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EXECUTIVE SUMMARY

OBJECTIVE AND SCOPE

This report has been prepared in accordance with Section 108(f) of the
Clean Air Act, as amended, August 1977. It is intended to assist urban
areas in developing transportation measures for the State Implementation
Plan and integrating their transportation system management and air quali-
ty planning programs as required by the Federal Highway Administration,
the Urban Mass Transportation Administration and the Environmental Pro-
tection Agency.

The specific types of short-range transportation programs examined
this report include:

. priority treatment for high occupancy vehicles on freeways
and arterials;

. areawide carpool and vanpool programs; and
. transit fare reductions and service improvements,

It is important to note that other transportation measures such as in-
spection and maintenance programs for vehicles, parking controls, traffic
operations, and pricing are not covered in this project, but will be the sub-
ject of future EPA information reports.

The report is intended to provide information to help urban areas covered
by EPA's Transportation Planning Guidelines to:

. assess the applicability and potential of the three classes of
TSM programs described above for improving localized and
regional air quality;

. estimate and evaluate the cost-effectiveness of such pro-
grams and their related travel, energy consumption, cost,
and economic impacts; and

. identify key factors (e.g., meteorological conditions, vehi-
cle type distributions and vehicle operating speeds) likely
to affect air quality and air pollution emissions,

This information report addresses the above issues at a sketch planning
scale of analysis. It can thus be used to identify the relative effectiveness,



impacts, and costs of strategies in achieving air quality. Local metropolitan
areas will thereby have a capability to explore a broad range of strategies
for achieving air quality and to assemble the most promising sets of strat-
egies into comprehensive alternative programs. More detailed transporta-
tion and air quality analyses -- with appropriate consideration of specific
local circumstances -- will be required to adequately address the effective-
ness, impacts, and costs of the comprehensive alternative programs within
specific urban areas,

ANALYSIS APPROACH

The report includes a summary and assessment of observed and model-
estimated travel impacts associated with the application of reserved free-
way/arterial lane, transit, carpool and vanpool programs based on a com-
prehensive literature review.

Programs within the scope of this project which demonstrated poten-
tial for cost-effectively improving either localized or regional air quality
were selected for detailed analysis and evaluation based on the findings of
the literature review,

In order to quantitatively assess the air quality and related impacts of
interest, twenty prototype scenarios were defined to represent ''real-world"
circumstances in which the alternative programs are typically implemented.
The use of prototype scenarios, rather than specific projects which have
been implemented provides a more consistent basis for comparing the cost-
effectiveness and the magnitudes and characteristics of the associated im-
pacts for the programs of interest, Scenarios were formulated to analyze
impacts on both localized (CO) and regional (oxidant) air quality.

FINDINGS
The major findings of the report are summarized below.

Literature Review

Localized Strategies

Based on the findings of the literature review, the strategies which ap-
pear to have the best potential for achieving improvements in localized CO
air quality include:

With-flow freeway lanes reserved for buses and carpools;
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. Contraflow bus lanes on freeways;
+ Metered freeway access ramps with bus by-pass lanes;
+ Contraflow bus lanes on major one-way arterial pairs;

« Provision of high level express bus service with reduced
fares, operating in mixed traffic on major arterials or
freeways;

« Provision of high level express bus service (possibly with
reduced fares), combined with a reserved lane for buses
and carpools on the appropriate freeway facility; and

. Provision of high level express bus service (possibly with
reduced fares), combined with a reserved median lane for
buses and bus preemption of traffic signals on an appropri-
ate arterial,

Freeway priority strategies can have significant localized (CO) air qual-
ity impacts., For freeway corridors with significant localized CO air quality
problems, strategies giving priority treatment to high occupancy vehicles
may achieve significant improvements, especially when applied as part of
a package of strategies favoring high occupancy vehicles in the corridor,

The arterial strategies which appear to have the highest potential for
reducing CO concentrations are reserved median bus lanes with priority
signalization and contraflow bus lanes on one-way pairs.

Mass transit improvements, such as fare reductions, comprehensive
marketing programs, security and facilities improvements and provision of
new or expanded service may contribute to resolving localized CO problems.
Expanded radial express bus service can have the most significant impact on
air quality, especially when introduced in areas where transit ridership is
low and when combined with strategies giving priority treatment to buses.
While fare reductions and service improvements tend to be costly, the im-
portance of such strategies lies in their inclusion in a comprehensive plan
to improve air quality., Although mass transit improvements by themselves
may not have significant impact on air quality, they are an essential element
of a comprehensive program intended to encourage the use of high occupancy
vehicles and discourage the use of low occupancy vehicles, Thus, it is im-
portant to improve the mass transit system to provide alternative means
for mobility as other programs, such as parking controls, are implemented
to reduce reliance on the private vehicle,
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Regional Strategies

To improve regional air quality it is suggested that emphasis be placed
on the analysis of integrated areawide ride-sharing programs directed at
large employers and including carpool matching, vanpool formation assis-
tance, and promotional components. The findings of the literature review
also suggested assessing the regional air quality impacts of implementing
the promising radial corridor strategies in several corridors throughout
the region,

Well-organized areawide carpool matching programs focusing on large
employers may achieve up to five percent reductions in work trip VMT.
Employer oriented carpool programs are generally more effective than de-
centralized areawide programs . Vanpooling programs have also experi-
enced success in certain cases for large employers. With some rare ex-
ceptions, it is unlikely that areawide ride-sharing programs will have sig-
nificant localized air quality impacts.

The air quality impacts of both carpool matching and vanpool programs
can be significantly improved by incorporating ride-sharing incentive and
single occupancy auto disincentive strategies into the overall program.
Such strategies would include preferential parking for pool vehicles, lower
rate or free parking for pool vehicles, and special employer incentives for
employee pool members,

Assessment of Scenarios

Based on the literature review a total of 20 prototype scenarios were
selected for analysis and evaluation. These scenarios were defined to en-
compass the most promising carpool/vanpool, reserved lane, and transit im-
provement strategies and combination programs for improving air quality,

Ten of the scenarios deal with strategies which impact specific highway
corridors, thus affecting only a limited portion of total regional travel. The
analysis of these ''localized’’ scenarios therefore focuses on their carbon
monoxide (CO) concentration impacts near the affected highway facilities,
The remaining ten scenarios have areawide travel impacts. The analysis of
these latter ''regional’ scenarios thus focuses on their regional pollutant
emission impacts.,

The scenarios were designed with some systematic variation in assumed
travel impacts and area size to facilitate generalizing the project's findings.
However, the extent of this planned variation in assumed prototype conditions
was limited by the number of scenarios analyzed in total and the need for a
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minimum degree of uniformity among scenarios (so that impact estimates
among different strategies would be comparable).

Localized Scenarios

Exhibit 7 in Section III of this report describes the 10 prototype scenarios
selected for analysis of localized CO concentration impacts. The first eight
localized scenarios deal with the priority treatment of high occupancy vehi-~
cles on freeways, while the last two deal with priority treatment of buses on
arterials. The programs being implemented in a scenario typically consist
of several complementary actions, such as reserving a freeway lane, expand-
ing express bus service, and providing park-and-ride lots in the corridor.

As indicated in Section II, such combinations are typical of actual TSM pro-
grams.

Exhibit A summarizes the following impacts of the localized scenarios:
. peak hour vehicle volumes on affected highway facilities;

. peak hour CO concentrations (reflecting vehicle emissions
only) for both typical, good and typical, poor dispersion
conditions; and

. the capital and annual operating and maintenance costs of
the scenarios,

The freeway-based scenarios (Scenarios 1-8) are likely to achieve re-
ductions in overall peak hour corridor traffic volumes ranging between 1,5
percent and 7 percent. The estimated reductions in peak direction, peak
hour traffic volumes on the freeways in these scenarios ranged between 3 and
15 percent,

The arterial scenarios analyzed (Scenarios 9 and 10) can also promote
4 to 15 percent reductions in peak hour vehicular volumes., As is true for
the freeway scenarios, the attainment of such reductions is highly depen~
dent upon the specific setting in which such strategies may be implemented.
However, the percentage reductions in vehicular volumes for arterials are
based on smaller base volumes and are not fully comparable to the corridor
volumes in the freeway scenarios,

Generally the relative reductions in peak hour CO concentrations (under
typical, good dispersion conditions) shown in Exhibit A are several percent-
age points higher than the corresponding reductions in peak hour corridor
vehicle volumes but are generally several percentage points lower than the



EXHIBIT A

SUMMARY OF ESTIMATED IMPACTS FOR THE LOCALIZED PROTOTYPE SCENARIOS

IMPACT ON A M. PEAK IMPACT ON AM. PEAK HOUR CO
PROTOTYPE SCENARIO HOUR CORRIDOR CONCENTRATIONS IN jryfu’ AT REFERENCE PROGRAM COSTS IN
VEMICLE VOLUME* RECEPTOR, FROM AFFECTED FACILITY EMISSIONS®® 1828 DOLLARS {x1,000)
TYPICAL, GOOD TYPICAL, POOR CAPITAL
o BASE PEAK DISPERSIONI DISPERSIONT (ONE-TIME,
HOUR PERCENT IMPLEMENTA- | gpepaTING™)
No. BRIEF TITLE VOLUME CHANGE BASE VALUE CHANGE BASE VALUE CHANGE TION)"" {PER YEAR)
1 Expanded Express Bus Service in Mixed
Feesway Tratlic; Favorabls lanpacts 18,667 -147% §,756 -139 8,210 ~203 3,15!/4.7"‘“ 1,47
2 Freewuy Lane Reserved for Busus and
Carpools; Favorabie bimpacts 19,667 ~6.30% 5,756 - 654 8,210 - 762 3,720/6,350 1439
3 Ramp Metoring and Bus By Pass Lanes;
Favosable Inpacts 18,667 -3.06% 6,756 - 388 8,210 -537 $,224/6,944 1,70
4 Reserved Bus/Paal Lans, Ramp Meter- _
ing, and Bus By-Pass Lanes; Modest
Impacts 19,667 -3.97%t* 6,756 na® 3,210 A 4,862/6 482 1,151
5 Aesarved Bus/Pool Laue, Ramp Muier-
ing, and Bus By-Pass Lanes; Favotubis
<
o Impacts 19,667 -6.88% 5,766 - 603 8,210 -8 §,248/1,868 2,268
6 Contraflew Frasway Lans Reserved
for Buses; Favosable Inipacts 14,750 -1.69% 4,798 1226 6,759 +2n 962 841
? Coatraliow Bus Lans, Expanded Ex-
‘ press Bus Service, and Park-and-Ride
Lots; Faverable mpacts 14,750 —~3.72% 4,708 +100 6,769 +104 3,663/6,288 1818
s Contraflow Bus Lane, Expanded Ex-
press But Setvics, and Lots; Asum-
ing 70%/30% Directional Split;
Favurable Impacts 13,500 —4.07% 4,066 ~ 116 §,748 - 181 3,668/5,288 1818
L} Reserved Artecial Madian Lane for
Express Buses; Favorable Impacts 3,760 -15.47% 4,964 - 7719 8,485 -998 3,584/4,134 1,130
10 Coutrafiow Curk Lane fos Local
Buies on Pair of Oue-Way Arterials;
F bls linp {Inbound J"Vy 4,992 y
Acterial/Qutbound Asteriall 5,000 ~4.40% 3,348 +365 4,793 1474 468 123
*0n alf highway lacHities explicitly included in the analysis of the prototype cossidus {see diagrams in Exhibit _8_);in both directions.
Volume is for |, y and/et ial segmients upproximately 1 niite out from the CBD {adjacent to the CBD in the case of Scenario 10).
**C£0 concentration 50 feat from dowanwind edys of primery corridar lacility, based on vehicular smissions from aflecied facilitiss only;
uninterrupted tatilc flow conditons are also sssumad, Maximum 8 hour average CO concenwrations may be approxi d using the procadure in Exhibit 14,
1 Ses Exhibit 31 for a tabulur descriptiun ol these meteorological conditiuns.
1 This vatus includes he velicles uriginally using the conidor lieaway, bul estimated a3 being unabls to pass through during peak hour
b of flow bieakd d by congesti
ecoC iva impacts for § io & could not s refiably estimated. See Exhibis 10_and text for further explanation.

\* Reprusants incremantal sparating costs
Lb The twa capital cost entries represunt the range in costs depending upon whether exisling parhing
facilities {e.g., shopping center) or newly comtructad facihtios ars required for park-and-ride Jots.



corresponding reductions in peak direction freeway vehicle volumes. In
Scenarios 6 and 7, CO concentrations are estimated to increase relative
to the base conditions., The increase in CO concentrations in several con-
traflow reserved freeway lane scenarios reflects the travel and meteoro-
logical conditions assumed in those scenarios, The results do not indicate
that contraflow lanes, per se, have undesirable air quality effects , but
rather illustrate the importance of carefully analyzing the potential air
quality effects of implementing a contraflow lane on freeways carrying
heavy traffic volumes in the ""off-peak' direction,

Both the capital and annual operating and maintenance costs of the local-
ized scenarios are sizeable, As discussed in Section III, the costs of pur-
chasing and operating new buses for express bus service represent a sub-
stantial part of the total cost of the scenarios.

Regional Scenarios

Exhibit 9 in Section III of this report and describes the 10 scenarios
selected for analysis of regional HC, NO , and CO emission impacts.
The first two regional scenarios (11 and 12) deal with areawide carpool/
vanpool programs focused on major employers in a prototype medium-
-sized region (500, 000 - 1 million population) and a large region (1 mil-
lion + population), respectively. Scenarios 13 and 14 deal with the
application of a combination freeway corridor strategy (e.g., reserved
lanes, express bus, park and ride lots) for several corridors throughout
the region. Scenarios 15 and 16 do the same for a combination arterial
strategy. The last four strategies involved the combination of both area-
wide carpool/vanpool and freeway corridor strategy components.

The VMT, emission, fuel consumption, and cost impacts of the 10 re-
gional scenarios are summarized in Exhibit B, Reductions in total region-
al VMT in the range of 1,0 to 1,9 percent are attributable to Scenarios
11, 12, and 17 through 20 which involve carpool and vanpool programs
focusing on large employers, These reductions correspond to reductions
of 3 to 6.5 percent in weekday work trip VMT., This represents a sub-
stantial shift of low occupancy auto trips to transit, carpools, and vanpools
during peak travel periods, which will reduce congestion and conserve en-
ergy as shown in Exihibit B, These same scenarios are also estimated to
yield the largest reductions in regional HC, NO, and CO emissions.

Scenarios 13 through 17, which involve the implementation of reserved
lanes on multiple radial freeways or arterials in a region, generally re-
sulted in total regional and work trip VMT reductions of less than 0.5 per-
cent and 1,5 percent, respectively, The small reductions in VMT are in
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1A

EXHIBIT B

SUMMARY OF ESTIMATED IMPACTS FOR THE REGIONAL PROTYTYPE SCENARIOS

M COSTS IN 1976
PROTOTYPE SCENARID CHANGE IN REGIONAL CHANGE IN REGIONAL WEEKDAY CHANGE IN PROGRA
WEEKDAY VMT HIGHWAY EMISSIONS IN TONS! ANNUAL DOLLARS (x1,000)
e T e — o — ——— gy —— -~ = peme———— HIGHWAY }—- o ——
FUEL CAPITAL
AS PERCENT | ASPERCENT nec NO o CONSUMPTION] (ONE-TIME, INCREMENTAL
to OF TOTAL OF WORK X IN MILLIONS | IMPLEMENTA: OPERATING
No. BRIEF TiTLE" vMT TRIP VMT OF GALLONS TION) ( PER YEAR)
" Carpoal/Vanpool Program, Medium -1.5% -5.0% -1.8* -0.6" ~15.0* -26" - 78
Size City; favorable Impacts
12 Carpool/Vanpool Proegram, Large
City; Favorabls Impacts ~1.5% -5.0% -83 -28 ~-514 -11.8 - 40
13 Reserved Bus/Pool Lanes, Ramp
Metering, and Bus By-Pass Lanes on
AR Appropriate Freeways; Modest
Inpacts -0.25% -0.8% -03 ~-05 + 26 — 15 14,586/18 446 5,253
L] Reserved Bus/Pool Lanes, Ramp
Metering, and Bus By-Pass Lanes on
All Appropriate Freeways; Favorable
Impacts -0.44% ~1.5% -25 -04 —119 -27 18,744/23 604 6,798
15 Reserved Median Lane for Expsess
Buses on Appropriate Radial Ar-
terials; Modest fmpacts -0.23% -0.8% 2.1 -04 4312 -18 18,868/21,004 5,989
16 Reserved Median Lane for Express
Buses an Appropriate Radial Ar-
tevials; Favarahle Impacts —0.38% —1.3% -07 -06 + 598 -29 13,868/21 704 5984
” Carpool/Vanpoot Prograns and Free-
way Reserved Lanes; Modest Impacts -1.0% -33% -24 -19 -29.1 -12 9.804/14 664 5,408
—— e — ———— — - USSR I —
18 Carpool/Vanpoof Program and Free-
way Reserved Lanes; Favorable
lmpacts ~1.9% —6.3% ~105% -33 — ~141 11,190/16,050 5921
19 Curpool/Vanpool Program, Reserved
Lanes, Mamp Motering, and Bus By
Pass Lanes; Modest impacts ~1.0% ~-3.3% - 45 -18 -290 \ -1 14,586/19 446 5957
20 Carpool/Vanpool Program_ Reserved
Laaes, Ramp Metering, and Bus By-
Pass Lanes; Favorahle Impacts —19% -6.5% -10.9 —-33 —819 —14.2 18,744/23 604 1,202

*AN scenarios except 1/11 are for » *Targe” city (1,000,000 + SMSA population). Scenario 11 is set in 8 “medium size” city {500,000 - 1,000,000 SMSA population).

1Esti
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large part related to the limited size of the peak period radially-oriented
CBD travel market in most large urban areas, For example, home to work
trips and VMT comprise approximately 20 percent and 30 percent of total
weekday regional person trips and VMT, respectively, Travel survey data
suggest that approximately 15 percent of home to work person trips are
oriented to the CBD of large urban areas,

Scenarios 11 and 12, which involve major employer carpool and van-
pool programs, are particularly cost-effective in reducing regional air pol-
lution emissions.,

Scenarios 13 through 17, which incorporate express bus service and re-
served freeway or arterial lanes in multiple corridors, are less cost-effec-
tive than Scenario 12 in reducing HC emissions, The combination of carpool
and vanpool programs with express bus service/reserved lane strategies in
Scenarios 18 and 20 are estimated to result in larger reductions in HC emis-
sions than Scenario 12 but for a significantly larger cost,

Considerations in Air Quality Analyses

The report illustrates the magnitude and type of air quality, emission,
travel, fuel consumption, and cost impacts that could result from the imple-
mentation of selected TSM actions in settings similar to those described for
the 10 localized and 10 regional scenarios. The reader should note that
the impact estimates developed in the project are scenario-specific and
great care must be taken in attempting to directly apply the results of this
analysis to specific real-world circumstances.

The impacts presented in this report also reflect assumed ''modest"”
and ''favorable'' travel impacts based on the findings of the literature re-
view. The travel impact estimates are considered to be reasonable, par-
ticularly in light of the wide range in travel impacts which have been ob-
served in demonstration projects, However, substantially different travel
impacts could occur in a specific application, depending upon the charac-
teristics of the project.

The application of TSM tactics such as pricing incentives/disincentives,
auto restricted zones, area licensing, and parking pricing and supply con-
trols in conjunction with the reserved lane, carpool, vanpool and related sce-
nario tactics has not been examined in this report, Such tactics combined
with those examined in this report offer considerable promise for achieving
even more significant reductions in emissions.
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Selection of TSM Actions for Analysis

The analysis of the prototype localized and regional scenarios demon-
strates the need to clearly define the geographic scale of the air quality
problems facing an urban area. The selection of tactics for analysis should
be consistent with the scale of the area's air quality problems, Many tac-
tics are particularly applicable to alleviating localized air quality problems
while other tactics, such as carpool and vanpool programs, are appropriate
for addressing regional air quality problems.

For example, the results of the regional scenarios illustrate that the
application of the HOV freeway or arterial lanes on multiple radial highways
was substantially less effective in reducing regional air pollution emissions
than the carpool/vanpool programs. However, these same strategies were
considerably more effective in reducing CO concentrations adjacent to appli-
cable freeways and arterials,
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I. INTRODUCTION

OBJECTIVE

This report evaluates the use and cost-effectiveness of alternative short-
range reserved lane, transit, carpool, and vanpool programs as techniques
for improving air quality in urban areas. The report has been prepared in
accordance with Section 108(f) of the Clean Air Act, as amended August 1977,
It is intended to assist elected officials, government administrators, trans-
portation planners, and transportation system operators in developing trans-
portation measures for the State Implementation Plan and integrating trans-
portation system management (TSM) and air quality planning programs as
required by the Federal Highway Administration, the Urban Mass Transpor-
tation Administration and the Environmental Protection Agency, respectively. #

The specific types of short-range transportation programs examined in
this report include:

. priority treatment for high occupancy vehicles on freeways and
arterials;

. areawide carpool and vanpool programs; and

. transit fare reductions and service improvements.

The application of other transportation measures such as inspection and
maintenance programs for vehicles, parking controls, traffic operations,

and pricing are not covered in this project, but will be the subject of future
study.?3

!Federal Highway Administration and Urban Mass Transportation Administra-
tion, Transportation Improvement Program. Part 450; Federal Register.
Vol. 40, No. 181, September 17, 1975.

’Environmental Protection Agency. Transportation Planning Guidelines.
Draft Guidelines, November 28, 1977,

’Section 108(f) of the Clean Air Act, as amended August 1977 requires EPA
to publish information reports regarding processes, procedures, and meth-
ods to reduce or control each transportation related pollutant. Reports will
be prepared on a wide range of actions (e.g., traffic flow improvements,
on-street parking controls, road user charges, and road use restrictions).
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The report is intended to provide information to assist urban areas cov-
ered by EPA's Transportation Planning Guidelines in:

. assessing the applicability and potential of the three classes of
programs described above for improving localized and regional

air quality;

estimating and evaluating the cost-effectiveness of such pro-
grams and their related travel, energy consumption, cost,
and economic impacts; and

. identifying key factors (e.g., meteorological conditions, vehicle
type distributions, and vehicle operating speeds) likely to affect
air quality and air pollution emissions.

This information report addresses the above issues at a sketch planning scale
of analysis. More detailed transportation and air quality analyses will be
required to adequately address localized and regional air quality problems
within specific urban areas.

BACKGROUND

Problem

Virtually all urban areas of more than 200,000 population in the nation
currently do not meet National Ambient Air Quality Standards (NAAQS) for
photochemical oxidants (O,). Many of these areas also exceed National Am-
bient Air Quality Standards for carbon monoxide (CO). Vehicluar travel
within these urban areas is a major source of both pollutants.

As illustrated in Exhibit 1, transportation-related air quality problems
are of two general types: localized and regional.

Localized transportation-related air quality problems generally result in
CO concentrations exceeding either the one hour or more likely, the eight
hour CO air quality standard. Factors contributing to this problem include
high vehicular traffic volumes occurring under congested traffic conditions
frequently found in densely developed portions of urban areas.

Regional transportation-related air quality problems are typically a re-

sult of vehicular and stationary source hydrocarbon (HC) and nitrogen oxide
(NO,) emissions chemically reacting in the atmosphere to produce oxidant
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EXHIBIT 1
ILLUSTRATIVE TRANSPORTATION-RELATED AIR POLLUTION PROBLEMS

TYPE OF AIR QUALITY TYPICAL IMPACT | SELECTED TRAVEL FACTORS
PROBLEM POLLUTANT STANDARD AREA CONTRIBUTING TO PROBLEM
8 HOUR
3|e INTERSECTIONS o HIGH VEHICULAR
::'Im)“""" meter TRAFFIC VOLUMES
LOCALIZED | CARBON MONOXIDE @ STOP AND GO TRAFFIC
1 HOUR o LOCATIONS ADJACENT | [ queto " 11 ing)
40,000 ugm/meter3| TO FREEWAYS
(35 PPM) AND ARTERIALS
o OVERALL URBAN AREA | ® HIGH VEHICULAR
PHOTOCHEMICAL :G';o';m  imy | (BASED ON OXIDANT TRAFFIC VOLUMES
REGIONAL © CONCENTRATIONS
OXIDANT {0.08 PPM) ® HIGH SPEEDS

MEASURED AT
SPECIFIC LOCATIONS)

a/STANDARD NOT TG BE EXCEEDED MORE THAN ONCE PER YEAR.

I3




pollutants. The chemical reactions producing oxidants are complex and de-
pend upon many factors such as prevailing meteorological conditions and the
topographic, land use, and industrial characteristics of an urban area.

The distinction between the CO and oxidant pollutants is important in that
different TSM actions are generally required to effectively address localized
as opposed to regional air quality problems. For example, a TSM program
to implement a reserved lane for carpools and buses on a single freeway may
reduce CO emissions in the vicinity of the freeway, but is unlikely to have a
noticeable impact on regional oxidant emissions. Similarly, a regional car-
pool program may contribute to a reduction in hydrocarbon and nitrogen oxide
emissions (and, indirectly, oxidant concentrations), but generally is unlikely
to have any measurable impact on localized CO concentrations.

Legislative Requirements

With the passage of the Clean Air Act of 1970, a comprehensive national
program was undertaken to improve air quality, particularly in urban areas.
EPA promulgated air quality standards and undertook programs (1) to reduce
vehicle-related air pollutants through vehicle emission standards, emission
controls (e.g., retrofits), and inspection/maintenance programs, and (2) to
implement transportation policies, regulations, and projects to further re-
duce transportation-related emissions to meet air quality standards.

In accordance with the Clean Air Act of 1970, transportation control plans
were developed by state, regional, and local agencies as well as by EPA for
those urban areas which did not meet air quality standards. Unfortunately,
the transportation control plans were frequently developed on an ad-hoc basis
under very restricted time schedules, and did not have clearly defined agency
responsibilities and/or funding sources for ultimate implementation of actions
in the control plan. Consequently, the control plans generally had limited ef-
fect on improving air quality in applicable urban areas.

Several important legislative and procedural developments have occurred
since 1975 which are intended to remedy many of the important limitations of
the initial transportation control plans.

In September 1975, the Federal Highway Administration (FHWA) and the
Urban Mass Transpor‘ation Administration (UMTA) jointly issued regulations
requiring that urban areas (through a designated metropolitan planning orga-
nization - MPO) develop both short-range and long-range transportation plans
to improve the transportation systems within urban areas.
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The short-range plan is referred to as the Transportation System Man-
agement Element (TSME). The TSME is intended to identify low-cost, short-
range transportation improvements, services, and programs which can be
implemented within a five-year period. Projects must be included in the
TSME in order to qualify for U.S. DOT funding. An important aspect is
that the planning program must be coordinated with air quality planning with-
in the urban area and must consider the air quality impacts of proposed
transportation actions. Similarly, the long-range element is to account for
the air quality effects of long-range transportation improvements.

The Clean Air Act, as amended August 1977 include the following major
provisions for reducing travel-related emissions and meeting air quality
standards in urban areas:

. States must prepare State Implementation Plans (SIP) by
January 1, 1979. The SIP are to contain transportation
plans for CO and oxidant nonattainment urban areas. The
plans are to achieve CO and oxidant standards as expeditiously
practicable, but no later than 1982 unless the implementation
of all reasonable measures will not attain the NAAQS.
Under such circumstance, an extension to 1987 may be granted.

. $75 million is authorized (to be appropriated) by the Act to
develop plans for nonattainment areas. This authorization
is to support transportation-related planning activities.

. Transportation planning guidelines are being issued by EPA
to promote agency interaction at all levels of government,
involvement of local elected officials, effective public parti-
cipation, and integration with the ongoing US DOT planning
processes. The guidelines provide for annual EPA review
and approval of the transportation planning process and
progress in meeting air quality standards.

. In the SIP, short-range and medium-range analyses of air
quality in nonattainment areas are to be conducted for 1982
and 1987, respectively. The analyses are to consider alter-
native transportation measures to improve air quality and
reduce transportation-related emissions.

ANALYSIS APPROACH

Exhibit 2 illustrates the overall analysis and evaluation process used in
the project. Each major phase of the process is summarized below.
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EXHIBIT 2

GENERALIZED ANALYSIS AND EVALUATION FRAMEWORK

PROGRAMS
OF INTEREST:

+RESERVED HOV LANE
+CARPOOL/VANPOOL

* TRANSIT FARE AND
SERVICE IMPROVEMENTS

CONDUCT LITERATURE
REVIEW OF
PROGRAMS

jmampp--{ PROGRAMS FOR IMPROVING

IDENTIFY “PROMISING”

AIR QUALITY

-

DEFINE PROTOTYPE
SCENARIOS FOR
ANALYSIS, IN TERMS OF:
* ACTIONS OR
PROGRAM BEING
IMPLEMENTED
*PROTOTYPE REGION
OF HIGHWAY
CORRIDOR

ESTIMATE IMPACTS OF
ALTERNATIVE SCENARIOS

*TRAVEL
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Literature Review

A comprehensive literature review was conducted to identify and summa-
rize the travel, air quality, cost and related impacts of the freeway and ar-
terial priority treatment programs, areawide carpool and vanpool programs,
and transit fare reduction and service improvements programs. The litera-
ture review included relevant demonstration and operational projects and
analytical/model-based evaluations of the programs of interest. The findings
of the review were used (1) to identify those transportation programs having
the potential to improve localized and/or regional air quality; and (2) to pro-
vide the basic inputs for estimating the travel, air quality/emission, cost and
related impacts of the 20 transportation programs selected for analysis and
evaluation in this project.

The findings of the literature review are presented in Section II. An an-
notated bibliography documenting references examined in the project was pre-

pared for distribution as part of the plc'oject.1

"Promising' Transportation Programs

Transportation programs within the scope of this project which demonst-
rated potential for cost-effectively improving either localized or regional air
quality were selected for detailed analysis and evaluation based on the findings
of the literature assessment.

In order to quantitatively assess the air quality and related impacts of in-
terest, 20 scenarios were developed to evaluate the ''promising'' transportation
measures. A prototype scenario includes the definition of the following:

. the program (individual action or combination of actions)
to be analyzed;

. the physical and operating characteristics of the program
(e.g., number of lanes, hours of operation);

. the geographic area in which the program is to be implemented
(e.g., radial corridor, areawide); and

. "existing'" travel and meteorological characteristics for the
geographic area of interest.

1Peat, Marwick, Mitchell & Co., Transit Improvement, Preferential Lane
and Carpool Programs: An Annotated Bibliography of Demonstration and
Analytical Experience (Prepared for EPA, Office of Transportation and Land
Use Policy), November 1977.
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The scenarios were defined to represent ''real-world'" circumstances in
which the alternative programs of interest are typically implemented. The
use of scenarios, rather than actual projects which have been implemented,
provides a more consistent basis for comparing the cost-effectiveness and
the magnitudes and characteristics of the associated impacts for the pro-
grams of interest.

Scenarios were formulated to analyze alternative programs to improve
both localized and regional air quality. The transportation programs receiv-

ing detailed analysis and evaluation are summarized in Section III.

Scenario Impacts

A variety of data sources and analysis procedures were used to estimate
the travel, emission, air quality, energy consumption, economic and cost im-
pacts for the programs and settings (i.e., scenarios) analyzed. Travel im-
pacts for each scenario were estimated based on the findings of the literature
review, supplemented as required by assumptions of the project team. Tra-
ditional urban transportation planning models were not used in the analysis
because of the difficulty of representing the programs of interest using such
procedures and because of the coarseness of the outputs of such models in
analyzing strategies for reducing localized CO concentrations.

Emphasis was placed on developing ''reasonable' travel impact estimates
for each prototype based primarily on before-and-after travel impact data
found in the literature. This approach is consistent with the substantial range
of observed travel impacts associated with similar transportation programs
implemented throughout the nation.

A modified version of the EPA HIWAY Model and the current EPA mobile
source emission factors were used to estimate CO concentrations for localized
programs and tons of emissions by pollutant for regional programs, respec-
tively “*The energy consumption, economic, and capital and operating cost
impacts for each prototype were estimated using published consumption rates,
unit costs, and other applicable data compiled in the literature review.

1
Environmental Protection Agency, User's Guide For HIWAY, A Highway Air
Pollution Model. EPA-650/4-74-008, February 1975.

2
Environmental Protection Agency, Mobile Source Emission Factors. January
1978.
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A summary of the major data sources, analytical assumptions, and pro-
cedures used to estimate non-cost impacts for each prototype scenario is pre-
sented in Appendix A, Section III summarizes the travel, air quality/emis-
sion, energy consumption, economic, and cost impacts for each scenario.

Evaluation of Scenario Impacts

Section IV evaluates the impacts of promising transportation programs
within the context of 20 prototype scenarios. The section analyzes the cost-
effectiveness of the alternative programs in promoting improved air quality
and reducing vehicular emissions in urban areas. The relative magnitude and
characteristics of the impacts for the localized and regional programs are
compared. An important element of this section is a discussion of factors,
such as prevailing meteorological conditions, stationary source emissions,
and future automobile emission rates, which may affect the transferability
of the project's findings to specific urban areas.
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II. PERFORMANCE AND POTENTIAL OF RESERVED LANE,
CARPOOLING/ VANPOOLING, AND TRANSIT SERVICE PROGRAMS

This section summarizes the travel and cost impacts of the following
programs of interest:

. freeway priority treatment for high occupancy vehicles;

. arterial priority treatment for high occupancy vehicles;

. areawide carpool and vanpool programs; and

. transit fare reductions and service improvement programs.

The findings presented in this section are based on a comprehensive lit-
erature review of both operational and proposed programs of the above types.

Based on these findings, programs which have the potential for cost-

effectively reducing emissions and improving air quality were selected.

LITERATURE REVIEW FINDINGS--TSM STRATEGY
IMPACTS AND POTENTIAL

Tabular Summary of Findings

Exhibits 3 through 6 present the travel impacts and capital and operat-
ing costs for the four types of programs noted above. For each of the pro-
grams of interest, strategies of similar physical or operating characteris-
tics are grouped together to illustrate the variability in travel impacts and
costs, and to summarize the voluminous findings of the literature review at
a level of detail that facilitates selection of individual programs and com-
binations of programs for detailed analysis and evaluation in this project.

The format of Exhibits 3 through 6 varies to accommodate the differ-
ences in the descriptive characteristics and travel impacts most relevant

to each program.

In using the tables of Exhibits 3 through 6, the following should be kept
in mind:
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. In a number of cases, the data or information presented in
various rows of a column may vary in format and/or content.
Unfortunately, this is unavoidable because of the diversity
of information reported in the available sources and the lack
of uniform documentation in the literature.

. Blanks in the table identify data which were either not pro-
vided by available sources or which were considered to be
too ambiguous or unreliable to be usefully reported. Through
these blanks and the ''level of documentation'' ratings dis-
cussed in the footnote to the tables, the summary tables
graphically highlight the data deficiencies.

. In a number of cases, information for a strategy supported
by data from several sources will be attributed explicitly to
a single source. This alerts the reader to data which are
based on only one experience or model estimate, and which
may not be representative of all the experiences cited for
the strategy.

Freeway Priority Treatment for High Occupancy Vehicles

Documentation of Past Experience

Relative to the other major categories of strategy, experiences with pri-
ority treatment of high occupancy vehicles on freeways were fairly well
documented (see Exhibit 3)., The considerable interest and investment in
these strategies and programs prompted substantial demonstration moni-
toring and evaluation efforts in many cases. This was particularly true of
the projects involving the expenditure of large sums in the construction of
new priority facilities, such as the Shirley Highway high occupancy vehicle
lanes.! However, even for the relatively well documented freeway priority
strategies, the extent, reliability, and transferability of the available infor-
mation are not entirely satisfactory. The primary reasons for this are that

1Although such programs are long-range, capital intensive projects techni-
cally outside the scope of this report, they were included in the literature
review and summary tables because cf their similarity to within-scope re-
served lane approaches and because of the wealth of potentially transferable
data available. However, in evaluating these data, one must be careful to
account for the significant differences between reservation of existing lanes
and the construction of separate new priority facilities.
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FREEWAY PRIORITY TREATMENT FOR

EXHIBIT 3

HIGH OCCUPANCY VEHICLES
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characteristics of specific demonstration projects varied significantly and
the data reported were frequently incomplete, ambiguous, or reported in a
form that made comparison difficult. Finally, data were primarily available
for larger urban areas, so the impacts of these programs on smaller areas
is uncertain.

Assessment of Strategy Impacts and Potential

Freeway priority strategies can have significant localized (CO) air
quality impacts and reduce vehicle volumes in the peak period by 3 to 10
percent. Freeway priority strategies are especially effective when applied
as part of strategies favoring high occupancy vehicles in a corridor and dis-
couraging the use of automobiles through disincentives (e.g., parking
charges and restraints, etc.). Other factors which can promote the effective-
ness of such strategies include a soundly designed enforcement program,
improved transit service and marketing programs, and a public information
program to inform affected travelers of the benefits and costs of reserving
an existing freeway lane for HOV's,

When these strategies are implemented to improve localized CO air qual-
ity, great care in planning and implementation is necessary. Diversions to
and from parallel roads and the possibility of creating counterproductive in-
creases in congestion on non-priority lanes must be considered in designing
these strategies. Even when the travel time for high occupancy vehicles is
reduced substantially by the strategy, regional air quality and VMT impacts
of freeway priority strategies are not very significant. The reasons for
this are:

. CBD oriented peak work travel, that travel primarily suscep-
tible to these strategies, is only a fraction of total travel; and

despite the travel time reduction, overall door-to-door travel

time may still be shorter by single occupant car than by either

bus or carpool.
As with any of the strategies, the freeway priority strategies can make a
useful contribution to regional air quality as part of a comprehensive pack-

age of strategies whose total impact is significant.

Among the freeway strategies treated in the strategy summary tables,
the following seem to have the greatest potential in terms of travel impact:

. with-flow freeway lanes reserved for buses and carpools;

. contraflow bus-only lanes on freeways; and
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. metered freeway access ramps with bus by-pass lanes.

Arterial Priority Treatment for High Occupancy Vehicles

Documentation of Past Experience

In most cases, the available documentation for strategies involving the
priority treatment of high occupancy vehicles on arterials was unsatisfactory
(see Exhibit 4) for the same reasons as cited for the freeway priority strate-
gies. Adequate before-and-after data for critical travel variables were un-
available. Project monitoring was frequently qualitative and project evalu-
ation activities, when present at all, were not focused on overall travel and
air quality improvement impacts. Finally, transit ridership data are not
usually available on a basis which would permit link-specific evaluation of
projects confined to specific urban arterial segments.

Assessment of Strategy Impacts and Potential

For the reasons cited above, it is difficult to make reliable quantitative
assessments of the travel and air quality impact performance of the spe-
cific priority arterial strategies. Generally though, arterial strategies
have potential for improving localized CO air quality, especially in congested
downtown areas which are more directly served by arterials than by freeways.

Overall, the potential which arterial strategies offer for improving local-
ized CO air quality seems to be less than the potential offered by freeway
stra‘egies for the following reasons:

. the amount of travel affected by arterial strategies tends to be
smaller on a project-by-project basis--although this is partially
offset by the greater number of arterial streets on which improve-
ments might be made;

. traffic signal and other delays encountered on arterials (but
not freeways) tend to dilute the travel time savings achieved
by preferential treatment of high occupancy vehicles;

. turning vehicles may traverse the priority lane--thereby
inhibiting its effectiveness;

. lane restrictions on arterials are more difficult to enforce, also

tending to dilute the travel time advantages for high occupancy
vehicles; and
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EXHIBIT 4

ARTERIAL PRIORITY TREATMENT FOR
HIGH OCCUPANCY VEHICLES
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EXHIBIT 4 (Continued)
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. since there are frequently good substitute routes for affected
arterials (which tends to be less true for freeways), travel
diversions may limit arterial strategy effectiveness.

Strategies which provide reserved median lanes for express buses over
substantial uninterrupted distances on major arterials appear to have poten-
tial for reducing transit travel times and diverting trips to transit, which,
in turn, would have an impact on air quality. This is particularly true if
preferential signal treatment and park-and-ride facilities are also provided.
Such strategies are relatively costly to implement and may involve traffic
safety problems, at least in the short run (as illustrated by the demonstration
project experience with a median bus lane on 7th Avenue in Miami).

Although the available data do not permit a conclusive assessment, strat-
egies employing contraflow bus lanes on major arterials (especially one-way
couplets) may induce increases in transit ridership at relatively low cost.
Care should be taken, however, that vehicle volumes, transit potential, and
peak traffic directionality conditions are favorable for the reservation of a
contraflow lane. Safety is and should be a major consideration in implemen-
ting such a facility. The available information suggests that with-flow curb
bus lane strategies have minimal impacts in practice and that reserved lanes
for carpools on arterials are impractical,

Although not included in this study, there are a number of arterial- and
CBD-oriented strategies which substantially augment the tools considered
in this study for improving downtown air quality. Auto free zones, pedes-
trian and transit malls, and various parking fee and parking restraint pro-
grams are among- the types of strategies which might be combined with the
strategies considered in this study to improve downtown air quality.

Areawide Carpool and Vanpool Programs

Documentation of Past Experience

Moderately good documentation is available on areawide carpool and van-
pool strategies from both demonstration and model estimate sources (see
Exhibit 5). However, in interpreting the reported results, several points
should be considered:

. results are frequently available only for program participants,

making it difficult to obtain a percentage impact value reflective
of total regional travel;
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. ride-sharing programs and the reported results almost always
focus on work trip travel, which is only a portion of total travel;

. reported "after" results for ride-sharing programs frequently
focus on the near term responses among the best organized pro-
grams--participation rates may decline over time as program
enthusiasm wears off and ride-sharing relationships run into
difficulties; and

. the results of actual ride-sharing demonstrations and model
estimates are difficult to compare or combine because the im=-
pact results tend to be reported in different forms for each and
the model estimates are usually based on impact assumptions
and time/cost simulation equivalences which may not be entirely
compatible with the demonstration experiences.

Assessment of Strategy Impacts and Potential

Well-organized areawide carpool matching programs focusing on major
employers can have a positive impact on regional air quality and reduce
work trip VMT by 1 to 5 percent. Generally, employer-focused programs
are more effective than decentralized, areawide programs. The major
reason for this is that the reluctance to provide personal information con-
nected with the matching program and to ride with strangers tends to be
reduced when employers are actively involved in the program. With some
rare exceptions, it is unlikely that areawide ride-sharing programs will have
significant localized air quality impacts.

Vanpooling programs have also experienced success in certain cases
for large employers. Vanpooling programs should be incorporated into an
overall, integrated regional ride-sharing program. Since vanpooling is prac-
tical for large employers whose employees tend to commute more than 15
miles (one-way) to work, and since vanpooling and carpooling may be com-
petitive, it would not be advisable to evaluate the regional air quality impacts
of vanpooling as an isolated strategy.

Ride -sharing programs tend to be most effective when they are not
competitive with mass transit. Thus, programs should focus on employers
which are not located in downtown areas or areas not well-served by transit.

The air quality impacts of both carpool matching and vanpool programs
can be significantly improved by incorporating ride-sharing incentive and
single occupancy auto disincentive strategies into the overall program,
Such strategies would include preferential parking for pool vehicles, lower
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EXHIBIT §

AREA-WIIE CARPOOL AND VANPOOL PROGRAMS

"

} St Mt it A s P

RANGE OF AEPORTED PROJECT CHARACTERISTICS WAXE CONDITIONS AND TRAVEL IMPACTS
yey ormoy exnoviEs Lusasen woms TR uDOAL LT eanvoran R0tz &
J— eruurt wtnor wo mar o comms WATOH REDULSTSAS | exnuANINT POOUE FoRMID namwom
turiovems PQUIRIMERTR - o 101 t w5 wa wr
PR —y— 1 ey Poren A WY Cant | 61450 [ 100000421200 w41 w3 fovortantaal it rae W -
Pty Comt Eapot Pt ARG 1 Repuvoces el 3 e e | kot o S fvarr g
Mg Seric ok Prmtion. Lot Aok {Commut Camper (61 Wi e, Cmporen PachFarmed icindi | Emplogmet el m
A Drmanvtin Yan Do 5} i o Thar 400 Wom Orowed T
e G 51 Pk o T 5334240 P Eupaud - "
" Pyrsend, Grmon (5) Saton Uispad, Foc 10
Detum vod Fe Worh (G} oa firma smoh Do 250
Howtun {F) e
Sewse 61
Wadiogun, D 16)
A 1
Bacso (Vampwo} )
[Py R S wi Gonenty o Sonthe | 000155000 s ey OO0 | 16205 ot Excomd 0957202 (it " 114 [
pemprtryidyitrs g Frecvans Goond ety o |t o
smeaitl Pou fomed 1545 ot Ta Enpisrmnn)
o V554K Capume
. hade iand (Breonet (G) Eptove Lt
Powish
1 Ut Arw i THIOSMSA Pope]  Tedaban, Fosde ) un Gy, NoSpaite | 117001600 " s COOBUIIN | 162N ot Exgeme o $um vty 0000 7S ) e | e
fation 8o 830,000 Botw ldaho (01 Raquiemens boetnosd Ana Exolaym. kn
e Moo, Lauinara (0} At or s Outy | 1217 1 Tesdl Easloymem
"'y o pept )
Formae
233625 pm Exomme
Eoverm
' 1 T e Ainos s | - Vet
ed Esormema. fri ey S | oz Work ot et
Tope, us | -a1
7 P P T T W O € (e
P Copess Ut Ao FTEEETEETY ) ~Va-2A e
Dt Rl il R e Ll iy
Tt il Rl L) Thn Gaatint: 48
O o ar | 18 fFe v B
Simrtn Aubura (sda Dand i ns | wy T Comtomt, AT
Twme: w | o
1 vt ukiog i ety |+ Do A ay R
Suies ot oot Wi, D.C o) Dot i EY o T Cambamt. ~28)
Tt s
. T Ao ar 103 oW e
Kamighan, Asbums o) Sund R n3 o ot 18
Trems, w | ag
€ o ke A 141020 wa Eaperr 52 Fun T 1415 Vew e 50038 b s | oam [1min "~
 Holtman Lurec. Narey, WL VE} P e 8300 iy ]
W5 o — T 1e
 Monggomry —E,, - omr 19
oo W) iy Comind by P .
o arc
[y
ot et
Aom
D Amade Virpod Propam 00 Eptorvm o« Geser [P F—— 43 et
Eagorm ecuomey o110
1
Mot St od S Erire
s il 500 Coploren o Grmier
53 Fa Mok st Hem-
ot i Combem, ~15
€ A arde Sopran Eevplorer Foom 2 Watingion, DC (Model) o 68 ror Work and Bomaret
. 3 onti e 1000 E
n:...uu.m..m.mm s e 102 Tin Comti: 211
A S
Contunrton Progos Abery Englor Focan Waogsn ..t
Vi fa Prtaasi Ay or . el tim, w | -u 11 et
i L Tresmes o Hoh Bund Klae, x4 | ar Novanch Trm Comnet:
Decupmcy Vi on AR o w | o -
Aopropnt Fo opou ° +
it Doroams G- Toben V0 VevGod G.5eed # Fob ¥ Pour
.

II.13



rate or free parking for pool vehicles, and special employer incentives for
employee pool members. While many of these strategies are themselves
beyond the scope of this study, they are noted to emphasize the importance
of an integrated metropolitan area transportation control plan incorporating
both regional and local elements.

Overall, well planned and implemented carpool matching and vanpool
programs are likely to be cost-effective. The challenge faced by these or-
ganized ride-sharing programs is to surmount the barriers resulting from
variable working hours, on-the-job auto requirements, home or work lo-
cation, and strong travel preference for driving alone.

Transit Fare Reductions and Service Improvements

Transit improvement strategies are an essential element of any com-
prehensive program to improve air quality by providing low-occupancy ve-
hicle disincentives and high-occupancy vehicle incentives. These programs
can only be effective if an attractive alternative is provided which does not
involve a severe loss of mobility or travel amenities. Some of the many tran-
sit improvement strategies which may be included in such an incentive/disin-
centive package are: reducing transit fares; improving transit facilities
(shelters, etc.); improving security arrangements; expanding bus services,
especially express bus services; marketing programs; fare collection meth-
ods (use of discount passes, tokens); and providing paratransit services.

In addition to serving as a necessary element of comprehensive trans-
portation programs, public transit improvements promote air pollution
and VMT reductions. Fare reductions and service initiation or expansion
focused on radial express bus service could have a significant impact on
localized CO problems in major commuting corridors, especially when
combined with strategies giving priority freeway or arterial treatment.

Expanded radial express bus service can be a cost-effective approach
for achieving air quality improvements. Substantial regional fare reductions
and service improvements can generate substantial transit ridership in-
creases--up to 25 percent or more, but these programs can be costly.

The relatively low cost-effectiveness ranking of these approaches is the
result of the price inelasticity of transit ridership (typically an elasticity
in the neighborhood of -0. 3) and the difficulty of translating any marginal
increase in transit service into a perceived improvement in service for
a significant number of potential users.

II.1s



When estimating the effectiveness of such strategies for improving
air quality, the following factors should be considered:

. the greatest percentage gains tend to be in areas where the
base transit share is relatively small;

. VMT and associated emission reductions may be offset
to some extent by the alternate use of automobiles left
home by commuters;

. in most areas, transit can effectively serve only a
limited number of origins and destinations;

. ridership gains usually contain a large percentage of trips
which were induced, previously made by walking, or pre-
viously made as an auto passenger;

. ridership gains are often greatest in off -peak rather than
peak periods, reducing the localized air quality improve-
ment potential of such gains; and

. air pollution reductions resulting from transit ridership
gains are partially offset by additional bus emissions
associated with the service increases.

Transit strategies focused on intra-CBD travel for large urban regions
might attract significant ridership. However, the air quality improvements
achieved by such strategies are likely to be limited because:

. the majority of ridership increases are associated with
induced travel and tripmakers who formerly walked or
were auto passengers;

. a very large portion of such ridership increases are
during off-peak travel periods; and

. improved service levels must be carefully balanced against
bus utilization for reasons of cost and net air quality impact.

Other CBD strategies not considered in this report (e.g., auto free zones,

area licensing, transit malls, and parking management) may be capable of
achieving a greater reduction in CBD CO concentrations.
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TRANSIT FARL REDUCTIONS AND
SERVICE IMPROVEMENTS
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TRANSPOR TATION PROGRAMS RECOMMENDED FOR
DETAILED SCENARIO ANALYSIS

The strategies considered in this report have the potential for achieving
improvements in regional air quality--especially when combinations of
strategies which include strong incentives and disincentives (e.g., auto
restricted zones, pricing) not within the scope of this report are included in
the total transportation control plan, On the basis of the literature review
and analysis of demonstration projects, the strategies which appear to
have the greatest potential for achieving improvements in localized CO air
quality in a cost-effective manner include:

. With-flow freeway lanes reserved for buses and carpools;
. Contraflow bus lanes on freeways;

. Metered freeway access ramps with bus by-pass lanes;

. Contraflow bus lanes on major one-way arterial pairs;

. Provision of high level express bus service with reduced
fares, operating in mixed traffic on major arterials or
freeways;

. Provision of high level express bus service (possibly with
reduced fares), combined with a reserved lane for buses
and carpools on the appropriate freeway facility; and

. Provision of high level express bus service (possibly with
reduced fares), combined with a reserved median lane for
buses and bus preemption of traffic signals on an appropri-
ate arterial.

For regional air quality impacts, it is suggested that emphasis be
placed on the analysis of integrated areawide ride-sharing programs
directed at large employers and including carpool matching, vanpool
formation assistance, and promotional components. It would also be
advisable to analyze the regional impacts of an areawide program to
apply one or more of the above listed "localized' strategies to all
appropriate facilities in the region.
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It is emphasized that the contribution which transportation strategies
such as the above can make to improving both regional and localized
air quality can be significantly enhanced by developing a total, integrated
regional and localized program for achieving air quality. Such a pro-
gram would incorporate strategies such as those listed above as well as
strategies which are beyond the scope of this report.
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III. TRAVEL, AIR QUALITY, AND RELATED IMPACTS
OF SELECTED TRANSPORTATION PROGRAMS

This section presents and assesses the results of the 20 prototype sce-
nario analyses. These prototype scenarios were designed to provide rep-
resentative findings on the range of travel, air quality/emission, fuel con-
sumption, cost, and economic impacts of TSM programs which appear to
have potential for localized or regional air quality improvement.

PROTOTYPE SCENARIOS SELECTED FOR DETAILED ANALYSIS

Selection and Significance of the Scenarios

Based on the findings presented in Section II, a total of 20 prototype sce-
narios were selected for analysis and evaluation. These scenarios were de-
fined to encompass the most promising carpool/vanpool, reserved lane, and
transit improvement strategies and combination programs.

Ten of the scenarios deal with strategies which impact specific highway
corridors, thus affecting only a limited portion of total regional travel. The
analysis of these 'localized'' scenarios therefore focuses on their carbon
monoxide (CO) concentration impacts near the affected highway facilities,
The remaining ten scenarios have areawide travel impacts. The analysis of
these latter, ''regional'' scenarios thus focuses on their regional pollutant
emission impacts,

The scenarios were designed with some systematic variation in assumed
travel impacts and area size to facilitate generalizing the project's findings.
However, the extent of this planned variation in assumed prototype conditions
was limited by the number of scenarios analyzed in total and the need for a
minimum degree of uniformity among scenarios (so that impact estimates
among different strategies would be comparable),

With this general background, the following specific points should be
made about the prototype scenarios:

. Although designed to be illustrative of typical implementation
conditions and the impacts of some variability in these condi-
tions, the scenarios should not be interpreted as yielding the
answer for a given strategy; nor do they span the range of typ-
ical variation in all major factors. As will be demonstrated
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later in this section, the air quality impacts of a specific strat-
egy implementation can vary substantially, depending on the
specifics (travel conditions, meteorology, highway geometrics,
etc,) of the application,

. As a very rough surrogate for the variability in some of these
factors, the concept of "'moderately favorable impacts'' versus
"modest impacts' has been introduced into the description of
scenarios. Most of the scenarios assume ''moderately favorable
impacts." In other words, base modal split, congestion levels
and the advantages actually achieved by high occupancy vehicles
under the proposed actions are assumed to be those which result
in a reasonably favorable air quality impact (although within the
range of actual.past experience). For comparison purposes,
several scenarios have been defined the same as another, ex-
cept for an assumption of "'modest impacts.' The travel shifts
assumed for these scenarios are toward the lower end of past
experience, but not intended to be extremely unfavorable,

Localized Prototype Scenarios

Exhibit 7 describes the 10 prototype scenarios selected for analysis
of localized CO concentration impacts. These scenarios will be identi-
fied throughout this report by the ID number and brief title assigned
each in the exhibit, The major descriptive features and travel impact as-
sumptions for each scenario are presented in the table, Further details on
the travel impact analysis methodology appear in Appendix A. The third
column of Exhibit 7 references illustrative diagrams in Exhibit 8 which dis-
play the highway facilities assumed for each scenario,

The first eight localized scenarios deal with the priority treatment of
high occupancy vehicles on freeways, while the last two deal with priority
treatment of buses on arterials. The programs being implemented in a sce-
nario typically consist of several complementary actions, such as reserving
a freeway lane, expanding express bus service, and providing park-and-ride
lots in the corridor. As indicated in Section II, such combinations are typi-
cal of actual transportation programs implemented throughout the nation,

Regional Prototype Scenarios

Exhibit 9 presents and describes the 10 scenarios selected for analysis
of regional HC, NOy, and CO emission impacts. Comments analogous to
those made above about Exhibit 8 and the localized scenarios apply here,
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EXHIBIT 7

LOCALIZED SCENARIOS SELECTED FOR DETAILED ANALYSIS

Existing Fresway Express Sus Servics
Expanded Only to Meet lncrested Demand

PROTOTYPE SCENARIO
ILLUSTRATIVE DESCRIPTION OF THE MAJOR ASSUMPTIONS ON
1:?;, TITLE DIAGRAM® STRATEGY OR PROGRAM IMPLEMENTED CHANGES IN MODAL USAGE**
1 | Expended Expres Bus A 10 Mile, 8 Lane Freowey, Ne Reserved (Medorataly Feversble Impects)
Servica in Mixed Lanes
Froeway Trstfie;
Faversble Impacts Expanded, Reduced Fare Express Sus Servics, $0% Incresse in Freowey Expres
Opersting in Mixed Freawey Traffic Ouring 8w Ridership
Peak Poriods
Ne increase in Fresway Carpoels
Three 500 Spuce Park-and-Ride Lots in
Corridor
2 | Fresway Lane Ruserved A 10 Mile, § Lane Fresway, With-Flow Lane (Moderataly Fevorable impacts)
fuor Buses sad Carpoois; Reserved for Buses and Carpools (3+
Favershis Impacts Oczupents) 100% Incresss in Froovwy Exprems
Bus Ridership
Expsnded Express Bus Sarvice During
Pusk Periods 100% Increese in Fresvay Carpools
Theee 508 Spece Park-and-Ride Lets in
Carridor
3 | Ramp Metwing snd Bus ] 15 Mile, 8 Lane Freswey; Metering of AR (Mederxtaly Fevorsble Impasts)
Sy Lanes; On-Ramps
Feverable impacs 100% Increass in Freowey Express
Bus By-Pms Lanw t 4 Ramps Bus Ridership
Expsnded Expres Bus Sarvice During No Increass in Freeway Carpoeis
Pesk Periods
Three 500 Space Park-end-Ride Lotz in
Corvidor
4 | Resarved Bas/Pool B 15 Mile, § Lane Frewwey: Metering of ANl (Modest impects)
Lans, Ramp Metaring, On-Ramps
aad Bus By-Pass Lanes; 75% Increase in Freewey Exprass Bus
Medert Impacts Bus By-Pass Lanes 2t 4 Ramps Ridership
With-Flow Lane Reserved for Buses and 50% Increnss in Fresway Carpools
Carpoois (3 + Occupants)
Expanded Express Bus Service During
Peak Periods
Thres 500 Spece Park-end-Rids Lots in
Corrider
§ | Amarved Busy/Poel B Same s Scomarie 4 {Mederataly Favorable impects)
Lane, Ramp Metaring,
and Bus By-Puss Lonms; 125% Incresss in Freeway Expres
Feverable Impacts Buws Ridership
95% Incresss in Fresway Carpesls
§ | Comtraflow Freewsy 4 10 Mide, § Lae Freowey; Off-Pesk {Moderately Feversble Impects)
Lans Resarved for Oirection Contrafiow Lane Reserved for
Buses; Favorable Express Busss S0% Incresse in Fresway Express
Impacs Bus Ridership

Ne incresss in Freewwy Carpoch

*SEE EXHIBIT 8 FOR ILLUSTRATIVE DIAGRAMS OF THE PROTOTYPE HIGHWAY FACILITIES

S*SEE APPENDIX A FOR FURTHER DETAIL 0% METHODOLOGY AND TECHNICAL ASSUMPTIONS
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EXHIBIT 7

LOCALIZED SCENARIOS SELECTED FOR DETAILED ANALYSIS (Cont'd)

PROTOTYPE SCENARIO
ILLUSTRATIVE DESCRIPTION OF THE MAJOR ASSUMPTIONS ON
l"(,) TITLE DIAGRAM® STRATEGY OR PROGRAM IMPLEMENTED CHANGES IN MODAL USAGE™
7 | Cantrafiew Bus Lane, c 10 Mile, 6 Lane Freeway; Off-Peak Direction (Moderatsly Fevorsble impacts)
Expended Expres Bus Contraflow Lane Ressrved for Express Buses
Service, and Park-and- o 125% lncresse in Freewsy Express
Ride Lots; Feverable Expended Freewey Express Bus Service Bus Ridership
Impects During Peak Perieds
o Neo Incresss in Freswmy Carposls
Theee 500 Sgece Park-and-Ride Lots in
Corridor
L cmﬂnsubn. c Same a3 Scenerio 7, except: Same a5 Scenerio 7
EL::'"‘!.‘S‘.“;'HM’JIH 70%/30% Dirsctional Spiit of Peek Hour
Dirsctions Sl:zt: Freeway Traffic Assumed Instand of 60%/
40% (A d in Other S vos)
Favorable (mpects
9 | Resarved Artarial Modian D 10 Mile, 5 Lane Arterial; Reversible Medias (Mederataly Favorable Impects)
Lawe for Express Buses; Lane Reserved for Express Buses
Favarsble impacts o Express Bus Ridership Achisved Which
Neow Express Bus Servics at Reduced Fares Yields Oversil (Local Plus Express)
Bus Modal Spilit of 40% in
Signel Pre-Emption for Expres Buses” Corridor
Twa 250 Space Park-and-Ride Lots in Corridor
10 { Contraflow Curb Lane E 1 Mile Segment, Pair of One-Way 4 Lane (Maderately Favorsbie impacts)
for Local Busss on Pair Artsrisis; Contraflow Curb Lane Reserved for
of One-Wey Arterials; Local Buses © 15X Incresss in Local Bus Ridership
Favorsbls impacts
Express Busm Do Not Use Contrafiow Curk
Lane

*SEE EXHIBIT 8 FOR ILLUSTRATIVE DIAGRAMS OF THE PROTOTYPE HIGHWAY FACILITIES
*eSEE APPENDIX A FOR FURTHER DETAIL ON METHOOOLOGY AND TECHNICAL ASSUMPTIONS
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/ EXHIBIT 8

ILLUSTRATIVE DIAGRAMS OF AFFECTED PROTOTYPE HIGHWAY FACILITIES
8 LANE FREEWAY AND ADJACENT CORRIDOR ARTERIAL

- 10 Miles >
«+— 1 Mile ——>»
© la— 1 Mile —>
| L
8 LANE | 1 >
FREEWAY A H
! ) > CBD
I
Diagram Not To Scale !
6 LANE
ARTERIAL*

*Assume another Glane arterial and one 4-lane arterial in Impact Area (1 Mile Square)

corridor for travel shift purposes, but not crossing the
designated CO concentration impact area

8 LANE FREEWAY WITH RAMP METERING AND ADJACENT CORRIDOR ARTERIAL

SAME AS DIAGRAM A, EXCEPT THAT THE FREEWAY IS EXPLICITLY ASSUMED
TO EXTEND QUT FROM CBD 15 MILES AND THE LOCATION OF ON-RAMPS
(METERED) AND BUS BY-PASS LANES ARE NOW INDICATED (ONLY CHANGED
FEATURES SHOWN BELOW):

- 15 MILES ={

— 3
- cBD
—
A / / V74 / / V / /A /A 7 77 /7T
M M M M M M M M MMM MMMMMMMMMM
B B B B B
. M — metered on-ramp
Diagram to scale only along horizontal B — bus by-pass lane

C. 6 LANE FREEWAY AND ADJACENT CORRIDOR ARTERIAL

AM.PEAK CONTRAFLOW — 2 [~~~~————- 1
—~ I le— 1 Mile
- -1 —————————— e — -
§ LANE N R T
FREEWAY ¥ ooz X —= e
% Mile
Diagram Not To Scale
|
i !
No parking L———— .‘_\__:
CO Concentration
:;?g Ffl AL %o parking impact area (1 mile square)

*Assume another 6-lane arterial in corridor
for travel shift purposes, but not crassing
the designated CO concentration impact
area.
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EXHIBIT 8 (Cont'd)

ILLUSTRATIVE DIAGRAMS OF AFFECTED PROTOTYPE HIGHWAY FACILITIES

D. 5 LANE ARTERIAL WITH REVERSIBLE MEDIAN

- 10 Miles >
+———1 Mile ————»
_____________ -
No Parking r !4——1 Mile
SLANE o e |
ARTERIAL T — :
WITH REVERSIBLE REVERSIBLE MEDIAN LANE i (AM.PEAK) ——»
MEDIAN S i
LANE =TT T T T oo s osssoomsss s oo T T T
| |
No Parking : |
! |
| ]
S J

Diagram Not To Scale \CO Concentration

Impact Area {1 Mile Square)

E. PAIR OF 4 LANE ONE-WAY ARTERIALS

- 1 Mite >
r ——————————————————————————— -
| I
| |
| |
| No Parking: !
| - i
| -
4 LANE, —————--— [-—————————————m—— e it
ONE-WAY ————— -4 F——-
ARTERIAL ——___ _ -l - |
[ (A.M. PEAK CONTRAFLOW CURB BUS LANE) —LI
| No Parking |
1/10 Mila} :
! No Parking |
| .
4LANE, ~————~ i——f —————————————————————————— ;_ﬁlt_.._
ONEWAY —————L e o 4
] -
ARTERIAL — ——— —— e T T 4——
L >
: No Parking :
! |
|
' |
' |
' |
|
| [
L e o e J

\ CO Concentration

impact area (1 mile square)
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EXHIBIT S

REGIONAL SCENARIOS SELECTED FOR DETAILED ANALYSIS

PROTOTYPE SCENARIO

DESCRIPTION OF THE STRATEGY IMPLEMENTED
AND THE AFFECTED FACILITIES OR

MAJOR ASSUMPTIONS ON
CHANGES IN MODAL USAGE®™

§ Lane Radinl Freeway

¢ Ramp Metering on On-Ramps snd

e, TITLE TRAVEL MARKET
" Carpoel/Venpect Pregram, ®  Acrsawids Carpool Matching Pregram for Employers (Moderstely Faversble Impects)
Modiow Size City; of 200+ (40% of Employem)
Favershie Impests §% of Emplayess of Participating
o  Arsawide Vanpos! Program for Empleyers of 1,000+ Empleyers Form New Carpeshs
(20% of Empleyess)
3% of Empleyess of Participating
Employers Form New Vanpeols
12 Carposl/Vanpesl Progm, ® Areawide Carpool Matching Progrem for Emplayers (Moderately Favorsble Impacts)
Large City; Feversble of 200+ (35% of Employem)
fmpacts Approx. 7% of Employess of Participsting
o  Arsswide Vanpeol Program for Employers of 1,000+ Emgployers Form New Carpecis
{17% of Employees)
3% of Employess of Participeting Employens
Form New Vanpaols
13 Ressrved Bua/Poel Lases, e Expended Reduced Fare Express Bus Servica ca (Modest impect)
Rawmp Metaring, snd Dus Freevays
By-Pam Lanes on A 75% Incresse in Affected Express Bus VMT
Approprists Freeways; o  Ressrved With-Flow Lawe for Guses and Carpesis
Modest Impucts (3+ Occupant) on Appraximately 40 miles of 50% iocrease in Affectsd Carpeol YMT

Amocisted Jecressm in Auts VMT

Arterisis; Medest Impects

o Signal Pre-Emption for Express Buses
o Expended Fringe Pavking Facifities

16 Bus By-Pass Ramps
o Expanded Frings Parking Facilities
14 Reserved Bus/Poel Lanes, Same & Sconirie 13 {Maderataly Favorable Impacts)
RAamp Metsring, and Bus
By-Pam Lanes 0n AN 125% Increase in Affected Express Bus VMT
Appreprits Freeways;
Faverable impacts 95% Incresse in Affected Carpool VMT
Associeted Decressss in Auto VMT
15 Reserved Medisn Lane e Now Reduced Fare Express Bus Service on Reserved {Modest Impect}
for Express Busas on Reversibis Median Lane of 72 Miles of Msjor Radial
Apgropriste Radiel Arterials VMT Incresss for Express Bus Associated

With a 30% Overali (Local and Express)
Bus Modal Split for Affectad Corvidor
Travel

Associated Decresss in Auto VMT

16 Reserved Modisn Lane Same a Sconerie 15 {Medarutsly Favorsbie impacs)
for Exprem Bimes on
Appropriats Radisl VMT lncremss for Express Bus Amsociated
Arterials; Favorable With 2 40% Overall (L ocal and Exprems)
Impects gu Modal Split for Affected Comidor
ravel

Associated Decresss in Auto VMT

(Continued)

*ALL SCENARIQS EXCEPT FOR #11 ARE FOA A “LARGE” CITY (1,000,000+ SMSA POPULATION RANGE).
SCENARID #11 IS SET IN A MEDIUM SIZED CITY (500,000 - 1,000,000 SMSA POPULATION RANGE).

*sSEE APPENDIX A FOR FURTHER DETAIL ON METHODOLOGY AND TECHNICAL ASSUMPTIONS.
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EXHIBIT 9

REGIONAL SCENARIOS SELECTED FOR DETAILED ANALYSIS (Cont'd)

PROTOTYPE SCENARIO

10
No. TITLE

DESCRIPTION OF THE STRATEGY IMPLEMENTED
AND THE AFFECTED FACILITIES OR
TRAVEL MARKET*

MAJOR.ASSUMPTIONS ON
CHANGES IN MODAL USAGE**

17 Carpool/Vanpeol Program
and Freeway Reserved
Lanes; Modest Impacts

Carpeol/Vanpooi Progam as Deseribed in
Seenario 12

Expanded Reduced Fare Express Bus Service on
Fresweys

Resarved With-Flow Lswe for Buses and Carpooks
(3+ Oceupeat) on Approximately 40 Miles of

{Modest Impacts)

oel/Vanpaol Componsnt
. VMT Impacts in Scanario 12

Reserved Lsne Program Components
e 55% Incresse in Affected Express Bus VMT

and Freewsy Reserved Lanes;
Favorable Impacs

8 Lane Radial Freeway o 85% Incremss in Affectasd Carpool VMT
Expanded Fringe Pariing Facilities o Decrensa in Auto VMT Associsted With
Above Twe Shifts
19 Carpool/Veapool Program Same as Scenario 17 {Maderately Favorable Impacts)

Carpaci/Vanpool Companent
o 3ams Carpeol/Vanpeol Impacts &5
Scenario 12

Ressrved Lane Program Comp
s 100% Increess in Affected Express Bus VMT]
e 100% incresss in Affected Carpool VMT
e Decreess in Auto VMT Assecisted With
Above Twe Shift

19 Carpool/Vaupool Program,
Reserved Lanes, Ramp
Metering, and Bus By-Pass
Lanes; Modest Impacts

Carpool/Vanpool Program as Described in Scanario 12

Ressrved Lane Frasway Program as Described in
Scenario 13

{Modest Impacts)

Carpooi/Vanpool Component
. 50% 05 VMT impacts of Scanario 12

Fresway Program C

e Samem Scenario 13

20 Carpool/Vanpool Program,
Ressrved Lanm, Ramp
Metering, and Bus By-Pas
Lanes, Fevorsble Impscts

Same a3 Scenario 19

(Maderately Favarabls Impacts)
Carpasl/V. i C

> Same s Scenario 12
Fresway Program Comp

©  Same as Scenanio 14

*ALL SCENARIOS EXCEPT FOR #11 ARE FOR A “LARGE" CITY (1,000,000+ SMSA POPULATION RANGE).
SCENARIC #111S SET IN A MEDIUM SIZED CITY (500,000 - 1,000,000 SMSA POPULATION RANGE).

**SEE APPENDIX A FOR FURTHER DETAIL ON METHODOLOGY AND TECHNICAL ASSUMPTIONS.
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The first two regional scenarios (11 and 12) deal with areawide carpool/
vanpool programs focused on major employers in a prototype medium-sized
region (500, 000-1 million population) and large region (1 million + population)
respectively. Scenarios 13 and 14 deal with the application of a combination
freeway corridor strategy for several corridors throughout the region. Sce-
narios 15 and 16 do the same for a combination arterial strategy. The last
four strategies involve the combination of both areawide carpool/vanpool and
freeway corridor strategy components.

LOCALIZED SCENARIO IMPACT ESTIMATES

In this section, the following impacts are presented and discussed for
each of the 10 localized scenarios:

. travel impacts and highway noise impacts;
localized CO concentration impacts;
capital and operating costs; and

. economic impacts.

Travel and Highway Noise Impacts

The estimation of travel impacts for each scenario was a critical first
step in the analysis. Estimates of emissions, localized CO concentration,
and highway noise impacts all follow from the travel impact estimates.! For
the localized scenarios which focus on specific freeway or arterial facilities,
these impacts include changes in vehicle volume and speed for each major
vehicle type (auto, carpool, bus, and truck).

Asgide from their use as input to air quality and other impact estimates,
travel impact estimates are valuable for strategy or program assessment
and evaluation in their own right, Travel time and congestion impacts are
both significant evaluation considerations. Examining the detailed travel
impacts of a strategy under given prototype conditions can also supply val-
uable information on operational requirements (e. g., signing, enforcement)
and potential trouble areas; (e.g., congestion points, traffic ''conflict' lo-
cations); ways in which a strategy might be implemented under specific con-

1See Table A. 1 of Appendix A for a flowchart of the overall analysis and im-
pact estimation procedure.
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ditions to provide more desirable impacts may also be suggested.

Exhibit 10 summarizes the major travel impacts estimated for the 10 lo-
calized scenarios. Vehicle volumes and average speeds for A. M. peak hour,
peak direction travel are given by vehicle type for both the base conditions
("before") and after the scenario strategy has been implemented (''after').
These values pertain to a segment of the primary highway facility in the pro-
totype corridor which has been selected as the focus of the illustrative CO
concentration impact area. This impact area is a one mile square which has
its inner edge approximately one mile from the CBD of the prototype region
for most of the scenarios.!

Exhibit 10 also presents information on the congestion impacts of each
scenario strategy in the form of ''before' and '"after'' volume-to-capacity
(V/C) ratios for each prototype facility element in both the peak and off-
peak directions. Several major points should be made concerning the inter-
pretation of these impacts:

The travel impacts reported are intended to be representative of
typical conditions and reasonable expectations for modal shifts,
but are nevertheless illustrative. The actual travel impacts
achieved in applying the scenario strategy or program to a spe-
cific corridor would depend on base travel conditions, highway
facility geometrics, details of implementation, and similar fac-
tors prevailing for the specific application.

In some cases, the removal of a lane from normal service and
reservation for use by high occupancy vehicles (HOV) results in
over-capacity corigestion (V/C ratio greater than 1, 00) in the
remaining non-reserved lanes. Since stable flow conditions are
frequently lost and average speeds may not be reliably estimated
under such over-capacity conditions, speeds below the at-capac-
ity (level of service E) level are not reported in the table. How-
ever, these cases are noted and rough estimates of additional
stop-and-go delay are provided.

In two of the scenarios (6 and 7), reservation of an off-peak di-
rection freeway lane for contraflow bus operation results in off-
peak direction traffic (which originally experienced good peak
hour flow conditions) facing capacity congestion levels.

'The illustrative diagrams in Exhibit 8 indicate the CO impact area with a
dotted line.
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EXHIBIT 10

MAJOR TRAVEL IMPACTS FOR LOCALIZED SCENARIOS

PROTOTYPE SCENARIO AM. PEAK HOUR TRAVEL CONDITIONS IN CO IMPACT AREA
10 TITLE PEAK DIRECTION VEHICLE VOLUMES AND VOLUME TO CAPACITY RATIO
Ns. AVERAGE SPEEDS ON PRIMARY CORRIDOR FACILITY CONGESTIOM LEVELS®

1 Expanded Expres Bus On Corridor Fresway: v/t RATIO®
Servics in Mixed Froswey BEFORE AFTER
Traffic; Favorsble Impacts BEFQRE AFTER Froevay

Vehicle vrd VPH MPH Peak Direction 1.00 097
e 6280 2§ 6080 28 | Of-Pesk Dirsction 087 067
Carposl k< B ] 28 28
Sm P I ] 52 28 Corridor Arterial
Trusk 5% 20 350 28 Peak Direction 0.7 0.74
1,800 8,170 Off-Pesk Direction 0.5 0.5
(:3.1%)

2 Freswny Lane Ruserved Own Corrider Fresway RATIO'
for Buses and Carpuels; ﬂm AFTER
Favershie lmpact BEFORE AFTER Froowmy

Vehicle Type VPH MPH  VPH MPH | Reserved Lane }mu 041
Auts 6290 28 5030 23** | Now-Reserved, Peak Oir. 1.02
Carposl 30 28 800 43 0ff-Pesk Direction 0.67 0.67
Bws 2 22 43
Truck S0 28 350 28°° | Comidor Arterial
7.000 (X ] Peak Direction 075 070
(13.1%) Off-Peak Directicn 0.50 0.50
**Doas ast includs effects of additional stop-and-ge delay
{estimated at aver 0.5 minute) caused by over-capacity
cangestion.

3 Rump Metaring and Bus: On Corvider Freewey: Ve RATIO®
By-Pass Lones; BEFORE AFTER
Faverable Illp:ﬂ BEFORE AFTER Fi

Vehicle Type VPH MPH  VPH MPH | Peek Direction 100 083
Av 629 28 5810 30 0ff-Paak Dirsctivn 087 087
Carpool k< I | 310 30
Bus % n 58 30 | Comidor Artwisl
Truck 350 28 350 30 Peak Dirsction 0.78 0.73
7,000 8530 0ff-Peak Direction 0.50 058
{-8.7%)

4 fReserved Bus/Poot On Corvidor Fresway: vic RATIO®
Lane, Ramp Metering, BEFORE AFTER
snd Bus By-Puss Lanes; BEFORE AFTER Freeway
Modest Impects Vehicis Type VPH MPH  VPH MPH | Reserved Lame } 100 03t

Aute 6290 28 4,440%° 28°** | Non-Resmved, Peak Dir. 1.12
Carpoal 330 8 500 43 0ff-Pesk Direction 0.67 0.67
Bus 23 2 52 43
Truck 350 28 280*° 28** | Coridor Arterial
1,000 5270 Peak Dirsction 0.75 0.72
. (-24.7%*%) Off-Peak Direction 0.50 0.50
1,030 wehicles formerly using freeway in pesk hours are not
ahie to paws through becauss of breakdown of flow (i.a.,
Ioval of servies “F™) on non-reserved lanss; over-capacity
congestion estimated to cause stop-and-ge delay over 2.5
minuts on freswey which is not reflected in spesd.
[Although thess travel impects suggest that an oversil wersen-
ing of localized siv quality weuid resuit, the complex nsture
of the impacts preciude CO concentration impect estimates
far this scomarie, given the prototype nature of the snelysis] .

5 Resarved Bus/Pool Lane, On Corrider Freeway: v/t RATIO®
Ramp Metsring, snd BEFQRE AFTER
Fevareate Impecty Typs VB MY URH liew | Rt TRy
Fevorable Im| Vehicle eserved Lane .

pecs vts 8290 28 4920 0 Non-Resarved, Peak Dir. } 1.00
Carposl 3 2B 840 43 Off-Peak Direction 0.87 0.87
Bus 28 28 86 43
Trwck 350 28 350 30 Cosridor Arterial
7,000 5380 Puek Direction 875 069
(-14.6%) 0ff-Pemk Direction 0.50 0.50

1965

*v/C RATIO IS THE RATIO OF VEHICLE VOLUME TRAVEL DEMAND TO FACILITY CAPACITY (LEVEL OF SERVICE “E,
HIGHWAY CAPACITY MANUAL).
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EXHIBIT 10

MAJOR TRAVEL IMPACTS FOR LOCALIZED SCENARIOS (Cont'd)

PROTOTYPE SCENARIO A.M.PEAK HOUR TRAVEL CONDITIONS IN CO IMPACT AREA
10 TITLE PEAK DIRECTION VEHICLE VOLUMES AND VOLUME TO CAPACITY RATIO
Ne. AVERAGE SPEEDS ON PRIMARY CORRIDOR FACILITY CONGESTION LEVELS®
8 Contraflow Freeway Lana Oa Corridor Freswey: v/t RATIO*
Reserved for Buses; BEFORE AFTER
Fevorable Impects BEFORE AFTER F
Vshicls Type YPH MPH  VPH MPH Feek Tvection 100 096
Auts 4720 28 4520 28 Raerved Contraflow Lane } 0.02
Carpool 250 28 220 28 Non-Reserved, 0ff-Peak Dis. | 0.67 1.00
B 19 28 z 48
Truek 260 28 260 28 Corridor Arterial
5,250 5,050 Pesk Direction 0.75 0.724
(-3.3%) Off-Peak Direction 0.50 0.50
7 Costrafiow Bus Lane, On Corridor Freewey: vic ____RATIO®
Expanded Expres Bus BEFQRE AFTER
Servica, and Park-and- BEFORE AFTER Freswey
Rids Lots; Faverable Vehicle Type VPH MPH VPH MPH | Peek Direction 100 091
Impscts Auto 4720 a8 4280 28 Reserved Contraflow Lane } 0.04
Carpool 250 28 20 28 Noo-Reserved, Off-Peak Dir. | 0.67 1.00
Bus 19 28 43 48
Truck _200 28 280 28 Corridor Arterial
5250 4310 Peak Direction 0.75 on
(-24%) 0ff-Peak Direction 0.50 0.50
8 Contraflow Bus Lame, On Corridor Freeway: v/t RATIO*
Expanded Servics, and BEFORE AFTER
Lots; Assuming 70%/30% BEFORE AFTER Freewn
Dirsctional Split; SAME AS SCENARIO 7 Pesk Dirsction 1.00 0.91
Favorsble impects Resarved Contraflow Lane } 0.04
[Ondy the oif-psak freewsy volumes were adjusted to achieve Non-Reserved, Off-Pesk Die. | 0.43 0.64
the 70°%/30% instesd of the usuel 60%/40% directional
split. This is reflectad in a lower “hefore” V/C ratio for the Corridor Arterial
off-pask direction in column to the right]. Peak Direction 0.7% 0.73
Off-Pesk Dirsction 0.50 0.50
9 Resarved Arterial Median On Cosvidor Arterial: v/ RATIO*
Lane for Express Buses; BEFORE AFTER
Favorabie Impacts BEFORE AFTER Arterial
Vshicls Typs VPH MPH  VPH MPH | Non-Reserved, Peak Uincu'on} 1.03
Auto 2020 15 1440 15 Reserved Medisn Lane 0.94 0.05
Carpoot 110 15 80 15 0ff-Pesk Direction 0.94 0.94
Local Bus 15 10 15 10
Exprem 8us 0 - 8 23
Truck 110 1§ 116 15
2,250 1,670
(-25.8%}

10 Contraflow Curb Lane On Artariel Lanes in In-Bound Direction: v/c RATIO®
for Local Buses on Prir BEFORE AFTER
of Oue-Way Arterials; BEFORE AFTE Arterials
Faversbie impacts Vehicle Type veH MPH VPH MPH Peak Dirsction 0.94 0.85

Auts 2680 15 2450 18 Reserved Contrafiow Lane } 0.63 0.09
Carpoel 140 1§ 130 18 Non-Resarved, Off-Peak Dis. 0.83
Local Bus 40 10 46" 15
Express Bus 5 15 5 18
Truck 150 15 150 18

3,000 2,780

(-7.3%)

**0n contraflow bus lane of out-bound arterisl.

*V/C RATIO IS THE RATIO OF VEHICLE VOLUME TRAVEL DEMAND TO FACILITY CAPACITY (LEVEL OF SERVICE “E™,

1985 HIGHWAY CAPACITY MANUAL).
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This has both air quality and obvious political feasibility impli-
cations, However, in scenario 8, where a more extreme direc-
tional split of 70 percent/30 percent is assumed (instead of 60
percent/40 percent), the off-peak direction congestion impacts
are reduced, illustrating the importance of prevailing travel
condition details in determining the air quality impacts.

In the absence of details on highway geometrics, topography, vegetation,
etc., it is difficult to quantitatively estimate the noise impacts for the local-
ized scenarios. However, the overall peak hour vehicle volume reductions
reported in Exhibit 10 are significant (as high as a 26 percent reduction for
scenario 9), suggesting the potential for noticeable highway noise reductions.
Given equal volumes and volume changes, the noise impacts from arterials
are likely to be more significant than those from freeways since freeways
frequently are separated from population concentrations by greater dis-
tances, have better acoustical insulation, and have less vehicular acceler-
ation and deceleration. However, the higher operating speeds on freeways
do tend to counterbalance these factors to some extent,

Localized CO Concentration Impacts

Based on the above travel impacts, line source emission strengths on all
corridor facilities in the CO concentration impact area were calculated for
each localized scenario., An expanded version of the EPA HIWAY model was
then used to estimate ''before' and "after'" CO concentrations associated
with highway traffic on the affected prototype facilities for 121 receptor grid
points covering the one mile square impact area.

For each localized scenario, CO concentration impact estimates were
made for each of three prototype meteorological conditions: (a) typical good
dispersion (this general type of condition is most likely to prevail); (b) typ-
ical poor dispersion (less likely to prevail); and (¢) extremely poor disper-
sion (least likely to occur). Exhibit 11 defines these three prototype mete-
orological conditions and illustrates the variation in CO concentrations over
the three different assumptions using results for scenario 2, Total concen-
trations and concentration impacts are both several times higher under ex-
tremely poor dispersion conditions than under either of the two other pro-
totype conditions. Thus, prevailing meteorological conditions are a very
critical factor in determining the localized CO impact actually realized.
However, because of the relative infrequency of conditions similar to those
specified for extremely poor dispersion, comparisons among scenarios in
subsequent exhibits will be made with only the first two meteorological con-

ditions.
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EXHIBIT 11

ILLUSTRATING THE IMPACT OF PREVAILING METEQROLOGICAL CONDITIONS ON A.M. PEAK HOUR CO CONCENTRATIONS*

40,000
36,000

32,000

AM.PEAK HOUR 28,000
€O CONCENTRATION®

AT RECEPTOR 50

FEET FROM DOwN- 2000
WIND EDGE OF FREE-

WAY IN 20,000

Ho/ meter 16,000
12,000
8,000

CONCENTRATION
ASSOCIATED WITH

Y,

REDUCTION CAUSED BY

FACILITY EMIS- PROGRAM
SIONS, CONCENTRATION ASSOCIATED
EFORE WITH FACILITY EMISSIONS,
IMPLEMENTATIONS ‘bved)  AFTER IMPLEMENTATION
I~ W
i ASSUMED METEOROLOGICAL CONDITIONS
CODE A B ¢
TYPICAL GOOD | TYPICALPOOR | EXTREMELY POOR
LABEL DISPERSION DISPERSION DISPERSION
PERPENDICULAR | pempenpicuLar | 20 OFF OF
. WIND T0 PRIMARY T0 PRIMARY By
DIRECTION 1 CORRIDOR CORRIDOR CORRIDOR
FACILITY FACILITY LIy
WIND SPEED 4 m/sec. & m/sec. 2 m/sec.
TEMPERATURE 75°F 32°F 32°F
- zzz STABILITY D £ F
. CLASS (Neutsal) (Stable) (Very Stable)
B MIXING 700 meters 400 meters 200 meters
A B c DEPTH

*The illustrative CO concentrations displayed in this exhibit

are for scenario 2. The concentrations are based on
vehicular emissions from affected freeway and arterial

only sad assume uninterruptad treffic flow conditions.




As mentioned above, CO concentration estimates were made using an
11 x 11 grid of receptor points covering the impact area. Exhibit 12 illus-
trates the spatial variation in CO concentrations around the prototype free-
way and arterial along cross-sectional profile lines at each end of the im-
pact area, again for scenario 2. Along both cross-sectional profiles, CO
concentrations peak just downwind from the freeway. Concentrations from
the affected facilities are substantially higher in this area than at any other
location along the profile line, Concentrations drop off to less than one-~half
their maximum receptor value at a distance 0. 1 mile further downwind.

As between the two cross-sectional profiles, maximum concentration is
slightly higher at the end where the freeway and arterial center lines are
separated by only one-quarter mile., However, the area of significant con-
centration levels is also significantly compressed. It should be emphasized
that these concentration estimates do not include "background'' CO concen-
trations from stationary sources and highway facilities not directly affected
by the scenario strategy, and do not reflect CO concentrations at distances
less than 50 feet from the edge of the roadway. The effects of these factors
on CO concentrations are illustrated later in this section.

The CO concentration at a grid receptor point 50 feet downwind from the
edge of the primary corridor facility under study is used as the basis for
comparing localized scenarios in subsequent exhibits,

Exhibit 13 is the first of three which compare the localized CO concen-
tration impacts of scenarios with similar prototype conditions. Exhibit 13
compares the four scenarios involving an eight-lane freeway as the primary
corridor facility. Because of travel impact complications resulting from
the projected breakdown of non-reserved lane flow on the freeway, CO con-
centration impact estimates could not be reliably estimated for scenario 4,
which was therefore excluded from this exhibit. However, the projected
travel impacts for scenario 4 could be expected to result in a general wors-
ening of localized air quality during the A. M. peak period.

For each of the four eight-lane freeway scenarios treated in Exhibit 13,
CO concentration results for both typical good and typical poor dispersion
conditions are presented, Each bar illustrates the ''before'' and "after' con-
centrations associated with the affected highway facilities, as well as the
implicit concentration change. For these four scenarios, the impact of the
implemented program or strategy is always a reduction in CO concentration
(as measured at the referenced grid receptor 50 feet from the edge of the
freeway.
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EXHIBIT 12

ILLUSTRATING THE SPATIAL VARIATION IN A.M. PEAK HOUR CO CONCENTRATION AROUND PROTOTYPE HIGHWAY FACILITIES*

ARTERIAL REEWAY
f ASSUMED METEQOROLOGICAL CONDITIONS
WwiNO
10,000 —_— gle;\‘l';hlmdkulu s Froeway, ot 4 metsrs/ssc.
Stability Class E (Stabls)
8,000} Mixing Dapth of 400 meters
6,000}
AM. PEAK HOUR 6 LANE § LANE
CO CONCENTRATION® ARTERIAL FREEWAY
W 4,000}
He/m
A+
2,000 % MILE
[
A A
DISTANCE SCALE (MILES)
-——— BEFORE PROGRAM 1 MILE
——— AFTER IMPLEMENTATION
ARTERIAL FREEWAY
10,000
- % MILE 1>
8.000 WIND 8- 8t
—_—
§,000
AM PEAK HOUR
CO CONCENTRATION®
IN
pem® 4,000
> 1 MILE
zlom‘_ iy - WIND
DL 1 1 i ' ) L i i i 3
. A i2 3 4 5 8 2 i 9 18
- B+ -
DISTANCE SCALE (MILES) X :::E':f‘:).:!couﬂrnknou
*The illustrative CO concentrations displayed in this exhibit are for Scenarie 2. ‘\J\/JW
The coacsatrations are based on vehicular smissions from the atfected freeway Cap
and arterial only.
NOTE:

The sbova line sagment plots connect discrets receptos
concentration values {at 0.1 mile intarvals) and sre ot
intanded to accuratsly portray concentrations between
these points,
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AM. PEAK
HOUR CO
CONCENTRATION®
AT RECEPTOR
50 FEET FROM
DOWNWIND EDGE
OF FREEWAY
IN
e/ meter®

EXHIBIT 13

LOCALIZED CO CONCENTRATION IMPACTS* : COMPARISON OF SCENARIOS INVOLVING 8 LANE FREEWAYt

3,000}

2,500

T

a

|

I

]

I

]

“IMPROVED CO LEVELS”

’ REDUCTION CAUSED

CONCENTRATION 8Y PROGRAM

‘F‘:’E‘:ﬂx EoWTH CONCENTRATION
ASSOCIATED

m"i WITH FACILITY EMISSIONS,

oy e AFTER IMPLEMENTATION

“WORSENED CO LEVELS”

n INCREASE CAUSED
CONCENTRATION 8Y PROGRAM
ASSOCIATED WITH }

FACILITY CONCENTRATION
EMISSIONS, ASSOCIATED

AETER WITH FACILITY EMISSIONS,
IMPLEMENTATION BEFORE tMPLEMENTATION

METEOROLOGICAL CONDITIONS €
A : Typical, Good Dispersion

B Typical, Poor Dispersion
@ SEE EXHIBIT 11 FOR DETAILS

*CO0 concentrations are based on vehicular emissions from affected
freeway and/or arterial facilities only and assume uninterrupted traffic
flow conditions. Other sources of CO emissions can be substantial, but
would not be affected by the programs being analyzed.

1For reasons discussed in the text, CO concentration estimates for
Scenario 4 could not be reliably estimated and therefore do

not appear.




The greatest reduction in CO concentration is achieved by scenario 5,
the most ambitious combination freeway program, with a reduction in excess
of 10 percent of the initial highway-related concentration. The smallest re-
duction is achieved by scenario 1 (approximately 2.5 percent relative to ini-
tial concentration), which is the least ambitious freeway program, calling
only for the expansion of express bus service in mixed traffic and provision
of park-and-ride facilities. The impacts are significant, but not large on a
percentage basis, especially when one adds background CO to the base
highway concentrations displayed.

As illustrated by the significantly different outcome for scenario 4
(which was simply scenario 5 with more modest modal shift assumptions),
one should be aware that the magnitude and even sign of these illustrative
prototype impact estimates can easily vary from those achieved in a specific
actual application, depending on the factors already discussed.

As noted above, the CO concentrations presented in Exhibits 13, 15 and
16 do not include background CO concentrations. Using a 5, 700 pg/m3(5 ppm)
background CO concentration in conjunction with the CO concentrations in
these exhibits indicate that none of the scenarios violates the 1-hour NAAQS
for CO of 40,000 pg/m?® (35 ppm). However, Exhibit 14 illustrates that se-
lected scenarios which do not violate the 1-hour CO standard can approach
or exceed the 8-hour CO NAAQS of 10,000 ug/m’ (9 ppm).

For example, a peak 1-hour CO concentration of approximately 8, 000 p.g/m3
(for vehicle emissions only) is shown for the before condition for scenario
5 in Exhibit 13. This corresponds to an approximately 11,000 ug/m®
max.mum 8-hour CO concentration (including background) at a distance
of 25 feet from the edge of the roadway, which exceeds the 8-hour NAAQS
for CO. After implementing the transportation measures in scenario 5, the
maximum 8-hour CO concentration is estimated at 10, 200 ,.;g/m3 at 25 feet
from the edge of the roadway. The latter concentration just exceeds the
8-hour CO standard and represents an important reduction in CO concen-
trations.

This example and Exhibit 14 illustrate the following important points:
In those scenarios in which peak 1-hour CO concentrations

from vehicular traffic alone approach or exceed 7000 ;,Lg/m3
(at a distance of approximately 50 feet from the edge of the

1
GCA Corporation. Identification of Localized Violation of Carbon Monoxide
Standards - Volume I: Guidelines (Draft Final Report). Prepared for EPA-
Region I office, November 1975, pg. II-13.
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EXHIBIT 14

RELATIONSHIP BETWEEN MAXIMUM 8-HOUR AND PEAK 1-HOUR
CO CONCENTRATIONS FOR TYPICAL, POOR DISPERSION CONDITIONS*

E
!G 8-Hour ——— l
§ C0 Reduction -Distance from adge of roadway = 25’
a D S I S D — S— Gy MASER S e—te— e—
e
& 10,000 — | I
@ | K
.g " NAAGS for CO (8-hour)
=
i
g 9000
=
] !
=
= h~ Distance from edge of roadway = 50°
=
>0
2 g000
e N
[~ ]
a
(]
=
S
=)
=
(-]
g 7,000 p~
=
’;‘ Scanario § “Aftar” Cass = | Le— Scenario 5 “Befare” Case
] 1
5,000 6,000 7,000 8,000
PEAK 1-HOUR CO CONCENTRATION FROM VEHICULAR TRAFFIC ONLY (ug/m3)
{Read from Exhibits 13, 15, and 16)
* Assumptions:
1. Concentrations reflect typical, poor dispersion conditions.

2. A background CO concentration of 5,700 ug/m3 (5 ppm)
is assumed driving the peak 1-hour.

3. A 0.7 ratio of the maximum 8-hour to peak 1-hour CO con-
cantration is assumed.

4. A factor of 1.25 was ussd to convert CO concantrations (from
vehicular valumes only) at 50 feet from the edge of the road-
way to CO concentrations at 25 feet from the edge of the roadway.

5. Estimated CO concentrations assume unintsrrupted traffic
flow conditions.
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roadway), the 8-hour NAAQS for CO may be violated under
typical, poor dispersion conditions at locations approximate-
ly 25 feet from the edge of the roadway.

. At a distance of 50 feet from the edge of the roadway, peak
1-hour CO concentrations (from vehicle traffic alone) ex-
ceeding approximately 8,000 pg/m?® suggest that the 8-hour
CO standard may be violated under typical, poor meteoro-
logical conditions.

Exhibit 14 can be used in conjunction with Exhibits 13, 15 and 16 to pre-
pare approximate estimates of maximum 8-hour CO concentrations for the
localized scenarios.

In Exhibit 15, the localized CO impacts for scenarios involving a con-
traflow bus lane on a six-lane freeway are presented. Note that even with
a favorable impact assumption, both contraflow bus lane scenarios yield
net increases in CO concentration when the peak hour directional split of
traffic is 60 percent/40 percent. This result stems from the condition that
increased congestion in the remaining off-peak direction lanes more than
counterbalances the emission reductions achieved by the projected shift
from autos to express bus.

However, when the base A, M. peak hour off -peak direction traffic is
assumed lighter (corresponding to a 70 percent/30 percent directional
split), the same strategy used in scenario 7 produces a net CO concen-
tration reduction in scenario 8. In all of these cases, the net percentage
impact is less than 5 percent, but these prototype results again demon-
strate the importance of site-specific details, such as peak traffic direc-
tionality, in determining both the magnitude and sign of the impact.

Exhibit 16 presents the CO concentration impacts for the two arterial
program scenarios. While the absolute changes are not large relative to
the national standard, the estimated percent reduction in CO concentration
achieved by the reserved median bus lane strategy in scenario 9 is substan-
tial (approximately 15 percent). However, this scenario is based on the
assumption of a total (local and express) bus modal split of 40 percent in
the corridor, which is reasonable, but may not be easily achieved in some
areas.

The results for the contraflow curb bus lane are mixed. Since a pair
of one-way arterials is involved, two maximum receptor concentration
points are present. In this case, the increase in concentration adjacent to
the arterial with the contraflow lane (caused by increased congestion in the
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EXHIBIT 16

LOCALIZED CO CONCENTRATION IMPACTS* : COMPARISON OF SCENARIOS INVOLVING CONTRAFLOW LANE
ON 6 LANE FREEWAY

8,000
“IMPROVED CO LEVELS”
1500}
l REDUCVION CAUSED
1,000} s Nets: Sconare 8 CONCENTRATION BY PROGRAM
m ote: Scenarie 8 is net . ASSOCIATED WITH
6.500 ] complstely comparabls with EACILITY :2:::':7‘%:"0"
‘ Scenarios § and 7 becarns EMISSIONS, WITH FACILITY EMISSIONS,
the change in assumed BEEORE AFTER IMPLEMENTATION
6,000} directional split of tralfic sho {MPLEMENTATION _—
resuited in lower tetal bese
55001 vehicle volumes. m
However, the direction
and relative size of the . "
AM.PEAK 5,000} T T conceatration impacts can "WORSENED CO LEVELS
HOURCO be profitably compased.
L]
:ﬂ:::cgi:s:mn 4500 l INCREASE CAUSED
58 FEET FROM €000 L CONCENTRATION 8Y PROGAAM
DOWNWIND EDGE == ASSOCIATED WITH
OF FREEWAY FACILITY CONCENTRATION
W 35001 EMISSIONS, ASSOCIATED
wol meter AFTER WITH FACILITY EMISSIONS,
3.000]- IMPLEMENTATION SEFORE IMPLEMENTATION
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EXHIBIT 16

LOCALIZED CO CONCENTRATION IMPACTS® : COMPARISON OF SCENARIOS INVOLVING RADIAL ARTERIALS AS
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Note: Scenarios 9 and 10 are not
completely comparable since the base
vehicle volumes and highway facilities differ.
However, the direction and relative size of
the concentration impacts can be usefully
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analyzed.
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remaining off-peak lanes) comes close to matching the decrease in concen-
tration adjacent to the peak direction arterial (caused by the projected shift
from autos to local bus). The end result is to increase congestion adjacent
to the off-peak arterial to a level higher than that originally around the peak
direction facility and to reduce the congestion adjacent to the peak direction
facility to a level below that originally around the off-peak arterial. How=-
ever, as illustrated in Exhibit 15, this particular result could have been
substantially different if a more extreme directional split of traffic on the
two arterials had been assumed,

Capital and Operating Costs

Exhibit 17 presents the estimated capital and annual operating costs for
the localized scenarios. Appendix B presents the unit costs used in the de-
velopment of the capital and annual costs. The costs presented in Exhibit 17
are order of magnitude estimates based on costs published in the literature.

The largest individual cost item for all of the scenarios is for improve-
ments to express bus service. Generally, the geographic coverage and the
frequenCy of express bus service were assumed to increase significantly in
order to complement the reserved HOV lanes and attract large numbers of
auto travelers., The annual cost of bus service shown in Exhibit 17 repre-
sents the incremental cost of providing bus service above that assumed in
the base case (i.e., ''before' case).

The costs of implementing ramp metering and park-and-ride facilities
are also significant, With regard to the cost of park-and-ride lots, two con-
ditions are assumed, If use can be made of existing parking facilities at
shopping centers or other locations, the capital cost of such facilities would
be negligible. However, such arrangements may not be feasible in many
locations, and the full capital cost of constructing the park-and-ride facili-
ties is also presented (the two capital cost values are separated by a slash
in Exhibit 17). For both of these conditions, the cost of operating and main-
taining the park-and-ride lots is assumed to be a public cost.

Based on analyses of express bus operations in Minneapolis (i, e,, I-35W
projects) and Seattle (i.e., Blue Streak project), annual operating revenues
may only offset approximately 50 percent to 66 percent of the annual operating
and maintenance costs of express bus service shown in Exhibit 17, Conse-
quently, sizeable annual operating subsidies may be required to operate ex-
press bus services such as those assumed in the localized scenarios, If
fare reductions are implemented, the subsidy requirements are likely to be

even more significant.
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EXHIBIT 17

FOR LOCALIZED SCENARIOS

CAPITAL AND ANNUAL OPERATING AND MAINTENANCE COSTS

PROTOTYPE SCENARIO COSTS (IN THOUSANDS OF 1976 DOLLARS)
ANNUAL OPERATING|
1D NO. TITLE ITEM CAPITAL AND MAINTENANCE
1 Expanded Express Park and Ride Lots Express | $0/1,620 $248
Bus Service in Mixed Express Bus Service 3,168 1,199@
Freeway Traffic; 3,168/4,788 1,447
Favorahle Impacts
2 Freeway Lane Reserved | Reserved Lane 100 220
for Buses and Carpools; Park and Ride Lots 0/1,620 248
Favorable Impacts Express Bus Service 3,630 i3ne
3,720/5,350 1,838
3 Ramp Metering Ramp Metering 1,134 84
and Bus By-Pass Lanes; Bus By-Pass Ramps 460 —_
Favorable Impacts Express Bus Service 3,630 1,3711@
Park and Ride Lots 0/1,620 248
5,224/6,844 1,703
4 Reserved Bus/Pool Lane, | Ramp Metering 1,134 84
Ramp Metering , and Reserved Lane 100 220
Bus By-Pass Lanes; Bus By-Pass Ramps 460 —
Model Impacts Express Bus Service 3,168 1.199@
Park and Ride Lots 0/1,620 248
4,862/6,482 1,751@

@ This represents the incremental annual operating and maintenance costs of providing hus service heyond existing
bus service.

Note: The cost projections have been prepared on the basis of the assumptions set forth in Appendix B.

The actual costs of the above strategies will depend upon the specific setting in which they are implemented.
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EXHIBIT 17 (Continued)

PROTOTYPE SCENARIO COSTS (IN THOUSANDS OF 1976 DOLLARS)
JANNUAL DPEHATINﬁ
10 NO. TITLE ITEM CAPITAL IAND MAINTENANCE
5 Reserved Bus/Pool Ramp Metering 1,134 84
Lane, Ramp Metering and Reserved Lane 100 220
Bus By-Pass Lanes; Favorable Bus By-Pass Ramps 460 iy
Y ¥y P 4,654 1,714@
Impacts Express Bus Service 0/1.620 248
. P B el —
Park and Ride Lots 6,248/7,868 2,266
6 Contra-Flow Freeway Lane Contra-Flow Lane 500 220
Reserved for Buses; Express Bus Service 462 321@
Favorable Impacts 962 541
? Contraflow Bus Land Contra-Flow Lane 500 220
Expanded Express Service, Express Bus Service 3,168 1,3500@
and Park and Ride Lots; Park and Ride Lot 0/1,620 248
Favorable Impacts 3.668/5,288 1,818
8 Contra-Flow Bus Lane Contra-Flow Lane 500 220
Expanded Service, and Lots Express Bus Service 3,168 1,350@
Assuming 70%/30% Directional Split; Park and Ride Lot 0/1,620 248
Favorable Impacts 3,663/5,288 1,818
9 Reserved Arterial Reserved Median Lane 1,350 29
Median Lane for Express Bus Service 2,244 1,028
Express Buses ; Park and Ride Lot 0540 _ 82
Favorable Impacts 3,594/4.14 1,130
10 Contrafiow Curb Contra-Flow Curb Lane ] -
Lane for Local Bus Service 462 123
Buses on Pair of 468 123

One-Way Arterials;
Favorable Impacts




Economic Impacts

The economic impacts of the localized scenarios are likely to be small.
There is little evidence in the literature which suggests that any of the local-
ized transportation measures considered have any measurable effects on em-
ployment, retail sales, or related economic factors.

Economic benefits in the form of travel time and travel cost savings
are likely to be realized by travelers attracted to transit and ride-sharing
programs. For example, a 10 mile trip on a reserved freeway lane is es-
timated to yield a 6 to 8 minute reduction in travel time as compared with
the same trip made on the non-reserved freeway lanes. Similarly, signifi-
cant travel cost savings in the form of reduced gasoline, insurance, main-
tenance, and parking costs can be achieved by those travelers who diverted
from single occupant vehicles to either transit or carpools/vanpools

The combination of expanded bus service and reserved freeway or arte-
rial lanes will improve the accessibility to the CBD in the affected corridors.
This may induce non-work trips to the CBD even if the express bus service
is primarily intended for peak period travelers.

REGIONAL SCENARIO IMPACT ESTIMATES

In this section, the following impacts are presented and discussed for
each of the 10 regional scenarios:

travel impacts;

regional HC, NO , and CO emission impacts;
regional fuel consumption impacts;

capital and operating costs; and

economic impacts.

Travel Impacts

As for the localized scenarios, estimation of travel impacts is also a
critical first step in the analysis of the regional scenarios. For the regional
scenarios, travel impacts are expressed in terms of changes in regional
weekday vehicle miles travelled (VMT). For the purpose of estimating re-
gional emission and fuel consumption impacts, the VMT changes are allo-
cated to road type, vehicle type, and average speed groups.
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Exhibit 18 summarizes the travel impacts for the 10 regional scenarios.
With the exception of the first scenario, all pertain to the large prototype
region (in the 1,000, 000+ SMSA population range), Scenario 11 is set in the
medium-sized prototype region (500, 000-1, 000, 000 SMSA population range).
For each regional scenario, Exhibit 18 presents the absolute '"before'’ and
"after'' regional weekday VMT as well as the percent change this represents.,
In addition, the VMT change is also expressed as a percent of regional work
trip VMT and (where appropriate) as a percent of the total VMT estimated
to be directly affected by the scenario program, These last two percentage
impact values are intended to provide a better indication of the strategy im-
pact within the affected travel market (which can be substantially smaller
than total regional travel).

The following major observations are relevant:

. although the absolute quantities are different, the percentage
changes in regional VMT for the carpool/vanpool program ap-
plied in both the medium-sized and large prototype regions are
essentially the same;

. the carpool/vanpool program, focused on major employers, is
generally several times more effective in reducing regional VMT
than multiple areawide application of the corridor strategies,
primarily because it has a larger affected travel market;

. carpool/vanpool programs can be combined with multiple ap-
plications or radial corridor strategies with little competitive
overlap of individual impacts, since the two affected travel mar-
kets are largely mutually exclusive when the programs are cor-
rectly implemented; and

Regional HC, NO,, and CO Emission Impacts
[

Using the latest EPA mobile source emission factors for 1978,  base con-
dition weekday regional highway emissions were calculated for the medium-
sized and large prototype urban regions. Changes in weekday regional high-
way emissions were calculated for each of the 10 regional scenarios. Re-
gional emission estimates were made for hydrocarbons (HC), nitrogen oxides
(NO,), and carbon monoxide (CO).

All of the emission estimates were made for the standard reference con-
ditions of 75° F and 75 grains/b. absolute humidity. However, a limited

'As of February 1978,
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EXHIBIT 18

MAJOR TRAVEL IMPACTS FOR REGIONAL SCENARIOS

PROTOTVYPE SCENARIO

WEEKDAY REGIONAL VMT**

TITLE®

BEFORE PROGRAM
IMPLEMENTATION

AFTER PROGRAM
IMPLEMENTATION

PERCENT
CHANGE IN
TOTAL REGIONAL
vMT

PERCENT CHANGE
RELATIVE TO
WORK TRIP
REGIONAL VMTT

PERCENT CHANGE
RELATIVETO
“AFFECTED”

REGIONAL VMT@

"

Caurponl/Vanpool Program, Medium
Sizs City; Favorabls Impacts

-1.6%

-8.0%

N.A

12

Carpool/Vanpool Program, Lasge
City; Favorahle impacts

43,945,000

43,287,000

-1.8%

-6.0%

N.A.

3

Reserved Bus/Pool Lanss, Ramp
Motering, snd Bus By-Pass Lanes
on AN Appropriate Freeways;
Modest mpacts

43,845,000

43,835,000

-0.26%

-0.0%

-6.1%

Reservad Bus/Pool Lanes, Ramp
Metering, and Bus By-Pass Lanes
an A Appropriate Fresways;
Favorable kmpacts

43,946,000

43,750,000

-0.44%

-1.5%

-10.8%

18

Raserved Median Lane for Express
Busss oa Appropriate Radial
Antarials; Modest impacts

43,945,000

43,845,000

-0.23%

-0.8%

-11.9%

16

Resarved Meodian Laue for Express
Buses on Approprists Radial
Anterials; Favorabls impacts

43,845,000

43,778,000

-0.38%

-13%

-23.2%

7

Caspool/Vanpool Program and
Fresway Reserved Lanss;
Modest impacts

43,946,000

43,512,000

-1.0%

~-33%

NA.

1]

Carpool/Vanpaol Program and
Fresway Ressrved Lans;
Favorable Impasts

43,945,000

43,110,000

-1.8%

-83%

N.A.

19

Carpool/Vanpool Program, Reserved
Laass, Ramp Matering, and Bus By-
Pass Lanes; Modest Impacts

43,845,000

43,506,000

~-1.0%

-33%

N.A.

Cacpoul/Vanpool Program, Re-
sarved Lanes, Ramp Metering, and
Bus By-Pass Lanes; Favorable
Impacts

43,945,000

43,092,000

-1.8%

- 8.5%

N.A.

* Al scenarios except for #11 are for a “large” city (1,000,000 + SMSA populatian).
Scenario 11 is setin & “medium size” city (500,000 - 1,000,000 SMSA population).

**Vehicls miles travellad on an average workday in the regios
tWork trip VMT is estimated at 30% of total weekday regional VMT.
@ Alected” Regional VMT. For Scenarios 13 and 14: Consists of peak period, peak direction VMT sstimated to bs on:

m____!___

radial freeway segments having the reserved lane and (b) major radial arteriels within the affected

freeway corridors. For Scenasios 15 and 16: Peak period, peak direction VMT sstimated to be on roughly

72 miles of major radial srterials with a reserved median lans.




number of estimates were also made for 32° F and absolute humidity of 15
grains/lbs. for comparison purposes. Exhibit 19 illustrates the variation

in regional emissions associated with these two different temperature and
humidity assumptions. While emissions are higher at the lower temperature,
it should be pointed out that photochemical oxidant problems are typically
worst during periods of warm weather when atmospheric conditions favor

the formation and concentration of oxidants near the surface.

Exhibit 20 presents the estimated emissions and fuel consumption reduc-
tion impacts of a carpool/vanpool program for both the medium-sized and
large prototype regions, As expected, the absolute quantities are propor-
tionally higher for the large region, but the percentage impacts are virtually
identical for the two regions, without a consistent advantage to either across
the four impact indices, All subsequent impact comparisons among regional

scenario strategies and programs will be based on the large prototype region
as the standard,

Exhibits 21 through 23 compare the nine regional scenarios for the large
prototype region in terms of their HC, NO,, and CO emission impacts, re-
spectively. Regional HC and NO, emissions are primary inputs to the pro-
cess which produces photochemical oxidants in urban areas. Regional CO
emissions are of less significance since CO is primarily a localized air
quality concern,

Overall, the emissions impacts tend to reflect the percentage VMT im-
pacts.1 This is most true for NO, emissions. However, the speed sensitiv-
ity of the most recent EPA emission factors for HC and, even more so, CO
have resulted in percentage change emission impacts for some scenarios
which are significantly different from the corresponding VMT impacts. As
illustrated in Exhibits 21 and 23, some of the strategies involving reserved
lanes on freeways and arterials are estimated to yield increases in HC and
CO emissions, respectively, despite the achievement of overall VMT reduc-
tions for these same strategies.

Because of the sensitivity of HC and CO emissions to vehicle speed, the
shifts of VMT to slower average speed classes (estimated to result from

'Exhibit 28 presents a tabular impact summary which includes the percentage
changes in total regional weekday VMT associated with each of the regional
scenarios.
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EXHIBIT 20
COMPARISON OF ESTIMATED REGIONAL IMPACTS OF A CARPOOL/VANPOOL PROGRAM IMPLEMENTED

IN TWO PROTOTYPE REGIONS : MEDIUM SIZE (500,000 - 1,000,000 POPULATION RANGE) AND
LARGE (1,000,000 + POPULATION RANGE)

2.0%
1.8% L
1.6% |
1.4% 8.3 28 -15.0 634 26

18 TONS* 08 TONS* TONS® TONS® MILLION 1.6

TONS* .""is, GALLONST MILLION

vl GALLONSt
1.0%]
0.8% |
0.6% |
0.8% L M M M M

E L E L E L E L

D A D A D A 0 A
0.2% ) ! R l R ! R { R

v G v G v G U G
o M E M E M E M E

HC EMISSIONS NO, EMISSIONS CO EMISSIONS FUEL CONSUMPTION

*Estimated absolute weekday regional emissions reductions in tons.
Estimates assume unintsrrupted traffic flow conditions.

tEstimated absolute annual regional fuel consumption reduction in gallons.

[Above impact estimates are for Scenario 11 (Medium) and Scenario 12 (Large)j.
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EXHIBIT 21
ESTIMATED IMPACTS FOR NINE REGIONAL SCENARIOS IN A LARGE URBAN AREA:
REGIONAL HYDROCARBON EMISSIONS

20% |-
109
il o . TONS
105 il
TONS
TON
6% |
1a% | 4.3
TONS*
PERCENT 12% |- DECREASE  INCREASE
CHANGE IN :- 3
REGIONAL b
WEEKDAY 10% I b
HIGHWAY b
HYDROCARBON : |
EMISSIONS b
{75°F) 0.6% |- 45 ¢!
TONS
B
06% |-
'5‘;'5 24
4% | 12.1 ONS
04 TONS

*ESTIMATED ABSOLUTE REGIONAL CHANGE IN HC EMISSIONS
FOR PROTOTYPE URBAN REGION OF APPROXIMATELY 2,500,000 -
3,000,000 SMSA POPULATION AND AN AVERAGE BASE WEEKDAY HC
HIGHWAY EMISSIONS OF 628 TONS (AT 75°F).

Estimates assume uninterrupted traffic flow conditions.
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EXHIBIT 22
ESTIMATED IMPACTS FOR NINE REGIONAL SCENARIOS IN A LARGE URBAN AREA:

REGIONAL NITROGEN OXIDES EMISSIONS

20% |
|-
33 33
1.6% I TONS rﬂ?
14% - 28
TONS*
PERCENT 2% |
REDUCTION
IN REGIONAL
WEEKDAY
HIGHWAY L - 19
NITROGEN TONS
OXIDES 18
EMISSIONS g8 |- ] TONS
(15°F) =
06% |-

*ESTIMATED ABSOLUTE REGIONAL CHANGE IN NO_ EMISSIONS FOR
PROTOTYPE URBAN REGION OF APPROXIMA‘I’ELY&,SW.UM -3,000,000
SMSA POPULATION AND AN AVERAGE BASE WEEKDAY NO_ HIGHWAY
EMISSIONS OF 215 (AT 75°F).

Estimates assume uninterrupted traffic flow conditions.
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EXHIBIT 23
ESTIMATED IMPACTS FOR NINE REGIONAL SCENARIOS IN A LARGE URBAN AREA:

REGIONAL CARBON MONOXIDE EMISSIONS
20% |
19% | 838
0 TONS
TONS
7—1 T
16% |
1A% 634
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— DECREASE  INCREASE
-
12% b N
PERCENT CHANGE (.
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WEEKDAY HIGHWAY 1.0% |- ]
CARBON MONOXIDE i
EMISSIONS 372 L1
{15°F) 08% |- TONS
HE
1o 291 290
TONS
oon | N o for
T |
119 !
04% |- TONS ! i
b
I
1
1o
o
[
¢

*ESTIMATED ABSOLUTE REGIONAL CHANGE IN CO EMISSIONS FOR
PROTOTYPE URBAN REGION OF APPROXIMATELY 2,500,000 - 3,000,000
SMSA POPULATION AND AN AVERAGE BASE WEEKDAY CO HIGHWAY EMISSIONS
OF 8,858 TONS (AT 75°F).

Estimates assume uninterrupted traffic flow canditions.



congestion on remaining non-reserved lanes)1 more than counteracts the ef-
fects of the overall reduction in total VMT associated with these strategies.
This is particularly true for the reserved lane scenarios in which only mod-
est travel impacts are assumed. Under these circumstances, the congestion
caused by removing a lane for exclusive use of buses or buses and carpools

is reduced only slightly by the assumed modest shift from autos to preferen-
tially treated high occupancy vehicles.

These prototype emission results again demonstrate the importance of
initial travel and congestion conditions, highway facility design, and the rel-
ative magnitude of the induced modal shifts in determining the size and even
direction of air quality impacts of corridor-related actions. These strat-
gies can be effective, but the selection, design, and implementation of such
corridor or facility oriented actions must be carefully planned on a case-
by-case basis in light of the above considerations to avoid ineffective or
counterproductive air quality measures,

The dispersed nature of the VMT reductions associated with employer-
based carpool/vanpool programs makes congestion impacts of regional
significance unlikely. Thus, areawide carpool/vanpool programs can be
expected to have emission impacts more consistently in line with overall
regional VMT reductions. In designing and implementing such programs,
the major concern should be to focus on those employers and employment
concentrations which are not adequately served by public transportation,

Regional Fuel Consumption Impacts

Exhibit 24 presents the percentage changes in weekday highway fuel con-
sumption estimated for each of the nine large city regional scenarios. All
of the impacts are reductions, but they tend to be smaller reductions on a
percentage basis than the corresponding VMT reductions (see Exhibit 28).
This is again the result of congestion effects and the difference between the
assumed average speed/facility type/vehicle type distribution of total re-
gional VMT and the subset of regional VMT affected by the scenario strat-
egy. However, the differences between percentage regional fuel consump-
tion and VMT impacts are not as pronounced as for HC and CO emissions
because of a somewhat lesser sensitivity of fuel consumption rates to speed.
Exhibit 24 also indicates the absolute annual reduction in regional highway
fuel consumption in millions of gallons for each of the large prototype re-
gional scenarios.

'See Table A.5 for a discussion of the travel impact methodology used to
estimate VMT changes and average speed shifts associated with congestion
for the regional scenarios.
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EXHIBIT 24

ESTIMATED IMPACTS FOR NINE REGIONAL SCENARIOS IN A LARGE URBAN AREA:
REGIONAL HIGHWAY FUEL CONSUMPTION

20% |

1%}

wx L 144 142

MILLION MiLLION
GALLONS GALLONS
— ]
14% |
A6
MILLION

- GALLONS®
PERCENT ¢ ]
REOUCTION
IN REGIONAL
WEEKDAY 1.0% |-
HIGHWAY
FUEL uldfou mdi%u
CONSUMPTION oo | GALLONS GALLONS

0.6% |-

21 23
0.4% | MILLION MILLION
GALLONS 18 GALLONS
MILLION
ozx b GALLONS
0%

*ESTIMATED ABSOLUTE REGIONAL CHANGE IN ANNUAL HIGHWAY FUEL CONSUMPTION FOR
PROTOTYPE URBAN REGION OF APPROXIMATELY 2,500,000 - 3,000,000 SMSA POPULATION
AND A BASE ANNUAL HIGHWAY FUEL CONSUMPTION OF 1,309 MILLION GALLONS (FULL 365
DAYS, INCLUDING WEEKENDS AND HOLIDAYS).



Capital and Operating Costs

Exhibit 25 presents the estimated capital and annual operating costs for
the regional scenarios. Appendix B presents the unit costs used in the de-
velopment of the capital and annual costs.

The costs for the regional scenarios represent order of magnitude esti-
mates. The development of detailed cost estimates was beyond the scope
of the project. The capital and operating costs for the regional scenarios
assume that some economies of scale would result from implementing re-
served lanes, ramp metering, bus by-pass ramps, and expanded express
bus service in multiple corridors within a large urban area. In this regard,
the unit costs presented in Appendix B were reduced by 25 percent in esti-
mating the capital and operating costs of the regional scenarios.

With the exception of scenarios 11 and 12, the largest individual cost
item for all of the scenarios is for improvements to express bus service.
Generally, the geographic coverage and the frequency of express bus service
were assumed to increase significantly in order to complement the reserved
HOV lanes and divert potentially large numbers of auto travelers. The an-
nual cost of bus service shown in Exhibit 25 represents the incremental cost
of providing bus service above that assumed in the base case (i.e., ''before"
case). As for the localized scenarios, the costs of implementing ramp me-
tering and park-and-ride facilities also are significant.

Based on express bus operations in Minneapolis and Seattle, annual oper-
ating revenues may cover approximately 50 percent to 66 percent of annual
operating and maintenance costs of express bus service presented in Exhibit
25, Sizeable annual operating subsidies may thus be needed to operate the
assumed express bus services. Subsidy levels may be more significant if
reduced fare programs are implemented.

Economic Impacts

The economic impacts of the regional scenarios are likely to be small.
The nature and magnitude of the impacts are likely to be similar to those
cited for the localized scenarios on page II. 22,
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EXHIBIT 25

CAPITAL AND ANNUAL OPERATING AND MAINTENANCE COSTS

FOR REGIONAL SCENARIOS
PROTOTYPE SCENARIO Costs (in Thousands of 1976 Dollars)
ID No. TITLE ITEM CAPITAL ANNUAL OPERATING
AND MAINTENANCE
n Carpool/Vanpool Program, s 76
Medium Size City: Favorahle Carpool Program* —
Impacts
12 Carpool/Vanpool Program, *
Large City; Favorable Im- Carpool Program — 404
pacts
13 | Reserved Bus/Pool Lanes, Ramp Metering 3402 252
. Reserved Lans 300 660
Ramp Metering and Bus 1380 bl
By-Pass Lanes on All Ap- Bus By-Pass Ramps 9 3597
iate F . Express Bus Service ,504 '
:ﬂmg nat:; rosways: Park and Ride Lots 0/4,360 144
octest impacts 14,586/19,446 5,263
14 | Reserved Bus/Pool Lanes, Ramp Metering 3,402 252
Ramp Metering, and Bus Reserved Lane 1 300 G_‘E
By-Pass Lanas on All Ap- Bus By-Pass Ramps 380
propriate Freeways; Fa- Express Bus Service 13,662 5’;:2
' : 0/4,860 —
varable Impacts Park and Ride Lots 18,744/23,504 5,798
15 | Reserved Median Lane for Reserved Median Lanes 7,088 152
Express Buses on Appro- Express Bus Service 11,781 5,402
priate Radial Arterials; Park and Ride Lots 0/2,835 430
Modest Impacts 18,869/21,704 5,984
16 Reserved Median Lane for Reserved Median Lanes 7,088 152
Express Buses on Appro- Express Bus Service 11,781 5,402
priate Radial Arterials; Park and Ride Lots 0/2,835 430
Favorable impacts 18,869/21,704 5,984
17 Carpool Program — 404
Carpooi/Vanpool Program . Reserved Lanes 300 660
and Freeway Reserved Lanes; E Bus Servi 9,504 3500
Modest Impacts XPress Sus Service 0/4.860 ’
Park and Ride Lots /4860 744
9,804/14,664 5,408
18 Carpool/Vanpool Program Carpool Program 3&) 404
and Freeway Reserved Lanes; Reserved Lanes 10,890 660
Favorable Impacts Exprass Bus Service 0/4 860 4,113
Park and Ride Lots —_— 144
11,190/16,050 5,921
Carpool Program oy 404
19 Carpool/Vanpool Program, Ramp Metering 3,402 252
Reserved Lanes, Ramp Reserved Lane 300 660
Metering, and Bus By-Pass Bus By-Pass Ramps 1,380 31597
Lanes; Modest Impacts Express Bus Service 9,504 '7 44
Park and Ride Lots 0/4,860 —_—
14,586/19.446 5,957
20 Carpool/Vanpaol Program Carpool Program — 404
Reserved Lanes, Ramp Ramp Metering 3,402 252
Metering, and Bus By-Pass Reserved Lane 300 660
Lanes; Favorable Impacts Bus By-Pass Ramps 1,380 —
Express Bus Service 13,662 5,142
Park and Ride Lots 0/4,860 744
18,744/23,604 7,202
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IV. SUMMARY AND ASSESSMENT OF SCENARIOS

This section summarizes and assesses the major impacts and the cost-
effectiveness of the localized and regional scenarios analyzed in Section III.
In addition, guidelines are presented for estimating the air quality and emis-
sion impacts of the transportation actions examined in this project. Impor-
tant factors which may affect the transferability of the project's findings to
specific locations are also discussed.

LOCALIZED SCENARIOS

Exhibit 26 summarizes the following impacts of the localized scenarios:
. impacts on peak hour vehicle volumes on affected highway facilipies;

. impacts on peak hour CO concentrations for both typical, good and
typical, poor dispersion conditions; and

. the capital and annual operating and maintenance costs of the sce-
narios.

The freeway-based scenarios (i.e., scenarios 1-8) are likely to achieve
reductions in overall peak hour corridor traffic volumes ranging between 1.5
percent and 7 percent. As illustrated below, the estimated reductions in peak
direction peak hour traffic volumes on the freeways in these scenarios can be
substantial if anticipated shifts to carpooling and transit are achieved.

Percent Reduction in Peak Direction

Scenario Peak Hour Freeway Vehicle Volumes!
1 3.2
2 13.7
3 6.7
4 N.A.?
5 14.6
6 3.8
7 8.4
8 8.4

!These values are taken from the travel impact summary, Exhibit 10, appear-
ing in Section IIIL.

?Because of the breakdown in freeway flow projected in scenario 4, it is not
meaningful to report a change in peak hour volume.
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EXHIBIT 26

SUMMARY OF ESTIMATED IMPACTS FOR THE LOCALIZED PROTOTYPE SCENARIOS

IMPACT ON A M. PEAK IMPACT ON A.M. PEAK HOUR CO
PROTOTYPE SCENARIO HOUR CORRIDOR CONCENTRATIONS IN pu/ln] AT REFERENCE PROGRAM COSTS IN
VEHICLE VOLUME* RECEPTOR, FROM AFFECTED FACILITY EMISSIONS** 1976 DOLLARS {x1,000)
TYPICAL, GOOD TYPICAL, PGOR ‘g::';l““li
BASE PEAK DISPERSIONT DISPERSIONT . !
0 HOUR PEACENT IMPLEMENTA- I)PERATING",
No. BRIEF TITLE VOLUME | CHANGE |BASEVALUE| CHANGE |BASEVALUE| CHANGE vion™® | (PER YEAR)
1 Expanded Express Bus Service in Mixad ®)
Freeway Traflic; Favorable impacts 18,667 —1.47% §,756 - 138 8,210 -203 3,160/4,788 1.47
2 Freeway Lans Reserved for Busus and
Carpools; F bie b 19,662 —6.30% 5,756 - 554 10 - 782 3,720/6,350 1438
| T
3 Remp Metering and Bus By-Pass Lanes;
Favorable impacts 19,667 —3.06% 6,756 - 88 s -537 §,224/6 844 1,703
4 Resesved Bus/Pool Lans, Raimp Meter-
ing, and Bus By-Pass Lanes; Modest @ e
Impacs 19,667 -397%1* §,756 NA. 8,210 NA. 4,862/6,482 1,751
5 Reserved Bus/Pool Lane, Ramp Moter-
ing, and Bus By-Pass Lanes; Favorable
Impacis 19,667 —6.08% 8,786 - 603 8,216 - 832 6,248/ 868 2,266
8 Contratlow Freeway Lane Reserved
tor Buses; Favorabls Impacts 14,750 —1.69% 4,798 +226 6,758 2N 962 541
7 Cootraflow Bus Lans, Expanded Ex-
press Bus Service, and Park-and Ride
Lots; Favorable Impacts 14,150 —3.22% 4,198 +100 6,769 +i4 3,668/5,288 1818
8 Contraftow Bus Lane, Expanded Ex-
press Bus Service, and Lots; Assum-
ing 70%/30% Directiona Split;
Favurable impacts 13,500 —4.07% 4,066 - 18 8,748 - 181 3,668/5,288 1818
9 Reserved Artorial Madian Lane fos
Express Buses; Faverable impacts 3,150 —15.47% 4,964 - 19 6,485 - 998 3,584/4,134 1,130
10 Contrafiow Pulh Lane for Lacal
?um o:: P:w of Dno-\lﬂakv Ar:emls, J'V y 2992 —685
Anesiat/Outbound Arterial] 5,000 - 4.40% / 3340 +365 4,193 +474 468 123

*0n all highway tacilities explicitly included in the analysis of the prototype cossidor {see diagrams in Exhibit_8_); in both directions.

Volume is for freeway and/or arterial segnients approximately 1 mile out from the CBD {adjacent to the EBD in the case of Scenasio 10).

**C0 concentration 50 fest from downwind edye ol pimary comidor lacility, based on vehicular emissions from affecied facilities only;

uninterrupted waffic flow conditions are also assumed. Maximum § hour sverage CO concentrations may be appraximated using the procadure in Exhibit 14.
1 See Exhibit _11_ for a tabulur description of these meteorological conditions.

1* This value includes the

h

ecoc

Lb The twe capitat cost entries represent the 1ange in costs dep

hicl iginally using the conidor dreeway, but estimated as being unable 10 pass through during peak hour
of ttew breahd caused by congesti

tration nnp for § io 4 could ot be reliabily estimated. See £xtibit 10_and text for further axplanation.
|2 Represents incremental opeating costs

,

heth

g parking

g upon

facitities (e.g., shopping center) or newdy comtrucied facilities ase required for park-and-ride lous.




The arterial scenarios analyzed (scenarios 9 and 10) also can promote
percentage reductions in peak hour vehicular volumes ranging between 4
percent and 15 percent. As is true for the freeway scenarios, the attain-
ment of such reductions is highly dependent upon the specific setting in
which such strategies may be implemented. However, the percentage re-
ductions in vehicular volumes for arterials are based on smaller base vol-

umes and are not fully comparable to the corridor volumes in the freeway
scenarios.

Generally the relative reductions in peak hour CO concentrations (under
typical, good dispersion conditions) shown in Exhibit 26 are several percent-
age points higher than the corresponding reductions in peak hour corridor
vehicle volumes, but are generally several percentage points lower than the
corresponding reductions in peak direction freeway vehicle volumes. In sce-
narios 4, 6, and 7, CO concentrations are estimated to increase relative to
the base conditions. Although the scenarios are illustrative in nature, the
estimated increase in CO concentrations clearly indicates that careful analy-
sis of alternative tactics on a case-by-case basis is necessary.

Both the capital and annual operating and maintenance costs of the local-
ized scenarios are sizeable. As discussed in Section III, the costs of pur-
chasing and operating new buses for express bus service represent a sub-
stantial part of the total cost of the scenarios.

The potential cost-effectiveness (expressed in terms of ug/m® reduction
of CO concentration per $1,000 of annualized cost) of the localized scenarios
in reducing CO concentrations is illustrated in Exhibit 27, The annualized
costs in this exhibit represent the sum of annual operating and maintenance
costs and an annualized capital cost. Transit and non-transit capital costs
were annualized using an eight percent interest rate and economic lives
of 12 and 20 years, respectively. Exhibit 27 illustrates that the cost-ef-
fectiveness of the freeway strategies in reducing CO concentrations is
highly variable. Scenarios 6 and 7 which involve the application of contra-
flow reserved lanes for buses along with complementary transportation ac-
tions are clearly not cost-effective in terms of their air quality impacts
based on the scenarios assumed in the project. Scenario 8 (which is iden-
tical to scenario 7 except that a 70%/ 30% rather than 60%/40% split of
traffic volumes in the peak/off-peak directions of travel is assumed) is
estimated to result in a reduction rather than an increase in CO concen-
trations. This suggests that scenarios 6 and 7 could promote reductions
in CO concentrations under more suitable traffic conditions such as those
assumed in scenario 8.
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CHANGE IN PEAK HOUR CO CONCENTRATIONS (uglm?)*

EXHIBIT 27

COMPARISON OF LOCALIZED SCENARIOS
ON COST AND CO CONCENTRATION IMPACTS
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500 |
a0} °
3 (WITH-FLOW FREEWAY)
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200}
O REDUCTION' *
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+200 I~
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Exhibit 27 shows that, using scenario 1 as a "minimum action plan'' base,
scenario 2 produces a larger incremental reduction in CO concentrations than
does scenario 3 for essentially the same incremental cost. The cost-effective-
ness plot also shows that compared to scenario 2, scenario 5 is gignificantly
more costly but yields only a marginal reduction in CO concentrations.

The cost-effectiveness analysis is primarily intended to illustrate the
potential air quality improvements achieved per dollar of investment. Such
a consideration is clearly important because of limited government financial
resources available to improve air quality. However, it is important to
recognize other potentially desirable impacts of these strategies in an evalu-
ation process. Strategies incorporating transit improvements can maintain
or enhance mobility when disincentives are applied to discourage travel by
low-occupancy vehicles. Many of the strategies can yield significant travel
time savings to travelers receiving priority treatment and can promote size-
able reductions in peak period vehicular traffic.

The rankings of strategies illustrated by Exhibits 26 and 27 reflect the
transportation measures and characteristics assumed for each scenario in
this analysis. This ranking, as well as the impacts for a given strategy,
could be considerably different within a given urban area because of 'local
conditions. ' Major factors likely to influence the relative ordering between
strategies and within a single class of strategies include:

. the characteristics (e.g., miles of reserved HOV lane, access/
egress operations, type of transit service, enforcement, size
and location of park and ride lots) of the transportation measures
incorporated in the scenarios;

. the estimated level of transit ridership and ride-sharing increases
which can vary substantially for similar projects as noted in Section
1I;

. the capital and operating costs of the strategies which are highly
dependent on the physical and operating characteristics of an ur-
ban area's transportation system and local labor costs; and

. the prevailing meteorological conditions, traffic enforcement pro-
cedures, and levels of service (e.g., operating speeds and v/c
ratios) on highways which are candidates for the types of scenarios
analyzed.

In addition to the potentially large variation in impacts between dif-

ferent packages of transportation measures, considerably different mag-
nitudes of impacts may result from implementing the same package of
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actions under different circumstances in urban areas. This possibility
is suggested by the literature review in Section II and may change the
relative ranking of scenarios analyzed in this report.

REGIONAL SCENARIOS

The VMT, emission, fuel consumption, and cost impacts of the ten region-
al TSM programs are summarized in Exhibit 28. Reductions in total regional
VMT in the range of 1.0 to 1.9 percent are attributable to scenarios 11, 12,
and 17 through 20 which involve carpool and vanpool programs focusing on
large employers. These reductions correspond to reductions of 3 to 6.5
percent in weekday work trip VMT. This represents a substantial shift
of low occupancy auto trips to transit, carpools, and vanpools during peak
travel periods, which will reduce congestion and conserve energy as shown
in Exhibit 28, These same scenarios also are estimated to yield the largest
reductions in regional HC, NO,, and CO emissions.

Scenarios 13 through 17, which involve the implementation of reserved
lanes on multiple radial freeways or arterials in a region, generally resulted
in total regional and work trip VMT reductions of less than 0.5 percent and
1.5 percent, respectively, The small reductions in VMT are in large part re-
lated to the limited size of the peak period radially-oriented CBD travel mar-
ket in most large urban areas. For example, home to work trips and VMT
comprise approximately 20 percent and 30 percent of total weekday regional
person trips and VMT, respectively. Travel survey data suggests that only
15 percent of home to work trips are oriented to the CBD of urban areas ex-
ceeding 1 million population. However, those urban areas with especially
large percentages of CBD-oriented travel could experience higher reductions
in VMT than those estimated in this study.

Despite their limitations in reducing regional air pollution emissions, the
freeway reserved lane strategies show considerable potential for reducing
peak period travel congestion along radial travel corridors when applied under
appropriate travel conditions. These strategies can contribute to reductions
in CO concentrations along heavily traveled freeways and can also contribute
to reductions of vehicular travel within CBD's,

Exhibit 29 illustrates (using HC emissions) that scenarios 11 and 12, which
involve major employer carpool and vanpool programs, are particularly cost-
effective in reducing regional air pollution emissions. Scenarios 13 through
17 which incorporate express bus service and reserved freeway or arterial
lanes in multiple corridors are less cost-effective than scenario 12 in reducing
HC emissions. The combination of carpool and vanpool programs with express
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EXHIBIT 28

SUMMARY OF ESTIMATED IMPACTS FOR THE REGIONAL PROTOTYPE SCENARIOS

CHANGE IN REGIONAL CHANGE IN REGIONAL WEEKDAY CHANGE IN PROGRAM COSTS IN 1976
PROTOTVPE SCENARIO WEEKDAY VMY HIGHWAY EMISSIONS IN TONSt ANNUAL DOLLARS (x1,000}
HIGHWAY
FUEL CAMTAL
AS PERCENT | AS PERCENT He NO o CONSUMPTION| (ONE-TIME, INCREMENTAL

10 OF TOTAL OF WORK X IN MILLIONS | IMPLEMENTA- OPERATING
Ne. BRIEF TITLE® VMY TRIP VMT OF GALLONS TION) { PER YEAR)
" Carpocl/Vanpsol Program, Medium -1.5% ~5.0% -18* -06* -15.0° -28° - %

Size City; Favorable Impacts
12 Carpaci/Vanpool Pragam, Large

City; Favorable Impacts -1.5% 5.0% -3 -28 -84 -11.6 - 404
13 Ressrved Bus/Pool Lanss, Ramp

Metering, and Bus By-Pass Lanes on

AN Appropriste Freeways; Modest

tmpacts -0.25% -2.8% -03 -05 + 26 - 15 14,588/19,446 §253
" Reserved Bus/Pool Lanes, Ramp

Metering, and Bus By-Pass Lanss on

AR Appropriste Freeways; F by

Impacts -0.44% -1.5% -25 -04 -119 -2.7 18,744/23 604 6,798
15 Reserved Median Lans for Express

Buses on Apprapriate Radial Ar-

terials; Modest Impacts -0.23% -0.8% +2.1 -04 +312 -18 18,068/21,704 5,984
1% Reserved Median Lane for Express

Buses on Appropriate Radial Ar-

terials; Favorable Impacts -0.38% -1.3% -0.7 -06 +58 -29 18,868/21,.704 5984
17 Carpool/Vanpeol Program and Fres-

way Reservad Lanes; Modest Impacts -1.0% -1.3% -24 -19 -28.9 - 12 9,804/14 664 5408
18 Carpool/Vanpoot Program and Free-

wey Reserved Lanes; Faverable

Impacts -1.9% -8.3% -10.5 -33 ~81.1 —-14.1 11,190/16 050 5921
19 Carpoel/Vanpool Program, Resesved

Lanes, Ramp Metering, snd Bus By-

Pass Lanes; Modest impacts -1.0% -3.3% - 45 -18 ~29.0 -13 14,586/19 846 5,957
20 Carpool/Vanpool Program, Reserved

Lanes, Ramp Metering, and Bus By-

Pass Lanes; Fovorable Impacts -18% -6.5% -109 -33 -39 -14.2 18,744/23 604 7,202

*AN sconarios except #11 are lor 2 “large” city (1,000,000 + SMSA population). Scenssio 11 is set in » “medium size” city (500,000 - 1,000,000 SMSA papulation).

1Estimated at 76°F assuming uainterrupted traffic flow conditions.
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EXHIBIT 29
COMPARISON OF REGIONAL SCENARIOS ON COST AND REGIONAL EMISSIONS IMPACTS
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bus service/reserved lane strategies in scenarios 18 and 20 are estimated to
result in larger reductions in HC emissions than Scenario 12 but for a signifi-
cantly larger annualized cost. Transit capital and operating costs comprise
a significant percentage of the total cost of scenarios 12 through 20.

As discussed for the localized scenarios on page IV.5, the cost-effec-
tiveness analysis is primarily intended to illustrate the potential air quality
improvements achieved per dollar of investment. However, a thorough
evaluation should account for the transportation, energy conservation, and

other potentially beneficial impacts of regional-type scenarios discussed in
this section.

The magnitudes of the impacts for each class of regional scenario, and
consequently the ranking between scenarios for a given urban area, could
vary from those determined in this report. Important factors which may
have a major impact in the relative ranking of the scenarios include: the
specific transportation measures packaged in the scenarios, the estimated

types and levels of travel impact, and the costs of implementing and oper-
ating the proposed scenarios.

GUIDELINES FOR AIR QUALITY ANALYSES

Interpretation of Findings

The report is intended to provide information to assist urban areas cov-
ered by EPA's Transportation Planning Guidelines:

. assessing the applicability and potential of the four classes of
transportation programs described above for improving localized
and regional air quality;

. estimating and evaluating the cost-effectiveness of such pro-
grams and their related travel, energy consumption, cost,
and economic impact; and

. identifying key factors (e.g., meteorological conditions, vehi-
cle type distributions and vehicle operating speeds) likely to
affect air quality and air pollution emissions.

The above issues are addressed at a sketch planning scale of analysis.
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The report illustrates the magnitude and types of air quality, emission,
travel, fuel consumption, and cost impacts that could result from the imple-
mentation of selected transportation actions in settings similar to those
described for the 10 localized and 10 regional scenarios. The reader should
note that the impact estimates developed in the project are scenario-specific
and great care must be taken in attempting to directly apply the results of
this analysis to specific real-world circumstances.

For example, the increase in CO concentrations in several contra-flow
reserved freeway lane scenarios reflects the travel and meteorological con-
ditions assumed in those scenarios. The results do not indicate that contra-
flow lanes, per se, have undesirable air quality effects, but rather illustrate
the importance of carefully analyzing the potential air quality effects of imple-
menting a contra-flow lane on freeways carrying heavy traffic volumes in the
"off-peak'' direction.

The impacts presented in this report also reflect assumed ''modest' and
"favorable'' travel impacts based on the findings of the literature review in
Section II. The travel impact estimates are considered to be reasonable,
particularly in light of the wide range in travel impacts which have been
observed in demonstration projects for given classes of transportation
actions. However, substantially different travel impacts could occur in a
specific application, depending upon the characteristics of the project under
consideration.

The application of tactics such as pricing incentives/disincentives, auto
restricted zones, area licensing, and parking, pricing and supply controls
in conjunction with the reserved lane, carpool, vanpool, and related sce-
nario tactics has not been examined in the projects. Such tactics offer con-
siderable promise for achieving more significant reductions in VMT than
those estimated in this project.

Factors Affecting Air Quality and Emissions

Important factors affecting transportation-rela'ced1 air quality and emis-
gion impacts include:

1t is important to point out that contributions to air pollution levels from
non-transportation sources can be quite substantial and vary considerably
in importance from area to area. In order to accurately interpret the sig-
nificance of projected transportation-related air quality impacts, local
planners must also consider the non-transportation sources of air pollu-
tion in their areas.
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» meteorological conditions (e.g., temperature, wind direction
and speed, stability class and mixing depth);

. transportation facility, vehicle capacity and geometric charac-
teristics (e.g., elevated, at-grade);

. existing and projected vehicle operating speeds, directional
splits of travel, vehicle mixes (e.g., age and vehicle type),

and the modal splits on the affected transportation facilities
and in the region;

. relative amount of VMT and/or vehicles operating in cold
start, stabilized, and hot start operating conditions; and

. development characteristics (e.g., building heights) adjacent
to transportation facilities.

The above list includes data not typically compiled and used for either
short-range or long-range urban transportation planning. It is especially
important to recognize that a thorough analysis of localized transportation
strategies will require the use of corridor and link specific information
in estimating CO concentrations. MPO's and other agencies participating
in air quality planning will have to assess the need for revised analysis
and data collection programs to support their air quality planning process.

The development of a program to monitor the effectiveness of trans-
portation actions in improving air quality is required by the Planning
Process Guidelines. Such a program would be useful to ensure that im-
plemented short range and long-range transportation improvements
are achieving desired improvements in air quality.

The effect of increasingly stringent vehicle emission standards coupled
with the growth in compact car ownership will contribute to reducing total
tons of HC, NO, and CO emissions over time. These are important devel-
opments which states and MPO's must account for in estimating 1982 emis-
sions and air quality for updates to the State Implementation Plans required
by the Clean Air Act Amendments for 1977,

Although these trends have not been quantatively analyzed in this project,
their effects can be estimated using EPA's mobile source emission factors
which reflect legislative requirements for future vehicle emission rates, by
vehicle type.
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Selection of TSM Actions for Analysis

The analysis of the prototype localized and regional scenarios demon-
strates the need to clearly define the geographic scale of the air quality
problems facing an urban area. The selection of transportation measures
for analysis should be consistent with the scale of the area's air quality
problems, Many measures, such as reserved HOV lanes, are particularly
applicable to alleviating localized air quality problems while other tactics,
such as carpool and vanpool programs, are appropriate for addressing
regional air quality problems.

For example, the results of the regional scenarios illustrate that the
application of the HOV freeway or arterial lanes on multiple radial high-
ways was substantially less effective in reducing regional air pollution
emissions than the carpool/vanpool programs. However, these same
strategies were considerably more effective in reducing CO concentra-
tions adjacent to applicable freeways and arterials.
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APPENDIX A

ANALYTICAL ASSUMPTIONS AND METHODOLOGY

Al

A2:

A3:

A4

A.5:

A.6:

A.7:

AS:
A.9:

FOR NON-COST IMPACT ESTIMATES

Overview of Technical Approach for Air Quality Impacts Analysis

Base Travel Conditions for Localized (Carridor) Prototypes

Base Travel Conditions for the Regional Prototypes
Estimating Travel Shifts for Localized Prototype Scenarios
Estimating Travel Shifts for Regional Prototype Scenarios
Estimating Highway Emissions

Estimating Localized Concentration Impacts

Estimating Regional Fuel Consumption Impacts

ilustrative Calculation of Travel Shifts
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TABLE A.1
OVERVIEW OF TECHNICAL APPROACH FOR AIR QUALITY IMPACTS ANALYSIS

. PROTOTYPE SCENARIO 20 SCENARIOS FOR OETAILED ANALYSIS DEFINED

SELECTION AND
FOR RECENT BAS MS OF:
SPECIFICATION E YEAR IN TERMS OF
+ Strategy/Program Specification

ype Region of A
« Corridar/Facifity D

, If Appiicabl

1. TRAVEL IMPACTS
OBSERVED OA MODEL-ESTIMATED TRAVEL
BASE YEAR TRANSPORTATION IMPACTS OF CANDIDATE STRATEGIES FROM
PLANNING DATA FOR: UITERATURE SEARCH:
Protstyps Regiem Lu
* Selectid Corriders or Syt
Hi Facilit * Vohicle Occupamey
*Vehicie Valume or VMT
I *Aversge Speed or Travel Time
l ESTIMATE HIGHWAY TRAVEL IMPACTS
FOR EACH SCENARLO
l FOR REGIONAL IMPACTS: FOR CORRIDOR IMPACTS:
' *VYMT by Aversge Speed sad « Vehicle per Hour sndAversgs
I Reed Type Speed
e — e e
I *Trip Length Distributien o Estimeres
I Hat/Cold Start Estimans
1I).  EMISSIONS '
MPACTS
METECROLOGICAL CONDITIONS
AND FLEET ASSUMPTICNS:
* Ambisat Temperatiire sod APPLY EPA “MOBILE SOURCE
Humidity T EMISSION FACTORS”
*Wind and Stability Conditions
* Qversil Flest Mix And
Incidencs of A/C
Trasler Towing, Additional
Loads, ez,
ESTIMATE HIGHWAY TRAVEL EMISSION IMPACTS
FOR EACH SCENARIO, AS APPLICABLE
CORRIDOR/HIGHWAY FACILITY: RAEGION:
CO (grams per sacond-mile) +HC (toms}
*NQy (toms)
+CO (toay)
-1
e
IV. LOCALIZED AIR v
QUALITY IMPALTS

APPLY EPA HIGHWAY MODEL FOR THE FOLLOWING
REPRESENTATIVE METEOROLOGICAL CONDITIONS:

<TYPICAL, GOOD DISPERSION
*TYPICAL, POOR DISPERSION
*EXTREMELY, POOR DISPERSION

Y

ESTIMATES GF STATEGY-INDUCED CHANGES IN CO
CONCENTRATIONS FOR REPRESENTATIVE RECEPTOR
SITES SURROUNDING AFFECTED HIGHWAY FACILITIES
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TABLE A.2:

BASE TRAVEL CONDITIONS FOR LOCALIZED (CORRIDOR) PROTOTYPES

ANALYTICAL ASSUMPTIONS
AND PROCEDURES

BASIS OR SOURCE

COMMENTS

L.__GENERAL
A, VEHICLE CAPACITIES

Freeway Lane: 1,750 vehicles per hour
Arterial Lane, No Parking: 800 vehicies per hour

8. AVERAGE SPEEDS
Based om computsd volume to capasity retios,

Assume all ssgmants in CO impact area can he cate-
gorized a3 “Fringe” location.

€. BASE VEHICLE VOLUMES

Except whan otherwiss specified, for ..m. pesk hour:
+ Inbound freeways at capasity (V/C = 1.00)

©  When primary corridor facility, inbound arterial
near capaeity (V/C = 0.94)

*  When compsting with freeway, inbound artsris
below capacity (V/C = 0.75)

« Directional split of traffic on all faciiities is 50%

inbound and 40% outbound. (70%/30% on
freeway far Scansnio 8 only, by assumption.)

0. VEHICLE TYPE DISTRIBUTION

Excapt for scanarios 9 and 10, a.m. pesk hour
vehicle type percentage distribution:

Vehicls Type Freswey  Arterial
Single occupent suto 71.0% 70.1%
Two occupant auto 18.9% 18.7%
3+ Carpool {ave. 0ce. = 3.6) 4.7% 4.7%
L ocal bus (ave. oce. = 55) % 1.8%
Express bus (ave. oce. = 45)  0.4% 0%

Truek S.0% 5.0%

€. AVERAGE TRIP TRAVEL TIME

Computad based on 10 miles travel o primery
carridor facility, as follows: .5 mile in CBO, 2.5
miles in frings area, 5.5 miles in outving business
distriet, and 1.5 miles in residential area.

Tables 33 and 34, Charscteristics of

Urban Transportation Systems (CUTS
Maousi}

Tables 33 and 34, CUTS Manuel and
1965 Highway Capscity Manual

Prototype assumptions

NCHRP Report 143, p. 69

Peat, Marwick, Mitcheit & Co., Carpooling
impact Study, Technical Msmo i,
February, 1976

Finsl Repart, |-3SW Urhsa Carridor
Demonstration Project, p. 19-A

Prototype assumptions

Prototype assumptions. Four aress are

Highway Capecity Manual categaries

used to estimate speed.

At level of sarvics “E”

Speeds for local buses judgmentally sst
bassd on typical ranges cited in ITE
Transportation and Traffic Enginesring
Handbook, p. 218,

e

Capacity conditions chosen to reflect
realistic pask hour conditions on radisl
highwey fucilities. Over-capacity bass
conditions rejectad as not sppropriate
for typas of pragrams to be tested on
thess pratotypes.

For relative distribution of 1 occupant,
2 accupsnt, and 3+ eccupant autos.

Far reiative distribution of carpools by
number of occupants.

For the relative parcant bus.

For the retative percant truck, distribu-
tion of carridor base 35 hetween freewsy
{oxpress) and arterial (local), and sversge
bus occupanciss.

V/C ratio for CO impact area sagment
and area tyge distinctions usad to esti-
msts speeds over 3 portions of 10 mde
trip. Travel tima estimates used only to
suppart assumptions on magaitude of
maodal shifts which a program can be
expected to cause.

{Continued)




TABLE A.2:

(CONTINUATION 1)

ANALYTICAL ASSUMPTIONS
AND PROCEDURES

BASIS OR SOURCE

COMMENTS

il. FORSCENARIO 9 (5 LANE ARTERIAL)
A. VEHICLE TYPE DISTRIBUTION

For a.m. petk hour:

Vshicls Type

Singie occupsnt auto 70.8%
Two occupant auto 19.9%
3+ Carpool (ave. oce. = 3.8) 4.7%
Local bus (sve. oec. = 55) 0.7%
Exprass bus (ave. oce. = 45) 1]
Truck 5.0%

Same as for 1.0, axcept:

Assumse no express bus servics in
(arteriad) corridar befors program
implemented.

Assume reistively low initial
local bus volume (15 in peak hour,
inbound).

Changes are warrantad:

e because this prototyps contains no
freevay facility in corridor

« by scanario assumption of relatively
high madal shifts (“favorable” im-
pacts), which would bs impossible
with high initial transit ridership

1il. FOR SCENARIO 10 (PAIR OF ONE-WAY ARTERIALS)

A. VEHICLE TYPE DISTRIBUTION

For am. pask hoar:

Vahicle Type

Single occupant auto 70.1%
Twao occupant auto 18.7%
3+ Carpool {ave. ooc. = 3.6) 4.7%
Local bus (ave. oce. 2 50) 1.3%
Express bus (ave. oce. = 45) 0.2%
Truck 5.0%

Same s for I.D, excapt:

Assume limited number of express
buses (5 in peak hour, inbound).

Assume 40 inbound pesk hour focal
buses (the lower snd of the 30-60 bus
volume cited in NCHRP Report 155
23 a warrant for the praposad type

of curb lene strateqy).

On & major 4 lane, one-way arterial, 2
smail number of “express’”’ buses wers
considersd reasansble.

Average local bus occupancy was set at
the slightly lower value of 50 to main-
tuin initisl ridership at net toe high a
lavel (consistent with the sssumption
of maderstely favorable impacts) whils

isfying the mini bus volume
warrant of 40,




TABLE A3:

BASE TRAVEL CONDITIONS FOR THE REGIONAL PROTOTYPES

ANALYTICAL ASSUMPTIONS
AND PROCEDURES

BASIS OR SOURCE

COMMENTS

I. GENERAL
A. ASSUMED SPEED BY LEVEL OF SERVICE CLASS

Average speeds besed on interpolations

Level of . of speed values for the stated levels of
Servica A [} [ 0 E F | servics in the Hi Capaci
Manusi, suppiementsd by judgmental
Reed Type assumptions where necessary.
—
FREEWAY 5 | 56 | 50 | 40 T_T
ARTERIAL
Al but local bus /B |27 217 ]15 3
Local bus 25 (20 |14 | 10 ] §
LOCAL/COLLECTOR|{ 15 | 15 | 15 | 10 5 5

8. ASSUME V/C RATIOS 8Y LEVEL OF SERVICE

Average speeds in excess of 55 mph
were not permitted,

Assumed valid for travel impacts (i.e.,
VMT changes) as weil as base volumes.

Assumed valid for travel impacts as

Highwey Capacity Meaual. A “psek
Level of hour factor” (ss defined in HCM) of well as base velues.
Servica || A 8 c 0 E F 91 was assumed).
Road Type
FREEWAY
Assumed V/C
Average Jo | 50 | .85 18 95 | 1.06
Class Range  ||<<.40{.40.58).58.73 | 73-82|82-100( 190-1.19
ARTERIALS
Assumaed V/C
Aversge 40 | 65 | 78 88 95 | 1.08
Cless Range || <6 | .6-7 .78 | 8.9 | .91.0{1.01.1
ii. MEDIUM SIZED REGION
A. BASE REGIONAL WEEKDAY HIGHWAY VMT
(WEEKDAY VMT IN 1000's)* Total VMY Valus: Average totsl Annust VMT was converted to weakday
1972 weekday VMT for 28 regions VMT with aa annualizatien factor of
vMT PERCENT reporting in the 500,000-1,000,000 3395
ROAD AND VEHICLE TYPE IN 1,000's OF TOTAL popuistion group, Nationsl Trans-
ortation Report, Urban Data Madium-sized prototype region sssigned
F | AUTO 19923 20.23% Suppiement (NTAY, Table O-1. values of average of 28 regions in
21 express sus o7 0.05% 500,000-1,000,000 population group
E ) - Fasility Type Distribution: Usiny (sverage SMSA employment = 293,590}
’ TRUCK 401.3 4.08% facility type diu’ihl:jﬂl across sl A Auto” wh
of ahove 28 regions fram same dsta verage occupancy of “Auto” when
Y | SUBTOTAL 2,398.8 24.38% sourcs. i there is no breakdawn into occupancy
A | auTo 4,7%0.8 40.68% subgroups is 1.33.
T Leve of Servies Distribution: Using
g | LOCAL 8US 19.1 0.19% sample highway sssignment model VMT | Since summaries ware svailable only for
R TRUCK 9875 9.83% 8y LOS summasy for Allegheay County | 24 haut average LOS, ¢ mare congested
| ) " (Pittsburgh). For local/collectar roads, contral county, year 2000 summary was
f SUBTOTAL 177.4 arterisl distribution used, except LOS used to simulate current peak hour con-
Toilector/Locsl (Auto Only] 859, 16.96% € and F are sssumed axcluded. ditions.
A At 9.846.0 100.00% Vehicle Type Oistribution: Same sz VMT matrix achieved by applying sach

*These VMT values are further dissggregatad by six fevel of
sarvice categories (A through F) as indicated to the right.

1.0 in Table A.2. For ansiytics|
simplicity only autos considersd for

collector/iocsi rosds.

of three distributions to total VMT using
an independencse assumption.

(Continued)




TABLEAJ

(CONTINUATION 1)

ANALYTICAL ASSUMPTIONS
AND PROCEDURES

BASIS OR SOURCE

COMMENTS

1. LARGE REGION

A. BASE REGIONAL WEEKDAY HIGHWAY VMT

(WEEKDAY VMT IN 1000's)*

Total VMT Vaiue and Facility

Type Distribution obtained as in

VMT PERCENT 1. A of this table, but for 23 re-
AGAD AND VEHICLE TYPE || 1N 1,000 | 0F TOTAL | | porting regions in the 1,000,000
F [AuTo 10,2195 23.26% | | *Papuiation ange.
£ EXPRESS BUS 242 0.08% | | Level ot Servics Distribytion and
Vehicle Type Distribution exactly
W TRUCK 2,0609 4.69% | | 35in iLA of this table,
Y [SUSTOTAL 12,304.8 28.00%
AlauTo 18,213.1 31.45%
T {Locat sus 728 0.17%
R
I (TRucK 3,678.1 837%
L {SUSTOTAL 21,963.7 49.98%
Coltector/Local (Auto Only) 9,676.7 22.02%
GRAND TOTAL 43.945.0 100.00%

*These VMT valuses are further disaggreguted by six level of
sarvice catsquries (A thraugh F), as indicated to the right.

Same comments as for {1.A of this table,
except thet the farge grototype region

igned vaiues of oo of 23 regions
in 1,000,000 + population group
{sverzge SMSA smployment =
1,152,786).

A.6




TABLE A4:

ESTIMATING TRAVEL SHIFTS FOR LOCALIZED PROTOTYPE SCENARIOS

ANALYTICAL ASSUMPTIONS
AND PROCEDURES BASIS OR SOURCE COMMENTS
I. GENERAL
A. BUS SERVICE EXPANSION
If the pratetype strategy/program explicidy includes an Definition of assumsed prototype bus
axpansion of express bug service, the base number of exgress service expansion strategy.

buses during the a.m. pesk hour are assurned to double or in-
crease until & “comfortable” average occupancy of 40 is
schisved at the final equilibrium ridership level, whichever is
the larger increase in buses,

if the pretotype strategy/progrem does aot itseif call for
o initisl expansion of sarvics, then sny increases in ridership
are assumed to be abisorbed partly by an incresss in average
express bus occupancy up to 50 and pardy by s incrusss in
busas te stisfy the final equilibrium ridership at the higher
occupency level.

8. SOURCE OF FREEWAY BUS RIDERSHIP INCREASES

Relavant freeway express bus servics is assumed to con-
sist of rowtss with some (but net extensive) local collestor
sarvice in addition to the dominamt freeway line-haui
pertioa.

if the strategy/program explicidy includes an axpansion
of bus service, 10% of any ridership incresse is assumed to
be previously unmads trips (induced travel).

dodey b

If the program doss not sxplicitly &N expansion
of bus sarvice, none of any ridership increases is assumed
to come from previously uomade trips.

Qf the remaining ridarshig increese, the saurces are
assumed ta be shifts from other modes as follows:

Sourcs of Increass Percent of Persan Trip

Local (arterisi) bus 20%
Arterial auto”® 16%
Fresway aute™t 64%

Strategy definition.

Values from similar past sxperisnces:
o 1-35 in Mismi: 14% (Servics and
Methods Demonstration Pm;iﬂ
nnusl Repert, A,
o Blue Stresk service in Sestde: 18%
{Blue Stresk Bus Rapid Transit

Rsport

Travel impact assumption

Values from similer past sxperiencas
for psrcent from bus:

o |95, Miami: <18%

o |-35W, Minnesgalis: 41% (Final
Report for the I-35W Urban
Corridor Oemanstretion Project}

o Kalanianosie Highway, Honolule:
18% (“Express Bus Use in Howe-

fulw: a Case Study,” Transporta-
tion Research Record 506}
For the percant fram srteriel and free-

way wto, values from the [-35W ex-
perisnce were ussd.

Lower value of 10% assumed becauss:

o this analysis is for a.m. pesk hour
and not both peak periads during
which a igher percent of induced
travel would be likely

e citad results are from surveys which
would yield some smail percent of
new riders even if conducted aa an
unchanged route

For percent from arterial bus, a value
at the lowsr end of the range (20%)
was chosen since the higher vaiue for
1-35W (41%) was for a project in
which new express bus service wes
pravided thet had extensive collector
functions, not assumed in the proto-
type programs.

The actual percentages wers normalized
ta sum to the 80% remaining after the
assumed 20% local bus share was
rsmoved,

{Cantinued)



TABLEAA4

(CONTINUATION 1)

ANALYTICAL ASSUMPTIONS
AND PROCEDURES

BASIS OR SQURCE

COMMENTS

*Within the automobils catsgories, shifts from 1, 2, and
3+ occupant autos are allocsted in proportion to the
base ber of p in sach gory.

tFar shifts from fresway auto to transit, none of the shift
is assumed to coms from 3+ occupant autos (carpooals)
when the strategy/program includes priority treatmaent for
carpools also.

0 in local bus ridership are assumad to result in
d d ge local bus pancy rather than any
decressss in a.m. peak buses.

. SOURCE OF FREEWAY CARPOOL INCREASES

Nons of any increnss in freeway carpools during a.m. peak
¥

hour is d to be d with previ

trips {induced travet),

The saurces of any i in fr y carpools are d
to be shifts from other mades as follows:

Saurce of Increase Parcent of Person Trips
Artarisl carpool 10%

Arteriad auto (1, 2 oce.)* 18%

Fresway auto (1, 2 oce.)* 2%

*Within the automobile categories, shifts from 1, 2, and 3+
autos are ail d in proportion to the base
of p in each sory.

h

. SOURCE QF EXPRESS BUS RIDERSHIP INCREASES ON

ARTERIAL WITH RESERVED MEDIAN LANE

Of the original locad bus ridership on arterial, assume 15%
can make effactive use of express bus service introduced
and shift to express bus.

Since there is an expansion of bus service for all strategy/
programs associatad with this pratotype, assume 10% of

o4

ridership is p Y trps.

Of the remaining bus ridershig increass, ail of it comes from
arterial autos, distributed across 1, 2, and 3+ occupant cate-
gories in proportion to the base number of persons asso-
ciated with each.

The numbar of new buses introduced for the a.m. pesk hour
which is d with the introduction of madian lane
express bus servica is set at that which will yreid a very
comfortable sverage bus accupancy of 35.

(Continued)

Primarily, a travel impact assumgtion

Assumption

Travel impact assumation.

Assumption

For percent from arterial carpool,
travel impact assumption.

The percents fram artanisl and free-
way autos, respectively, are based
on the same 1-35W values used in 1.B
of this table, but normalized to sum
t0 90% instesd of 30%.

Same assumption used for shifts to
transit in 1.8.

Assumption.

Same assumption used in |.8 of this
tabie for freeway prototypes.

Same assumption used in (.8 of this
table for freeway prototypes.

Definition of protatyps strategy/
program.

This assumption is basically consistent
with limited available information from
the Kalanisnosie Highway, Blue Streak,
and 1-95 experiences on auto driver/
passenger or 1 accupent/2+ occupant
splits.

Not unr ble, given i prae-
tice for small ridership declines.

This value (10%) is one-hait of the
arterisl transit-to-fresway shift value
(20%) used above. This is consistent
with the fact that the arterisi per-
centage share {out of the corridar total)
for transit is twics the percentage share
for carpoois in the prototype travel
conditions assumed.

Low cccupancy vaiue ssiected to reflect
» fairly high level of service, designed
to encourage ridership.

(Continued)



TABLE A4

(CONTINUATION 2)
ANALYTICAL ASSUMPTIONS
AND PROCEDURES BASIS OR SOURCE COMMENTS
URCE OF LOCAL 3US RIDERSHIP INCREASES ON

RESERVED CONTRAFLOW ARTERIAL CURB LANES
Any existing express bus ridership on facility remains stable.

Since there is no expansion of bus servics associated with the
relevant strategy/program, none of the local bus ridership
increase is sssumad to be previously unmade trips.

All local bus ridership increases come from erterisl usars,
distributed across 1, 2, and 3+ occupant categories in
preportien to the base number of persons associated with
eech,

. CONGESTION DELAYS AND RQUTE DIVERSIONS

On freewuys, when the V/C ratio exceeds 1.1, breakdown of
flow is presumed. Only 10% of the uaffic in excess of capa-
city divert to parsilel arterisls. The remaining 30% over
capacity is sssumed to still use the fresway, but be unable
te pass through during the peak hour.

When the V/C retio exceeds 1.00 on freswasys, continuous
flew can no longer be presumed. No single lower aversge
speed can be relisbly zssigned. Thus, the average speed for
V/C = 1,00 is reported, together with a rough estimsta of
stop-and-go delay in minutes,

On erterials, when the V/C ratio exceeds 1.1, assume all
traffic in excess of 1.1 times ideal capacity diverts to
alternats arterial routss (adding an average of one-half
mile to the tatal ane-way trip length).

Assumgtion,

Same assumption used in 1.B of this
table for freeway prototypes.

Asmumption.

Travel impect sssumption.

Estimuts of stop-and-go delay is based
an » formuls adopted from s queuing
model defay formula, See P. 65 of:
Guidelines for Teavel Qemand Analy-
8 0 Measures to Promota
Carpaois, Vanpeais and Public
Transportation (Prepared by Cam-
bridge Systematics, Inc. for FEA,
1978).

Travel impact assumption.

The curb-lane offers no bensfits to either
expross buses or their current users.

Occupancy distribution same as that
assumed in 1.0, above.

Assumption consistent with freguency
of sxtreme gver-capacity congestion on
some freeways (little diversion to
arterials).

Diversions from seversly congested
arterials are much mare profitshie and
likely than diversions from freewsys.

Il. TRAVEL SHIFTS FOR INDIVIOUAL SCENARIOS
. FREEWAY SCENARIOS

INCREASE IN FREEWAY:

SCENARIO TITLE BUS RIDERSHIP  CARPOOLS
. Expanded Express Bus Servics 50%
in Mixed Fresway Traffie;
Favorahle impacts
Freseway Lane Reserved for 100% 100%

Buses and Carpacis;
Favarable Impacts

Bus incrsase; raughly equal to in-
creasa in ridership raported for
Seuttle Blus Stresk experience (see
1.B of table for referencs).

Bus incresse: Litsrsture search
Tindings Tor a similar strstegy/pro-
gram in Exhibit 3, B; 2 182% in-
creass.

Carpool increass: In Exhibit 3, B,
N Iiiiﬂ InCresss is reported.

Daily Blue Streak patronsge incressed
from 7,530 to 11,189, despite 8 3.8%
decreass in oversil trsvel during same
period.

100% chosen insteed of 182% for Samta
Monica sxperiencs becauss of the ex-
tremely low initisl fraction transit in
that case.

100% chosen instaad of 180% reported;
again, becausa of the vary low initial
fraction of carpools in that experience.
Both increasas are still fairly large, but
consistent with the sssumaed initisl
modsl split for the prototype corvidar.

{Continued)



TABLE A4

(CONTINUATION 3)
ANALYTICAL ASSUMPTIONS
AND PROCEDURES BASIS OR SOURCE COMMENTS
({Continued)

SCENARIO TITLE | IN WAY;

- BUS RIDERSHIP CARPQOLS

3. Ramgp Mutering and Bus By- 100% - Bus increass: Setat h S io 7 should have s larger bus
Pass Lanes; Favorable jower level than that achisved in ridership incresss because the bus travel
impacts sceaario 7 (125%). time advantage should be greatsr for the

contraflow lane strategy than the ramgp
metsring and bus by-pass strategy under
the pratotype conditions.

4. Resarved Bus/Pool Lane, 75% 50% Increases were determined judg: Although lower, these incresses stilf
Ramp Metering, and Bus By- mentally, to he lowsr than those of reflect the refatively greater impact on
Pass Lanes; Modest Impacts sconario 5 (favorable impacts). bus ridership than on carpooling

assumed in sconario §.

5. Reservad Bus/Pool Lans, 125% 95% Bus i Rel 2 Given limiting factors on maximum bus

Ramp Metering, and Bus By-
Pass Lanes; Favarable Impacts

6. Contrsflow Fresway Lane 50%
Resarved for Buses;
Favorabie Impacts

7. Contraflow Bus Lanse, 125%
Expanded Express Bus Ser-
vice, and Park-and-Ride
Lots; Favorable impacts

8. Contraflow Bus Lane, Ex- 125%
panded Servics, and Lots;
Assuming 70%/30% Diree-
tionat Split; Favorable
Impacts

ive 10 ;
{100%), addition of ramp metsring
and bus by-pass shouid incresss the
bus time advantage and thus the bus
ridership increase.

Carpool increase: Chassn to bie
dightly smaller than scenario 2
value {(100%).

Bus increase: Expsriences reportad

ridership incresses (commuters with odd
hours, insccessibie to transit, needing 3
car, ete.), a further increass of 25% over
scanario 2 was considersd as large as
would be reajonable.

Smailer siue rasults from no incresss in
incantive for carpoaling but incressed
compstition from transit relstive to
scansrio 2.

Experiences for which information was
ilable could be expected to have much

in Exhibit 3, A show ridership in-
creases of 14-44%. Selection of
larger velue for protatype case (50%)
made for reasons to right.

Bus increass: Chosen to be greatar
than scenaria 2 value (100%) and
also grester than the sum of the im-
pacts in scenarios 1 and 5, the con-
stituents of scanario 7 (50% + 50% =
100%).

Same as scenario 7.

lower incresses becausas:

o the base transit levels in documentad
d ations were aready very

high.

e d ions were applied primarity
to reducs lacalized a.m. peak conges-
tion through use of underutilized off-
peak direction capscity.

Incrasse should bs grester than in scenano
2 becauss:

o the contraflow bus only Isne should
provide a grester time advantage to
buses than a bux/pooil fane.

* in scenario 7, buses are not competing
aguinst carpools for incrasses.

Increess should be greater thaa sum of in-
creasas for sep parts of i
program since the travel time, access, and
service ares improvements should rein-
farce the impacts of each ather,

The only diffsrsncs betwesn scenarios 7
and 8 are in the assumed off-peak direc-
tion vehicls volume on the fresway.

s

. 10

(Cantinued)




TABLE A4

(CONTINUATION 4)
ANALYTICAL ASSUMPTIONS
AND PROCEDURES BASIS OR SOURCE COMMENTS
8. ARTERIAL SCENARIOS
SCENARIO TITLE RIDERSHIP INCREASE

9. Reserved Arterial Median Lane Express bus ridership achieved
for Express Buses; Fevarable which yields overall bus modal

Impacts split of 40% (local pius ex-
press).
10.Contrafiow Curk Lane for 15% increase in local bus
Local Buses on Pair of Qoe- ridershig an arterials in pesk
Way Artarisls; Fevorable direction.
Impacts

Chossn to be greater then 30% bus
modsl split achieved in similer
project on 7th Avenua in Mismi
(Exhibit 4, G),

Judgmental detarmination.

Higher bus modal split (40%) chesen to
reflact favoralbis impact assumption
and substantial (15%) local bus market
hase which prototype corridor starts
with before addition of express sarvies.

15% velue chasen as ressonsbly opti-
mistic given modest size of possible bus
travel time savings, relatively farge

initiol bug modal split, and fact that
maost trips will still probably be faster by
auto for protatype cass,

A, 11




TABLE A.5:

ESTIMATING TRAVEL SHIFTS FOR REGIONAL PROTOTYPE SCENARIOS

ANALYTICAL ASSUMPTIONS
AND PROCEDURES

BASIS OR SOURCE

COMMENTS

I. GENERAL, FOR SCENARIOS INVOLVING EMPLOYER

§AEPO0L2VANPQOL PROGRAMS

A, OVERALL APPROACH

Sinca the carpaoi/venpaol programs to be analyzed ars em-
ployer based, the VMT impacts will be munmd on a pcr
unpluyu basis and then muitiplied by

ploy tforthe p Ype ngmn to obtain m:mltld
change in mkdw r-jnnd VMT. This regional reduction
in VMT will then be distributed to lavel of service (average
speed) and road-type catagories so that emission and fuel
consumption impacts can also be estimated.

The overall changs in VMT of twa P

* non-cir isted with the shift from many
Tow occupancy vdnctu to fower high occupancy
vehicies (carpools and vanpoois). A reduction resuits,

o circulstory ~ associated with additional vehicle travel
to dnive to carpool meeting points and for picking up
or dropping off non-driving pool members. An in-
crease in VMT resulits.

8. NON-CIRCULATORY VMT REQUCTION

The regional weskday ch ,_in yVMT
iated with {/vanpaol prog is

by muitiplying ngaml smployment by an average VMT

swving per employes associated with the program.

The per smployes VMT saving factor is hased on the
assumed program participation rates; the change in
vehicle accupancies associated with the shift to carpools
and vanpools; and the sverage work trip lengths invoived.

The values assumed in estimating the non-nreulnnrv VMT
change d with id ployer carpooi/vanp
programs are a3 follows:

VALUE ASSUMED FOR ANALYSIS

QUANTITY MEDIUM SIZED REGION LARGE REGION
Regianal em- 293,590 1,152,766
ployment

Average work 12 males 16 miles

trip length

among thoss

farming carpoais

Adapted from analytical approach
appearing in: Fredsrick Wagner,
“Evslustion of Carpool Demonstration
Projects” (Paper pressnted at Annusd
Maesting of the Fodlnllv Coordinated
Program of R h and Davel

in Highway Transportation, Columhul,
Obia, Nov. 8, 1977).

1970 U.S. Cansus Journey to Work
data

Madium: Exhibit 5, A2 reports
range of 8.8-18.5. Aversge valus
for reaported regions with appro-
griste populations in paper by
Frederick Wagneris 11,11,

Large: Exhibit 5, A1 reports range
.3-22.3. Average for iarge
cities in Wagner paper is 15.28

Average numbaer of SMSA warkers in 28
regions in 500,000-1,000,000 popuiation
class (medium) and in the 23 regions in
1,000,000 + popuistion group (large)
reparting VMT for the Nationasl Trans-
portstion Study, respectively.

Chosan value of 12 is close to middie of
reported range and slightly larger than
average in Wagner paper, consistent with
typical “favarable impact” assumption.

Chasen vaius reflects same quidedines as
usad for medium size region.

A, 12

{Continued}



TABLE A5

(CONTINUATION 1)
ANALYTICAL ASSUMPTIONS
ANO PROCEDURES BASIS OR SQOURCE COMMENTS
(Continued)
VALUE ASSUMED FOR ANALYS!IS
QUANTITY MEDIUM SIZED REGION, LARGE REGION
A_vnugl work 25 miles 25 miles Exhibit 5, C reports range of 18-38 Valus of 25 miles selected to be nesr
trip length miles. No distinction basad on middle of reported rangs. Economic
amosy thase region size, feasibility requirements of vanpools
forming are more relevant than region’s overall
vanpeois sverage trip langths.
Aversys carpact 1 29 Medium: Exhibit §, A2 reports Median of range chosan.
vehicle occupancy range of 2.9-3.3.
Large: Wagner paper reports a 2.30- Vaiue of 2.9 chosan was slightly above
Sﬁ'; range with a 2.3 average. middis of range, reflecting favorable
impacts assumption and comparison
with value for “mediym.”
Aversge vanpool 1 1 Exhibit 5, C suggests an sverage of Econamic feasibility requirements of
vehiclas occupancy shout 11, vanpaols are more relevant thea say
regional variation in sverage vehicie
oecupancy.
Aversge oversil 1.25 1.20 Medium: Exhibit 5, A2 reports Chosen value is slightly helow regorted
commuter range of 1.0-1.8. Wagner psper aversge and at lower end of reparted
vehicle accupancy yislds average of 1.29. range to reflect favorsbie impact
sssumption of base analysis,
%Exhibit §, A1 rsports range Chosen valus is slightty below reported
of 1.14-1.42, Wagner paper yislds aversge aad middle of reported range
average of 1.23, to reflect favorable impact assumption
of base anelysis.
Camoal participation 0.02713 0.0255 Mudium: (Ses notation to right) Rate calcufated as praduct of:

rate; sstimated num-
ber of new carpool
members per regionsl
empioyes as a resuit

of program

X chosen as 0.022 from range of
.017-.028 reported in Exhibit §, A2

Y chasen 3 0.40 from range of .17-
.54 reported in Exhibit 5, A2. Some-
what higher than estimats for
Sacramenta that 33% of smployees
are of smoloysers of 200 or mors
(Pest, Marwick, Mitchell & Co, Car-
pooling imasct Study).

CPOCC as above.

Large: X chosen as 0.25 from range
of .013-.074 (clustered mare toward
|lower end) reported in Exhibit 5, A1,

Y chosen s 0.35 from range of 18-
.42 reported in Exhibit 5, A1, Ap-
proximately equal to estimate for
Chicaga thst 36% of smplayess are
of emplayers of 200 or mare
(PMM&Ca., Carpooling Impact

Study).

e ratio of new permanent carpaals
formed to sxposed empioyess (X);

o fraction of totsi regional empioyess
exposad {¥); and

. 9 d carpool P
(CPOCC).

Values of individusl factors chossn to
reflact ressonsbly favorable impacts in
tight of:

* competition from vanpooling com-
ponent of program (not ususily
p ford peri
on an arsgwide scale); and

o fact that documented experiences
tend to be representative of high
motivetion and favorsbile conditions.

A.13
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TABLE A5

(x

(CONTINUATION 2)
ANALYTICAL ASSUMPTIONS
ANO PROCEDURES 8ASIS OR SOURCE COMMENTS
{Cantinued)
VALUE ASSUMED FOR ANALYSIS
QUANTITY MEDIUM SJZED REGION LARGE REGION
Vanpool partici- 0.006 0.005 (Sse notation to right). For X: Rate calculsted as product of:

pation rate; ssti-
mated number of
ew vanpool
members per
regional employes
as & result of
program

. ALLOCATION OF VMT REDUCTION

(=]

The regional reduction in y weskday VMT is
allocated to ievel of service (average speed), road type, and

vehicle type categories as follows:

e The reduction is d to be taken entirely from the
‘automobile” vehicie type category.
s All non-circul VMT red ans d to be on

freaway and arterial roadways (local and cotlector roads
excluded),

e The VMT reduction is distributsd between freeway and
-arterial road tyges and among tevel of servics (average
spead) categortes in propartion to the base VMT distri-
bution for the prototype ragion.

. CIRCULATORY VMT INCREASE

The reqonsd kday change in ci v {access and
passanger pick-up and drog-off) VMT associsted with carpoei/
vanpaol programs is esumated as:

AYMT, = 2NEMP [cFAcc, *CPPR + CFACyp 'vwn]

whers:
AVMTC =

change in circulgtory regional kday VMT

associated with program

NEMP =
ceeg =
VPPR =

See
above

carpgol participation rate 1.8,

ragional employment
vanpool participstion rate

“Marksting Plan to Accelerate the
Usa of Vanpools” (FEA, July 1976)
states that most vanpaol particips-
tion rates tend to cluster in ares of
3-6% of exposad smployess. Low
end vaiue of 0.03 chosan.

For Y: Survey tabulstion resuits
from Carpoaling impact Stud
(PMM&Co.) on parcant of amployess
working for employers of 1,000 or
more at a site were usad.

Madium: 20% velue for Sacra-
meato used.

Large: 17% valus for Chicago

Assumption

Assumption

Assumption

Formuia developed for report
analysis.

o fraction of exposed smployess who
farm new permaneat vanpaols (X);
and

« fraction of total ragional employ-
maent estimated to he exposed —
warking for employers of 1,000 or
more st a site {Y).

Vatue of vanpool participation rate (X)
chosen at low end becauss:

* documentsd sxperisnces rarely in-
cluded strong competition from a
carpool program; and

* documented experiences tand to be
far singla large employars with high
ivation under t ble conditions,

Bus VMT (sarvice) is not likely to change
significandy in response to program. A
successful program will minimize shifts
to pools from transit.

Little of line haul portion of work trip is
likely to take place an local roads.

Tha VMT changes likely to resuit would
not significantly change ge speeds
on specific facilities,

A, 14
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TABLE A5

(CONTINUATION 3)
ANALYTICAL ASSUMPTIONS
AND PROCEDURES BASIS OR SOURCE COMMENTS
{Cantinuad)

CFACnp = isa circulstory factor representing the

sdditionsl sccess, pick-up, and/or drop-off
VMT per accupsnt sssociated with the
tarmation of a new carpoel

CFACV' = ansiogous to CFACC,, far new vaapools

Tha velue of CFACCP was estimatad on the basis of survey
date on the number of additional blocks driven by carpoois
te pick up and drop off members, average carpool occupancy,
and the foliowing assumptions:

e 1 biock = 1/10 mile

®  survey responses citing a pick-up distance of 0 blocks
should be ignaored as pertaining to “household” carpools,
unlikely to be affectsd by pool metching programs.

In the sbsence of hetter svailable data, the value of CFACyp
is essumed to be equal to that of CFACCH:

Medium Size Region  Large Region

CFAC” - CFACV,: 0.8 mile 0.22 mile
The overall VMT increass was distributed, by the appropriste
vehicle type (carpool or i), to the following three
circulstory road type/aversge spesd categories usad to esti-
mate emissions and fuel consumption impasts:

Pereant of Totsl VMT
= Rosd Type Average Spead Medium Region Large Region

1 Local 15 mph 42% 64%
2 Arterisl 25 mph 28% 18%
3 Arterial 15 mph 2% 18%

Survey data from PMM&Co. Carpooi-
ing Imgact Study on length in blocks
of additional carpool pickup and
drop-off travel.

Based on above survey dats and
fallowing assumptions:

e All residewtial end travel of 5
block or less on local roeds, 1§
mph assumed average speed,

¢ Rasidential snd travel in sxcess
of § blocks is % on locsl roads
and % on artarisl roads of 25
mph average spesd.

o All employment end travel on
mors congested 15 mph
arterisis.

Sscramento survey rusuits were usad for
the medium sized prototype region.

Chicago survey resuits were used for the
{args prototype region.

Il. GENERAL, FOR SCENARIOS INVOLVING MULTIPLE
APPLICATION OF FREEWAY CORRIDOR STRATEGIES

A. OVERALL APPROACH

As wrth the VMT chang d with carpooi/vanpool
programs, the VMT changes resuiting from freswsy corridor

e have both irculstory and circulatory
componenty

B. NON-CIRCULATORY VMT CHANGES

The reduction in regional weskdsy non-circulstory VMT is cal-
culated by applying the percentage shifts used for vehicle
voluma in the carresponding localized scenaric instead to the
appropriste “attected” VMT gories. VMT red occur
hecause of the higher sverage occupancies of the vahicle types
expariencing VMY incressas (st the expenss of grester VMT
decressas for the low accupsncy modes).

Travel impect Assumption.

Circulstary VMT incressas include addi-
tional travel associated with sccess to
axpress bus coilection points for thoss
strategios resulting in axpress bus rider-
ship incresses.

A, 15
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TABLE A5

(CONTINUATION 4)

ANALYTICAL ASSUMPTIONS
ANO PROCEDURES

BASIS OR SQOURCE

COMMENTS

“Affected VMT™ for the fresway corridor regionsl scenarias is
s subset of total regionsl VMT. It rapresents that regional
freewsy VMT astimatad to be directly affected by the relevant
strategies plus the VMT estimated to be on arterisls sssving the
same nadiai corridors,

Far the large prototype regioa, the “affectsd” weekday freeway
VMT was estimated at 1,073,100,

The assaciated arterizl VMT was estimated at 735,300,

These VMT totsis were distributed across vehicle types and
tevel of sarvice classes axactly as was done for totd regional
bass VMT, excupt that VMT in the A and F level of sarvice
classas was preciuded as being inconsistent with conditions
approprists for implemanting reserved lans strategies.

Following the calculation of Yy VMT reduc-
tians and allocation to vehicle type and initial level of ser-
vice classes, shifts among levef of service classes were made
to simulate congestion effects.

. CIRCULATORY VMT INCREASES

(x]

Assaciated with asch shift to high pancy vehicles induced
by a freeway strategy is assumed to be an incraasa in circulatory
VMT - travel associsted with madal access or passanger pick-
ups and drop offs. The following table p the d
rates used to \ irculatory VMT i iated
with the strateqy-induced modal shifts:

{Continued)

Analytical assumptions.

Anslytical assumption.

Analyticat assumption.

INCREASE IN Analytical sssumptions
CORRIDOR MODAL SHIFT CIRCULATORY YMT.
ON oN ON
FROM 10 ISMPH.| 25MPH. [1SMPH.
(SOURCE) LOCAL (ARTERIAL ARTERIAL
1.0%of | 0.3%of | 0.3%of
AUTO CARPOOL Source Sourcs Soures

VMT Shiftd VMT Shift | VMT Shift

25% of | 7.5%of
AUTO EXPRESS BUS | Source Source -
VMT Shift] VMT Shift

1.25% of | 3.75% of
LOCAL BUS | EXPRESS BUS | Source Source -
VMY Shift] VMT Shift

25 mie | .75 mile
"NEW TRIP” | EXPRESS BUS Per Per -
Parson Person

The total regionsl weekdsy freeway VMT
of 12,304,600 was reduced as follows:

e QOnly 30% is peak period.
o Only 60% of this in peak direction.

o (nly about % of this VMT is assumad
to be associated with radisi fresways
whaose o ics and basa congestions
are appropriste for resarved lane
stratagies.

This bears the same relation to the abova
affected freeway VMT as the ratio of corri-
dor arterial to carridor freeway vehicle
volume assumed in the 8 lane freeway
localized prototypes.

After the VMT shifts associated the sce-
narig strategy were made, the new V/C
ratio for esch tentative LS cfass is cafeu-
lated. if the new value it no langer in

the range for the class, all of the VMT in
that tentative LOS class is shiftad to the
LOS class appropriate for that V/C rano.

For shifts to carpaols: Based an: (3}
assumed additions) per parson travel for
paci access and passsnger pick-up and
drop-off (.25 mile per parsan); (b} as-
sumed sverage carpool trip length (18
miles — assumed carpooi trip length for
large region); and (c) assumed distribe-
tion of increase among road types -
84% on local roads at 15 mph; 18%

on 25 mph arterials; and 18% on 15
mph arteriais (same assumption as that
used for carpool/vanpooi programs).

A, 16
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TABLE AS

(CONTINUATION 5)
ANALYTICAL ASSUMPTIONS
AND PROCEDURES BASIS OR SOURCE COMMENTS
{Continued)

For shifts to exprass bus: Bused on:

(8] assumed additionsl per person travel
for bus sccess of 1 mile from auto snd
0.5 mils from local bus; (b} 10 mile
sssumed average trip length: and (e)
sssumed distribution of increass of 25%
o local rosds st 15 mph and 75% an 25
mph arterisls (o chenge ot work end of
trip).

For new trips by express bus: Based on:
{a) assumed 1 mile extra travel per person
snd (b) same 25%/75% distribution to
local roads and 25 mph arterisls as
above,

"t GENERAL FOR SCENARIOS INVOLVING MULTIPLE
A VED

LANE STRATEGIES

A, OVERALL APPROACH

The methadology and assumed values are the same as for free-
way stratagies outlined in section Il of this table, with the

axceptions m’ en below.

8. NON-CIRCULATORY VMT CHANGES

“Affectad VMT" for the arterial corridor regianal scenarios is
that regional arterisl VMT estimated to be dmcﬂy affycted by
the rel ressrvad median bus lane g

For the large prototype region, the “affectsd” weskday freeway
VMT was estimated at 720,000,

The percant distribution of this VMT by vehicle types was

sssurmed 10 he the same usad in the localized median bus lane
scanario {see table A.2, ssction Il.|

C. CIRCULATORY VMT CHANGES

In addition to tho changes autlined for the regionsl freeway
id i in VMT iated with conges-

tioa-induced routs diversions were sis0 estimated when the

V/C ratia for any groug of VMT ws estimsted to exceed 1.1,

Analytical assumptions.

Analytical assumption.

The 1,073,000 “affected” freeway VMT
for the regional freeway stratagies corre-
sponds to travel on roughly four, 10
mile radial freewsys.

In the sams typs of fargs prototype region,
it is assumed thet roughly 3 major radisl
arterials with an aversge length of 9 miles
would be appropriste tor application of
the arterial strategy.

The “affectad”” VMT astimats is basad on
this 72 mdes of roadway; an assumed
average pesk hour volume of 2,000 vph
(down from 2,250 vph assumed for seg:
meat 1 mile from CBO in locatized
grotatype scenarios); and o factor of 5
t0 canvert psak hour to a.m./p.m. peak
periods travel.

A 17
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TABLEAS
(CONTINUATION 6)

ANALYTICAL ASSUMPTIONS
AND PROCEDURES

BASIS OR SQURCE

COMMENTS

That portion of any affectsd VMT estimated to excaed the

1.1 value for V/C was assumed divertad to sitarnats arterial
routss operating at € lavel of service. In addition, another 28%
(of this diverted VMT) was also added to the 15 mph arterisl
tatal as an approximstion of the additionsl travel associsted
with the route diversions.

{Continued)

The 28% routs diversion circuitry factor
was hased on (a) an assumsd additional
travel of 2 mile each way bacauss of

the diversion; (b) a 9 mie srterial {ength:
and (c) an assumed 20% of the arterial
tength aperating st E level of service
(thoss partions from which the diversions
are most likely).

il._TRAVEL SHIFTS FOR INOIVIDUAL SCENARIOS

. CARPOOL/VANPOOL PROGRAM SHIFTS

The travel shifts resulting from empioyer carpaol/vanpool pro-
grams were d using the methodology and ions
of section |, 8 of this table in ail regional scenarios containing
a carpool/vanpaol program.

. FREEWAY AND ARTERIAL CORRIDORA SHIFTS

Each muitiple application freewsy or arterisl corridor strategy
in the regional scanarios corresponds to one or more of the
i binsti in the ten localized sce-

§r g or prog
narios.

When an exset match (in terms of strategy and assumed impact
levet ~ modest or favarable) existad b the corridor cam-
poneat of a regional scenario and one of the localized scanarios,
then the regional carridor VMT imgacts ware astimatad as
follows:

o for each specific mode-to-mode vehicle volume shift esti-
matad in the iocalized scenario, an analogous mode-to-
mode VMT shift is astimated for the regional sconerio;

« the percant of base “affected’’ sourcs made VMT shifting
10 esch case is assumed to be the same as the corresponding
percent vehicle volums shift in the localized scenario; and

* VMT reductions resuit b the ge vehicle occu-
pancy of the “reesiving” mode is higher than that of the
source mode.

For same regional scenarios, 2n exact match with one of the
{ocalized scsnarios did not exist. In thess cases, adjustments
in the mast closely matching iotalized scanario shifts were
mads, as follows:

+ Sceostio 15; To simulats the mod
tion for this strategy, for which anly a favorable impact
localized scenario part exists, travel shifts resuiting
from a 30% (instead of 40%) final corridor bus modal
split wers ysad.

e Scenarnio 17: To simuiate the modest impacts
for this strategy, for which only a favorable impact lacalized
scanario cauntarpart exists (Scenario 2), travel shifts resuiting
from a 55% incresse in affected express bus VMT and a 65%
increass in affected carpaol VMT were used in place of the
100%/100% assumed shifts in Scenario 2.

Analytical assumptions.

Travel impact assumptions.

For thoss scenarios with “madest” in-
stead of “favorsbie” impact assumptions,
the base (“favarabie’’} travel impsacts are
scaled down by a fector of ' (correspond-
ing to an assumed haifing in the program
participation rates).

The 55%/65% values reflect the assumption
that carpooling will tand to ba more attrac-
tive than express bus under modest imgact
conditions. Thess vaiues also yield approxi-
mately the same modest/favorable impact
ratia for scenario pair 17 and 18 as achieved
for scenario parr 13 and 14.
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TABLE A.S:

ESTIMATING HIGHWAY EMISSIONS

I. GENERAL APPROACH

Estimates of regionsl highway emissions and \ine source emission
intensity were made by applying Janusry, 1978 vehicls sxhaust
emission factors published by the U.S. Environmental Protectioa
Agency, Offics of Transportrtion and Land Use Policy. Individuel
emission fectors were computed by means of an EPA computer
program, based ou methodology and (updated) parametars apgenring

i(n Mobile Sourcs Emission Factors, Intarim Document, June, 1977
EPA, OTLUP).

Excapt a3 spacified below, aversge default values wers used in caleu-
Iating the smission tectors

. VEHICLE TYPE CONVENTIONS

Emision factors were separstely calculsted and spplied to the
following standard EPA vehicle types:

LDV - light duty vehicle

LDTy ~ light duty truck (under 8,500 Ibs.)
LDT2 - light duty truck (6,500-8,500 Ibs.)
HOG - hesvy duty sasoling vehicls

HOD - hesvy duty diessl vehicie

The four besic vehicle types used far travel impact estimation pur-
pases in this repert were squivalenced to the sbove standard EPA
categories as follows:

Aute = LDV
Carpool = L OV, assumed to carry 500 1bs. additionsl weight
Bus = HOD

Truck totals are allocsted among four EPA standard classes according
to the following assumed urban truck distribution:

# 10Ty = # Trucksx6/14
#*L0T7 = = Trucksx 6/14
# HDG = # Trucks/14
= HOD = =2 Trucky/14

» Trucks

115, HOT AND COLD START ASSUMPTIONS

For a.m. pesk hour reg the following distri-
bution of vehicis opersting ditions are d for all vehicls and

fagdity types:

0%  cold start
10%  hot start
70%  stabdized

For a.m. pesk hous line soures emission intensity caicuistions, the fol-
lowing distributions of vehicle opersting conditions were assumed for
the CO impect ares (approximstely 1 mile out from the CBD):

Type of Traffic Cold  Hot Stable
Buses, inbound freswey - - 100%
Busas, outbound freswsy 5% 5% 90%

Qther inbound freeway vehicles 15% 5% 0%
Qther sutbound freewsy vehicles 20%  15%  85%
All inbound srtensi vehicles 10% 5% 85%
All outbound arterisl vehicles 20%  15%  65%

IV. ARTERIAL FLOW ADJUSTMENT FACTOR

Given the illustrative, protatyps nature of the analysis, it was ineppro-
prigte to sttempt detailed queue fo ion and inte ion anelysss
to sccouat for the impact of traffic controls and intersaction conflices
on arterisl emission rates {over and above the impacts reflected in
sverage speed). However, it wes nevertheless important i calculating
artecial emissions to at leest generally take inta accaunt thess stag-
and-go conditions which differsntiste arterials from “slow fresways.”

A microscale analysis of a typical aruariad i ction wes conducted
10 estimate tha additionsl emissions associated with intersection delay.
The resuits of this anslysis indicstad that four-way queuing st arterisl
intersections increased arterial emissions by an average of 43% over
what they would have been at the same sverage speeds withaut the
interssction delays. This emission increment factor was agplied to ail
calcuistions far arterials and local strests to account for thess inter-
section effects.

V. RAEGIONAL EMISSION ESTIMATES

Estimates of regiona) HC, NO, and CO emissions were made by muiti-
plying the projected signed changes in weekday regionsl VMT (disaggre-
gatad by average speed, facility type, and vehicle type) by the corre
sponding emissions rates and summing over 3l disaggregation types.

Vi. LINE SOURCE EMISSION INTENSITY ESTIMATES

In arder to make estimates of the localized CO concantration impacts
of corvid iented gies, it is first necessary to estimate the line
sourcs intensity of CO emissions for the sffected freeway and/or
artarinl facilities. After totsl projected vehicie volume on 3 facility is
allocated to the separats (anes on the basis of the scenario specifice-
tions and typical lane distributions, the line source emission intensity
{0.g., ugm./meter-sec.) is caiculated for 2ach lans by muitiplying lane
volume by the apprapriste composite CO emission factor. This com-
posits factor corresponds to the vehicle type, made of operstion,
98 speed, and tempsrature assumed.

(Cantinued)
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TABLE A.T:

ESTIMATING LOCALIZED CO CONCENTRATION IMPACTS

. EPA HIWAY MODEL ESTIMATES

The CO line source emission intensities discussed in Table A.6 are
input to a modified version of the EPA HIWAY model to provide
estimates of a.m. peak hour CO concentrations associated with the
emissions from the affected highway facilities. Unlike the standard
version of HIWAY, which calculates CO concentrations at 5 specified
receptors, the modified version calculates concentrations for an

11 x 11, 121 receptor grid, set to cover a mile square area,

The prototype corridor facilities were oriented within the grid so that
the primary corridor facility runs parallel to the grid point rows and
so that the maximum concentration receptor is located 50 feet (along
the perpendicular) downwind from the edge of the primary facility.
Level topography is assumed in the model.

For each localized scenario, HIWAY model estimates of grid point

€0 concentrations were made for each of the three meteorological
conditions defined in Exhibit 11.

Il. AVERAGE EIGHT HOUR CO CONCENTRATIONS

Although CO concentration impact estimates were made only for the
a.m. peak hour, attainment of the national standard for maximum
average eight hour CO concentrations is an important consideration
in some areas.

Exhibit 14 can be used to estimate the maximum 8-hour CO
concentration (including background CO) using the estimated
peak 1-hour CO concentrations (from vehicular traffic anly)

in Exhibits 13 through 15, A background CO concentration

of 5,714 ug;/m3 (5 ppm) and a 0.7 ratio of peak 8-hour to peak
1-hour CO concentrations wers used to develop Exhibit 14.
The source of these factors is:

GCA Corporation. Identification and Evaluation
of Localized Violations of Carbon Monoxide
Standards - Volume {: Guidelines (Draft Final
Repart). Prepared for EPA - Region | Offica.
November 1975, pgs. 11-12 and 1I-13.
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TABLE A.8:
ESTIMATING REGIONAL FUEL CONSUMPTION IMPACTS

. CALCULATION PROCEDURE

The change in weekday regional fuel consumption in gallons is esti-
mated by multiplying the signed projected weekday VMT changes
for a scenario (disaggregated by facility type, vehicle type, and level
of service/average speed class) by the corresponding disaggregate fuel
consumption rate and summing these products over all of the dis-
aggregation classes.

The change in annual regional fuel consumption is estimated as 250

(number of work days per year) times the weekday value, since all
of the scenario strategies are essentially work day strategies.

Il. DISAGGREGATE FUEL CONSUMPTION RATES

The fuel consumption rates used in the analysis were estimated from
fuel consumption and vehicle type distribution data appearing in

Characteristics of Urhan Transportation Systems (July, 1977 version)
as follows:

Table 3-6: bus fuel consumption rates

Table 4-5: auto and truck fuel consumption rates and vehicle
type distribution on freeways

Table 4-6: auto and truck fuel consumption rates and vehicle
type distribution on arterial streets

The average speeds by level of service class appearing in Table A.3, 1A
were used so that the fuel consumption rates could be expressed and
applied directly in terms of level of service class.

Local streets were assumed to be arterial streets for fuel consumption
calculation purposes.

Fuel consumption rates for speeds beyond the range of speeds for
which rates were avsilable were assumed to be the rates for the closest
reportad speed. Rates for speeds between reported speeds were esti-
mated through linear interpolation.

A 2% roadway grade was assumed for buses in estimating fuel con-
sumption rates.

Vanpools were assumed to be 2-ton light duty trucks for the purpase
of fuel consumption estimation.
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ILLUSTRATIVE CALCULATION OF TRAVEL SHIFTS

TABLE A.9

This section illustrates how the procedures and assumptions cited in Table A.1 — A.5 were used to estimate travel impacts for
the localized and regional scenarios. Scenarios 5 and 12 are cited as representative localized and regional scenarios, respectively.

Localized Scenario Travel Shifts (Scenario 5)

A. “Before” Peak Hour Travel Conditions

Exhibit 10 presents the distribution of “hefore” condition vehicles by type. This distribution was further stratified as

shown below, using assumptions shown in item D of Table A.2.

Freeway:  Vehicle Type
Single Occupant Auto
Two Occupant Auto
Three(+) Dccupant Auto (Carpools)
Express Bus
Local Bus
Trucks

Corridor Arterials: **
Single Occupant Auto
Two Occupant Auto
Three(+) Occupant Auto (Carpools)
Express Bus
Local Bus
Trucks

*  From Exhibit 10,
** From project working papers.

B. Travel Impact Assumptions

Assumed percentage increasss in freeway bus ridership and carpools of 125 parcent, and 95 percent, respectively, for

scenario 5 are taken from Table A.4.

C. Peak-Hour Carpool Shifts

“New” Carpools on Freeway = (.95)(330) = 314 carpools in peak hour. This represents 1,130 persons in carpools using

an average carpool occupancy of 3.6.

Vshicles per Hour*

4,967
1,323
330
26

350

3,363
897
224

78
238

6,290

Persons per Hour**

4,967
2,648
1,192
1,170

3,363
1,794
806

4,290
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TABLE A.9 (Continued)

Based on item C of Tahle A.4, the increass in carpoals and the corresponding reduction in vehicular volumes on arterials
and freeways were achisved from the following sources:

Percent of* Vehicle Reductions by Occupancy Class

Source of Carpools  New Carpoolers New Carpools 1 2 3 Total
Arterial Carpools 10 3 - - N 3
Arterial Auto

(1, 2 occupant): 18 57 133** 36" - 169**
Freeway Auto

{1, 2 occupant) 12 226 530%* 142%* - 672%*

100 K11 872

* From ltem C of Table A.4.
** As noted in Item C of Table A.4, shifts from 1 and 2 occupant autos to carpools were allocated in propertion
to the hass number of persons in each occupancy class shown in A. above.

. Peak Hour Transit Ridership Shifts

Increase in peak hour transit ridership on freeways = (1.25)(1,170) = 1,463 riders. Total peak hour transit ridership
on the freeway = 2,633 riders (1,170 (i.e., base) + 1,463 (i.e., increase)).

Using an average load factor of 40 riders per bus, an estimated 66 express buses are assumed to operate on the re-
served freeway lane during the peak hour under the “after” conditions. This is 40 mere buses than in the “before”
condition.

Based on Item B of Table A.4, the increase in transit ridership and the corresponding reduction in vehicular vol-
umes on arterials and freeway were achieved from the following sources:

Source of Transit Percant cvf‘I Vehicle Reductions by q_ccupancy
Ridership New Transit Riders New Riders 1 2 3(+) Total
Induced * 146 - - - -
Local (Arterial) Bus 20% 263 - - - -
Arterial Auto
(1, 2 accupant) 16% 211 1182 322 @ 158@
Freeway Auto @ @ @
(1, 2 occupant) 644 843 549 1470 - 696
1,463 854
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TABLE A.9 (Continued)

' From Item B of Table A.4.

*  Assumed as 10% of 1,463 new transit riders.

Z£ Percentages apply to non-induced (1,463 — 146 = 1,317) increase in transit ridership.
As noted in 1tem B of Table A.4, shifts from 1, 2 and 3+ occupant autos to transit were allocated
in proportion to the base number of persons in each occupancy class shown in A. above,

E. Peak Hour Freeway Traffic Volume Shifts

The impact of the above carpool and transit shifts on peak hour, peak direction freeway traffic volumes is
presented below.

“Before” Vehicles* Vehicle Changes on Freeway from “After’”” Vehicles*
Vehicle Type per Hour Carpool Shifts Transit Shifts per Hour (unrounded)
Auto 6,290 -672 —696 4,922
Carpool 330 +314 - 644
Bus 26 - +40 66
Trucks 350 - - 350

* See Exhibit 10 for these estimates.

F. Peak Hour Corridor Arterial Traffic Valume Shifts

Peak hour traffic velume shifts on corridar arterials which are reported in Exhibit 10 were estimated using
the same process presented above for freeways.

G. Operating Speed Estimates for Freeway

As noted in Item B of Table A.2, average vehicle operating speeds for the reserved and non-reserved freeway lanes
were estimated based on computed volume to capacity (v/c) ratios for each scenario.

For scenario 5, the “hefors” and “'after”” peak hour vehicle volumes (from gaint E abave), hourly capacities, V/C
ratios, and corresponding average peak hour operating speeds for the reserved and non-reserved lanes in the peak-
direction of travel are presented below:

Peak Hour, Peak Direction, Hourly Average™
Freewa Volume (Unrounded) Capacity (VPH) V/C Ratio  Operating Speed (MPH)
“Before” Condition
Non-Reserved Lanes 6,996 7,000 1.00 28
“After” Condition
Non-Reserved Lanes 5,272 5,250 1.00 K] | Jld
Reserved Lanes 710 1,750 0.41 43

» Tables 33 and 34 of the report Characteristics of Urban Transportation Systems (1974 edition) and the Highway
Capacity Manual were used to estimate operating speeds.

** Assumes that ramp metering will result in a small improvement in average peak hour vehicle operating speed
(i.e., from 28 to 30 mph)’ even though the V/C ratio in non-reserved lanes equals 1.0 in both the “hefore”
and “after” conditions.
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TABLE A.9 (Continued)

I1. Regional Scenaria Travel Shifts (Scenario 12)

A. Travel Assumptions

The assumed travel, trip length and employment characteristics used to estimate travel shifts in this scenario
are presented in item B of Table A.5. These assumptions are summarized for convenience helow:

VALUE ASSUMED FOR ANALYSIS

QUANTITY LARGE REGION
Regional employment 1,152,766
Average work trip length among

those forming carpools 16 miles
Average work trip length among

those forming vanpools 25 miles
Average carpool vehicle occupancy 29

Average vanpool vehicle occupancy 11

Average overall commuter vehicle
occupancy 1.20

Carpool participation rate; estimated
number of new carpool members per
regional employee as a rasult of pro-
gram 0.0255

Vanpool participation rate; estimatad

number of new vanpool members per

ragional employee as a result of pro-

gram 0.005

B. Non-Circulatory VMT Change

The above estimates were used in conjunction with the following formula to estimats the change in regional
weekday non-circulatory VMT associated with the carpool/vanpool program:

CPTL _ CPTL VPTL _ VPTL
AVMTy. = 2NEMP (cppocc‘ nocc) CPPR + (vpocc gacc) VPPR
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TABLE A.9 (Continued)

where:

AVMTNc = change in non-circulatory regional weekday VMT associated with program

NEMP = regional employment

CPTL = average work trip length among those forming carpools
VPTL = gverage work trip length among those forming vanpools
cPOCC = average carpool vehicle occupancy

VPOCC = average vanpool vehicle occupancy

BOCC = gaverage overall commuter vehicle occupancy

CPPR = carpool participation rate; estimated number of new carpool members per
regional employee as a result of program

VPPR = analogous to CPPR, for vanpools

The calculation of this change is shown below:

[(12..12) (32..32)
AVMTye = 201,152766) {(35 ~13) (0285) + \77 " 12 (ons) = -673,446

. Circulatory VMT Change

The regional weekday change in circulatory (access, passenger pick-up and drop-off) VMT associated with
carpool/vanpool programs was estimated using the following formula (see item D of Table A.5):

A VMTc =2 NEMP [CFAccp *CPPR + CFACyp * VPPR]
where:
NEMP, CPPR, AND VPPR are as in section A abave.

AVMTc = change in circulatory regional weekday VMT associated with program

CFACCP is a circulatory factor rapresenting the additional access, pick-up, and/or drop-off
VMT per occupant associated with the formation of a new carpool

analogous to CFACdP, for new vanpools

CFACyp

The value of CFAccp was estimated on the basis of survey data on the number of additional blocks driven
by carpools to pick-up and drop-off members, average carpool occupancy, and the following assumptions:

1 block = 1/10 mile; and
survey responses citing a pick-up distance of 0 blacks should be ignored as pertaining to
“household” carpools, unlikely to be affected hy pool matching programs.
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TABLE A.9 (Continued)

In the absence of hetter availahle data, the value of CFACVP is assumed to be equal to that of CFAccpz

Large Region
CFACop =CFACyp: ~§353 mile

The calculation of this change is shown below:
A VMTc = 2(1,152,766)[(.22)(.0255) + (.22)(.005)]
AVMTc = 415,447

. Total Weekday Regional VMT Change

Total Change in VMT = A VMTre +AVMTc
~673,446 + 15,447

—657,999

657,999
The percent reduction in VMT = 43944 599 100 = 1.5%

. VMT Distribution by Facility Type

Tables A.3 and A.5 (items C and D) describe haw the change in weekday regional VMT was allocated by level of

of service (i.e., speed), road type, and vehicle type.
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APPENDIX B

UNIT COST ASSUMPTIONS

ITEM

COST (in 1976 Dollars)

SOURCE

1. Bus Capital Cost
(47-51 Passengers)

2. Bus Operating and Maintenance
Cost

3. Park and Ride Lot
A. Capital

B. Operating and Maintenance

Cost

4. Bus Ramps

5. Contra-Flow Arterial Lane

6. Reserved Freeway
Bus/Carpoo! Lane

A. With-Flow

8. Contra-Flow

$66,000

$1.49 per bus mile for population service areas of
750,000 - 2,500,000

$1,080 land and construction cost/stall {in 1976 dollars);
this is based on a land cost of $2 per square foot

$165 annua) operating cost/stall (in 1976 dollers);
includes property tax allowance.

$759,244 (in 1972 dollars) for 9 bus ramps; 114,815
per ramp (in 1976 dollars)

$9,200/1.5 miles for sizing, striping, etc.

$100,000 capital cost for Santa Monica Freeway
$22,000 per mile annual operating cost (Assumption)

$50,000 per mile used based on several projects
$22,000 per mile used based on several projects

DeLeuw, Cather & Co. and Rock Creek Associates.
Characteristics of Urban Transportation Systems: A
Handbook for Transportation Planners. Prepared for
UMTA. July 1977. Page I11-18, Table 3-14.

Deleuw, Cather & Co. and Rock Creek Associates.
Characteristics of Urban Transportation Systems: A
Handbook for Transportation Planners. Prepared for
UMTA. July 1977, Page !11-7, Table 3-5.

DeLeuw, Cather & Co. and Rock Creek Associates.
Characteristics of Urban Transportation Systems: A
Handbook for Transportation Planners. Prepared for
UMTA. July 1977. Page IV-22, Tabile 4-15.

Butler-Rivgrose-Wolsfield, Inc. Final Report for the )-35W

Urhan Corridor Demonstration Project. Prepared for UMTA,

August 1975.

NCHRP Report 143, Bus Uss of Highway
State of Art. 1973. Page 251, Table C-8.

Urban Mass Transportation Administration. Service and

Methods Demonstration Pragram Annual Report. April
1977. Page 237,

Deleuw, Cather & Co. and Rock Creek Associates.
Characteristics of Urban Transportation Systems: A
Handbook for Transportation Planners. July 1977.
Page IN-17, Table 3-13.




APPENDIX B (Continued)

ITEM COST (in 1976 Dollars) SOURCE

Ramp Metering $27,200 per ramp for capital and installation P. Everall, Urban Freeway Surveillance and Control:

(based on traffic-response system cost range of The State of the Art. Prepared for FHWA. November
$15,000-30,000 in 1972 dollars) 1972, Page 143.

Annual operating and maintenance cost = $2,042 per
ramp (based on $1,500 per ramp in 1872 dollars)
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