052.4 a4 155.5
71 055.3 25 164.5
72 058.3 26 175.1
73 - 061.3 a7 18E.0
74 084.3 og 205.4
75 D&7.4 ag 232.7

100 281.0
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