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ABSTRACT

This report presents methodologies for assessing alternative passen-
ger transportation schemes quantitatively on the basis of criteria related
to energy conservation, air quality, commuter costs, and land use. The
purpose of the research has been to demonstrate the feasibility of apply-
ing quantitative assessment procedures for evaluating transportation op-
tions, with the results to serve as a blueprint for possibly more general
application in other communities using similar criteria under similar con-
ditions.

Two basic approaches to assessment are addressed. A manual procedure
produces estimates of fuel consumption, pollutant emission (carbon monoxide
and hydrocarbons), and carbon monoxide concentration, commute costs, and
land use for each link of a road network used by commuters. Per-vehicle
factors, developed from a one-time baseline analysis, enable alternative
commute options to be assessed on a relative basis in terms of change in
passenger car volume on the commute network. Input to the procedure con-
sists of road network physical and operational traffic characteristics
during the peak commute hours of the baseline year, traffic volume changes
associated with various alternatives, meteorclogical conditions likely to
result in higher-than-average pollutant concentrations and per-person costs
for each mode of travel and existing land-use characteristics.

As an alternative approach to the manual assessment process, a com-
puterized version is also developed. The report concludes that the prin-
ciple advantages in computerization are the ability tc handle more complex
and repetitive analysis problems and the avoidance of errors in algorithmic
calculations. TV

The manual‘and computerized methods were tested on a number of hypo-
thetical but plausible scenarios in the Tidewater, Virginia, area and the
results are presented as a demonstration of the usefulness of the method-
ologies.
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SYMBOLS

Approach capacity (vehicles per hour); the actual number of
vehicles able to pass through an intersection during a l-hour
period under intersection control.

Free-flow capacity (vehicles per hour); the maximum number of
vehicles physically able to traverse the narrowest part of a
link in the absence of interruption.

Cross—-stream tolerance (vehicles per hour); the difference
between free-flow capacity and demand volume in the traffic
stream to be crossed or entered by vehicles after stopping
at a signed intersection.

Toll gate capacity (vehicles per gate per hour); the maximum
number of vehicles able to pass through the gate in the course
of 1 hour, under normal operating conditions.

Cycle length (seconds); the time required for a traffic signal
to progress through all its phases.

Delay (seconds); the total excess time spent on a link due

to intersection control in undercapacity conditions, with an
assumed maximum delay equal to signal cycle length in the case
of signalized intersections.

Additional delay (seconds) at overcapacity signalized inter-
section approaches.

Green time (seconds); the amount of time during a l-hour period
that vehicles on a controlled link segment experience a green

signal.

Toll gate headway (seconds); the average time interval between
vehicles leaving the gate.

Number of lanes comprising an intersection approach segment.
Stopping rate (vehicles per hour); the number of vehicles on
a given link which are required to stop by control at an in-
tersection during a l-hour period.

The number of vehicles in a queue.

Proportion of stops; the ratio of stopping vehicles to demand
volume.
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Saturation volume (vehicles per hour); the maximum number of
vehicles physically capable of passing through an intersection
during a l-hour period, on a single link approach segment,
assuming no interruption of flow.

———

i Truck factor; an adjustment for the presence of heavy-duty
vehicles in the stream.

v Demand volume (vehicles per hour); the actual number of
vehicles using a link during a l-hour period.

W Approach width (feet); the width of a given intersection
approach segment.

X Queue length (meters); the length of the line of vehicles
forming on an intersection approach while waiting at a signal
or sign.
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INTRODUCTION

An important test of any program, development, or production is the
ability to evaluate it objectively against an established set of standards.
Policy-relevant criteria and quantitative analysis are the basis for exer-
cising such judgments. To date, evaluation of the Navy passenger trans-—
portation program has been made primarily by an implicit set of standards.
To enable continued development of the program and to evaluate its effec-
tiveness, an explicit set of standards and a method for evaluation need
to be established. The purpose of this project has been to develop an
appropriate evaluation methodology and demonstrate it in a selected mili-
tary community.

Background

The current project is the third in a series of Navy transportation
RDT&E efforts beginning with "An Assessment of the Relevance of Transpor-
tation Research to Naval R&D" (December 1974), and followed by the ongoing
study "The Development of a Transportation Demonstration Project To Be
Implemented in a Military Community'" (Contract No. N0O0014-75-C-05068).

The initial Navy transportation project was tasked to document the
problem statement and criteria for Navy involvement in a cooperative pas-
senger transportation program from the perspective of Navy environmental
protection, energy conservation, and installation planning programs. The
results of the initial research clearly indicated that there are potential
benefits for the Navy in a transportation program, such as reduced parking
requirements, reduced base traffic congestion, and improved community
relations. Thus, a second project was initiated to carry the research
concept one step farther by demonstrating how the Navy--in the selected
pilot area of Tidewater, Virginia--might establish a cooperative transpor-
tation program with the adjoining communities and with other federal agen-
cies capable of funding transportation proposals. As part of the ongoing
research effort, a process has been established in the Tidewater area for
carrying out cooperative transportation planning. A joint Navy/community
advisory committee was established to work out the objectives of a cooper-
ative program, and to begin formulating the institutional arrangements to
carry out necessary actions. A 5-year transportation action plan has been
outlined as a tool for guiding transportation development in the Tidewater
area, and several of the recommended actions have been initiated. For
example, a $490,000 grant was awarded by the DoT-Urban Mass Transportation
Administration to the Tidewater Transportation District Commission in
December 1976 to purchase fifty l12-passenger vans specifically for leas-
ing to Navy commuters. Additionally, the publicly operated bus company
has extended its system to include a regular on-base service at Sewells
Point (the most populous base in Norfolk).
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During the development of the transportation action program, pre-
liminary criteria were established by the project team and advisory com-
mittee for evaluating transportation-related recommendations (see Table

15

Though the criteria were referred to while developing transportation

actions and used in modifying the final action plan, actual quantitative

measurement techniques were not emploved at
phase of the program was oriented toward establishing the cooperative trans-—
it was felt that analytical techniques would be better

applied once the pilot pregram was under way.
However, it

portation process,

successful in Tidewater.

that time. Since the

This approach has proved
is now desirable to provide a more

objective basis for evaluatiug the transportation program in general,
along with the effectiveness of its component parts.

Table 1

PRELIMINARY TRANSPORTATION ACTION CRITERIA

__Areas of Concern

Air pollution

Energy consumption
Noise

Land use

Amenities

Transportation cost (to Navy,
travelers, community)

Accidents

Safety/vandalism

Travel time

Travel comfort

Convenience of travel

Service to persons of limited
mobility (handicapped, poor,
elderly, and so on)

s R S Y L R

Evaluation Criteria

Reduced emissions (tons of pollutants)
from autos

Gallons of fuel consumed
Traffic noise

Reduced need for land area used for
parking (improved flexibility due to
increased land available for alterna-
tive uses)

Improved design composition of Navy
property

Operating and capital cost

Reduced fatalities,
damage

injuries, property

Crime reduction in parking areas

Hours of travel time reduced for Navy
commuters

Traffic congestion and stress reduced
Number of travel alternatives available
to Navy commuters improved

Number of persons not previously served

S s T

initial




Benefits of Developing Measurement Techniques

A number of benefits from the application of objective measurement |
techniques can be identified, some of which follow:

(1) A quantitative assessment of the effectiveness of each
action in the Navy areawide transportation action program,
as measured by evaluation criteria, will point out benefit/
cost ratios to the Navy and the community, thus providing
valuable input for prioritizing actions in the decision-
making process, and could provide the necessary momentum
for implementing portions of the plan. For example, though

the initial community investment for improved bus service
to naval installations in Tidewater is high, the long-term
benefits (e.g., reduced need for roadway expansion; less
traffic congestion, thus fewer traffic controls; reduced
accidents) may justify the short-term expenditure.

(2) The ability to point out the merits of the pilot program
in a quantitative format will help arouse the interest of
Engineering Field Divisions in initiating similar programs
at other naval installations in the United States.

(3) An objective evaluation of the relationship between the
Navy transportation program and established Navy standards
and goals (e.g., energy conservation--such as OPNAV Instruc-
tion 4100.5; environmental protection--reduced emissions
and noise levels; improved land use) will make periodic
installation- and Navy-wide monitoring and accounting pos-
sible. For example, statements such as the following would
be possible: "The Navy, through its transportation program,
reduced parking space requirements at five major installa-
tions, saving over 500 acres of prime government property."
"Over 40,000 Navy employees carpooled this year, saving an
estimated 10,000,000 gallons of gascline."

(4) The final, and most wide-reaching advantage of objective
measurement of the Navy transportation program is the
availability of an ongoing structured example to prove
or disprove the premise that changes in transportation
patterns can effectively influence land use, energy con-
sumption, and environmental quality within a region. The
established data base and the easy access to further data
as transportation actions are implemented or stimulated
offer a unique source of information to R&D programs for
other agencies grappling with these questions, primarily
ERDA, FEA, EPA, and DoT.

[o demonstrate quantitative evaluation of action plans, we have
selected four of the action criteria from Table l--air pollution, energy
consumpt ion, land use, and transportation cost--and developed approaches \




for a step-by-step quantified evaluation in terms of the selected criteria.
The procedure for applying these methods is then demonstrated in the Tide-
water, Virginia, area for a hypothetical but plausible set of passenger

transportation options.




METHODOLOGY

General Approach

The automobile has proved a convenient mode oi transportation for
most commuters. This convenience, however, exacts a great price in terms
of energy (fuel) consumption, air quality degradation (pollution), and
amount of land committed to accommodating the private automobile. In an
urban region, for example, the adverse energy and air quality impacts of

ndividual auto use far outstrip such impacts for other modes of transpor-
cation. Because of the overriding impact of the automobile in this regard
and the concentration of traffic volumes in the commute hours, many com-
munities are seeking alternatives to traditional commuter transportation
patterns. In choosing among candidate options, relative effectiveness in
mitigating negative side effects like fuel consumption and air pollution
problems must be assessed. In the interest of such an assessment, we have
developed a methodology for quantitative comparison of selected impacts
of alternatives. The methodology consists of defining a suitable network
of commuter routes and computing the differences in fuel consumption, air
pollution, transportation-user costs, and land use associated with the
candidate transportation options. The results can then be used, along
with the other decision criteria cited in Table 1, for deciding the rela-
tive merits of the transportation options that are feasible for the com-
mute corridors being analyzed.

Network Description

Specification

The first step in the methodology is to define the network or com-
mute corridors to be analyzed. By general definition, a network will
consist of all the major roadways used by commuters in traveling between
a point of origin and a point of destination. For the purpose of analy-
sis, the network is divided into elements consisting of points of road-
way intersection and roadway segments (links) connecting the intersection
points. Figure 1 illustrates a network in the Tidewater, Virginia, region.
Depending on the scope and purpose of the analysis, a network may be chosen
that is more or less detailed than that shown in Figure 1. For each road
segment connecting intersection points, a one-way link must be designated
separately for each direction of traffic flow (except, of course, in the
case of one-way roads). Entry and exit ramps to limited-access roads may
be treated as separate links if such detail is desired.
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Configuration

Before beginning the analysis, the regional conf
chosen network is determined. Desired routes must be
priate intersections must be designated. Appropriate
those points along the commute route at which commute
by signals or signs. A schematic network map is then
illustrated in Figure 2, using straight lines to appr
geometry. Links and intersection points should be nu
reference and coordinates assigned to the intersectio
automated analysis. Figure 2 is a schematic represen
corridor routes (heavy dashed lines in Figure 1) chos
of the methodology on Sewells Point commute options.
tions are identified by code number in Table 2.

Physical Characteristics

Each road link possesses certain physical charac
be known or assumed as input to the impact assessment
six such characteristics must be determined as indica
below:

. EUUSJ}TS}@F* The distance (in miles) along
intersection or direction-change points. It
be sufficient to determine distance to the ne
mile from a properly scaled regional network

+ Number of lanes: The predominant number of (

comprising the link, excluding turning channe
ation-deceleration lanes.

+ Lane width: The average width (in feet) of t
comprise the link.

+ Approach width: The shoulder-to-shoulder or
width (in feet) of the link at the downstream
intersection approach. Depending on the deta
of the analysis, the intersection approach ma
into sepearate elements consisting of through
specially designated turn-only channels. Sep
can be calculated for each element and elemen
analyses can be performed.

+ Parking facilities and bus stops: The presen
of facilities for curbside parking on an inte

iguration of the
chosen and appro-
intersections are
traffic is controlled
drawn to scale, as
oximate the network
mbered for ready
n points for use in
tation of two commute
en for demonstration
Links and intersec-

teristics that must
process. In all,
ted and defined

a link between
will normally
arest one-tenth
map.

through) lanes
ls and acceler-

he lanes that

curb-to-curb
(forward)
il required
y be divided
lanes and
arate widths
t-specific

ce or absence
rsection ap-

proach within 250 feet of the intersection, and the presence

* -
Double underlining indicates primary inputs to fuel
quality assessments.

~

consumption and air
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*
Link
Nunber

1=2

13-14
15-16
17-18

19-20

29-30

31-32
33-34

35-136
3y7=38

39-40

City
Location

Portsmouth

Nortfolk

Table 2

IDENTIFICATION OF LINKS, INTERSECTIONS,
AND DIRECTION CHANGE POINTS

High Street between (Collins Blvd.) and
I'vre Neck Rd.

High Street between Tyre Neck Rd. and
Stamford Rd.

High Street between Stamford Rd. and
Cedar Lane

High Street between Cedar Lane and
(Riverside Dr.)

High Street between (Riverside Dr.)
and Frederick Blvd.

High Street between Frederick Blvd.
and Air Line Blvd.

London Blvd. between High Street and
(Glasgow St.)

London Blvd. between (Glasgow St.) and
Harbor Blvd.

Harbor Blvd. between London Blvd. and
Wesley St.

Harbor Blvd. between Wesley St. and
(Carolina Ave.)

Harbor Blvd. between (Carolina Ave.)
and toll plaza

Midtown tunnel between toll plaza and
(Raleigh Ave.)

Midtown tunnel between (Raleigh Ave.) a
Hampton Blvd.

Hampton Blvd. between Brambleton Ave. a
Princess Anne Rd.

Hampton Blvd. between Princess Anne Rd.
and 27th St.
Hampton Blvd. between 27th St. and 38th

Hampton Blvd. between 38th St. and
lamestown Crescent

Hampton Blvd. between Jamestown Crescen
and (Shore Rd.)

Hampton Blvd. between (Shore Rd.) and
Little Creek Rd.

Hampton Blvd. between Little Creek Rd.
Alrline Terminal Blvd.

nd

nd

ol

and

Downstream?’
Intersections

et




.
Link
Number

41-42

49-50

59-60
bl=-6.
b i-64
bH=6b

6/-68

69-70

CiEy
Lny«-.lrlwi})n_

Nortfolk

Virginia
Beach

lable 2 (Continued)

Link Streets and Cross-Streets
Hampton Blvd. between Airline Terminal
Blvd. and (Allen St.)

Hampton Blvd. between (Allen St.) and
Adm. Tausig Blvd.

Adm. Tausi: Blvd. between Hampton Blvd.

and Bainbridge Ave.

Adm. Tausig Blvd. between Bainbridge and

(main runway)

[-564 between (main runway) and Airlin
ferminal Blvd.

1-564 between Airl.ne Terminal Blvd. and

LLittle Creek Rd.

Granby Ave. between 1-64 and Gate 22
I-64 between Granby Ave. and Little
Creek Rd.

I-b4 between little Creek Rd. and Tide
water Dr.

I-64 between Tidewater Dr. and (Lasser
§ g

I=64 between (Lasser Dr.) and Chesapeake

Blvd.

I-b4 between Chesapeake Blvd. and
(Bvrdley Ave.)

I-64 between (Byrdley Ave.) and Norvie
\ve .

=64 between Norview Ave. and (Texas Ave.

I-64 between (Texas Ave.) and Military
Highway

I 64 between Military Highway and
(Roderfield Ave.)

I-64 between (Roderfield Ave.) and
Princess Anne Rd.

I=64 between Princess Anne Rd. and V-4
V=44 between =64 and Newtown Road

V=44 between Newtown Rd. and (Toy Ave.
V=44 between (Toy Ave.) and Witchduck

V=44 between Witchduck Rd. and (Judi
Court)
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lable 2 (Conecluded)

Link™ City \ Downs tream
Number Location . Lank Streets and Cross—Streets! Intersections
85-76 Virginia V-44 between (Judi Court) and Indepen- (‘l()" - (X
Beach dence Blve. .
87-88 V-44 between Independence Blvd. and ;’\/X\ - (30
(Thames Dr.) = -
| 89-90 V-44 between (Thames Dr.) and Rosemont (31‘ - (;
' Rd. : i
91-92 V-44 between Rosemont Rd. and (N. Plaza 6\/ - (51
I Rd.) o j
93-94 V-44 between (N. Plaza Rd.) and (Gimbart (X\‘ - Q\' )
St..) ‘
[ 95-96 V-44 between (Gimbart St.) and Lynnhaven @2‘- - (Z\’ )
i Rd. "
97-98 V-44 between Lynnhaven Rd. and Great (3 3} — Ql
Neck Rd. o
99-100 V=44 between Great Neck Rd. and (Oceana (/x\, - (/'( 3)
Blvd.) k== =
101-102 V-44 between (Oceana Blvd.) and Birdneck (34) - \\
Rd. = ?
F 103-104 V-44 between Birdneck Rd. and Atlantic (35) - (34)
Ave.

* ~ N . 1 .
lLink numbers refer to Figure 2. Odd-numbered links are outbound from Sewells
Point; even-numbered links are inbound.

Street names or locations in parentheses are direction change poiats and not
intersections.

&

"Intersection numbers in circles refer to Figure 2 and represent the down:tream
intersections for the link in question. An "X" indicates a downstream direc-
tion change point.
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or absence of a bus stop on the near or far side of the
intersection should be noted.

* Metropolitan population: The population of the city or
metropolitan area in which the network is located must be

determined.

Figure 3 illustrates the physical characteristics of roadway links.

Operational Characteristics

In addition to the physical characteristics described above, each
link will possess operational characteristics that must also be known
or assumed as input to the assessment process. In all, 11 such charac-
teristics must be determined as indicated and defined below:

» Demand volume: The number of vehicles passing any given
point on the link in the course of an hour. Demand volume
will vary with the hour of the day.

+ Operating speed: The highest speed in miles per hour at-
tainable on the link consistent with the operational and
physical characteristics of the link.

+ Proportion of heavy-duty vehicles: Percentage of demand
volume that consists of buses and heavy-duty trucks (three
or more axles).

+ Proportion of turning vehicles: The percentage of vehicles
that turn left or right at the downstream intersection. The
proportion of turns is computed separately for each approach
element (through or turn only). Exclusive through or turn
lanes will have a zero proportion of turns associated with
them.

* Saturation service volume: The maximum number of vehicles
theoretically able to pass through an uncontrolled intersec-
tion during an hour, consistent with the physical character-

istics of the approach and assuming a maximum traffic load.

* Capacity: The maximum number of vehicles actually able to
pass through an intersection consistent with physical and
operational characteristics and degree of control, and
assuming a maximum traffic load.

*+ Type of control: The type of control (traffic signal, stop
or yield sign, toll booth or gate, or other) to which link
traffic is subject at the downstream intersection musc be
determined. In connection with signalized controllers, the
following information must be obtained:
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xiii

- Signal type: The generic type (fixed, fully or semi-
actuated, progressive, computerized, etc.) of any
traffic signal.

— Cycle length: The length of time for the traffic signal
to pass through all its separate phzlsus.* In the case of
a vehicle-actuated signal, the maximum cycle length should
be determined.

- Green time: The length of time during each signal cycle
when a controlled approach element experiences a green
signal. In the case of a vehicle-actuated signal, the
minimum green time should be determined. A separate green
time is associated with each signal phase.

*+ Stops: The number of vehicles that stop at the downstream

intersection during an hour.

* Delay: The time (in seconds) spent on the link by an average
vehicle in excess of the time that would be spent without in-
tersection control.

* Queue length: The average length (in meters) of the line of
vehicles stopped at the downstream intersection.

«  Nehic miles »d:  The product of demand volume and
Tink length must be determined for each link.

Of the characteristics described above, those that are not primary
inputs to tuel consumption and air quality assessment are secondary input
used in the derivation of the primary input information. For clarity, we
have chosen to treat only the primary inputs in the body of the report,
relegating treatment of secondary inputs to Appendix A. The analyst has
the choice of using the worksheets in Appendix A or obtaining the primary
inputs directly from an outside source. Experienced traffic analysts
familiar with local network conditicns should be consulted, if possible,
to optimize the accuracy of the input data.

Operational characteristics obtained either directly or indirectly
should apply to a single hour of the day which we shall call a study hour.
One or more such study hours may be chosen to cover the periods during
which given transportation options will be operational. This will nor-
mallv be one or more of the peak hours, morning and evening.

Information on physical and operational characteristics of network
links can usually be obtained from municipal public works or traffic en-
gineering departments.

Phase is that portion of a signal cycle that controls a specific traffic

movement , such as through, left turn only, through and left.

14
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Manual Screening--Baseline Calculation

To properly assess the impacts of various transportation options,

a baseline analysis must be performed. The purpose of the baseline anal-
vsis is twofold. First, it is necessary to indicate the existing trends,
or no-option situation, against which to measure option effectiveness.
Second, it provides a one-time determination of per-vehicle impact, which
can be used as the basis for rapid screening of a variety of options. The
procedure for the baseline analysis is described as follows and outlined
schematically in Figure 4.

Step 1: Assembly of Input Data--For direct use in the impact assess-
ment, the primary input data for ‘each link should be assembled for the
study hour in a format similar to that of Data Sheet 1 (data sheets begin
on page 23). Worksheets for deriving primary input data are presented in
Appendix A. Links should be identified by number as a cross-reference
to the network schematic. A separate baseline analysis must be performed
for each target year in which transportation options are to be tested on
the networks.

Step 2: Calculation of Fuel Consumption--The rate of fuel consump-
tion varies with the mode in which a vehicle operates. The principal
modes are acceleration, deceleration, cruise and idle. Fuel consumption
also depends on physical characteristics of the road, such as grade and
curvature. Techniques for quantitatively assessing vehicle running costs,
including fuel consumption, have been developed in References 1 and 2.

On the basis of these techniques and ongoing research at SRI, we have
constructed Figure 5 (page 28) and Data Sheet 2, which enable determina-
tion of hourly fuel consumption on each network link as a function of the
primary input information listed on Data Sheet 1. Effects of grade and
curvature have been assumed negligible for the typical commute corridor.
Fuel consumption estimates for the baseline situation should be made for
each link by filling out Data Sheet 2 in accordance with the accompanying
instructions.

Step 3: Calculation of Air Quality Impact--Unlike fuel consumption,
which has significance primarily in terms of a cumulative value for the
network, air pollution effects must be considered on both a regional
(networkwide) and a local (site-specific) basis. Regional analvsis in
terms of total amount of pollutant emitted over the network is useful in
assessing the impact of passenger transportation options relative to other
regional air quality improvement programs. Local analysis is important,
particularly in the case of carbon monoxide, because the greatest impacts
on people occur not as a regional total, but rather as a localized impact
in the immediate vicinity of congested road links and intersection ap-
proaches. Separate procedures are employed for regional and local analysis.

* Regional Imp:

s--When transportation actions are being con-
sidered, a que

stion is often raised as to the extent to which

the action will change the regional burden of air pollutants.
Such a question can be answered indirectly in terms of changes
in trips or vehicle miles traveled, or directly in terms of the |
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pollutants are usually of prime interest in relation
use because of the large proportion of their regional
attributable to auto emissions. The first of these,

The second, hyvdrocarbon, is somewhat less specific to
and is not directly related to health effects, but is
constituent in the photochemical processes leading to
tion of health-affecting pollutants known as oxidants

and oxidant in the ambient air.

manner similar to that of fuel consumption. Techniqu

veloped in Reference 3. On the basis of these techni

| monoxide, is attributable almost exclusively to the auto and
has a direct effect on the health of sensitive individuals.

standards have been set for concentrations of carbon monoxide

The rate of pollutant emission varies with driving mode in a

change in total amount of pollutant emitted networkwide. Two

to auto
burden
carbon

the auto
a prime
the forma-
. National

es for

assessing pollutant emissions by driving mode have been de-

ques, we

have constructed Figures 6 and 7 (pages 31 and 32) and Data

Sheet 3, which enable determination of carbon monoxid
hyvdrocarbon emissions per hour, on each network link
tion of the primary input information listed on Data
Pollutant emission estimates for the baseline situati

e and

as a func-
Sheet 1.
on should

be made for each link by filling out Data Sheet 3 in accordance

with accompanving instructions.

pacts. The local impact of transportation op
assessed not in terms of total pollutant emitted over
work, but rather in terms of pollutant concentrations
air aloug road links and near intersection approaches

tions is
the net-
in the

. Since

carbon monoxide is the auto-related pollutant with the greatest
direct health impact, it can be used as a suitable index pollut-

ant for assessing the local, as opposed to regional,
network passenger transportation. Techniques for est

impacts of
imating

carbon monoxide concentration near road links and intersections
have been developed in References 4 through 7. We feel that a
detailed analysis of local impact is best done in an automated
(computerized) manner using the method we will describe later

in this report. As a screening technique, however, a

conveni-

ent measure of local impact can be obtained by filling out Data
Sheet 4 in accordance with the accompanying instructions. The
technique consists of estimating carbon monoxide concentration

at roadside, 10 meters from the centerline of a given

link,

under adverse meteorological conditions expected to result in

higher-than-average concentrations. Such roadside va
/s

lues can

easily be obtained manually using Data Sheet 4, and can serve
as a local air quality measure for comparison of transportation

option effectiveness. Appendix D provides additional
for estimating local air quality impact.

guidance

Step 4: Adjustment in Future Years--Figure 5 (page 28) and Figures
6 and 7 (pages 31 and 32) for fuel consumption and air quality estimation
are based on vehicle characteristics valid in 1975. Baseline

estimates




for future years will require an adjustment to the results obtained from
use of these figures. We are not aware of any satisfactory method for
projecting fuel economy into the future and recommend that the values be
used unadjusted for future baseline analysis. In the case of air pollu-
tion future adjustment is feasible bascd on mandated emission controls for
future model years. Factors for adjustment of air pollution values for
future baseline analysis can be obtained from Table 3.

Table 3

ADJUSTMENT OF POLLUTANT EMISSIONS TO FUTURE YEARS

*
Model Year Correction Factors (Base Year 1975)
for Link Pollutant Emissions

Low Altitude High Altitude Low Altitude, High Altitude,
Year Non-California Non-California California __California
1975 1.00 1887/5) 0..99 1775
1976 0.87 1.55 0.86 1.54
1977 0.76 1.36 0173 1538
1978 0.63 15505 0.61 il
L9i79 0.53 0.96 0.50 0,91
1980 0.42 0.76 0.40 0.73
1985 0.5 0.23 0.33 0.20
1990 0.07 0.07 0.07 0.07

These correction factors reflect the imposition of interim federal
emission standards (for the low-altitude and high-altitude areas)
through model year 1977 and the statutory standard thereafter. For
California, the correction factors reflect the California interim
standards through the 1977 model year and the statutory standards
thereafter.

Step 5: Calculation of Commuter Costs--The out-of-the pocket costs
associated with commute travel are only a part of the total costs of trans-
portation options. They are important in that they serve to provide ex-
cellent quantitative material for marketing programs designed to encourage
ride-sharing. One method of presenting automobile costs is to identify
the marginal costs to commute by private automobile, which include only
the out-of-pocket expenditures for fuel, oil, tolls, parking and allow-
ances for tires, maintenance, and repairs. Marginal costs take into ac-
count that a large number of commuters already own an automobile, whether
or not it serves as their primary commute mode, so that costs for insur-
ance license, taxes, and depreciation are not included in their cost of

18
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travel to work. Total auto costs are more appropriate if the family
operates an extra car for commuting (over 327 of Americans owned more
than one car in 1974). Costs for vanpoolers include per-mile ridership
costs derived from existing vanpool situations throughout the country.

Per-mile costs for vans include all costs because the van is leased
specifically for commute travel. Marginal costs are charged for personal
use of vans by the driver on weekends and evenings. In this study, auto
and van costs are both calculated by »nassenger-miles traveled and summar-
ized on an annual basis. Bus costs are based on established fares for
each zone of travel. ‘

The data requirements and calculations for figuring commuter costs
for each mode of travel are identified in Data Sheet 5.

Other costs, not included in this analysis but important to trans-
portation planners for evaluating various modes of travel, are the capi-
tal and operating costs associated with alternative transportation options.
These are particularly important when assessing new systems (such as in-
stalling new equipment, adding new bus lines, or undertaking marketing
programs), or making major modifications to existing systems (such as
providing express bus lanes on existing arterials or adding a new traffic
signal or making routine maintenance). Though not presented in this re-
port, the procedures for calculating capital and operating costs are well
documented (see References 8 and 9).

Initial transit expenditures can often mean the success or failure
of a system. Marketing costs, for example, could influence ridership on
new or existing transit systems, thus determining whether fare-box revenues
will succeed in meeting operating costs over the long term. While this
may or may not be the case at particular Naval installations, it is pos-
sible to measure the marketing effectiveness by monitoring recent trans-
portation marketing efforts and record the results over time.

Step 6: Identification of Land Use Relationships--Compared with the
above criteria, the land use directly associated with commute travel is
difficult to analyze objectively. Most transportation networks and rights-
of-way have been in existence in urban areas much longer than current com-
mute patterns dictate. Basic network patters (rights-of-way) were designed
to facilitate movement into and through cities. The physical characteris-
tics of the roadways, however, are more dependent on the amount of flow

in a given direction, and it is this aspect of land use that model shift
(or ride sharing) can affect most dramatically. For example, the option

of providing public transit or encouraging ride sharing may receive more
weight in the evaluation if a commute corridor is heavily congested and
faces the necessity of adding a lane or improving traffic control devices.

Land-use planning and restrictive zoning can also serve to influence
roadway characteristics by encouraging residential and commer.ial/
industrial patterns that are more or less conducive to alternative modes
of travel. Industrial parks and high-density residential areas, for ex-
ample, are compatible with large-volume arterials or public transportation

19
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systems, where low-density, single-family developments and randomly sited
commercial establishments are better suited to private automobile use.

In recent years, several innovative land-use techniques have served
to influence transportation development patterns. Some of these include
fiscal incentives for increased center city development such as the Urban
Renewal Program and Community Development Program instituted by the Depart-
ment ot Housing and Urban Development, and other incentives such as the
no- or low-cost parking facilities along transportation corridors (com-
monly referred to as park-and-ride lots) for transit patrons and ride-
sharing programs. Disincentive land-use programs are also being tried,
such as limiting parking accommodations near large work locations. These
disincentive programs are being encouraged by the Environmental Protection
Agency in their parking management guidelines for metropolitan areas.

The method for determining the relationship between land-use and
various transrortation options is to first establish a baseline of exist-
ing land-use characteristics along the commute corridor being analyzed
and then estimate the changes associated with each option considered.
Data requirements and calculations are identified on Data Sheet 6.

Step 7: Obtain Cumulative Per-Vehicle Factors--Once the baseline
data have been established for each of the criteria being measured, a
summary sheet should be prepared (Data Sheet 7) that presents the compar-

ative factors for existing transportation conditions.

Step 8: Interpretation of Baseline Results--When the baseline anal-
ysis has been completed, all the necessarv information will be at hand
to assess network traffic characteristics existing before the introduc-
tion of a given transportation option. The baseline data previde several
types of useful information:

« The relative desirability of alternative commute routes can
be assessed in terms of travel time, degree of interruption,
and fuel economy.

« Points of introduction of optional vehicle modes along a
specific route can be chosen to maximize savings in fuel and
militage air quality problems.

+ Per-vehicle pollutant emission and fuel consumption factors,
as well as user costs, can be derived from baseline demand
volumes for direct application to a variety of options.

+ [Estimates can be made of types and volumes of model shifts
required to achieve desired results.

« The relative effectiveness of transit versus nontransit
alternatives can be assessed.

* The overall need to change existing commute patterns can be
rationally discussed in terms of quantified alternat.ves.
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Manual Screening--Analysis of Options

Once the baseline has been established, a variety of alternatives
to baseline commute patterns can be tested for relative effectiveness in
terms of fuel economy and marginal costs as well as air quality and land
use improvements. The general approach for fuel consumption and air
quality is to obtain the change in traffic volumes on each link of a
given commute route resulting from the introduction of an alternative
transit mode or travel pattern. Fuel consumption and air quality result-
ing from the altered flow can then be compared with baseline or with com-
panion options to assess relative effectiveness. This analysis can be
performed quite rapidly with cumulative per-vehicle factors derived from
the baseline analysis, using Data Sheet 7 in accordance with the accom-
panying instructions. Commute costs, as described above, are calculated
by passenger-miles traveled for each transportation option and measured
against the baseline costs. Specific land use implications of alterna-
tive options, such as parking requirements, are measured where possible.
Other relationships are hypothesized for each option and compared with
existing conditions.

Market Area Determination--For each option being considered, appro-
priate market areas must be chosen. An origin-destination survey must
be made to determine the existing and potential locations of candidate
commuter populations and their customary routes and modes of travel. In
addition to availability of candidate commuters, an important considera-
tion in marbetability will be ease of commute. From the information con-
tained in Appendix A and from the link speed and delay data on Data Sheet
1, difficult commute routes can be identified to aid in the marketability
studies. Land-use availability will be an important consideration when
assessing the marketability of a developing corridor.

Route Selection--When the market areas have been established, it
will be necessary to select possible routes (successions of links) af-
fected by the option. Examples would be possible routes for express

buses, carpools, and vanpools, or routes traveled by subjects of proposed
staggered working hour programs. In determining volume alteration, optional
mode routes will be used in conjunction with existing routes from which
candidate commuters will be drawn. Consequently, the origin-destination
survey, which serves as the basis for selecting option service areas, must
include specific information on total route of travel from origin to des-
tination, along with accurate work hours data.

Volume Alteration--Once the appropriate routes have been selected,
the volume alteration on each link must be determined. Links will undergo
net volume reduction as commuters change modes. Some of these will have
their volume reductions slightly offset by the addition of vaus, buses,
or other multipassenger vehicles. On the basis of relative fuel consump-
tion and pollutant emissions, a bus may be considered equivalent to 3 and
a van to 1.5 passenger cars (sce References 10 and 11).
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have been determined, corresponding changes in frel consumpt ion and air
quality can be determined for the route in question. Per-vehicle fac-
tors determined from the baseline should normally be of sufficient ac-
curacy it relative comparisons are to be made. On greatly congested
links where volume alteration may conceivably change operating charac-
teristics to the benefit of the entire link volume, calculations in
terms ot the altered volume can be performed.




DATA SHEETS AND INSTRUCTIONS
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Data Sheet 2

NETWORK FUEL CONSUMPTION EATIMATION
(STUDY HOUR)

Link Cruise Mode Delay Mode Consumption

‘ Total
‘ oD Consumption (gallons) Consumption
No. (gallons) Idle Speed Change (gallons)

(1) (2) 3 (4) (5)




INSTRUCTIONS FOR DATA SHEET 2
NETWORK FUEL CONSUMPTION ESTIMATION

Data Sheet 2 consists of 5 columns. Column (1) is self explanatory,
indicating the number of the link to which the information in subsequent
columns applies. Columns (2) through (4) require fuel consumption esti-
mates for the separate operational modes of cruise, idle, and speed change.
Column (5) will contain an estimate of total fuel consumption on the link
obtained as the sum of the modal consumption rates. The estimates are
obtained as follows:

+ Cruise Mode Consumption. Using Figure 5, enter at the bottom
with the link cruise speed in miles per hour from Data Sheet 1. Proceed
vertically to intersect the Cruise curve, then proceed horizontally to
the right to obtain the cruise mode fuel consumption rate in gallons per
1,000 vehicle miles. Multiply this value by link vehicle miles from Data
Sheet 1 and divide the product by 1,000 to obtain the cruise consumption

in gallons. Enter the results in column (2).

+ Delay Mode Consumption~-Idle. Enter Figure 5 at the bottom with
intersection delay in seconds from Data Sheet 1. Proceed vertically to
intersect the Idle curve and then horizontally to the left to obtain the
average idle consumption rate in gallons per 1,000 vehicles. Multiply
this value by link demand volume from Data Sheet 1 and divide the result
by 1,000 to obtain the idle consumption in gallons. Enter the result in
column (3).

+ Delay Mode Consumption--Speed Change. Enter Figure 5 at the
bottom with intersection delay in seconds from Data Sheet 1. Proceed
vertically to intersect the Speed Change curve and then horizontally to
the left to obtain the speed change consumption rate in gallons per 1,000
stops. Multiply this value by the stopping rate from Data Sheet 1 and
divide by 1,000 to obtain the speed change consumption in gallons. Enter
the result in column (4).

& Teoral _(Ipn_syp\_p.t.ipg. Sum columns (2), (3), and (4) to obtain the
total fuel consumption on the link during the study hour. Enter the re-
sult in column (5).

(2]
~4
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INSTRUCTLON FOR DATA SHEET 3
NETWORK POLLUTANT EMISSION ESTIMATION

Data Sheet 3 consists of 9 columns. Column (1) is self-explanatory,
indicating the number of the link to which the information in subsequent
columns applies. Columns (2) through (4) and (6) through (8) require
pollutant emission estimates for the separate operational modes of cruise,
idle, and speed change. Columns (5) and (9) will contain estimates of
total pollutant emission on the link obtained as the sum of the modal
emission rates. The estimates are obtained as follows:

* Cruise Mode Emissions. Using Figure 6 or Figure 7, as appropriate,
enter at the bottom with the link cruise speed in miles per hour from Data
Sheet 1. Proceed vertically to intersect the Cruise curve, then proceed
horizontallv to the right to obtain the cruise mode emission rate in kilo-
grams per 1,000 vehicle miles. Multiply this value by link vehicle miles
from Data Sheet 1 and divide the product by 1,000 to obtain the cruise
mode emissions in kilograms. Enter the result in column (2) or (6).

¢ Delay Mode Emission--Idle. Enter Figure 6 or 7 at the bottom
with intersection delay in seconds from Data Sheet 1. Proceed vertically
to intersect the Idle curve and then horizontally to the left to obtain
the average idle emission rate in kilograms per 1,000 vehicles. Multiply
this value by link demand volume from Data Sheet 1 and divide the result
by 1,000 to obtain the idle emission in kilograms. Enter the result in
column (3) or (7).

+ Delay Mode Emission--Speed Change. Enter Figure 6 or 7 at the
bottom with intersection delay in seconds from Data Sheet 1. Proceed
vertically to intersect the Speed Change curve and then horizontally to
the left to obtain the speed change emission rate in kilograms per 1,000
stops. Multiply this value by the stopping rate from Data Sheet 1 and
divide by 1,000 to obtain the speed change emission in kilograms. Enter
the result in column (4) or (8).

+ Total Emission. Sum columns (2), (3), and (4) and columns (6),
(7) and (8) to obtain the total pollutant emission on the link during
the study hour. Enter the sums in columns (5) and (9).
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INSTRUCTTONS FOR DATA SHEET 4

ESTIMATING LOCAL CARBON MONOXIDE CONCENTRATIONS

Data Sheet 4 consists of 9 columns. In the column headed Background,
an estimate should be entered of worst-case l-hour average background
concentration appropriate to the study hour and location of each link.
These values should be obtained from state or local air pollution control
officials or estimated with professional assistance. Once the backpground
has been estimated, the remaining columns on the form may be tilled out
to estimate the local concentration added to background by vehicular emis-
sions on a given road link.

The first step in the localized analysis is to estimate a quantity
called emission density, which is the amount of pollutant emitted per
meter of link length and per second of time. Emission density is com-
puted separately for cruise and delay (speed change plus idle) modes.
The emission density for cruise mode can be obtained from Data Sheets 1

and 3 by dividing carbon monoxide cruise emissions by a factor A, where
A = 5796 x LINK LENGTH.

The emission density for delay mode can be obtained from Data Sheets 1
and 3 by dividing carbon monoxide delay emissions by a factor B, where

B = 3.6 x QUEUE LENGTH.

As the appropriate emission densities for cruise and delay modes are
obtained for each link, they should be entered in columns (3) and (%)

on Data Sheet 4 and added to provide the total emission density, which

is entered in column (5). This total value is assumed to apply on the
intersection approach over a distance equal to the queue length. The
emission densities obtained can then be used to estimate roadside concen-
tration as follows:

« To obtain a roadside concentration estimate at an intersection
approach, multiply total emission density by 145 to obtain the concen-
tration in milligrams per cubic meter. Enter the value obtained in col-
umn (7) of the Data Sheet.

* To obtain a roadside concentration estimate along a link with
uninterrupted flow (no signals or signs) or at midblock (between inter-
sections) along an interrupted link, multiply the cruise emission density
by 145 to obtain the concentration in milligrams per cubic meter. Enter
the value obtained in column (6) of the data sheet. The value 145 is
based on estimates made with the EPA's HIWAY model (Reference 6), assum-
ing a wind blowing at an angle of 30 degrees to the link direction at a

speed of 2 meters per second. Contributions from road links and sources




of carbon monoxide other than the link in question are assumed to be
accounted for in the background estimate.

After the estimates of background and link contribution have been
entered on the data sheet, they should be added to obtain the total im-
pact, which is entered in columns (&) and (9). This impact value should
not be considered representative of a wide region surrounding the link.

It applies only to the immediate vicinity of the link itself and is in-
tended as a comparative index of effectiveness for testing travel options.
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INSTRUCTIONS FOR DATA SHEET 5
COMMUTER COST ESTIMATION

Data Sheet 5 consists of 5 basic columns, with subdivisions undet
two categories to delineate the differences between individual modes of
travel. Information to complete columns (2), (3), and (4) is given below;
column (5) is the result of multiplying columns (3) and (4) and then add-
ing toll or parking fees to find total daily commute costs. Annual costs
are established by multiplying daily costs by 240 work days. Commuter
cost estimates are obtained as tollows:

+ Aggregate Commute Links. For purposes of figuring commuter
costs the separate commute links identified in Figure 2 are aggregated
to represent average trip distances for commuters using each corridor.
For example, in the Tidewater case there would be three distinct aggre-
gate commute links: one beginning in Portsmouth at intersection 5 and
running to Sewells Point--approximately 9.2 miles; the second link be-
ginning in Virginia Beach at intersection 31 and running the Sewells
Point--approximately 16.8 miles; and the third beginning in Norfolk at
intersection 24 to Sewells Point--some 5.8 miles. Assign some identifv-
ing code in column (2) for each aggregate link and enter the correspond-
ing mileage distance in column (3) for each link identified. Multiply
by 2 to obtain round-trip mileage.

+ Average Cost Per Mile by Mode of Travel. Use the following

* . -
data” and instructions to complete column (4).

- Auto: marginal costs = 10.3 cents per wile (includes
3.8 cents for fuel, o0il, and tires and 5.5 cents for
maintenance and repairs); full costs = 18.9 cents per

mile (includes license, insurance, interest, and depre-
ciation).

/

- Carpool: 10.3 ot 18.9 cents divided by 3 = 3.4 or 6.3
cents per mile.

- Vanpool: 5 cents per mile (includes amortized vehicle
costs, fuel, oil, tires, license, and insurance).

- Bus: Use per-day fare, assuming passengers can walk to
their pick-up point.

These costs should be updated annually. The source ftor the lipures
quoted in this report is Hertz Company annual auto operating cost

report.




Calculations:

- Auto: Multiply daily round-trip mileage |column (3)]
by per-mile costs (above) to obtain daily mileage costs.
Add any toll or parking fees. Show both marginal costs
and full costs.

- Carpool: Repeat auto calculation and divide by average
numbers of riders--2, 3, or 4.

- Vanpool: Multiply daily round-trip mileage by 5-10 cents
(depending on established per-mile rate for the area) to
obtain daily mileage costs. Add one-twelfth of toll and
parking fee if applicable.

- Bus: Multiply one-way fare by 2 to obtain daily fare.
* Annual Commuter Costs by Mode of Travel. Multiply column (4)

by 240 days to obtain annual average commuter costs for each mode of
travel.
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INSTRUCTIONS FOR DATA SHEET 6
LAND USE RELATIONSHIPS

Data Sheet 6 consists of three basic columns of information: (1)
a definition of commute corridor market areas, (2) a quantitative (acres)
description of existing land-use categories for each market area identi-
fied, and (3) a quantitative description of parking requirements at the
work location for each mode of commute travel. Land-use estimates are
obtained as follows:

* Identify Market Area. Market areas are defined by assessing
existing dhdnhglenﬁlal‘IULQiions of candidate commute populations. Exist-
ing commute patterns can be obtained from origin-destination survey data.
For purposes of analysis it is best to establish boundaries of market
areas according to residential distribution of commuters (for example,
carpoolers and vanpoolers should live within 1-4 miles of one another)

and within a feasible access area to the transportation corridor being
studied.

+ Identify Existing Land-Use Characteristics. Contact local and
regional planning agencies to obtain land-use maps and data for each of
the market areas identified in column (1l). Population land-use data may
be available by census tract or by another predetermined grid pattern.
Calculate the acreage of land under each of the categories in column (2)
for each market area.

* Parking Requirements. Refer to origin-destination survey (Appen-
dix B) to obtain an estimate of commute patterns by mode. Now calculate
the parking space (in square feet) required for each passenger (conauter)
using the following estimates:

1 single-passenger automobile = 120 sq ft
1 carpooler (1 single-passenger vehicle : 3) = 40 sq ft
1 vanpooler (150  12) = 12.5 sq ft

1 public bus rider (40 @ 40) = 10 sq ft

40
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INSTRUCTIONS FOR DATA SHEET 7

COMPILATION OF PER-VEHICLE FUEL CONSUMPTION
AND POLLUTANT EMISSION FACTORS

Data Sheet 7 consists of 8 columns. In column (1) the numbers of
all links along a given commute route should be entered in order, begin-
ning at and proceeding away from the route destination. Only links di-
rected toward the destination should be listed. In columns (2) through
(5) entries are made of demand volume, total per-vehicle fuel consumption,
and total per-vehicle pollutant emissions for each link. Per-vehicle
values are obtained by dividing the appropriate link totals from Data
Sheets 2 and 3 by link demand volume. In columns (6) through (8), cu-
mulative sums of the link-by-link per-vehicle values are entered, begin-
ning with the destination link. These cumulative values indicate the
fuel consumed or pollutant emitted by a vehicle entering the route at

the upstream end of a link and proceeding along the route to the desti-
nation.




METHODOLOGY DEMONSTRATION

As a test of its reasonableness and a demonstration of ite applica-
bility ta a real situation, we employed the methodology in an analysis
of simulated transportation options for the Tidewater area. Two corridor
routes were chosen as simple network forms. One route, approximately 23
miles long, begins at the shore in Virinia Beach and ends at the inter-
section of Admiral Taussig Boulevard and Hampton Boulevard at Sewells
Point. This route is characterized by uninterrupted flow along limited-
access roadways. The second route, approximately 14 miles loung, begins
at the intersection of High Street and Collins Boulevard, Portsmouth,
and ends at the intersection of Admiral Taussig Boulevard and Bainbridge
Avenue at Sewells Point. This route was chosen because of its service
to a developing area in Portsmouth and farther west in Suffolk. It is
also of interest as a route characterized by interrupted flow due to a
variety of controlled intersections and a toll tunnel (Midtown Tunnel).
The two routes are shown in Figure 1.

Once the routes were chosen, available data were gathered on the
physical and operational characteristics of the roadways. Hourly traffic
counts were obtained from the Virginia Department of Highways and Trans-
portation, and information on roadway dimensions and intersection control
devices was obtained from local traffic agencies in Portsmouth, Norfolk,
and Virginia Beach with the help of the Navy Facilities Engineering Com-
mand. The Navy also provided traffic studies and origin~destination data
related to Sewells Point.

Based on the intormation available to us, we applied the methodology
described earlier, along with the worksheets in Appendix A and f
Appendix D, to an analysis of the morning peak commute hour (7-8 a.m.) as
a baseline. Three study segments were selected from the two corridor
routes, as described in Appendix B. The peak-hour data as derived through
the methodology are included as Appendix C. In applying the methodology
it was assumed, for the sake of simplification, that all traffic used the
through lanes at intersections and that activated signals were fixed at
masimum cycle and minimum phase length. Based on the peak~hour results,

a per-vehicle average of fuel consumption and pollutant emission was ob-
tained for each link and a cumulative total obtained between each route
intersection (treated as an origin point) and the Sewells Point route
terminus. The cumulative per-vehicle values are given in Tables 4 and
5. Commuter costs (Table 7) and land use relationships (Data Sheet 6,
Appendix B) were also assessed for existing commute patterns.

igures in

To demonstrate the testing of options, six hypothetical but plausible
scenarios were developed as outlined in Appendix B. Each scenario involves
mode switching within a commute option market area along one of the two
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corridor routes. The result of the mode switching is a change in the
number of vehicles entering the corridor route. By apportioning the
vehicle alterations to specific intersections as entry points, the per-
vehicle factors in Tables 4 and 5 were used to estimate total fuel con-
sumption and pollutant emission between scenario origin and destination,
and ambient roadside carbon monoxide concentration at the worst inter-
section along the route. The results, as summarized in Tables 6 and 7,
enable a comparison of the relative effectiveness of options from an
environmental protection standpoint.




CUMULATIVE FUEL CONSUMPTION AND POLLUTANT EMISSION*
FACTORS FOR TIDEWATER COMMUTE CORRIDOR I
(Morning Peak Commute Hour)

See Figure

Possible Fuel Consumption per
Commute Origig 100 Passenger Cars
Intersections (gallons)

35 104.

34 98.

33 83.

32 7.

31 695
30 58.:
29 52.

28 44.8
27 41.

26 32

25 28.

24 2

23 18

22 14.

21 10.
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Table 5
CUMULATIVE FUEL CONSUMPTION AND POLLUTANT EMISSIUN*

FACTORS FOR TIDEWATER COMMUTE CORRIDOR 2
(Morning Peak Commute Hour)

Pollutant Emission

Possible Fuel Consumption per per 100 Passenger Cars
Commute Origin 100 Passenger Cars (kilograms)
Intersections L (gallons) m Egif _HC z
L 74 .8 44.5 3.6
| 2 785 43.8 3.5
3 68.8 41.3 53
4 57-8 35. 3 259
| 5 55155 8399 2.8
{ 6 527 32,6 2.6
b 7 48.5 310 205
I 8 42.3 28.0 2.2
9 36.2 24.2 20
10 34.5 224 79
11 29199 1956 I
12 2l 1841 156
13 2339 157 1.4
14 16.6 Tk o 100
15 14.9 O 0.9
16 4.0 315 053
17 0 0 0
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Table 7

COMMUTER COSTS FOR TIDEWATER COMMUTE
CORRIDORS la, 1b, AND 2
(Annual Costs per Commuter)

Single-
Passenger Carpool
~__Auto (with 3 riders) Vanpool
Corridor la m $ 285.60 m $ 95.20 $139.20
(5.8 miles) £* 526.18 f 175.39
Corridor 1b m 950.40 m 316.80 403.20
(16.8 miles) i 1,644.00 f 548.00
Corridor 2 m 576.00 m 192.00 220.80
(9.2 miles) £ 955.20 318.40

*
m - marginal costs

f - full costs
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$264.00

312.00

288.00




PROCESS AUTOMATLON

Up to this point we have dealt with the development and use of manual
analysis techniques for impact assessment. Manual techniques provide a
number of benefits, among which are:

« Minimization of analysis cost
- Familiarization with the analytic processes

=

« Flexibility of application.

§ Beyond a certain limit, however, the manual approach becomes cumbersome

! and tedious as the analysis elements (links and intersections) and the
combinations in which they are used (routes and options) increase in

A number. Therefore, to produce the most generally applicable system

B practicable, an automated (computerized) version of the analysis method-

‘?l ology is desirable. This section describes in brief the computerized

methods developed in the project. This automated approach is intended
to complement rather than replace the manual approach. The automated
models for pollutant emissions and fuel ceonsumption are essentially the
same as the models used in the manual approach. The principal advantage
of automation lies in the ability to handle complex, extensive, and re-
petitive analysis problems.

As the basis for process automation, we have combined elements of
two existing SRI computer programs. The first of these programs, I1ISMAP,
takes as input the same physical characteristics of links and intersec-
tions used as input to the manual approach, except that link lengths are
computed internally on the basis ot geographic coordinates supplied for
the end points of each link. Based on these inputs, [SMAP computes ve-
hicle mileage, travel time, and delay on each link. These computed oper-
ational characteristics are then used by the program to estimate carbon
monoxide emissions tor various portions of the link associated with the
operational modes of cruise, idle, and speed change. Finally, the emis-
sions are used by the program to estimate carbon monoxide concentration
at designated receptor points.

" the manual approach.

In these respects, the computer program "mimics
The automated version does, however, possess an additional degree of so-
phistication in several areas: vehicle-actuated signalization at inter-
sections and least-time routing over the network can be accommodated, in
conjunction with quantitative zonal trip production and attraction infor

mation. Routing to parking areas within destination zon based on avail-
able space can also be accommodated., Finally, the progra i be rw
iteratively for a number of hours on time segments as short a ) 1t

to track the ebb and flow of traffic.




As the basis for automated tuel consumption estimates, we have em-
ployed our program LNKMOD as a subroutine to program I[ISMAP. Fuel con-
sumption estimates by LNKMOD are based on the carbon content of aduto ex-
haust emissions. The program calculates the total weight of hvdrocarbons,
carbon monoxide and carbon dioxide emitted on each link of the network.
Fuel consumption is then calculated on the basis of a regression equation
fitted to field data obtained by the EPA in 1971. The regression coefii-
cients currently used in the program are based on a vehicle mix, weighted
by model class, appropriate to the time period (pre-1971) when the field
testing was performed. Consumption estimates are amenable to refinement
by tuning the vehicle mix to a given locale and calculation year. Current
fuel consumption is probably slightly understated by the model because of
the inroads on fuel economy made by pollution control devices and unac-
counted for in the regression model. Program improvements in fuel con-
sumpt ion, however, should work in the opposite direction and improve the
accuracy of the model. We feel that the model in its current form will
be suitable for relative comparisons between options in the absence of
radical changes in auto fuel consumption rates.

The hybrid model described above has been named NAFCOM (Network Air
Pollution and Fuel Consumption Model). The structure of this program is
such that both pollutant emissions and fuel consumption are available as
totals on each link, with carbon monoxide emissions further broken down
by the operational modes of cruise, idle, and speed change. The program
can, therefore, be used on a one-time basis to generate baseline per-
vehicle emissions and fuel consumption as input to manual evaluation of
transportation options. Alternatively, the program can be used directly
to evaluate individual options in a fully automated manner. The combina-
tion of manual and automated techniques provides considerable tlexibilitv.
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Appendix A

OPERATIONAL CHARACTERISTICS OF NETWORK TRAFFIC FLOW

To estimate the fuel consumption and pollutant emission characteris-
tics of candidate highway commute options, it is necessary to determine
certain conditions of traffic flow experienced by a typical vehicle on
the network. When traffic flows freely, facilitated by low traffic vol-
ume or good roadway design, congestion will be minimized, as will fuel
consumption and air pollutant emissions. When congestion occurs, in the
case of heavy traffic or poor roadway design, fuel consumption and pol-
lutant emissions are increased because of additional travel time and
less efficient operation of the automobile engine.

In general, the problem of network design and traffic flow is a
complex one. Its full treatment is beyond the scope of this report, and
interested readers are referred to References 12 and 13. There are, how-
ever, basic characteristics of traffic flow which, even without profes-
sional assistance, can be estimated by a nonprofessional for environmental
screening of candidate transportation options. The methodology presented
here is based primarily on the material presented in the Highway Capacity
Manual (Ref. 12), with adaptions developed in References 1 throdgﬁ>4 and
Reference 13. The object of the methodology is the estimation of two key
flow characteristics for each network segment (link) affected by a candi-
date option. The first of these characteristics, which we shall term
free flow or gfg£§§ speed, is the average speed with which vehicles would
traverse the link in the absence of flow interruption at intersections.
The second characteristic is the delay, or excess time spent on the link
by those vehicles whose flow is interrupted by required stops at toll
booths, signals, or signs.

Free Flow Characteristics--The first step in the procedure is the
determination of free flow or cruise speed on each link. The calculation
can be accomplished and recorded by completing Worksheet A-1 in conjunc-
tion with the accompanying instructions and procedures.

Characteristics of Intersection Delay--In addition to the free flow
characteristics, each Tink must be ¢ saluated relative to characteristics
of delay experienced at the downstream intersection. Intersection delay
can normally be neglected on links where through traffic has the uninter-
rupted right-of-way. For links on which traffic tlow is required to stop
for a portion of time by a signal, sign, gate, or toll booth, the basic
characteristics of intersection delay can be evaluated using Worksheet

A-2 in conjunction with the accompanying instructions and procedure:
Worksheet A-2 consists of two parts, Part I for estimating intersection
capacity and Part Il for estimating characteristics ol intersection delay.
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WORKSHEET A-1

INSTRUCTIONS

Worksheet A-1 consists of five columns. In the first column is
entered an identifying number for each link for which a calculation of
cruise speed is to be made. In the last four columns, information for
a given link is entered as indicated by the column heading. Numbers in
parentheses below the column headings refer to corresponding circled num-
bered procedures found on the pages immediately following the worksheet.
Numbers in brackets indicate an arithmetic operation involving the values
contained in appropriately numbered columns of the worksheet.
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Worksheet A-1

ESTIMATION OF LINK CRUISE SPEED

[~ | Study Hour | Free Flow | 1
} Link Demand Volume Capacity Demand/Capacity | Cruise Speed
\ EiD: (vehicles (vehicles Ratio | (miles per
l No. per hour) per hour) hour)
(1) (2) fcr)=¢2)] J

-+




WORKSHEET A-1

PROCEDURES

[he studv hour demand volume is the number of vehicles that actually
traverse the link in question during a speciiic hour under study. Link
traffic volumes (current or projected) can usually be obtained from a
state or local traffic engineering department based on periodic traffic
counts or traffic modeling studies. When hour-by-hour traffic informa-
tion is available, such information can be used directly as the hourly
demand volume. When only two-way annual average daily traffic (AADT)

is available, as is frequently the case, Figure A-1 can be used to esti-
mate the peak and off-peak demand volumes. To use Figure A-1, enter at
the bottom with the two-way AADT per lane pair for the road segment in
question, proceed vertically to intersect the appropriate curve and then
proceed horizontally to the left to obtain an estimate of the one-way
traffic per lane in the peak or off-peak direction. It should be noted
that Figure A-1 is valid for a typical road with predominant flow in one
direction during the peak hour. Since there are exceptions to the typi-
cal situation, hourly traffic information should be sought and used where
available.

(:) Free flow capacity refers to the maximum number of vihicles that

are physically capable of traversing the link in a given nour. Free flow
capacity may be estimated as 2,000 vehicles per hour per lane for multi-
lane links and 1,000 vehicles per hour for single-lane links, corrected
by Tables A-1 and A-2 for roadside obstructions and heavy-duty vehicle
use. For the purpose of the capacity calculation, a three-lane road with
a shared center lane may be treated as though it were one lane in each
direction. The free flow capacity is obtained, then, by multiplying the
number of lanes by the appropriate per-lane value corrected in accordance
with Tables A-1 and A-2.

Cruise speed on a link can be obtained from Figure A-2 on the basis

of the type of road and the estimated ratio of demand volume to capacitv.

o use the figure, enter at the bottom with the ratio of demand volume

to link free flow capacity, proceed vertically to intersect the appropri-
ate curve and then horizontally to obtain an estimate of cruise speed.

Since Figure A-2 represents typical conditions for a variety of actual

road conditions, the estimate could be improved on by the use of observed
operating speeds for the road in question, if such information is available.
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Table A-1

CORRECTION OF FREE FLOW CAPACITY
FOR LANE WIDTH AND ROADSIDE OBSTRUCTION
Adjustment Factor, W, for Lane Width
SUCKE . and Lateral Clearance =~ = =
Distance from Obstruction on One Side Obstructions on Both Sides ]
Traffic Lane Edge of One-Direction Roadway  of One-Direction Roadway
to Obstruction 12-Ft 11-Ft 1LO-Fe& 9=Ft 12-Ft 11-Pt 10-Ft 9-Ft
_(feet) __ Lanes Lanes Lanes Lanes Lanes Lanes Lanes Lanes
! (a) 4-Lane Divided Freeway, One Direction of Travel
6 1.00 0.97 0.91 0.81 1.00 0.97 0.91 0.8]
4 Q998 096 0.90 0.800 0.98 0.95 0:89 079
2 0.9/ 0.94 0.88 0.79 0.94 0.91 0.86 -~ 0.76
0 0.90 0.87 0.82 0«73 05840 0.79 0.74 0.66
(b) 6- and 8-Lane Divided Freeway, One Direction of Travel
6 100" 0.96 0.89 Q.78 1001 - 0096 0.89 0.78
4 (B CERR (00 5 0.88  0L77 ¢-.98 0.94 0.87 QI
2 0.97 0.93 1087 76y 0,965 092 0.85 075 i
0 0.94 0.91 0.85 0.74 0.91 0.87 0.81 0.70
(c) 2-Lane Highway, One Direction of Travel
6 L O0n H0=s 88 8 S 0581 0.76 .60 0.88 0.8l 0.76
4 097 085 0.79 0.74 0.94 0.83 0,76 0571
2 0.93 0.81 075 070  0.35 0.75 . 0.69 0.65 1
0 088 071 Q7L 0,660 @ 0L.76 0.67 0162 0.58 '
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Table A~2

AVERAGE GENERALIZED ADJUSTMENT

HEAVY-DUTY VEHICLES ON

FACTORS FOR

FREEWAYS AND EXPRESSWAYS

AND ON TWO-LANE HIGHWAYS OVER EXTENDED SECTION LENGTHS

Factor, T, for All

Percentage of e D Peve SO E RS e nuic ol I

Heavy-Duty Level <1«ffling Mountainous

__Vehicles Terrain Terrain _ Terrain

(a) Freeways and Expressways
17 0.99 D97 0.93
2 0.98 0.94 0.88
3 0,97 092 0.83
4 0.96 0.89 0.8
5 .95 0.87 0.74
6 0.94 0.85 0L 70
7 093 0.83 0.67
8 0593 0.81 0.64
9 0.92 079 0.61
10 0591 QLT 0.59
141 0.89 0.74 0.54
14 0.88 0.70 051
16 0.86 0.68 0.47
18 0.85 0.65 0.44
20 0.83 0.63 0.42
(b) 2-Lane Highways

1% 0.99 0.96 0.90
2 0.98 UR9s 082
3 0.97 0.89 0 75
4 0.96 0.86 0169
5 0.95 0.83 0.65
6 0.94 0.81 0.60
7 0L93 0.78 0.57
8 0.93 0.76 053
9 0.92 0.74 050
10 0. 91 07l 0.48
117 0.89 0.68 0.43
14 0.88 0.64 0.39
16 0.86 0% 6.1 0.36
13 0.85 0.58 0.34
20 0.83 0.56 U3
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WORKSHEET A-2

INSTRUCT LONS

Worksheet A-2 consists of two parts with a total of 16 columns.
The first column in each part requires the entry of an identifying num-
ber for each link on which a calculation of delay characteristics is to
be made. In the remaining columns, information for each link is entered
as indicated by the column heading. Circled numbers below the column
headings refer to similarly numbered procedures found on the pages im-
mediately following the worksheet. Circled numbers in brackets indicate
an arithmetic operation involving values contained in appropriately num-
bered columns of the worksheet.
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