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ABSTRACT

_Demand for better transportation rises as a city grows. Often transport-
ation officials are faced with the necessity of choosing 6ne improvement
over several othér alternatives proposed. The fecommended impact evaluation
apﬁfoach outlined in the interim report is fully developed in this study.
It utilizes the three commonly used evaluation methods: the economic
efficiency method for evaiuatihg monetary impacts;kthé cost effectiveness
method for nonmonetary impacts; and the.scoring method for assigning categorical
and subcategorical weights. |

Ratios of benefitsAreceived by users and nonusers:to éosts spent
by a transit system are fated Within each impact subcatégories. The ratings
are further weighted by the weights assigned to akriVe at scores which
can be summed up to yield the overall total scores for the alternatives
which, in turn, detérmihe the ranking of a]ternati?és.

kUnit cost estimation techniques and data requirements for impact evaluation
are presented. _Subjectiveness involved in the scoring method isAbe1ievéd to
be kept to a minimum by the reduirement of pfe]iminary studies:on relevant
areas and by fhé-weight assignment procedures. Double countinag is expected to
. be avoided by fhe intrdductioh of ‘a separate impaét category, namely, the.
society impacts. It is hoped,that the recommended impact evéluation approach

can better serve transportation officials in their decision-making process.



SUMMARY

Traffic problems tehd to intensify as a city grows."The continued »1
urbanization trend of cities, together with population growth and recent
concerns of energy éonservatibn contributes heavily to the demand for better
;transbortation by the pﬁb]ic. Since each transportation improvement impacts
users and nohusers different1y, state and city officia]s are frequently
faced with challenges of providing the best feasib1e solutioh.to a traffic
problem. It is hoped that the recommended approach, initiated in the interim
report and fully developed in this study, cankhels decision-makers in transport-
ation in their decision-making process when they have to choose one out of the
several proposed alternatives. |

Pre]iminary Studieé on several areas are felt essential since they
should provide guide]ines to fransportation officials and to committee
members in the weight assignment process whith,is required in the recommended
impact eva]uation'approéch; These areas inc1udekidentification of:’

(1) relevant short rénge?alternatives, (2) funding available for a specific
improvement, (3) Tlocal needs énd goals, (4) projected traffic and fider'v
demand, (5) city size characteristics and}(6) relevant impacts for evaluation.

The recommended impact’evaluatian method uti]izes the three commonly
used evaluation methods. The economic efficiency method is used for eva]uating
honetary impacts while the cost effectiveness method is applied in the non-
monetary impaét eva]uatiqn.‘ The common measUrement Qsed ih both methods is
the benefit-cost ratio.‘ The scoring method is used to rate the estimated
-~ ratios withfn each ﬁmpact subcategory. The ratings are then adested‘by
the weights assigned to arrive at scores whiﬁh can be summed up to”give‘the‘
overall total scores for the,a1ternativés which, in turn, dictate the ovéra]]v

ranking of alternatives.

iv



Estimation techniqdesvused and data required for evaluating monetary
and nonmonetary impacts are presented. Unit cost methods are chosen instead“
- of other more complex estimation procedures because the present study is
concerned primarily wifh short range transit consideratibns. A

| The problem of subjectfveneS§ involved in the scoring method is believed

to be kept to a minimum by the categorical and subcategorica]lweight
assignmenf'processes adopted in the study; Also double countina is avoided by
the introduction of ‘a separate impact category, the society impacts which
include business activity, accessibi11ty, fue1_consumption and ridership.
| Estimatioﬁ results of these impacts do not enter into the overall ranking of
alternatives since they have been implicitly or explicitly accounted for in
other impact categories. | 1

rBecause many impacts and variables affecting each impact may be involved
the recommended impact eva]ﬁation approach canlbe‘katherktedious. Therefore,
it is recommendea that the approach should be computerized so that efficfency
andkease of utilizing this approach can be greatly enhanced, and transporfation

officia]s can be better served.




IMPLEMENTATION STATEMENT

This report describes a recommended approéch developed by the authors
for evaluating both user and nonuser impacts of short range tkansportation
~alternatives. If implemented, these findings can facilitate transit p]anhers
and officials in their decisionmakeing process and assist them when they>are
faced with the problem of choosing one out of the several alternatives

which have been proposed.




TABLE OF CONTENTS

IMPLEMENTATION STATEMENT. . . . . . . . .
TABLE OF CONTENTS . . . . . . o v v ot o i s e e v e e

LIST OF TABLES. . . . . . . . . R

LIST OF FIGURES . . . . . . . . ..
INTRODUCTION. .+« & v v v e v e e e e e e e e e e e e e

Objective and Scope of Study . . . . . e e e e e e e
Contents of Report . . . . . . . . .. .. . ... ...

PRELIMINARY DETERMINATIONS. . . . . v . . v v v v e e e e

Relevant Short Range Transit Alternatives. . . . . . . . . .

Funding. . .. . . . . . . . . ... e e e e .

LocalNeedsand Goals . . . . . . . . . . v v v . ... ..
Projected Traffic and Rider Demand . . . . . . . . . .. ..
City Size Characteristics. . . . . . . e e e a e e e e e
Relevant Impacts for Evaluation. . . . . . . . . . .. e

RECOMMENDED IMPACT EVALUATION APPROACH. . . & . . . . . .. ...

" Definitions and Assumptions. . . . . . . . . . . ... .. ..
Qutline of Evaluation Approach . . . . . . . . .. e e
Updating Procedures for User Costs and '

Air Pollution Emission. . . . . . .. . . . . . . ...
Estimation Procedures and Data Requ1rements
for Determining Highway and Transit User Impacts. .
Estimation Techniques and Data Requirements
for System Costs Evaluation . . . C e e e e e e e
Estimation Techniques and Data Requ1rements
for Nonmonetary Impact Evaluation . . . . . . . . . . .
Determination of Society Costs . . . . . . . . . . . . . ..
- A Hypothetical Case Study. . . . . . . . . e e e e e e

CONCLUSIONS AND RECOMMENDATIONS . . . . . . . . . ..

REFERENCES. . . © » v von oo
APPENDIX TABLES . . . |

. . . . . . e . - . LY . . .

vii

.—ﬂdd
o vos W

20

27
37
42

59




APPENDIX FIGURES

BIBLIOGRAPHY




LIST OF TABLES
Table

1. Categories and Subcategories of Short
Range Transit Alternatives . . . . . . . . .. [P

2. Relevant Impacts by Category, with
Unit Measurements. . . . . . . . . . e e e e e e e e

3. Final Units of Measurement and Calculations
Required to Obtain Highway and Transit
User Costs for Any Transit Alternative by ,
Impact Category.; ....................

4. Source Tables for Physical Data and Unit
Cost Data Required for Calculating
Highway and Transit User Costs of
Transit Alternatives by Impact
Category . . . v v v v v e e e . e e e e e e

5. Description of Vehicle Types by Vehicle
Type Number ............... e e e e

6. Source Tables for Physical Data and Unit
Cost Data Required for Estimating System
Costs by Impact Category . . . . . . . . e e e e e e e

7. Final Units of Measurement and
Calculation Required to Obtain System
Costs for Any Transit Alternative ,
by Impact Category . . . . . . . . .. e e e e e e e

8. Source Tables for Physical Data and Unit
Cost Data and Units of Measurement
Required for Estimating Nonmonetary
Impacts by Impact Category . . . . . . . . . . . .. e

9. Evaluation of Society Costs: Sources of
Unit Costs and Procedure . . . . . . . e e e

10. Categorical Weight Assignments of
Monetary and Nonmonetary Impacts . . . . . . . . . . . .

11. Subcategorical Weight Assignments of
Nonmonetary Impacts. . . . . . . . . . .. ... ... .

12.. Annual User Costs, System Costs and
“Nonmonetary Costs for A1l Vehicle
Types, for Both Peak and Non-Peak
Periods ‘and Two-Way Traffic by Alternative
and by Segment of Route. . . . . . . . . . . .. .. .




Derivation of Total Scores for User Benefits
from the Implementation of Transit
Alternatives '

Derivation of Total Scores for Nonmonetary
Benefits from the Implementation of
Transit Alternatives

15. Overall Scoring of Alternatives

APPENDIX TABLES

Al. Basic Facility and Traffic Data Collected on
‘Existing and Proposed Bus Routes and
Used to Calculate Highway and Transit
User Costs of Transit Alternatives by
Segment and Type of Road

Transit User Survey of In-Vehicle and -
OQut-of-Vehicle Travel Time, Trip Length,
Trip Purpose, Bus Fares, Private Vehicle Tolls,
and Parking Fees for Each Route, by Period

‘Bus Transit Operating Data Required from
Transit Operator Files for Previous -
Year of Operation by Period

Vehicle Occupancy Rates for Passenger
Cars and Buses, by Location.

Excess Hours Consumed per Speed-Change
‘Cycle Above Continuing at Initial
Speed for Passenger Cars and Pickups =
(Type 1) | . |

Excess Hours Consumed for Speed-Change Cycle-
Excess Hours Above Continuing at Initial -
Speed for Single-Unit Trucks and Buses {Type 2,4). . . .

Excess Hours Consumed per Speed-Change Cycle-
Excess Hours Above Continuing at Initial
Speed for Multiple-Unit Trucks (Type 3)

Value of Time by Vehicle Type and Driving'

Freeway Volume to Capacity Ratios, by Number of
Lanes and Level of Service




A0,
AT,

Al12.
A13.
Al4.

A15.
A16.

Al17.

A18.
A19.
A20.
A21.
A22.

A23.

A24,

A25.

Paae

Unit Values forLevel of Discomforts and
Inconveniences . . . . ¢ v v v v e e e e . e . 102

Running Costs on City Streets, by Vehicle
Type and Uniform Speed . . . . . . .. . ... .. .. 103

Excess Running Costs of Speed Cycle Changes
on City Streets for Vehicle Type 1, by
Initial Speed . . . . . . . . . . . . e e e 104

“Excess Running Costs of Speed Cycle Changes

__on City Streets for Vehicle Type 2 & 4, o |
w.by Initial Speed . . . . . .. ..o oo , 105

Excess Running_Costé of Speed Cycle Changes
on City Streets for Vehicle Type 3, by
Initial Speed. . . v v v v v e e e e e e e e e e e 106

Idling Costs, by Type of Vehicle . . C e e e 107

Running Costs for Vehicle Type 1 on Freeways,

by Level of Service and Average Speed. . . . . . L. 108

Running Costs for Vehicle Types 2 & 4 on
Freeways, by Level of Service and

Average Speed. . . . . . . . v e e e e e e e e e e : ) 109
Running Costs for Vehicle Type 3 on Freeways, '

by Level of Service and Running Speed. . . . . e e - 110
Motor Vehicle Accident Rates, by Highway ‘ R

Type and Location Accident . . . . . e m
PercentagepDistribution by Accident Severity . . . . . . - 112

Motor Vehic1e Accidént-Unit Costs per
Reported Accident by Severity and
~Location of Accident . . . .. ... e e e e - 13

1979 Unit Transit Operating Costs and Un1t -
Transit Revenues by System Size. . . . . . N | 14

Pollution Emission Rates of Vehicle Typev],
by Type of Pollutant and Average ' v
Speed. . . . L L L e e e e e e e e e e e e e 115

Pollution Emission Rates of Vehicle Types 28 4, _
by Type of Pollutant and Average Speed . . . . . . . . 116 -

Pollutant Emission Rates of Vehicle Type 3, o
by Type of Pollutant and Average Speed . . . . . . .. 117

X i




A26.
A27.

A28.
A29.
A30.

A31.
A32.

A33.

A34.

Idling Pollution Rates, by Vehicle Type and

Type of Pollutant . ... . . . . . . ... oo

Fuel Consumption Rates on City Streets,

by Vehicle Type and Uniform Speed . . . . . . . ..

Excess Fuel Consumption Rates for Speed Cyc1é

Changes of Vehicle Type 1 on C1ty Streets,

by Initial Speed. . . . . . . . . .. . . .. .

Excess Fuel Consumption Rates for Speed Cyc]e
Changes of Vehicle Type 2 & 4 on City

 Streets, by Initial Speed . . . . . .. ... ...

Excess Fuel Consumption Rates for Speed Cycle
Changes of Vehicle Type 3 on City

‘Streets, by Initial Speed . . . . . . i e e .
Idling FueT'Consumptioh, by Vehicle Type. . . . . . . .

Fuel Consumption Rates for Vehicle Type 1 on
Freeways, by Level of Service and Average

Speed . . . . . .. e e e e e e o vla e .

Fuel Consumpt1on Rates for Vehicle Types 2 %4
‘on Freeways, by Level of Service and

Average Speed . . . . . . . 4 e 0w e e e e e

Fuel Consumption Rates for Vehicle Type 3 on
Freeways, by Level of Service and

Average Speed . . . . . P

X1

Page
118

19
120
121

122
123

- 124

125

126




LIST OF FIGURES

Figure _ Page
1. Curtin's Rule of Ridership Shrinkage. . . . . . . . . . .. /

2. >Hydrocarbon.and Carbon Monoxide Emissions
per 1,000 Miles of Driving at Uniform Speed
(Reference Automobile) . . . . . . . . . . . . e e 1

3. Mean Noise Level at 100 Feet from a
Lane, by Density of Automobiles
per Mile of Roadway for Selected Speeds. . . . . . . .. ‘ 12

4. Illustration of Key Years in the Analysis Period and
their Possible Relationship with the Pred1cted Traffic or
Passenger Volume . . . . . « © v v v e e e e e e e 23
5. Flow Chart ITlustrating the Recommended
Approach to Impact Evaluation. . . . . . . . . . . . .. 35

6. Factor to Convert Reference Year Em1ss1ons _
" to Emissions inYear Y . . .. . . . . .. e e e e e e 41

7. Sample of Bus Routes Divided into Segments
Based on a Change in Number of Lanes . . . . . . .. L. 44

APPENDIX FIGURES

Al. Curves for Estimation of Mean Noise Level
in dBA at 100 Feet Distance From a Lane
(or Single-Lane- Equivalent) of Mixed Car
and Diesel Truck Traffic . . . . . . ... . e e e e e 128

A2.. Mean Noise Level at 100 Feet from a
Lane, by Density of Automobiles
per Mile of Roadway for Se]ected
Speeds . . . . . . e e e e e e e e e e e e e e e e e 129

xiii




INTRODUCTION

The interim report [9] indicates that continued urbanization
has been the_major factor behind the steady increase in demand for
transit. However, population growth and the current concerns over
energy conservation are also determining factors for this increase.

In comparison to the older cities in the eastern United States,
cities in Texas are more decentralized with respect to places of
residence and places of employment. Therefore, there is a greater need
for exploring improvement strategies that increase the efficiency
of the existing transportation system.' Thélmost imminent need is to
implement immediate_action dh short range trahsit’improvements to
alleviate the current traffic problems while long range solutions are
" being sought. | |
| In the ihtefim-feport, a full range'of short range transit altern-
atives and their relevant impacts are identified. However, evaluation
procedures developed so far have been most1§ applicable for long range
transit studies and have focused mainly on!;valuatioh of user costs
and benefits. The need for the development of an impact evaluation
procedure for short range transit improvements have been recognized
by state and federal tranéﬁortation offiéia]s.} As a result, the study

as reportéd in the interim report and this report was authorized.

IObjective'and Scope of Study

The objective of this study is to fu11y develop a recommended
approach to impact evaluation of short range transit alternatives. The
scope of the study is restricted to areas defined by the objective.

Long range improvements involving rail or major facility construction




are therefore automatically excluded from consideration. Estimation
methods for the varioUs impact categories are also discussed fully in

this report.
Contents of Report

This report presehts the fully developed modé] of impact evaluation
for short range transportation 1mprovements. Estimation methods which
are applicable in short range transit a]ternativeé for the various
impact categories are a1sb discussed. An extensive bibliography used for
both the interim and this final report is listed by appropriate category
and is included at the end of this report. |

The major divisions of the body of the report are és fd]]qws: |
(1) preiiminary determinatidns, (2) recommended impact evaluation approach

and (3) conclusions and recommendations.




PRELIMINARY DETERMINATIONS.

A growing city is continual]y plagued by traffic bongestion and in-'
cfeasing demand for imprdVed transportation. Providing adequate and
dependable pub]ic transportation for a city presents complex problems and
great chal]enges to tfanspoftation officials and planners. For any short
range trénsporfation improvement‘that needs to be done; these officials
have to know, at the preliminary stage of plannipg,'what short range im-
pkovemenfs are possible. Then out of the large range of possible alter-
natives, only one may be chosen for implementation. The selection process
can be tedious, time consuming, as well as costly, if én efficiént approach}
is not adopted. It is hdped that the recommended approach to impact
evaluation proposéd in this study will help these officials in their
selection process. |

Several preliminary cphsiderations are important before the impact

evaluation process is to bégin. 'They will not only serve in improving the

efficiency of the evaluatibn process, but also help in providing information

on which the officials must re]y'1ater in apblying the weighting procedufe'

“required in the recommended evaluation approach. These preliminary consi-

derations include the identification of relevant short range alternatives,
funding aVai1abi]ity, local needs and objectives, projected traffic and
rider demand for each alternative, city size characteristics and,

lastly, the relevant impécts of the proposed a1ternatives. A1l of

these considerations and their ke1evancy to the eVa]uation process

are discussed in this section.




Relevant Short Range Transit Alternatives

Whenkofficials and planners bf a city realize fheir need to imbrove
‘the traffic situation, it is helpful for them to know what alternatives
have been undertaken in the past, or are being undertaken at present, in
their city or other cities. From these past or present experiences, they
can develop 1nnovative transit ideas or adopt a few abpropriate alter-
natives which can be proposed for impact'eva1uation. | | |

In the interim'report,vtwo major types of short rahge transit
alfernatives are idéntified: the conventional bus system (FFT) and the
demand responsive system (DRT). The two systems differ from each other in.
the way serQices are rendered to passengers. The conventional bus runs
on fixed routes and fixed schedules, generally disregarding the fact
whether or not the service is demanded, whi]é the demand respohsive
vehicTes run only on demand by users. It has been shown'that demand
responsive transits can better serve areas with low density where conven-
~ tional bus systemsvare not economically feasible or operable.

Althoﬁgh differing fn types of services offered, the two systems have
many.trahsit e]ements in.cbmmon. They both have f]eets.of vehicles,
routes, schedu]fng,‘faci]ities>cohstruct10n, fare structure and marketing
‘techniques. tThese elements together with a_sét of unique services of DRT
form seven relevant categories of short range transit alternatives fori
consideration. Variations and improvements in each‘of the aiternatives con-
stitute subcategories of short range trahsit é]ternatives. Table 1 Tists
ihe'seven major categories and subcategories under each catégory of the
short range transit alternatives.

For more detailed information, readers are advised to refer'po the



Table 1.

" Categories and Subcategories of Short Range Transit Alternatives

- Category

Subcategory

I.

Fleet Adjustments
(FFT & DRT)

Route Adjustments ‘.
(FFT & DRT) -

Schedule Adjustments
(FFT & DRT)

Facility Adjustménts
(FFT & DRT)

Fare Adjustments
(FFT & DRT)

Marketing Adjustments
(FFT & DRT)

. DRT Adjustments

Changing size of Fleet
- Changing Fleet Composition

Upgrading/Rehabilitating Fleet

Adding/Subtracting Routes
Altering Existing Routes

Changing Headways
Changing Operating Hours
Improving Reliability of Operations

Adding Shelters/Benches

Adding Park-n-Ride Service

Providing Exclusive Treatments for HOV's:
Ramps
Lanes
Signal Preempt1on

Providing Auto Restricted Zone

Fare Structure Changes :
Providing Peak/0ff-Peak Fare D1fferent1als

| - Road/Parking Pricing

Altering Charter‘Sefv1ce
St1mu1at1ng Carpool/Vanpool.

:Changing Shuttle Service

Changing Subscription Serv1ce




section on relevant short range alternatives in the interim report.
Funding

Public transportation 1mprovements can be funded from several sources.
Other than fares received, subsidies, grants and loans from local, state
and federal governments are funding sources for transportation. Quite
often though, certain requirements are attached to the use of the funds
ayaileble. For example, a capita1 grant for purchasing buses cannot be
used for the instaTlation of tréffic signs and temporary>barriers for

“high occupancy vehicle (HOV) treatments (or for other transit improvements ‘ .
consideration). If‘no-other-funding is availéb]e, such HOV treatments. |
can be eliminated from consideration at th1s stage. Therefore, the
availability of fund1ng p]ays an important role, even in the pre11m1nary
stage of planning, in determining the feasibi]ity,of an alternative.

The 1arge’1ist of alternatives identified by the planners and officials
will be reduced, thus saving time and money to imp]ementvthe impact

- analysis. | |

It 15 1mperative,'therefore to know not only the sources of fundinq,‘
but a]so the amounts and requ1rements of the d1fferent funds at the pre-
11m1nary p]ann1ng stage so that a more efficient evaluation process will
reSult, Funding sources of fares,}subsidies, federal grants and 1oans

are each described briefly below.

Fares
Revenues ‘from. fares have been used by many transit syetems to support

operating costs, but revenues from fareboxes alone usually are not

able to finance capital improvements. Demonstration projects by Urban Mass




Transit Administration (UMTA) have proved that a decrease in fare does
not seem to result in a significant increase in ridership. It is believed
that a combination of fare and quality of service will significantly affect
ridership. Evidences have shown that a rider responds least to fare
changés on rapid transit and other transit modes where quality of service
is exceptionally good or costs of alternate modes are high [17].

Short term transit é]asticity estimated fﬁom various economic
models ranges from -.09 by Charles River Associates [8] to -.96»by
Warner, as reported by Pucher and Rothenberg [18]; The Curtin's rule
which fs widely used in the transit industry, states that an overall
fare increase of 1 percént wi]T shrink ridership by roughly oné-third
of 1 percent [17]. The relationship is expressed in mathematical
form as follows: |

Y = 0.08 + 0.30 X

where Y represents the loss in ridership as expressed in percentage
of prior ridership and X is the increase in fare as expressed in
percentdge 6f prior fare. Figure 1 illustrates this re1atipnship_in

graphic form,.

y (Loss in Ridership ).

0.8

0 1 2 3 ’ x  (Increase in Fare )
. : > 9 ,

Figure 1. Curtin's Rule of Ridership Shrinkage
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If fares are raised in hope of increasing revenueé for the éupport of the
system, ridership may decrease, resulting in ]oﬁer révenues over time.
Therefore, ideally, transit systems should consider using fére revenues to | ?
cover only operating costs and using tax levies or other funds for furnish-

ing capital improvements._ In general practice, few transit systems can rely

on fares alone to operate for very long.

Subsidies |
Subsidies are aids by government to transit systems. The most common
use of subsidies is for capital improvements. In recent yeafs,'capita1
subsidies have tended to be matching funds by the EitiesAQr states to grants
from the federal government. Often a subsidy is intended to be utilized as
an interihlmeans of providing funds for transit while a long run solution
s beingbsought. Many small cities, however, have difficulties in providing

subsidies out of general taxes over an extended period of time.

Federal Grants énd Loans

Since 1961 the federal qoverhment has provided grants and loans to

transit systems under the.f01lowing types: capital grants, technical

studies grants and demonsfration grants. Apﬁ]ication procedure for a -
grant is the same as for a loan. As a result, it is Tegs attraétive to

app]y for a federal loan.

Capital Grants. Out of the total costs of the improvement, capital

grants can provide two-thirds and the remaining one-third has to come out
of local sources such as local bond sales or tax revenues.

Technical Studies Grants. These federal grants are made to cities for -

~ their p}gnning studies to improve mass transit. Up to two—thirds of the

total project cost cén be met by these grants.




Demonstration Grants. Demonstration grants are given to transit

systems for testing new ideas or methods in transportation. These grants
cover one hundred percent of the total cost for this type of project.

However, they cannot be used to finance long term capital improvements.

~ For financing improvements, the sources of funding, as discussed above,
can be multiple; requirements of and proCedures for application can be many.
A strong agency is needed to coordinate and expedite any planning and im-
plementation process, to lay down guidelines and to set goals for thg'
project.. Prudent guidelines can increase transit efficiency and effective-
‘ness in the use of government subsidies which tend to diminish motivation
to provide the best possible service. However, it_is imperative these
guidelines and objectives be set in conjunction wfth financial policies both
within fhe transit operation and between transif operation and the ieve]s :
vof government involved in the funding. It is meaningless to set standards
| so high that they are inféasib]e to be met within the available financial |

structure.

Local Needs and Goals

A good khow]edge of the local conditions of transportation or
tranéportétion related problems is an asset to officials in charge of
transportation planning. Without it, planners will arrive at solutions to‘
a traffic problem which do not fill the needs of the local people or solve
the local transportation problem in the best possible way.

Preceeding the use of the recommended approach to impact evalua-
tion, a preliminary study of the local transportation needs should be

conducted. It is hoped that through such a study, brief as it may be,




local needs, short term and long  term, will be revealed.

Other transportation related problems, such as the general effects on

environments, enérgy, Tand use, etc., should also be briefly reviewed.
Curfy and Anderson [171 found automobiles fraveling at different uniform
speeds have different effects on the amount.of pollutants emitted. Figure 2
| shows the 1968 emiséioﬁ rates of hydrocarbons and carbon monoxides emitted
by autnmohi]od Lraveling Jt;vakinux unifnrm speeds.  Noise pollution is
another environmenﬁalkconcern of transportation. According to Young and
Woods [25] traffic density and speed account for most of the variations
in noise level. Figqré'3 illustrates the mean noise level at 100 feet from
a lane by density of automobiles traveling at selected speeds.

Results of such réview and others should be he]pful to planners and
officials in the weighting process used in both the monetary and nonmonetary
impact analyses. Weights are assigned according to how well each alter-
native under evaluation attains the local objectives. Thus,subjectivenéss‘

can be held to a minimum,

 Projected Traffic and Rider Demand

P]annings fbr'short run ffansit imprdvements should embrace as much
insights of the future as possiblé. The'"futureV is defined as the périod
for which an improvement is defined or intended to serve. As time goes by,
society changés ahd demand changes. If tkansit planning does not consider
adequately these chanqeé; the improvements made may become ohsolete or
inadequate before they are finished.

Tfansportation improveménts are sensitive to society changes such as

population growth, job opportunity changes, demographic changes among
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residents, etc. A city nhich is projected to have‘a big‘popu1ation growth
should direct its attention to mass transit for its traffic improvéments.
Therefore, projection of the overall rate of change in future traffic of

a city is essentiél. However, attention should also be placed on traffic
brojection and rider demand in dffferent sections within a city. For some
economical or sociological reasons, some parts of a city may grow faster
than ‘other parts. The closér an estimate of the'overa11 or sectional
growth,,not only in number of peop]e, but also by demograph1c groups, the
better the p]ann1ng of improvements is in meeting the future needs of a
c1ty Also travel forecasts for the different proposed a]ternatives
.are essent1a1 to impact evaluation s1nce 1mpacts, such as travel time,
veh1c1e operating costs, accident costs, a1rvand noise pol1ut1on, gasoline
consumption and others are all affected by travel demand.

Since travel forecasfs occupy such important role in impact evaluation
ofdtransit improvements, many econometric modé]s aré,being developed or
improved constantly in hope of finding one which is simple in app]icationl
and is nore‘accurate in fdrecasting rider demand or pnojecting traffic

volumes
Because of the high correlation between r1dersh1p and the quality of

serv1ce, Guseman et al. [13] c1a1m that trans1t demand modeling which is
- based on popu]at1on character1st1cs and service can pred1ct demand rather
successfully. Chadder and Mulinazzi's transit demand model [7] for small

‘cities of 50,000 population expresses daily ridership as a function of

fares, median fahi]y income and population of 65 years and over as follows:
(Daily Ridership) = 238 + (0.24 X Population 65+) + (4,480 X

Fare in Dollars) -(0.09 X Median Family Income
in Dollars).
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In the model developed by Guseman, et al., [13],for cities of 100,000-
500,000 population, dai]y‘ridership is expressed as a function of
average headways, population size and number of buses in reqular service
as follows:
(Daily ridership) = -76,864 + (970.35 X Average Headways) +
(0.1456 X Population Size) + (265.88 X
Number of Buses in Regular Service).
~ Both models are believed to prov1de a suff1c1ent1y effective base for
the pre11m1nary est1mat1on of transit r1dersh1p in a city.
For predicting traffic volume not only in a city, but also along a -
particular route or for a specific transit mode, Memmott and Buffingtonv
[16] found five functional forms expressing average daily traffic (ADT)

as a function of time period (Year) to be a simple prediction model

for ADT projection. ‘These functions are listed as follows:

(1) 1n,ADTt a + bt,

a+bint,

(2) 1In ADTt
(3) ADT, = a + bt,

(4) ADT, =a+bInt and
(5) AT, , o
(TU,—O-GO) = a + bt

DT = Average Daily Traffic,
= Time Period (year) and
b =

Parameters.

where, A
t
a
The one function which best fits the historical data of traffic volume
should be the appropriate‘one'to be used for forecasting traffic vd]ume
on that specific route or for a particular transit mode. This sfmp]e
regression model does not consider the effect of capacity changes

on ADT. However, for short range transportatidnAimprovements capacity

changes are irrelevant. Therefore, for the burpose of this study, this
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regressibn mode1 is adequate and is recommeﬁdéd’because of its simplicity
and its minimum daia collection required.

Even though ihe period of implementation of short range transit
improvements is limited to two years as specified in the interim report,
éhe useful‘liyes of most of these improvements (alternatives) can run from
five to ten years. In other words, most of the improvements undertaken
will serve the demand for such a span of time. Preliminary consideration
of a trafffc improvement, therefore, should include rider demand forecast
for this'improvement and d]so traffic projections along sections where

the improvement is to take place.

City Size Characteristics

In the interim fGDOft,;itvis shown that the’size of a city plays
an influential role in the determination of the évaiIabi]ity or feasibility
.of a certain transit’mode or alternative, and thé’a]ternative in turn‘exerts
impacts of different types and of various magnitudes depehding on the city
size.‘ An alternative Which is app]itab]e in a 1argé-city may not be
vecohomica]1y feasible in a small city, and one wHich is suitable for a
sma11 city may prove to be unsuitable in a large c1ty

Results of a te]ephone survey in the 1nter1m report reveals that top
transportation pr1or1ty 1mprovements are be1ng focused on fleet adjustments,
route adjustments and frequency of service adjustments. Among the three,
route adjustments are receiving top‘priority’émong shokt'range alternétives,
as chosen by all three city sizes. Other alternatives sensitive to city
sizes are priority treatments for HOV'which ére f@vored by large cities but

not available in either the medium-sized or small cities. Also, many demand
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responsive system adjustments have higher overall ratings in the small cities
than in the larger ones.

It is hoped that such information will help officials to delete from
further consideration transit alternatives that have been found to be un-
favorable for their city size and to enable them to focus their attention

to others which have been shown to be more favorable to their city size.
Relevant Impacts for Evaluation

A transit improvement can affect users and nonuSer; in many ways,;
from travel time; passenger discomforts, to air'pollutants emiited by
transit vehicles. In order to conduct an effective evaluation, it is
jmportant to have the relevant impacts identified for considerations so
that savings in time and resources can be obtained by eliminating the
nonrelevant impacts for considerations. Therefore, a preliminary étudy on
relevant impacts includes not only the identification of the relevant impacts
but also a general understanding of the nature of these impacts. |

In the interim report, most of the impacts identified for short
range transit considerations are found to be influenced by population and
~ population density; two of the city characteristics that,determine the 1
size of a city. In generé], the larger the city, thevgreater thé impacts.
For 1mprovément consideration within a city, the magnitudes of the impacts
from each alternative will be revealed only after the estimation procedures

presented in the latter part of this report are applied.

Re]evant.impacts from short range transit alternatives have been
identified and discussed.in the interim report. They include monetary and
nonmonetary costs. However, they are grouped and classified differently here
from the way they were in the interim report. The impacts are separated into

three categories: monetary, nonmonetary and society costs. Monetary impacts
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further include two major‘categories: user and system costs. Sbecific
impacts 1dentified under each of these impact categories are discussed
individually in thé interim report, so they are only briefly discussed
in this report. |
' - Transit impacfs inc}uded in the user category are: travel time, dis-
comforts and inconveniences, vehicle operatihg costs, accidents, parking
fees, and fares and to1ls} The category of system costs covers transit
vehicle operating costs, operation and maintenance road costs and capital
costs of an improvement alternative. In the nonmonetary impact category,
air and noise pol]utibn ahd land use are the three impacts to be éva]uated.
The category of society_costs includes impacts of business activity,
| accessibiiity to job opportunity, fuel consumption and ridership.
| Evaluatioﬁ results of society costs play‘no direct role in the over-
all.evaluation process of choosing the best trahsit alternatives, because
thfs category'qf jmpacts is indirectly included in the monetary and/or
nonmonetary impact eya1uation.‘ The problem of doublecounting is thus a?oided.,
For example, fuel consumption has been included in both the user
impact of vehicle'bperating costs and the system impact of transit vehicle
operating.costs, of which 0il and fuel are two of the elements. With the
recent éoncern for saving energy; it is thought_that information on this
impact, presented separately,'w111 be valuable to those who must addkeés
this problem.
The impact of accessibility is included in the user impact category
of travel time. How accessible it is for one to get to one's job can be

expressed in the amount of time one saves by using a specific mode or type

of facility.
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‘Business activity is expressed by the amount of commercial development

(land use) impact in the nonmonetary impact category.

The degree of business

act1v1ty is directly related to the amount of commercial deve]opment

Lastly, ridership is believed to be directly re]ated to the quality

of service, of which travel time saving is the representative measure.

Other impacts influence ridership also, although to lesser degrees. High

vehicle opefating costs orscarcity of fuel will induce more ridership

on public transit, and‘environmentally conscious groups will react

accordingly to alternatives which affect air or noise pol]utibn.

Table 2 Tists the three impact categories and their specific impacts.

The appropriate units of measurements are alsofpresehted.

Table 2. Relevant Impacts by Category, with Unit Measurements

Category

Impacts

Unit of Measurement

Monetary User Costs

System Costs

Nonmonetary Costs

Society Costs

Travel Time

Discomforts & Inconven1ences
Vehicle Operating Costs
Accidents

Parking Fees

Fares and Tolls

Transit Vehicle Operating Costs |

Operation & Maintenance Road/
Highway Costs
Capital Costs

Air Pollution
Noise Pollution
Land Use

Business Activity

Accessibility to Job Opportunity
Energy Consumption

Ridership

v$/passenger-hour

$/passenger-hour
$/vehicle-mile

- $/accident
$/space

$/passenger, $/vehicle

$/vehicle-mile :

$/vehicle-mile

Grams
dBA
Acres

Descriptive
Descriptive
gallons

# of passengers
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‘ RECOMMENDED IMPACT EVALUATION APPROACH

The three commonly used impact evaluation methods identified in the
interim report are the economic efficiency method, the cost effectiveness
‘method ahd the scoring method. Each of these methods has its strengths
'and weaknesses which are discussed in detail in the above report. Also,

a recommended approach utilizing all three methods are outlined in that
repoft.

Although the scoring method has been criticized for involving subject-
jveness of the evaluators, it'is used here together with the economic
efficiency method and cost effectiveness method to proQide aAcommon unit
of measurement- for eVa1uating impacts in both monetary and nonmonetary
categories. User impacts are expressed in terms of dollars; impact of air
poliution are expressed in terms of grams; noise pollution is measured in
‘terms of decibals; and 1and use impacts are measured in acres.. In order to
‘combine all the estimated impact values to arrive at a total saving of

van alternative, all these different units must be coﬁvertedvto a common base.
An economic efficiency analysis is performed on the user {mpact

'categdry‘and a cost effectiVehéssrmethod is adopted to measure. the nonmonetary

impacts. The common méaSurement of performance used in both methods is

the benefit-cost ratio. The ratios obtained are further rated within

impact sdbcategories. Based on information obtained from preliminary

determinations, these ratings are then adjusted by the respective

impact category weights aésigned to arrive at scores which can be summed

up across impact categoriés to yield total scores for the alternatives

under evaluation. The bveral] ranking of alternatives depends on the

size of the total scores forreach alternative. The higher the score,

the highek the ranking.

The methodology of the recommended approach presented in this
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section includes a discussion of some definitions and assumptions necessary
for the approach, an outline of the evaluation appkoach, a discussion of
updating procedures for user costs and air pollution emission, a

presentation of the various estimation techniques necessary for

evaTuating each of monetary and nonmonetary impacts and the data requirements

for each'procedure, and lastly, an illustration of the approach by using

a hypotheticaT case study.
Definitions and Assumptions

In the user impacf evaluation approach recommended'in this stﬂdy,
“the benefit-cost ratio is adopted as a measure of the economic effect-
iveness of each transit a]térnative. Because of the controversies
arising from this egonomic measurement, it is felt that a defihition
of this subject is warranted. Also, there are five assumbtions which
are necessary for tﬁis recommended impact evaluation approach. They |
are: 'definition of an ana]ysis period, adoptfon of a discount rate,
 consideration of a growth rate, treatment of cépital costs of the "dof
nothing" a1tefnatiVe and of residue values, handling of the rating
re]atibnship,'settihg¢0f the maximum rating scale, and lastly, choicé

of unit costs.

Benefit-Cost Ratio

In economic analyses, two benefit-cost ratjoé;have been used. Akgumentsﬂ.
over the.éuperioritylofvoné over the other arise frequently. The
controversy stems from the definitions of benefits which aﬁbear in the numerator
and the costs which are put‘in%the derominator. The_aggregated benefit-cost

~ratio istkdefined as user @enefits divided by the aggregate of the initial




investment and operating and maintenance costs;whi1e the netted benefitécost
ratio has the benefits netted out the‘operating and'maintenance costs in
the numerator and the initial investment in the denominator,

Schwab and Lusztig [21] favor the netted ratio on grounds that it does
pot violate some basﬁc economic rules. The netted ratio, they argue,
recdgnizes the differences between costs which an investor has to
provide and costs which are ceveped by benefits derived. The Highway -
Economic Evaluation Mode! (HEFM) deve]oped~f0rkthe Texas State
Department of Highways and Public Transportat1on uses the netted rat1o
The AASHTO m recommends the aggregated ratio for all h1ghway and
transit applications for reasons that both the investment budget and the

future operating and maintenance budgets are constrained. Furthermore,

~ the two budgets are interchangeable. Quinin [19] and Bain 3] also

ergue‘for the aggregéted'ratieyon similar grounds.

Even though the netted ratio is more rational, theaggregéted ratio
is adopted fnvthe recommended impact evaluation approach, part]y for the
reasons that the AASHTO ment1ons but mainly because the netted ratio is
not app11cab1e in eva]uat1ng the net benefits of the nonmonetary 1mpacts.
While the nonmonetary 1mpacts have units of grams, decibals, and acres,
the operat1ng and maintenance costs have dollars as their un1ts of measure-
ments. The difference in units makes it 1mposs1b1e to net out the operating
costs from the benefits;'~It/is because of these reasons'that the aggregated
ratip is used fpr'the reeommended approach in this study, and for the same

argument last mentioned, the net present value is not used.




Analysis Period

An analysis period is defined for the purpose of evaluating projects.
Within this period, one or two study years are chosen for the ana]ysis.
Often the first and last years in the period are chosen to be the study
years. Benefits and costs analysed based on data collected or projécted
for the study years'are extended to cover the whole analysis period to
arrive at the finaT benefits and costs for a specific improvement. For
any short range transit cqhsideration, an analysis period is suggested
to be ten years. This length Qf time is chosen because it more or less
represents the average 1ife of vehicles, such as buses, vans or
automobiles, used for short rénge transportation alternatives. At the
end of the analysis period, thus, the residué Va]ues can be assumed to
‘be insighificantly small. Consequently, the evaluation process is made
one step simpler. Alternatives may have different lives, depending:on
lives of equipments or»faci]ities used for the alternative. In ordér
to genekate comparative resu]ts among alternatives, a uniform analysis
period has to be défined. For the alternatives which have shorter lives,
net beneifts at the ehd of‘the‘respective lives are extended to the end
of the ana]ysis‘period; Then the present vé1ﬁe of each stfeam of benefits
is 6btained. Figure 4 f]]ustrates the différent years in the analysis
period énd their possible effects on traffic volumes and ridership

as a hypothetical alternative S is adopted.

Discount Rate

A discount rate represents the common market rate of return on or

the opportunity costs of capital investments made for undertaking an
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alternative. A common discount rate is required for obtaining the present
value of the monetary benefits and costs.

While the definition of the discount rate is well defined, disagreement
arises amonq authors as to what rate is appropriate for adoption. The
HEEM uses a discount rate of twenty percent in the model. The AASHTO
(1] recommends‘a four to five percent for data expressed in éonstant
dollars and Buffinton, McFarland and Rollins [5] concour with the
recommendation in their study. They further conclude that any discount
rate hiagher than this implicitly includes the inflation rate. MclLeod
and Adair [15] use a ten percent discount rate in their analysis
and no additional inflation factor is applied.

Considering the current market conditions of interest rate, a
discount rate of eight to ten percent, for benefits and cbsts expressed
in constant dollars, is belie?ed to be in line with the AASHTO's
recommendation in 1977, and therefore is recommended in this study.i An
inflation factdr is not considered since it is felt unnecessary and

inappropriate in calculating present va]ues.‘

Grthh Rate

A growth rate in transportation is defined as the rate at which the
average daily traffic (ADT) grows in time. In recent years, transporta-
tion in most big cities of Texas has been experiencing a 2-3 percent
growth rate. As discussed in the previous section, traffic volume (or
passenger volume) may increase or decrease as a result of improvements
made on a traffic route. Different improvemenfs may haye different effects

on ADT. In order to give a more accurate evaluation, travel forecasts
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made ét the outset will give a growth rate which can be incorporated
into the analysis.

Although a variable growth rate which chanqés from year to year is
more»rea]istic,va constant growth‘rate which stays the same over the
years is‘more practical in the application of a noncomputeriied model.
It is questionable whether or not the additional accuracy resulting
from using a vakiab]e_growth rate can outweight the extra costs needed
to obtgfn and to use a variable growth rate in impact evaluation. There- -
fore,in the recommended approach, each alternative assumes a constant
growth rate over‘the whole analysis period for usé? ihpacts, transit
operating costs and the nonmonetary costs. As for the systeﬁ's 0 &M
road/highway costs, a uniform series which assumes an equal amount of

costs to be incurred annually over the whole period; is recommended.

Residue Value and Capital Costs

Reside Va}ues. If the economic value of any equipment or facility
becomés insignificant at the end of the analysis period, it is safe to
assume a zero residue value fof the project. However, if the economic value
at the end of the analysis period significantly influences the cost
factors, the reéidué value, then, is required to be déducted from the original
cost to give the time cost of the alternative. |

Capital Costs. If some of the capital costs are to be spent in year

other than year 1, they have to be discounted back from the year when
they are intended for expenditure to the present. Capital costs for the
"do-nothing” alternative are assumed to be zero since this alternative

by definition requires nothing to be done.
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Relationship Between Ratings and Estimated Results

In the rating procedure adopted in the recommended approach to impact
evaluation, the relationship between the ratings and the estimated results
of each impact for all thé alternatives under consideration is assumed to be v
Tinear and continuous. Hibbérd and Miller [14] in their proposed rating
tfeatment of effects of'highwqy improvements, assume such relationship to
be linear but diScrete. The assumption of linearity is believed to be
acceptable for eva]uating short.range transit alternatives. However it is
thought that a continuous relationship is more realistic than a discrete
re]atibnship. Also, by assuming a continuous relationship, subjectiveness

involved in the scoring method is thought to be lessened.

£

Maximum Rating

The maximum rating is defined as the highest rating assigned to the
highest benefit-cost ratio within an impact category. It is used in the

recommended impact evaluation approach when all the benefit-cost ratios

are to be rated. It equates itself to the highest benefit-cost ratio in an
impact categdry'and thus sets the propOrtiona]ity factor for other ratids
in the same category to be ratéd proportioha11y.

A maximum rating of 3 is chosen based more or less on the conventional
three-grade rating: excellent, good and fair. Actually the choice of the
number does not affect the final outcome of ranking alternatives since all
the ratios will be rated on thé same scale. The magnitudes of the ratfngs
may change as a result of using a different number for the maximum rating,

but they are uniformly inflated or deflated, depending on whether the

number chosen is bigger or smaller than 3, by a common factor within one

impact category. The order of ranking does not change.




Unit Costs

In estimating the various impacts, the unit cost method is recommended for
adoption. The unit cost for an impact is assumed to be the most appropriate

one chosen for the study.
Outline of Impact Evaluation Approach

An outline of the recommendéd impact evaluation approach to be performed
on a step by step basis is presented as follows:

I. Describe characteristics of proposed alternatives evolving

from the pre1iminary determinations including:

Relevant short range trans1t alternat1ves,
Funding sources,

Local needs and goals,

Projected traffic and rider demand,

City size characteristics and

Relevant impacts for evaluation.

SN wWwnN —

IT. Determine the assumptions necesSary for the study including:

Analysis period,

Discount rate,

Growth rate,

Residue values and capital costs,

Relationship between ratings and estimated results,
Maximum rating and

Unit costs.

NOYOT B W —
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ITI. Update monetary'and nonmonetary unit costs.

IV. Determine rélevaht-monetary impact§ for each transit
a]ternative}for each study year. (The estimation
procédure for each impact will be discussed later in this
report.)

1. Estimate annual highwaykand transit user costs which

include:
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A. Passenger time costs, while:
(a) In vehicle (bus and/or private car),
(b) Transferring,
(c) Walking and
(d) Waiting.

B. Discomforts and incomseniences costs (bus and/or private car)

C. Private vehicle operating costs including:

(a) Depreciation,
(b) Fuel,

(c) o011,

(d) Tires and

(e) Maintenance.

D.  Accident costs (to user only),
E. Private vehicle parking and toll costs and

F. Fare costs.

2. Estimate annual transit vehicle operating costs which include:

A. Driver time cost,

B. Vehicle operating costs covering:
a) Depreciation,
b) Fuel,

c) 0il,

d) Tires,

e) Maintenance and
f) Insurance.

3. Estimate annual transit system fare revenues
4. Estimate annual operation and maintenance road costs.
5. Estimate annual transit system capital costs incldding:
A. Equipment and
B. Facilities
6. Calculate the annual user benefits of each type of user
costs (impacts) Tisted in IV-1 for each transit alternative--

by subtracting the estimated user costs for each
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10.

1.

proposed alternative from the user costs for the "do-
nothing" alternative.
Calculate total annual user benefits for each alternative--
by summing all the annual user benefits for eaéh alternative
in IV-6. |
Calculate the present value (PV) of the total user benefits--
by |
Extending the total annual user benefits for each alter-
native in IV-7 to cover the entire ana]ysis’period and
Calculating the PV of this gtream of user benefits.
Calculate the annual change in transit veh1c1e operating
costs of types listed in IV-2 for each trans1t a]ternat1ve—-
by subtracting the estimated annual transit vehicle operating

costs for the "do-nothing" alternative from transit

‘vehic1e operating costs for each proposed alternative.

Calcu]ate the total annual change 1n transit vehicle operat1ng
costs for each alternative--by summing the annual changes
in all trans1t vehicle operat1ng costs obtained in IV-9 for

each a]ternat1ve

Calculate the annual change in transit fare revenues

in IV-3--by subtracting the éstimated annual fare

revenues for the "do-nothing" alternative from the

estimated annual fare revenues for each proposed

alternative.
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12.

13.

14.

15.

16.

Calculate the total annual change in net transit vehicle
oberatihg coéts for each alternative—fby subtracting the
annua1'change in transit fare revenues in IV-11 from the
annual éhange in transit vehicle operating costs in IV-10.
Calculate the PV of the total change in net transif vehiclek
operating costs obtained in IV-12--by

Extending the total annual change in net transit

vehicle operating costs to the entire analysis period -
“and |

Ca)cu]atihgbthe PV of this stream of changes in net transit .

vehicle operating costs.’

‘Ca]tu]ate the annual change in operation and maintenance

road costs in IV-4--by subtracting the estimated operation

and maintenance road costs for the "do-nothing" a]tefnative
from the operation and maintenance road costs for each
proposed alternative.
Calculate the PV of the total change in operation and
maintenancevroad‘co§ts in IV - 14--by . |
Extending the'annual change in operation and maintenancé
road costs to the entire analysis period and |
Calculating the PV of this stream of changes in operation
and maintenance road costé;

Calculate the annual change in transit system capital ,tosts

in IV-5--by subtracting the capital costs for the
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17.

18.

"do-nothing" alternative from the capital costs for

each proposed a]terhative.

Calculate the PV of total change in capital costs in a
IV—]G-gby discoUntinq the capita] costs for the number of
yéar(s) from the year expenditure is expected to year O.
Calculate the PV of total change‘in system costs for each
alternative for the anaylsis period--by adding the estimated:

PV of total change in net transit vehicle operating costs

- (IV-13), the PV of total change in operation and

19.

20.

maintenance road costs (IV-15) and the PV of the total
change in capital .costs (IV-17). |
Calculate the beneift-cost ratio--by dividing the PV of the
total user benefits obtained in IV-8 by the PV of total |
change in system costs calculated in IV-18.

Delete any alternative with benefit-cost ratio,

‘calculated in IV-19, of less than one from further

consideration.

V. Determine the nonmonetary impacts for each transit alternative

for each study year. (The estimatfon methods for individual

nonmonetary impacts will be presented later in this section.)

1.

Estimate the annual amounts of air pd]]ution in grams
generated from each transit alternative. The pollutants

are:

A. Carbon monoxide (CO0),

B.
C.

Hydrocarbons (HC) and

Nitrogen oxide (NO,).
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2. Estimate the annual noise pollution in decibals (dBA) for
each alternative. '

3. Estimate annual land uses in acres for each alternative
including: |

A. Residential,
B. Commercial and industrial and
C. Other.
4. Calculate annual benefits of( each nonmonetary impact
. e  forAeach transit alternativef-by comparing the estimated
effects from each of the propbsed alternatives to those
frbm the "do-nothing" a]fernatfve.

5. Calculate the "PV"a of total noﬁmonetary benefits from eaéh
ihpact subcategory for each alternative--by multiplying
the annual benefits from each impact subcategory by the
present value factor used in obtaining fhe PV of total user

benefits (1V-8). |

6. Calculate the "pseudo" benefit-cost ratio for each
alternative in each nonmohetary impact subcategory--
by dividing "PV" of tota] benefits of each nonmonet#ry
'impacf‘obtained in (V-S)_by the PV of total chahge in
system costs (IV-18). v

dBecause the nonmonetary benefits derived are in non-dollar units,
PV used here deviates slightly from the conventional meaning. It
is assumed here that these benefits imply dollar values; as a
result, PV of these benefits can be calculated by adopting a
discount factor. ~
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V@.- Fstablish weights for monetary‘and honmonetary 1mpact‘
categories and subcategories.
1. Form a committee consisting of:
A. Transportation planning officials and
B. Citizen representatives,
2. Determine weight distribution between monetary and non-
| monetary jmpact categories by:
A. Giving.every member 100 points to be distr%buted between
the monetary and nonmonetary categories, and v
B. Fiﬁding'the average points (categorical weights) for‘each
category. |

3. Determine weight distribution among impact subcategories

within the nonmonetary category by:
A. Giving every member 100 points to be distfibuted among
jmpacts within the nonmonetary category and
B. Finding the average points (subcategorita] weights,
expressed in percentages) for each impact in thisk
'category.* ' v‘ -
VII. Rate all the benéfitfcost'ratios ca]cuTated in IV-19 and V-6.

1. ASéign a_maximuﬁ’rating of 3 td the alternative with the
highest benefit-cbst'ratio in the monetary impaét cétegory
and in eéch of the nonmonetary subcategories.

2. Calculate the ratings for the remaining ratios in the
same impact category or subcategory for other transit
a]ternativeé -- by multiplying each benefit-cost ratio
by the respective proportiona]ity factor established in

VII-1, betWéén the maximum rating and the highest ratio.
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VIII. Determine the total score for each.a]ternative.
1. Ca]éu1ate the impact scores for the nonmonetary impact
subcategories for eaéh transit alternatiVe--by multiplying
"~ the ratiokratings in each subcategory (VII-1 and VII-2) by the
corfesponding subcategorical weight for this nonmonetary
impact subcategoryk(VI-3-B).

Calculate the total impéct score for the nonmonetary

impact category--by summing all the impact scores for the

three nonmonetary impact subcategories obtained in VIII-1.
Calculate the total score for thé nonmonetary impact
category--by multiplying the total impact score for the
nonmonetary impact categbry by tﬁe corresponding categorical
weight determined in VI-2-B.
Calculate the total score for’the monetary impact
category--by multiplying the ratio ratings obtained
in VII-1 and VII-2 for the monetafyjimpact category
by the corresponding categorical weight determined in
- VI-2-B. | |
Calculate the overall final score for each alternative--
by adding the total scores for the monetary and |
nonmonetary’ihpact categories calculated fn VIII-4

and VIII-3.

The recommended approaéh for short range transportation impact
Neva]uation has been outlined step by step. Figure 5 shows the flow
?; ;chart for illustrating the approach. The alternative with the highest

total score from the analysis should be the opfima] choice among the

proposed alternatives which have been eva]uated;
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It is to be noted here that the methodology developed above, stresses

heavily the picktnq of the optimal alternative. Tt asamen that Lhe desirvability
criteria for implementing an alternative rests on the benefit-cost ratio
analysis of the user impacts. Alternatives wfth user benefit-cost ratios

Jess than one are economically undesirable and should be eliminated from
further consideration. For traneportation in Texas cities where air or
noise pollutions, so far, have not affected the environment to such a serious
degree as some of the other cities, like Los Angeles or St. Lduis, this assumption
poses little problem. HoWever,vin the future, if any of the Texas cities
becomes- so badly affected by the nonmonetary'impacts that user benefits no
longer dominate the desirabi]ity criterion, extra steps will then be required
to insure the inclusion of a desirabi]ity criterion based on the nonmonetary
1mpacts'a; well as the:ddnetary impacts.

- If such case»arises, the necessary additional procedure calls for
setting equiva1ent monetafy values for the nonmonetary impacts. A
W11]ingness-to-pay approach which is in line with-AASHTO's methodology
in some of the cost estimations, can be adopted. The same eommittee which
sets the»categor{ca] and subcategorical weights in the recommended'impact
evaluation approach can perform this task provided‘infbrmations andVCOSt
data of the various impacts from some of the bad]y affected c1t1es, are
made available to them. - Such 1nformat1on and data w111 serve as
guidelines to the members whenvthey decide how much they are willing

to pay for reducing a certain amount of pollutants dr for inducing a
specific acreage of land de?e]opment. The average'value amohq all
those set by the members will be adopted as the equivalent monetary value

for a un1t ‘of a specific nonmonetary 1mpact Once each nonmonetary impact




has a equiva]ent monetary uhit, it can be incorporated into the benefit-
cost ratio analysis, tfeating it as an element of the'totai benefits.
Categorical and subcategorical weights éan’be used to adjusf the benefits
distribution favbred by the‘city between the monetary and nonmonetary
categories and also among nonmonetary subcategories. The benefit-
cost ratio, with total benefits and total changes in cdsts in the
numberator and demoninator, respectively, of one or greater thén one,
will dictate the economical desirability of implementing any alternative
just as it is conventionaT]y used. |

Obtaining the extra information and expert opﬁnions on the various
nonmbnetary impacts addé extra cost which may prove unnecessary to
cities, such as those ih Texas. The recommeﬁded impact eva]uation‘
approach deve1oped in this study is intehded,main1y for transportation
in Texas cities where air or noise pollutions have not been severe.
Other cities with similar backgrounds can adopt this approach without
difficulty. It is cities which are greatly affected by some of the
nonmonétary impacts thatvattentions should be directed fo the above

assumption.

Updating Procedures for User Costs and Air Pollution Emission

Over the yéars, general price level 'of the various unit costs changé.
Also, the pricé level of the cbmponents of some of the unit costs change
more or less than the generd1 pricevleve1. Therefore, before applying
the pertinenf unit cost from a source table to an analysis, it is |

necessary to update it from the reference year to the current year,




‘and every 3-5 years, a component update is also essential to better

represent the true increase of the unit cost.

Updating procadureabfdr highway and transit user costs such as travel
time, vehicle operating costs and accident costs have been developed
by Buffington and McFarland [4 ]. A procedure for updating the emission
rates of air pollutants is developed by Cufry and Anderson [12]. These
procedures are presented individually below with t and b representing the

the current year and the base year, respectively.

Value of Time

The va]ue of time cost can‘be updated by the ratio of per capita
gross income of Texas for the»;urrent year to that for the base year, or the
ratio of average hourly income for production workers in Texas for the
current yeaf to that for the base year. The updating factor for time cost
in mathematical form becomes:

Per Capita Gross Income of Texas,

Per Capita Gross Income of Texésb

or Ave. Hourly Income for Production Workers in Texast
Ave. Hourly Income for Production Workers in Texasb

Vehicle Running Costs

Running costs for vehicles include fuel, engine oil, tires, maintenance
and repairs, and depreciation. A general procedure for updating running
costs as a whole can be done by using a ratio of the consumer pricé index -

for the current year to that for the base year. The factor can be expressed

38




as follows:.

Consumer Price Indext
Consumer Price Indexb

Individual unit costs for the components of three vehicle types, passenger
car (type 1), singlé-unit'truck (type 2 and type 4) and 3-32 diesel truck

(type 3), have to be updated every 3-5 years in order to give a better

~ estimate of running costs. The individual unit cost factor for updating,

" represented by the percentage increase of a component unit cost, is obtained

by the following relationship:

Component Price Index; - Component Price Index,

Component Price Tndexb

Each individual unit cost factor is first weighted‘by its proportion of the
total rqnning costs. Since the proportion is affécted by travelina speed,
the initially weighted individual unit cost factors are further wéighted by
the speed of travel. Four uniformvspeeds areAchoseh by Buffington and
McFarland [4] for the weiqhtfng, baséd on Winfrey's Compohent and total
running costs tables [24 Table A 1 to A-4], 5, 30, 50, and 80 MPH

for passenger cars; 5, 30, 50 ‘and 65 MPH for s1ng1e unit truck; and 5

30, 50, and 60,MPH,for 3-52_d1ese1 truck. The average of the weighted

factors for the four speeds:for a vehicle type can serve as the updating
factor.fof ruhning costs on freeways and on city streets, for excess
rdnning costs due to speed changes and for idling costs.

The above described updating procedure for a vehicle type can be

jllustrated in mathematical form bé]ow:
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@“[%?(Ciﬂij)]
where C],x..,CS are percentage increase in component unit costs of fuel, oil,
tires; maintenance and repairs, and depreciation% respective]y,and A]j."}ASj
are their corresponding proportional percenfages to total costs at speeds
of 5, 30, 50, and the highest speed for their specific vehicle types for
j =1,...,4, respectively.
The probortiona] percentages of the components to the total vehicle

' oberating costs should be calibrated from time to time.

Discomforts and Inconveniences

Updating factor for discomfortsand inconveniences can be obtained by
using a ratio of the consumer price index for the current year to that for
the base year:

~ Consumer Price Index,

Consumer Price Indexb

Accidents

. The updating factor for accident costs used by Buffington and McFarland
[ 4] is represented by the ratio of the consumer price index for medical |

... care for the current year to that for the base year. It is Shown in

mathemat_ica] for‘m be]OW:
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FACTOR

Consumer Price Index for Médical-Caret

Consumer Price Index for Medical Careb

Air Po]]ufant

Curry and Anderson [12] developed a set 6f updating factors, converting

the automobile emission rates for 1968 to any study year up to 1990, as

shown in figure 6. Therefore, by utilizing the given factors in this figure,

updating factor for air pollutant emissions from any base year'to the

current year can be obtained by the following expressioni

Emission Factort

Emission Factorb
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Estfmatidn Proceeres and Data Requirements
for Determining Highway and Transit User Impacts

The detailed estimation procedures and data requirements for determining
highway and transit user impacts are presented here. As mentioned earlier |
in the report, those using highways and streets in an urban area can be
classified into two groups: (1) highway users and (2) transit users.
For analysis purposes, the highway users are those who do not use the curreht]y
available transit system to make partial or full trips, say,., to and from
work. On the otherhand, transif users are those who do use the transit
system to méke either full or partiél trips for somé‘pUFﬁOSe. Partfai”'
trips are those thdt 1nvolvé,the use of privéte vehicles to carry usefs to
bus stobs 6r bark-h-ride ferminals. From that point, they ride the transit
buses to complete their‘trips., | |

The estimating procedures and data requirementskfor determining highway
and transit user impacts depend partially on whether these two groups of
users are evaluated separately orltogether and whether the basic data used to
éalculate transit user ﬁmpacts are on a trip or vehic]e—mi1e basis. Since

the annual user benefits from short range bus transit improvement are definéd

as a reductioh'ﬁfuser costs for highway and transit users, it may be justifiable

as much as ppssib1e, not to:separate the two groups for analysis purposes.
This is the approach takeh in this study,ﬁand most of the basic data
required for ca1cu1atihg user impacts are put on a vehicle-mile basis.
Highway énd bus transit user costé for most rélevant transit improvemen;
alternatives arevsensitive to the following major factors:
1. Road type and capacity,
2. Vehicle type and occupancy,

3. Traffic vo]ume‘and direction, and




4. Time and purpose of travel.
Also, transit improvement alternatives may involve only one or two existing
or proposed transit routes. Even then, only certain segments of a route may
be involved. For these reasons, it is recommended that the basic physical
unit (facility and traffic) data required for calculating highway and transit
users costs be collected on a route basis, with each route being:gegmented
by road type.and capacity. Figure 7 shows a samb]erf bus routes of a city
divided into sections that repreéeht different road types and road capacities.
Appendix table Al shows the basic facility and traffjc segment data to be -
co11ectea for each bus route. - This form can be used to collect current
peak beriod or nonpeak periodidata for traffic traveling in one direction.
Also, the form can be used to record pfedicted facility and traffic conditions
of each route segment for evé]uating each transit a]ternativé (build and
no build).

Those routes ok road segments not affectedAby any of the proposed transit
alternatives could be ignofed in the analysis. However, it is extremely
important to know the éxisting coﬁditions for each routé segment durihg
peak and’nonpeak periods in ordér to,identify problem segments and propose
poésib]e SoTutions. Route segments with'similar.facility, traffic'conditioné'
: (cukrent and predicted) cou]d‘be treated in the same manner or combined
for the‘anaTysis of user costs.

The bus route segment approach does present a problem with furnishing
accurate data for estimating multiple mode usér costs. Specifically, that
portion of the trip in which a private automobile or pickup is used is where
the problem 1ies. How Tong should this route segment be to represent that

portion of the mu]tib]e mode user's trip? Perhaps the best solution is
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to conduct an on board bus survey 6f such users and calculate the average
length of the private thic]eipdrtion of such trips. Appendix table A2
"shows data that shou]d be obtained by such a survey. (Parf of the data
in this tab]e is neéded for ca1cu1at1ng the transit system cdsts.) Also,
the other facility and traffic conditions of this terminal route segment
could répresent that of the most 1ikely route taken by the multib]e mode
users to the bus stop or park-n-ride lot.
The other solution to the above prdblem is to calculate the multiple
mode user's cost entirely on a trip basis by using data from transit
operétor files, such as shown in»appendix téb]e A3; This aoproach has the basfc
weakness. of igndring the specific'facility and traffic condifions of each
route segment used by the multiple'hode trip users. |
The bus route segment vehic]e—mf]e appfoach is flexible in that the transitv
user cost ana]ysis can be conducted on a partial route, Whoie route, mu]tipie o
route, or whole transit system (all routes combined) basis. Also, the |
apprdach allows the analysis to take into account‘route Segment transition
user costs and usefs costs for different periéds of the day or directions
of travel. Lastly, the route segment data can be used in calculating the
transit vehicle‘operating costs on a more compakab}e_basis‘with the highway.f
and bus transit user cﬁsts;» o
The basic data ca]]ed'fpr_in‘appendix tables Al and A3 can be collected
from cify and state traffic records and supplemented by use of instrumented
vehicles and obserVerS or interviewers on buses traveling each bus route.
kAppeﬁdix table A2 lists data that can be co]lected by 6nboard surveys.

Table 3 shows the final units of measurement and calculations required
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Table 3. Final Units of Measurement and Calculations Required to Obtain Highway and Transit User Costsfor Any Transit Alternative by Impact

Categ_orya

Highﬁay and Transit User
Impact Category

Final Unit of Measurement

Physi

cal Unit Cost Unit

Final Calculation
to Obtain User Cost($)

Travel Time Costs
In-Vehicle (Private and Public)
City Streets (arterial)
Traveling at Uniform Speed
Additional for Stopping
Additional for Speed Changes
Additional for Segment Changes
Additional While Stopped
Freeways
Traveling at Average Speed
Out-of-Vehicle

Walking, Waiting, and Transferring

Discomforts and Inconveniences (Private & Public) L

Vehicle Operating Costs (Private)
City Streets (arterial)
Traveling at Uniform Speed
Additional for Stopping
Additional for Speed Changes
Additional for Segment Changes
Additional While Stopped
Freeways
Traveling at Average Speed
Parking Costs (Private)
Fare and Toll Costs
Accident Costs (Private)
Fatal
Injury
Property Damage

Sp)
Sp,
Sp,

5P,

Passengers, V

Accidents % Fatal

-

" " " " " s 0 "

o B s

Sp, V-Miles ¢/V-Mile
Sp Reduction, Stops ¢/Stop
Sp Change, Cycles : ¢/Cycle
Sp Change, Seqment$ ¢/Cycle

V-Hrs ¢/V-Hr

LOV, V-Miles : ¢/V-Mile
V-Hrs . © - §/V-Hr
$/P, $/V.

$/Accident

" Injury )
" PD Only i "

I(

. D-“rs X S/D Hr,P- Hrs X $/P-Hr

“ " "oy oo
" n [T wen " noaon
" n wonon "o " [T

" 0 (LN U 1] IET] i 0o
" n [Tl noan " [TRN I

n n nouon

T
V-Hr X §$/V-Hr

(V-Miles X ¢/V-Mile) : 100
(Stops X ¢/Stop) = 100
(Cycles X ¢/cvcle) = 100
(Segments X % ¢/cycle) : 100
“(V-Hrs X ¢/V-Hr) & 100 .

(V-Miles X ¢/V-Mile ) + 100
V-Hrs X $/V-Hr
P X$/P, v X S/V

iAccidents X % Fatal) X S/Accvdent
" u

» Injury)" "
i v nopp On]y) " "

3symbols mean follwoing: P-Hrs . passenger hours; D-Hrs =
Sp = speed; Sp Reduction = speed reduction to stop; V

= vehi

cles; and PD = property damage.

driver hours; V-Hrs = vehicle hours; NA = not applicable; LOV = level of service;




to obtain highway and tranﬁit user costs for any transit alternative by
separate user impact categories. The quantities of each physical unit must
be obtained from the source tables shown in table #. These quantities can be
calculated from origina1 data shown in appendix tables Al and A2 and can be
partially calculated by the use of secondary data from appendix tables A3-
A7,.A9, and A19-20. | | '

The unit cost data called for in table 3 must be obtaiﬁed from the source

tables listed in table 4.

Demand responsive systems which involve vehicles, either automobiles
or transit buses, or other alternatives which do not involve any vehicles
such as facilities adjustments and marketing adjuétments, can’be evaluated
in the same manner as the conventional bus system. In theAdemand responsive
system, automobiles are considered in addition to buses while the non-vehicle
alternative induce route users of automobiles or transit buses. Therefore
users éosts incurred to these‘users}and system costs incurred for providing
services to these users can be evaluated.

“The procedures and data requirements for calculating highway and
transitVUSer costs by specific user impéct category are pEesented be]ow.vv
The estimét{ng.procedurés'kepresenf Caléulatidns for one road segment,

"oﬁe directional traffic and oné peridd of the day; Total-route costs for
‘all road segments, two-way traffic and over both peak and nonpeak periods
have to be summed up accordingly. Most of the estimation procedures wi11
be described in mathematical'forms. In general, user cdsts vary with
= yehicle types and road types,except fares, parking and toll fees and
{gf'accident costs. Table 5 shows the four vehicle typeS’categorized by

Ritch and Buffington [20];i City streets and freeways are the two road types

47




1

Table 4. Source Tables for Physical Data and Unit Cost Data Required for Calculating Highway and Transit User Costs

by Impact Category

of Transit Alternatives

Highway and Transit User
Impact Category

Source Tables

Physical Data

Basic»Data

~Secondary Data

Unit Cost Data

Travel Time Costs
In-Vehicle (Private and Public)

City Streets (arterials)
Traveling at Uniform Speed
Additional for Stopping
Additional for Speed Changes
Additional for Segment Changes
Additional While Stopped

Freeways
Traveling at Average Speed

Qut-of-Vehicle
Walking, Waiting, & Transferring

‘Diséomforts and Inconveniences (Private & Public)

Vehicle Operating Costs (Private)

City Streets (arterials)
Traveling at Uniform Speed
Additional for Stopping
Additional for Speed Changes
Additional for Segment Changes
Additional While étopped

Freeways
Traveling at Average Speed

Parking Costs (Private)

fare & Toll Costs

Accident Costs (Private)
Fatal ‘

-Injury

Property Damage

Table Al

‘Tablie A2
Table Al

Table Al

Table A2
Tables Al, A2

Table Al

Tables A2, A3

Tables A4, A5, A6, A7

Tables A2, A3

Table A9

Table A3

Tables A19, A20

Table A8

Table All
Tables A12, A13, Al4

Table AlS

Tables Als, A17, A18

Table A3

Table A21
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which areipertineht to this study. 1In nddi(ion~to vghiulv and rohd types,
~travel time costs change according to traveling modes (the 1n—mov1nq~99hlulc

vs. the in-stopped-vehicle) and user types (drivers vs. passengers).

Subscripts i and j in the equations listed in this section refer to

vehicle type and road type, respectively.

Table 5. Description of Vehicle Types
by Vehicle Type Number

Vehicle Type Vehicle Type Description
Number o
1 Automobiles, pickups, and panel

trucks (2-axle, 4-tire)

2 Single-unit trucks (other than
2-axle, 4-tire)

3 Truck-tractor-semitrailer or
trailer combinations

4 ' Buses

Source: Ritch, Gene and Buffington, Jesse L., "The
- Freq 3CP Economic Package," Texas Transportation
Institute, Texas A&M University, Texas
May 1980. L

Travel Time

User costs in travel time include both in-vehicle time and out-of-

vehicle time. Besides actual travel time needed for traveling at uniform




or aVerage.speed, in-vehicle time also includes extra time required for
stopping, speed changes, segment changes and idling. Out-of—vehié1e time
refers to waiking time, waiting time, and transferring time. Unit cost for
out-of-vehicle travel time and in-vehicle idling time is more tﬁan that for
in-vehicle moving time. For ah average comfortable and safe condition
outside of a vehicle, AASHTO [1] suggests the unit cost for out-of-vehicle
travel time!?p.be 1,5ktimes the unit cost for in-vehicle travel time and for
below averagé comfortable and safe condition, a factor of 2 ié appropriate;
Unit travel time cost varies not only with vehicle type and traveling mode,
but also with user type. |

Procedure. Derivation of total travel time cost is illustrated below
in functional forms. The addjtiona] subscript k refers to user types,
i;e. drivers and passengers. In this procedure for estimating user travel
time cost, driver type includes only drivers of trucks,

For vehicle typé_i, on road typé Js with user type k, and

A. In-moving-vehicle traveling mode,

(1) out-of-vehicle time (VOTijk)’ in hoprs; is defined as:

VoTisk = WTisk * WaTijk * R4k

where W, T walking time, in hours,

wAT waiting time, in hours and

TRT transferring time, in hours;

(2) 1in-vehicle time (VITijk)’in hours, is obtained by:

WM. .
VT, . = K
1'ijk Sij




where VM
S

vehicle-miles and

uniform speed on c1ty streets or average speed on
freeways,

(3) Excess time due to speed cycle changes (XCTijk)’ in hours,
is obtained as foT]owse
XCT jk = #Scijk X Hr‘/SC].jk
where SC = speed cycle;

1Jk)’ in hours}such

as going from one segment with 6 lanes to the next segment with 4 lanes, is

(4) excess time due to segment changes (XGT

time needed to comp]ete half a cycle and therefore js calculated as:

XaT

oTijk = #5635 X % Hr/SCipy

where SG = segment changes;
(5) excess timé for stopping (XPT1Jk)’ in hours, is defined as: .

XpT gk * #SP sy X HP/SP4 5y

where SP = stopping;

(6) total travel time (TM ) for in-moving-vehicle mode, in
. ~ ijk
hours, is defined as:

Tmijk = oVoTig * ViToge * Velige * XGTijk %oV 5k

‘where o = 1.5 for average comfortab]e and safe cond1t1on or
_ o= 2 0 for be]ow average comfortab]e and safe condition;
(7) total trave1 time cost for both road type (TMCT ) for
ik
in-moving-vehicle mode, in dollars, is obtained as follows:

TC, =(zT ) X C
MTac 5 Mk T ™

3For route segment analysis, in general, there is only one road type involved
since segments of the route are set up mostly by road type characteristics.
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‘where CTM = updated unit time costa, in $/VH, for the in-moving-
' vehcile traveling mode;

B. in-stopped-vehicle traveling mode,

(1) excess time for idling (XITwak)’ in hours, is given as:

X;T..p = #1

145k X Hr/l

ijk ijk

where I = idling;

(2) total travel time (TS ), for fn~stopped—veh1c1e mode, 1in
| ijk- |
hours, is defined as:

T = X.T.., .
sijk I'ijk;

b
(3) total travel t1me cost for both road types (TS Ts. ) for in-
ik .

stopped-vehicle mode, in dol1arslis obtained as follows:

TSCTS. =(z TS ) X C

ik 3 gk ik

where CTS updated unit time cost » in $/VH for the in-stopped-
vehicle mode; and

C. total travel time cost (TCTi ), in dollars, for both modes is
; . : S 1" o v

defined as:

TG = Ty * TeC
To ~ e tTsbrs

Therefore, total travel time cst (TCT), in dollars, for all vehicle types
- and all user types is definéd as: |

TC; = Iz (TCq

D
T3 T

4ol 10w updating procedure suggested in the previous section.

bFor route segment analysis, in general, there is on]y one road type involved

since seqments of the route are set up mostly by road type characteristics.




Data Reguirements:

A. wKT, wAT and TRT can be obtained from on<board survey such as suggested
in appendix table A2; |

B. VM, S, Hr/SC, #SC, #SP, Hr/SP, #I and Hr/I can be obtained from
basic_data coliection as those suggested in appendix table Al or from rate
schedules shown in appendix tables A4-A7; and - |

C. ICTM and CTS can be obtained from rate schedules shown in appendix

table AS8.

Discomforts and Inconveniences

Several studies have included discomforts and inconveniences as a cost
to a user. The Florida Department of Transportation designates levels of
discomforts and inconveniences corresponding to levels of service which
are defined as traffic volume.to capacity ratios. To each level of
service, a unit value, in dollars per vehicle-hour is assigned [15].
Appehdix»taBTe A9 shows freeway volume to capaCity ratios, by number of lanes
énd level of service, deve]obed by Curry and Anderson [12]. These ratios are
assumed to be acceptable for city streets.

Procedure.. Iéefore’éstimatfng user costs of discomforts and inconveniences,
level of service (A)‘has to'be determined by calculating the volume to capacity
‘ratio and referring the calculated ratio and the number of lanes at studied
segment to appendix table A9;

Total user cost of discomforts and inconveniences for all vehicle typeé at

level of service 4 (TCD)A’ in dollars, can be obtained as follows:
(T65), = (24y) X (Gp),

where VH = vehicle-hour and

Cn = updated um’t.va]uea for discomforts and inconveniences, in

D §/vH.

qFo110w updating procedure suggested in previous section.
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Data Requirements

A. Volume, capacity, # of lanes and VH can be obtained from basic data
collection in appendix table Al and

B. C, can be obtained from appendix table A10.

D

~ Vehicle Operating Costs

- Vehicle operating coSts are’related not only to the mileage a vehicle
travels, but they also vary according to uniform speeds, vehicle types,‘
street or road types, speed changes and idling de]ays.. The unit costs
’referénced here include all the basic operating components such as oil,
gaso]ine,'parts,,maintenance and depreciation.

‘Procedure. Eétimation of vehicle operating costs can be divided
‘according to road types. For vehicle type i,
A. on City'streets,k |
| 1. at uniform speed, running COSt_‘OUCOUi)’ in‘éents, is obtained
~as follows: |

VM,i X COUi

where VM = vehicle-miles and :
Cny = updated unit operating cost at un1form speed, 1n
0U " ¢ywm;

2. excess running cost due to stopping (XPCOP ), fn'cents, is
i
obtained as fol]oWS"

XpC = #SPi X C

P OP OPi

where SP = stopping and
COP ‘updated unit operating cost? due to stopping,in ¢/SP;

aUpdating:procedure is suggested in the previous section of this report.




3.

excess running cost due to speed cycle changes (XCCOC ), in

cents, is defined as:

4.

is defined as:

. Where SG

5.

as follows:

6.

is defined as:

X.C = #56 X 4

XCCOCi = #SCi X COCi
where SC = speed cycle and
COC = updated unit operating cost? due to speed cycle changes,

in ¢/SC
excess running cost due to segment changes (XGCOG ), in cents,

G OGi OC

segment chanqes and ‘ '
updated unit operating cost? due to speed cycle changes,
in ¢/SC;

ion

: COC

excess running cost due to idling (XICOI ), in cents, is calculated
-i .

XICOIi = (#Ii X Hr/Ii) X COIi
where I = idling and
C.. = updated unit idling cost® , in ¢/VH;

01 ;
total vehicle operating costs on éity streets (TCoq ), in cents,

T<C = OUCOUi + XP;OPi + xcoOCi + XGCOGi + XICOIi;

B. on freeway, at average speed p and level of serviceb &, running cost

(TFCOF-)Ap’ in cents, is defined as:

(T.C ) = VM, X (C

F-OF OFi)Ap

qF01 10w updating procedure suggested in previous section.

b
See determination of level of service in procedure presented for estimating
discomforts and 1nconven1ences costs.
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where VM = vehicle-miles and

(COF-)ép = updated unit operating cost? at average speed p and
i level of service 5 on freeways, in ¢/VM; and

C. total operating cost both on city streets and on freeways (TC0 ), in
: _ , i
cents, is obtained as follows:

TC + T.C

.= Tslos, * T OF,°

O'I 1

Therefore, total operating cost for all vehicle types (TCO), in dollars,
js obtained as follows:

TC0 = ()15 TCO]') + 100.

Data Requirements:

A. VM, VH, #SC, #SP, #I, Hr/I can be obtained from basic data co11ecfion

as those suggested in appendix table Al.

B- COUQ Cop,
shown in appendix tables A11-A18.

COC’ COI’ and COF can be obFained from rate schedules

Parking and Toll Costs

Parking fees éharged'to users for utilizing parking facilities around
downtown -areas or at'park-n—ridé lots are costs thusers and so are to]l
~ fees charged to using a bridge or a section of a road. If the improvement
under consideration takes p1aéé é]dng areés which offer these.faci1ities,
and users of this pa?ticg1ar fmprovement use them,.thén parking and tdll
fees should be included in tﬁe user costs evaluation.

Procedures. Estimatiop'procedures can be carried out either

A.‘ byvébtainihg records of receipfs from the appropriate agency, or

B. by conducting onboard survey or interviews. Calculations for total

%Fo110w updating procedure suggested in previous section.
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e

o
toll and parking fees can be expressed separate1¥ below:
Tolls = TL X # Vehicles
where TL = freeway and/or bridge to]1, fn’$/vehic1e; and

Parking Fees = $/hour X # veh-hours/day X 270 daysa/year.

Data Reqirementé.‘

A. Records of receipts kept by the appropriate agencies, or

B. Surveys such as those suggested in éppendix table AZ2.

Fares

Any improvement involving transit vehicles imposes fares on users of the

transit vehicles, but also generates revenues from these fares for a transit

system. Therefore, in the impact evaluation process, fares are charged as

costs to users but are entered as revenues to the transit system to upset
transit operating costs. It is Very probab1e that these two effects will not
be netted out éither because of bad record keepina or for other reasons. For
alternatives which do not‘ihvolve any transit vehicles, such as carpooling,
this impactvtategory will not be included in the fmpact evalustion.
Procedures. Estimation procedures can be c;fried out either
A. by obtaining records of fare receipts from the appropriéte agéncy, or
B. by conducting onboard survey or inter?iews. Calculation can be |

expressed below:

'Féres ($) = ¢/person X # Rider : 100.

. 3
Data Requirements. T
A. Records of receipts kept by the appropriate agencies, or
B. Surveys such as those suggested in appendix table A2. ‘ o

aOnly 5 working days per week are considered.
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Accidents

Methods for éva1uating acéident costs, or values for specific accident
costs are many. Winfreyk[24] suggests'that broad general accident costs be
used only as the last resort. For short range transit consideration, it is
be]ieved.the recently pub]ﬁshed‘accident costs are broken down far enough
‘for the-use in this study.

Unit accident costs adopted here refer to costs to persons, properties
or vehicles directly involved in an accident. These costs cover the direct

out-of-pocket costs as well as other indirect costs such as.loss of future gross

earnings and services to family or home of the victim injured or killed. Extra
time costs, extra vehicle oberating costs and extra pollution costs as a
result of ‘an-accident, are not considered in these unit accident costs.
Unit accident costs vary not only with types of accidenté, but they also
vary according to road types and location type (rural vs. urban).
Procedures.
For accident type 1, on road type j,at 1océtion m,
A. numbek of accident. ] (#Aimj) is obtained_eithek from
1. basic data collection or |
2. by ca1cu1atfng in the following mannér:

#A = %A ] j X #A/VM X VM j

Tmj

total accidents and
vehicle-miles:

where A
VM

[

B. costs of accident 1 (ACA ), in dollars, can be obtained as follows:
Tmj

X CA

AC #A
A]mJ Tmj

1mj

where CA = updated unit accident costa, in dollars; and

aFo]1ow updating procedure suggested in the previous section.
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C. total accident costs for all accident types on both rural and

urban location and on all road types (TCA), in dollars, can be obtained as

follows:

TC, = trr(AC ).
A mj A1mJ

Data Requirements:

A. #A, VM can be obtained from basic data collection as those suggested
in appendix table Al. _
B. #A/VM, %A] and.CA' are obtained from appendix tables A19, A20,
1 o

and A21, respectiveiy.

Estimation Techniques and Data Reduirements
for System Costs Evaluation
Costs involved in operating a transit system include>hot only transit

vehicle operating costs, but also operating and maintenance (0 & M) road
costs and capital costs for-tapital expenditure in implementing a traffic
,improvemént Est1mat1on methods for each of these costs are d1scussed separate]y
below. Tab]e 6 shows the various system costs (1mpacts), sources of thexr
physical data and unit costs data, while table 7 shows the final units of
measurement and ca1cu1at1ons requ1red to obtain system costs Except for the -
addition of dr1ver s wage and fringe benefits, transit veh1c1e operating costs
for the recommended approach have the same sources of unit'costs’and procedures
as those for the vehicle operating costs in the user impact category discussed
earlier. An alternative approach_to,estimating transit vehcile operating costs
is presented; the data sources_and”procedures afe'differentf Both approaches

refer to one segment, one period and one-way traffic analysis.
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Table 6. Source Tables for Physical Data and‘Unit Cost Data Required for Estimating System Costs by Impact Category

H1ghway and Transit System
Impact Category

Source Tables

Fﬁysical Data

Basic Data

Secondary Data

" Unit Cost Data

Drivers' Wages
In-Vehicle (Public)

City Streets (arterial)

. Traveling at Uniform Speed
Additional. for Stopping
Additional for Speed Changes
Additional for Segment Changes
Additional While Stopped

Freeways
Traveling at Average Speed

Vehicle Operating Costs (Public)

City Streets (arterial)
Traveling at Uniform Speed
Additional for Stopping
Additional for Speed Changes
Additional for Segment Changes
Additional While Stopped

Freeways
Traveling at Average Speed

Fare and Toll Revenues
0 & M Road/Highway Costs
Capital Costs »

Table Al

Tables Al,

A2 .

Tables A2, #3
Tables A4, A5, A6, A7

Tables A2, A3

Table A3

Table A3
Table A3

Bids for project- .

~ Table A9

Table All
Tables A16, A17, Al18

"

Table A15

Tables Al6, Al17, Al8
Table A19
NA
NA
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Tab1e.?- Final Units of Measurement and Calculation Required to Obtain System Costs for Any Transit Alternativ

e by Impact Categorya

Hiohway and Transit System
Impact Category

Final Unit of Measurement

" Physical Unit

Cost Unit

~ Final Calculation
‘to Obtain User Cost ($)

Drivers' Wages
In-Vehicle (Public)

City Streets (arterial)

Traveling at Uniform Speed
Additional for Stopping
Additional for Speed Changes
Additional for Segment Changes
Additional While Stopped

Freeways
Traveling at Average Speed

Vehicle Operating Costs (Public)

City Streets (arterial)
Traveling at Uniform Speed
Additional for Stopping
Additional for Speed Changes
Additional for Segment Changes
Additional While Stopped

Freeways '

Traveljng at Average Speed
Fare and Toll Revenues
0 & M Road/Highway Costs
Capital Costs

Sp, V-Miles

. Sp, Sp Reduction, Stops
Sp, Sp-Change, Cycles

Sp, Sp Change, Segment
V-Hrs -

. Sp, LOV, V-Miles

Passengers, V
V-Miles
NA

¢/V-Mile
¢/Stop

¢/Cycle.
¢/Cycle
¢/V-Hr -

¢/V-Mile

$/P, $/V

$/V-Mile
NA

(v-Miles X ¢/V-Mile) + 100
(Stops X ¢/Stop) + 100
(Cycles X ¢/cycle} #+ 100
(Segments X %¢/Cycle) = 100
(V-Hrs X ¢/V-Hr) + 100

(v-Miles X ¢/V-Mile) & 100
P X $/P, VXSV
V-Miles X $/V-Mile

NA

aSymbols mean following: D-Hrs = driver hours; V=Hrs = vehicle hours; NA = not applicable; LOV = level of service; Sp = speed;

Sp Reduction’= épeed reduction to stoﬁ; and V = vehicles.




Transit Vehicle Operating Costs - Recommended Approach

Costs'components of transit vehicle operating costs include wages and

fringe benefits for transit vehicle drivers. In addition, fuel, oil, maintenance,
depreciation, and insurance for operating and maintaining transit vehicles and
facilities are also included. Among them, wages for drivers take the 1arge$t
share. Cervero reports in his study [6] that public transit is a labor

intensive industry with Wagé accounting for eighty percent .of all tranSit‘vehic]e
operatfng costs. As a result, fransit vehicle opérating.costs are highest during
peak hours because of extra bUseé needed and coﬁsequent]y extra drivers hired

to meet the demand. Fares received as revenues to the system are used towards

operating expenses. Therefore, the net transit vehicle operating costs
represent costs incurred from operating transit vehicles or facilities
used for maintaining these véhic]es less fares received. Transit accident
costs are included as insurance costs for drivers and passengers,and these
insurance costskare covered under drivers' wages. -

Like vehiﬁ]c.operatingscosts in the user impact category, transit
vehicle‘operating cosis vary’according to vehicle type (1afge or smalil buseg)
_used by the system, speed at which vehicles trave],_and'a1so the number of
stops and {dlihgs that transit vehicles make. Thefefore, procedures 5nd
data requirements for estimating transit vehicle Operating césts include those
used for'estimating vehic]e‘operating costs in the user impact category. Ih
addition,kdrivers' wages and fringe benefits have to be estimated.

Procedure.

A. Drivers' wages, including fringe benefits, for vehicle type i, road

type j, can be obtained by the following steps: | -
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| Mij)’ in hours, ,
can be calculated as described in the user impact section (pp. ) with the

1. Total travel time for in-moving-vehicle mode (T

exception that out-of-vehicle travel time (VOT) is zero here;

2. Drivers' wages for both city streets and freewaysa (wM ) for
. N . .i
in-moving-vehicle mode, in'dqllars, can be obtained as follows:

wM. = (7 TM ) X C

i My ™

where CTM = updated unit time costb for drivers, in $/VH, for the '
in-moving-vehicle mode; :

Transit_Vehic]e Operating Costs - Alternative Approach

System costs and revenues ‘can be estimated by a simpler approach. If
time and costs for impact evaluation are matters of concern, it may then be
appropriate to consider this a1ternative approach. Instead of collecting
basic data and going through the tabulation according to procedures described
above, published data on unit total system operating costs and revenues of
somé‘trahsit system(s) are used. Procedure and data requirements for this -
a]térnative approach are‘presented below.

Procedufes Tota1 tran51t operat1ng costs (SC 0) and total transit revenues'

(SR) for tota1 veh1c]e m1]es made by a11 transit veh1c1e types (i) are -

obtained, respectively as follows:

SCeq = (§ VM. ) X Csos

%or route segement analysis, in genefa1, there is only one road type
involved since segments of the route are set up mostly by road type
characteristics.

bFoHow updating procedure suggested in the earlier section.
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SR = (? VMi) X RS;

where VM = vehicle-mile
CSO = ($) transit operating costs/VM and

RS = ($) transit revenues/VM.

Data Requirements.

A. UM is obtained from bésic data collection as suggested in appendix

table Al.

B. CSO and RS can be obtained from the most current issue‘of Texas

Transit Statistics published annually by the,State“Department df Highways

and Public Transportation. These unit values vary according to system size.

It is believed that the unwt va]ues from & similar system size should give
better estimates and should be adopted. Appendix table 22 ‘shows the 1979 unit
transit operating costs and revenues per vehicle-mile of three Texas system
sizes: A, B and C. The unit transit operating costs are further broken

down into with and without administrative costs. For impact evaluation when

costs and benefits are derived from comparing the "build" to the "no-build",

unless the proposed alternative,requires extra personnel fo carry out the
improvement, such as manning the park-n-ride Tots or the installed metering
signal, it is recommended those unit operating costs excluding the adm1n1strat1ve

costs be used in any short range impact evaluation.

0 & M Road/Highway Costs

For short range transportation improvements, road or highway operating
and maintenance costs should be a relatively small item compared to other
costs. ‘For example, the alternative of ihcreasing bus fleet may cause a few
more potholes, thus resulting in some maintenance expenses. However the

alternatives of changing route or schedules which involve only redistribution
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of the fleet to different roads or different time periods, should incur

1ittle, if any, 0 & M road or highway costs.

Procedure:

Multiply unit cost from records kep? by the maintenance department to
total vehicle-miles to arrive af total 0 & M road costs;
Data Requirements: |
Records kepl by transit maintenance department.

Capital Costs

For implementing an improvement, capital costs include costs incurred
from advance planning, preliminary engineering studies, to right—of-way
purchases. Any sunk cost (whatever has béen spent) should be excluded. Not
all of the capital costs are necessarily incurred in one single year. Some
may be spent in year one, other in year two, and still others in year three
or later years of the analysié peribd. Therefore each of these costs should
be dfscounted from the year it is inténded for eXpendithe to the present
in order to arrive at the present value of the total capital costs for
implementing an improvement.. | |

. Procedures:
1. Obtain costs directly from bids given by contractors and
suppliers. | | V
2. Discount those capital costs which will be incurred inylater
fyearS'according to the number of years from planning to present.

3. Sum all costs.jncurred in year one and those in later years

obtained from Step 2.

Data Requirements:

Bids from contractors and suppliers.
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Estimation Techniques and Data Requirements
for Nonmonetary Impact Evaluation

Three of the nonmonetary'impacts are considered in.the impact evaluation
process proposed in this report..'They are chosen for evaluation because of
the recent concern énd interest that society has placed on them. Evaiuation
techniques have been deveioped for estimating the effects of air pollution
and noise pollution. However, the impact of land use, although studied in
many case studies [ 2,11,10] does not seem to have a single impact effective-
ness measure. For meaéuring land use impact, some §uggests changes in land
va1ués, other considers business receipts and employment,_and still others
use acreage of residentiai, commercial, industrial and.other déve]opments.
~ For simplicity, the last suggestion is recommended hére for evaluating land
use. Also, it is felt»that this measurement directly or indirectly implies
most of the aspects of 1ahd use, such as business receipts, employment, land
values, etc. In order to avoid double counting, business activities
and accessibilities fo job opportunities will be discussed under the society
impact category. Table 8 illustrates the source tables for physical data
and unit costs data and units of measurement for evaluating nonmonetary impacts;
: Estimation procedures describéd in this section refer to analysis per ségment,

by period and direCtion'of'travelgi Total effects have to beAadeSted for all

~segment, periods and directions of travel.

Air Pollution

Traffic generates pollution i" the air either from the exhaust of running
vehié]es or evaporation from an idling engine. The mix of vehicles, the
number of stops and frequency of speed change made'by vehicles, affect the
amount of pollutants emitted into the air. The major pollutants in transport-

ation are identified as carbon monoxides, hydrocarbons and nitrogen oxides,
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Table 8.  Source Tab]esvfor Physical Data and Unit Cost Data and Units of Measurement Required for
 Estimating Nonmonetary Impacts by Impact Category

Nonmonetary : v
Impact Category Source-Table Unit of Measurement
Physical Data  Unit Cost Data Physical Unit Cost Unit
Air Pollution
Traveling Average Speed Téb?e_A] Table A23-A25 Grams - Grams/V-Mile
Additional due to Idling . Table A26 "
Noise Pollution "Tabje Al Figure A1-A2 dBA : #V/Mile of Road
Land Use City Maps NA Acre NA




- measured in grams.
Procedure. For vehicle.type i, traveling on freeways or city streets;
A. at given average'speed, p, amount of air pollutant type t emitted
(PAti)p, in grams, can be estimated by the follawingequation:

(Pp )

i = (VMi) X (C

oA )
P PAL; P

where VM = vehicle-mile and a
CPA updated unit pollutant emission  for vehicle at average
speed, in grams/VM;

Won

B. additional émission of air pollutant type t due to idling (PI ), in
. : ti

grams, can be calculated by the follwoing equation:

P ! = #Ii X Hr/Ii X Cplfi X 60

It1

where I
Cp1

idling a
updated unit pollutant emission due to idling, in grans/min;
and '

C. total amount of air pollutant type t emitted (Pti)’ in grams, is
calculated as follows:

Pei = (Pa, )y * Pp

ti ti
Therefore, for a11'9ehic1e-types and for all pollutant types, total
pollutant emission (TP), in_grams, is defined as below: |

TP =3z P

St ti

Data Requirements.

A. VM, #I, Hr/I and p are obtained from basic data collection as suggested o
in appendix table Al.
B. CPA and CPI can be obtained from rate schedules of emission for

vehicle traveling at average speed in appendix tab1eSA23-A25, and for idling

aUpdating procedure is suggested in earlier section.

68




engine in appendix table A26, respectively.

Noise Pollution

In addition to air pollution, transportation also contributes to noise
"pollution. Flowing traffic.ckeates}certain 1eve1s of noise pollution, but
vehicles in idling position also increase levels of noise pollution. Young
and Wood [25] found in their study that noise level is pdsitive]y related
to the density of vehciles, and the mix of vehicles and.the traveling
speed both play an influential role in this relationship. Estimation
technique recommended in this study is based on thé:resu1ts obtained by these
two authors. | ~ |
Procedures. There are two Stepsinvo1ved: |
A. Obtain the mean ﬁbise level at the given mix of vehicles traveling
at 50 mph by reading it off from the graph appeared in fiqure Al. |
B. Adjust the meaﬁ noise.level obtained in step 1 to the 1éve1vat
which vehicles are traveling at the desired speéd by referring the mean
noise level to the graph in figure A2 and reading it off at the desired speed.

Data Requirements.

A. Vehicle traveling speeds, vehicle ahd truck mix,-and'density of -
automobiles perkmilé can be obtained from basic déta collection (appendix
table A1). | L |

B. Graphs of mean noise level at 100 feet from a lane, by density of
automobiles per mile of roadﬁay at selected spéeds and of mixed car and diesel

truck traffic are obtained from Young and Wood's study [25].
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Land Use

To evaluate Tand use, the measurement of this effect recommended here is
acreage of residentia], commercial and.industria1 deve1opments and other
developments which 1nc1ude schools, churches, parks and other public services.
Any changes in the acreages of these developments may be the result of the
transportation 1mprovement but they may also be caused by other factors.
Therefore, care should be given to include if possible, only those changes that
are caused by the improvement in the impact estimation process.

If the improvement takes place in a well developed area, these changes may
be unnoticable or insignificantly small. Any meaningful measurement may
be difficult to obtain. In such cases, it should be up to fhe planners and
officials to decide whether or not to include this impact in the evaluation.
A descriptive éva]uatioh‘of buSiness activities and accessibility to job
opportunities as suggested later in the society costs category may be a
sufficient guideline.
Procedures. 'Obtain‘changes in acreages (or square foOtage) of residential,
~commercial and industfia] and other developments from similar improveﬁents
~in the past.

Data Requirements. Change in acreages (or square footage) of residential,

commercial and industrial and other developments due to the improvement.




Determination of Society Costs

The category of society costs is created for the purpose of providing
data information in areas of intereéts to transportation planners, city officia1s
and concerned citizen groups. The major characteristic of this category is
that all impacts in this category have already been imp]icit]y included in
either the user or nonuser impécts. To avoid double counting, these 1Mpacts
are pulled out, put;under»a separaté»category and are not included in the.
overall evé]uation process.

Business activity, accessiblity to job'opportunity, fuel consumption
and ridership are impacts 1déntified in this category. Both'business'activity
and accessibility to job opportunity impact land use. How well Tand is uSed
‘can be partially affected by business activities around the area and also by .
the accessibi]fty to jobs for workers or emp]oyeés. The measurement of
commercial development has indirectly accounted for these two impacts.

The impact of energy consumption is inc}uded in the vehicle operating
costs and transit véhic1e operating costs in the form of fuel aﬁd oil
consumption. with>the recent cbncern over the energy issue, this impact
category can provide valuable information for a cbst efFective'measure of
energy'consumption; For examp]é,_tdQEther with~tota1 vehicle mileage
traveled, a cost efféctive measure of gallons of fuel consumed pér‘vehicle-
mile is obtained, or with ridership, a cost effective measure of‘ga1lons of
fuel consumed per rider is provided.

Ridership is another imﬁact which is of 1ntere$t to transit planners and

officials. This impact is affected by all the user and nonmonetary 1mpacts‘v
even though to different degrees. Among them, travel time is found to have
the greatest impact on ridership. N |

The nonquantifiable 1mpacts,'such as business activity and accessibility

to job opportunity, can be evaluated descriptively, while the quantifiable
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ones, such as fuel consumption and ridership,can be analysed by utilizing unit
~ costs, published or obtained by survey. Table 9 Tists the evaYuation

procedures and data requirements for. each of the society impacts.

Business Avtivity

Procedures: Describe the changes in regard to the number - of customers,
 total sale receipts, establishments of new businesses and expansion of old
businesses as a result of the improvement.

Data Requirements: Number,of customers, total sale receipts (if

possible; however most businesses are unwilling to give out this information),

establishments of new businesses and expansion of old businesses.

Accessibility to Job Opportunity

Procedures: Describe acceésibi]ity by evaluating how soon job openings -
are filled. (Pay scales of these jobs have to be competitive to the ongoing

wage rate around the area in order to have a meaningful assessment.)

Data Requirements; Number of job openings and time required to fill those

openings.-

,Fuel Consumption
The amount ofrfuelvrequiredkto operate vehicles varies according to
vehicle types. For a privéte automobile, energy required consists main1y'of

the amount of gasoline consumed in traveling from one point to another.
For a conventional bus, it includes fuel in operating the bus either in

~ traveling or in idling at the end of the run; it may even include ehergy
needed for maintaining terminals or other facilities. However, factors

such as passenger 1oad, trip length, service speed, distance between stops
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Tablae 9. Evaluation of Spciety Costs: Sources of Unit Costs and ?rocedure

Business Activity |

Accessibilityvto Job
Opportunity

Fuel Consumption
On City Streets
at Uniform Speed
Additional due to
Stopping
Additional due to
Speed Cycle Change
Additional due to
Segment Change
Additional due to
~Idling -

"~ On Freeways
at Average Speed

Ridership

B

Source of Unit Cost

Procedure

By Observation

By Observation

Table A27
Tables A28-A30
‘Table A28-A30
Tables A28-A30
‘Table A3

| Tables A32-A34

Tables A1-A2 .

Describe the change from

before to after improve-
ment implementation in .
regard to customer flow,
sales, new business.

Describe the change from
before to after improve-

‘ment implementation in

regard to job openings
and how soon openings

| are filled.

gal/veh-mile X veh-mile

ga]/cyé]e X #stopping

gal/cycle X #cycle change

gal/hr X idling hour

“gal/veh-mile X veh-mile

Obtain from table Al or

from survey on table A2.

- %gal/cycle X #segment change !

i
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and road types are common to all vehicle types in their energy usage. To
eva]uate‘the impact of energy consumption, fuel consumption rates by
vehi;]e type on freeway or on city streets can be used. Additional fuel is
consumed due to idling and speed cycle changes.

Estimation proéedures and data requirements for calculating fuel
consumption are the same as those déscribed for estimating vehicle operating
costs in the user impact section. Gallons per mile are used here instead of
cents per mile for estimating the fuel requirements of each transit alternative.

The corresponding set of fuel consumption rate tables are shown in appendix tables |

- A27-A33.

Ridership

Ridership represents the number of passengers on transit vehicles.
Improvements of a transit mode Can.affect ridership favorably or unfavorably.
Also most of the user and nbnmonetary impacts impact directly or indirectTyv
ridership to some extent. It is believed among all impacts, travel time exerts
the greatest impact on ridership.

Procedure: Obtain the number of passengers directly from a transit system

~or.from an on-board survey for currant ridership and project the ridership

for each alternative over the analysis period from current or historical data.

Data ReQuirements; Records kept by transit systems or on-board~survéy such

as thosevsuggested in appendix tables A2-A3.

Estimation methods and data requirements for evaluatina each of the
relevant impacts have been pfesented. It is important to bear in mind thatr
consistency in utilizing a unit cost or a specific procedure for an impact’
category across all proposed‘alterhatives is necessary in order to obtain |
any meaningful comparison. whichever unit value or procedure is used, it

should be adopted uniformly for all alternatives under consideration.
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A Hypothetical Case Study

To illustrate the methodology of the recommended impact eva]uaiion |
approech jusf described, a hypdthetica1 case study is‘presented} It is
stressed here that the estimated impact values, in dollars, or other units
may be far from reality and hence the outcome of the evaluation process
may bear 11tt1e resemblance to rea] world cond1t1ons The main purpose of
the presentation of this hypothet1ca1 case is to fac111tate the understand1eg

of the methodology presented in this report.

Problem and Suggested Shortrun Solutions

City X is faced with the problem of what to do about its major traffic
‘route #13 which is p]agued by congestion resu1t1ng from high volumes of
automobiles. The route is divided into three segments according to road
characteristics. Segment 1 (S1) is a 2-lane city street, segment 2 (S2),
a 4-lane city street and segment 3(S3) is a urban freeway. Four short
" range teansit a1ternat§ves (A, B, C and D) are squested-and are‘evaluated
againét a "do-nothing"’altefnative (alternative "0"). Alternative A refers
to a routing improvement, a]ternative B a schedu]ihg improvement, alternative
Ca rout1ng and scheduling combination 1mprovement ‘and alternat1ve D a

high occupancy veh1c1e (HOV) treatment.

Assumptions Used in the Analysis

The ana1ysis period is defined to be ten years, residue values to be
insignificant and the discount rate to be ten percent. During the whole
analysis period, user costs, transit vehicle operation costs (netted out

fare revenues) and nonmonetary costs are assumed to have a constant growth
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rate of 3 percent. 0 & M roads and highways costs are assumed to be a uniform
annual series wfth equal amount of costs to be incurred éach year. Further,

all capital costs are assumed to be incurred at the beginning of year one.

The hypothetically estimated segment values for the impacts are annual figures |
for study year one. Lastly, it is assumed that the relationship between the

measured and estimated values of each impact and ratings is linear and continuous.

Categorical and Subcategorical Weights Assignments

A committee consisting of six members, four from the city planning and
transportation divisions, ahd two from citizen group;; is formed. The
two tasks which this committee has to perform are: 1) categorical weight
assignments and 2) subcategorical weight assignments. The committee should
take into consideration the local transportation needs and objectives
determined in the preliminary investigation when assigning weiaghts to the

relevant impacts.

To assign categorical weights, each member of the committee is given
100 points to be distributed between the monetary and nonmonetary impact
categories. The average points (categorical weights) are found to be 60
and 40, respectively, for the monetary and nonmonetary impact categories.
Table 10 i1lustrates the point distribution from each member and the categorical
weights obtained. | |
Subcategorical weights are assigned by the cbmmittee in similar fashion
to the three nonmonetary impacts. The average weights obtained are shown
in tabled1 in percentages, with air pollution, noise pollution and land use

sharing a percentage distribution of 27, 23, and 50, respectively.
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Table 18.  Categorical Weight Assignments of Monetary and

Nonmonetary Impacts

oTIoIITIIIE T o —
o Members *
Type of Impacts No.1 No.2 No.3 No.4 No.5 No.6 | Average
Monetary 60 70 50 55 60 65 60
Nonmonetary 40 30 50 45 40 35 40
Table 11. Subcategorical Weight Assianments of Nonmonetary Impacts
- ___Members Average
Impacts |No.1 No.2 MNo.3 No.4 No.5 No.6 (%)
Air Pollution 20 30 40 25 20 25 27
Noise Pollution 30 20 30 25 20 15 23
Land Use 50 50 30 50 60 60 50
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Ca1cu1ation of Impact Benefits and Costs

The estimated annual segment user costs, system costs and nonmonetary
costs, hypothetically constructed, for the "do-nothing" and the four proposed
alternatives are shown in table 12. These costs represent costs for all
vehicle types, both peak and nonpeak periods and iwo-way traffic on each of the
three segments of the route. Total route costs of each impact category for
each alternative can be calculated by summing the three segment costs for the
respective category; these total route costs are also included in table 12.
Annual user benefits, nonmonetary benefits and changes in system costs of the
alternatives are obtained by comparing the total foute costs of each of the

proposed alternatives to those of the "do-nothing" alternative.

Derivation of Totél Scores for Alternatives

A.present value factor of 7.19142 (for Ten years, at ten percent
discount rate and three percent constant grbwth rate) is used to calculate
the presenf value (PV) of ten years of user benefits and ten years of
changes in net transit operafing costs (defined as transit operating costs

less fare revenues.) A factor of 6.1446b (for ten years, at ten percent

%he PV factor (f) is obtained by using the following formula in

AASHTO [11: ,
, {r-i)n ] .
f=& -1 :
v r-i
where i = discount rate,
r = constant growth rate and
n = number of period.

bThe number is obtained by using the following formula [23]:

' -n
A = ]:..(.].tj‘)‘ .
n/i i
where A = present value of an annuity of $1,
n = number of period and

i = .discount rate.
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Table 12. Annual User Costs System Costs and Nommonetary Costs for All Vehicle Types, for Both Peak and Non-Peak Periods, and Two-
Way Traffic by Atternative and by Segment of Route.

Alternative "0" Alternative A Alternative B Alternative C Alternative D
Impacts St S2 S3  Total S1 S2 S3  Total} SI s2 S$3  Total st sz S3 Total S1 §2  S3  Total
User Costs - 1,000 Dollars - - 1,000 Dollars - ~ - 1,000 Dollars - -1,000 Dollars - 1,000 Dollars -
Travel Time 1,500 1,200 800 3,500 {1,200 1,000 800 3,000{1,180 970 750 2,900 500 400 600 1,500 {1,000 800 200 2,000
Discomforts & Incon. - 20 15 5 40 15 10 5 30 m 5 5 20 5 3 2 10 7 3 0 10
Vehicle Operating Costs 1,300 1,100 800 3,200 800 500 700 2,000] 600 300 60O 1,500 100 200 200 500 {1,100 9001,000 3,000
Accidents 350 250 600 1,200 300 200 500 1,000[ 250 150 400 800 250 200 450 900 300 200 200 700
Parking Fees . 2 2 1 5 2 1) 4 1 0.5 0.5 2 0.5 0 0.5 1 1 1 3 S
Fares % Toll . 25 30 25 80 400 400 200 1,000 450 500 250 1,200 500 600 300 1,400 | 400 400 280 1,080
System Costs “f - 1,000 Dollars - - 1,000 Dollars - - 1,000 Dollars - - 1,000 Dollars - - 1,000 Dollars -
Transit Veh. Op Costs 500 300 200 1,000 900 700 300 1,900{1,000 850 300 2,150 |1,200 1,000 400 2,600 500 700 900 2,100
Less: Fare Revenues 25 30 25 ___80| 400 400 200 1,000; 450 SO0 250 1,200 500 600 300 1,400 | 400 400 280 1,080
Net Transit Op. Costs | . 475 270 175 920 500 300 100 900] 550 350 50 950 700 400 100 1,200} 100 300 620 1,020
0 & M Road/Hiway Costs 200 40 20 80 40 40 20 100 30 30 10 70 25 25 10 60 20 5 5 30
Capital Costs 0 0 0 0 500 500 500 1,500 800 700 300 1,800 800 700 500 2,000 0°1,00C1,200 2,200
Nonmonetary Costs '
Air Pollution - - 1,000 Grams - - - - 1,000 Grams - - - - 1,000 Grams - - - - 1,000 Grams - - - - 1,000 Grams - -
co 500 300 200 1,000 600 200 200 1,000 400 300 200 900 350 250 200 800 300 150 50 500
HC 70 50 30 150 75 45 30 150 60 S0 30 140 60 a0 30 130 60 30 10 100
qu 50 30 20 100 55 30 15 100 50 30 20 100 40 30 20 90 5 20 15 70
_ - - dBR™- - - - dBA - - - - dBA'- - T dBAT- - P e
Noise 85 0 0 55 50 0 0 sa 45 0 0 45 60 1} 0 60 .- 40 0 0 40
Land Use - - Acres - - - - Acres - - =« Acres - - - - Acres - - - - Acres - -
Residential 100 60 40 200 100 60 - 40 20q 100 65 40 205 100 70 50 220 100 70 60 230
Commercial & Ind. 5 . 3 2 10 5§ . 5 2 13 5 3 2 10 5 6 4 15 5 3 2 10
Other : 2 2 1 5| . 2 2 1 L H 3 6 2 6 4 12 2 ) 3 10

aRepr'esents the average noise level of.the route segments.




discount rate and for a uniform annual series) is used to arrive at the present
value of ten years of changes in 0 & M road/highway costs. Alternative C is
calculated to yield the highest total user benefits (PV) of 26,709,000
dollars and to incure a change in total system Costs (PV) of 3,891,000 do]]ars
(inc]udjng cépita] costs) over the ten year period. Benefit-cost ratios
are calculated by dividing thé totaT user benefits (PV) by the change in
total system coéts (PV).‘ Ambng thé,proposed alternatives, alternative C has
the highest benefit-cost ratio of 6.86 while alternative D has the lowest
with 3.36. |

The next step in the analysis is to derive théztota1 score for the user
impacts of each alternative by rating the benefit-cost ratios. Rating of these
ratios is done first by assigning the maximum rating of 3 to the largest
benefit-cost ratio which is 6.86 from a]tefnative C, thus setting up a
proportiona]jty factor of 0.437 (3 : 6.86). Secondly, each of the remaining
ratios is multiplied by this factor (0.437) to arriVe at the respective rating.
Alternative A comes out with a rating of 1.76 whi]e'a1ternatives B, C, and D
have ratings of 2.58, 3.00, and 1.47, respectively. Each of these ratings of
the benefit-cost ratios is then multiplied by 60, the categorical weight for
monetary impacts as shown in féb]e 10, to give the tota1‘scores‘0f the aIternatives. =
Alternative C scores highest with 180 while alternative D has‘the Towest score
of 88.2. TabTe 13 shows annual user benefits and annual changes in system
costs and the derivation of total scores for each of the proposed alternatives
in the user impact category.

The next step is to derive the total score for the nonmonetary impact
of each alternative; In order to obtain "pseudo" benefit-cost ratios |

for impacts in this category, dummy unit values, W, U, and V are assumed to
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Table 13. Derivation of Total Scores for User Benefits from the Implementation of Transit Alternatives

Items Alternatives
) A B [ D
|User Benefits ’ -1,000 Dollars -
Travel Time ' 500 600 2,000 1,500
Discomforts & Inconviences 10 : 20 30 20
Vehicle Operating Costs 1,200 1,700 2,700 200
Accidents 200 400 300 500
Parking fees 1 3 4 0
Fares & Tolls ) : -920 -1,120 -1,320 -1,000
Total Annyal User Benefits } 991 1,603 - 3,714 1,220
PV of Tatal Ten Years' User Benefits? 7,127 11,528 26,709 8,774
1 System Cbsts
Annual Change in Net Transit Op. Costs -20 30 280 100
PV of Total Ten Years' Change in Net Transit Op. Costsa(a) 144 } 216 2,014 719
Annual Change in 0O & M Road/Highway Costs - 20 -10 -20 -50
PV of Total Ten Years' Change in 0 & M Road/Highway Costs (b) 123 - =81 . -123 -307
Change in Capital Costs 1,500 1,800 2,000 2,200
PV of Total Ten Years' Change in Capital Costs (c) 1,500 1,800 2,000 2,200
PV of Total Ten Years' Change in System‘Costs {a+b+c) 1,767 1,955 3,891 2,612
Benefit-Cost Ratio = 4.03 5.90 6.86 3.36
Rating of Ratio® ' 1.76 » 2.58 3.00 1.47
TOTAL SCORE (Rating x sod) : } 105.60 154.60 .~ 180.00 88.20

3x present value factor (f) of 7.1914 is used for a discount rate (1) of 10%, a constant growth rate (r) of 3%, over a period (n) of 10 years,
as derived from the following equation suggested in AASHTO [1]:

e("‘”“_] .
f= :
T

A discount factor (f) of 6.1446 is used for a discount rate (i) of 10%. over a period (n) of 10 years, for a unifarm annual series as
obtained from the following equation from [23]: .

‘e 1-(1+12'

“The maximum rating of 3 is assigned to the biggest benefit-cost ratio of 6.86. The proportfona11ty factor becomes 0.437 (3:6.86) and
is used to multiply through all other ratios to arrive at their respective ratings.

dThis is the categorical weight for the user cost cateéory obtained from table 10.




represent dollar values for-each thousand grams reduction of air pollution, for
each decibal reduction of noise pollution and for each acre inérease in

land use, respectively. W, U and V are dummy unit values since they will be
cancelled out in Lhé raling process thal (s to he followed, and Lheir}dollar
values need not be estimated as long as these "péeudo“ benefit-cost ratios
are ﬁot used to determine the economic desirability of a]ternétives. This
report aSsumes that economic desirabi]ity'is determined by the benefit-cost
ratios obtained in the user impact category as discussed earlier. Whatever
the unit values fqr the nonmonetary impacts are, thé total impact scores for
the nonmonetary impact subcategories are not affected; so are the toté]
scores for the entire nohmonetary category, and finally the overall final
scores for both monetary and nonmonetary categories. Therefore they are

included here for illustrating the above point and is not included in the

outline of the recommended impact evaluation approach.

Now, Coming back to the hypothetical case, the annual nonmonetahy benefits
of'air pollution, noise poT]utioh and land use are transformed to annua]
benefits in terms of W, U and V, respectively. Théy are then discounted by
adopting the same present value factor of 7.1914 used in the monetary category

- to arrive at the present values of the respective nonmohetary benefits'(still
in terms of W, U and V, respectively). Using the present values of changes
in total system costs as thé cost factor in each case, "pseudo" benefit-
éost ratios are calculated for each impact within this nonmonetary cétegory,
Alternative D comes out to have the largest benefit-cost ratios of 15.97W,
4.13U and 9.65V for air pollution, noise pollution and land use impact
subcategories, respectively.

These benefit-cost ratios are then rated within subcategory in the same

manner as those described in the monetary category. Alternative D has the




max imum rating'of_3.00 in each of the three subcategories. The proportionality

factors obtained for éir pollution, noise pollution and land use are 0.188/W,

0.1726/U and 0.311/V,vréspeCtive1y._ As each of these factors are mu]tip]ied

through the ratios in the corresponding subcategﬁry, the dummy unit values,
'w, U and V are cancelled out. Impact scores are obtained for the alternative

by multiplying the appropriate subcategorical weights, shqwn in table 11, |

to each ratio rating. As expected, alternative D wins the highest impact scores

in all three impact subcategories. Summation of all the impact scores

across impact subcategories yields total 1mpact score for each alternative.

Alternative D has the highest total impact score of 3 while alternative A

has the lowest of 0.46. Each of the total impact scores is further adjusted

by multiplying to it the categorical weight of 40 obtained earlier to arriye

at the total scores for the alternatives. Alternative D has the highest

total score of 120 for the nonmonetary benefits while alternatives A, |

B, and C score 18.40, 46.40 and 39.60, respectively. Tablel4 shows the

annual nonmonetary benefits and derivation of total score for the nonmonetary

benefits for the proposed alternatives.

Lastly, the total score for both the monetary and nonmonetary categor1es

‘are summed together to give the final overall scores for the alternatives as
shown in table 15. Thé overall evaluation process thus reveé]s the fact that
alternative C with a final overall score of 219.60 is the optimal choice among

all alternativesunder consideration for city X.
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Table 14. Derivation of Total Scores for Nonmonetary Benefits from the Implementation of Transit Alternatives

Items Alternatives
A B ¢ D
Nonmonetary Benefits
Air Pollution - 1,000 Grams -
o 0 100 200 500
HC 0 10 ) 20 50
NO, 0 0 10 30
Total Annual Benefits 0 10 230 580
- -1,000 Collars - )
PY of Ten Years' Benef'ltsa 0 7910Hb 165400 41710W
Benefit-Cost® Ratio 0 4,050 4,250 15.97W
Rating of Ratio - 0 0.76 0.80 3.00
Impact Score (Kating x 0.279) 0 0.21 0.22 0.81
Noise - dBA -
Total Annual Benefits 5 10 ) -5 15
- 1,000 Dollars -

- PV of Ten Years' Benefits® 36000% - 7200U -3600U 10800U
Benefit-Cost ~ Ratio 2.04Y 3.68U -0.93U 4.13V
Rating of Ratio 1.48 2.67 - 0.68 3.00
Impact Score (Rating x 0.23°) 0.34 0.61 - 0.16 0.69

Land Use - Acres -
Residential 0 20 30
Commercial & Industrial 2 0 5 0
Other 0 1. 7 5
Total Annual Benefits 2 6 .32 35
- . "7 1,000 Dollars -

PV of Ten Years' Benéfits® 1a00vF 4300V 23000V 25200
Benefit-Cost" Ratfo .79V 2.20V 5.96V 9.65V
Rating of Ratio 0.24 .0.68 1.85 3.00

_ Impact Score(Rating x 0.50°%) 0.12 0.34 0.93 1.50
T MPACT SCORE 0.46 1.16 0.99 3.00
TOTAL SCORE (TOTAL IMPACT SCORE X 409%) 18.40 46.40 39.6 120.00

a8 present value factor of 7.1914 as defined in footnote of table 13 is used.

bPolTutants are assumed to have a value'of $W x 104/1,000 rams._-The éxact‘Qalue of W.does nat bave to be knﬁg;:as

long as thisbenefit-cost ratio analysis is not used to determine the economic desirability of alternatives.

Ccost factors used represent the PV of total ten years' change in system costs obtained in table 13.

dFigures are tbe'bercentages of the subcategorical weights obtained in table 11.

eNofsg pollutaht is assumed to have a value of $U x lnsldBA.
fland use is assumed to have a value of $V x 10%/acre.

3:9Figure represents the\fétegorical weight obtained in table 10.
’



Table 15. Overall Scoring of Alternatives

Impacts Alternatives

A B c D
Monetary | 105.60  154.80  180.00 88.20
Nonmonetary 18.40 46.40  39.60  120.00
Overall Final Score 124.00 201.20 219.60 208.20
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CONCLUSIONS AND RECOMMENDATIONS -

Conclusions

Traffic problems have a tendency to intensify in a growing city.
Officiais in tranqurtatidn are constantly faced with challenges of
providing adequate and dependable transportation to the public. Different
transportation improvemént impacts users and nonusers differently. The
need for an efficient impact evaluation approach is, therefore, deeply
felt. The present study limits its scdpé to short range considerations.

The approach outlined in the interim report is fu11y'deve]oped in this
report.

Before applying the recommended impact éva]uation method, it is
suggested that some aspécts related to transportation should be considered
and deiermined pre]iminarily. These considerations should serve as
guidelines to decision-makers in transportation during the weight
assignment process required in the recommended»impact evaluation’approach.
They include identifiéations of: (1) relevant short range alternatives, |
(2) funding available for a specifit improvement, (3) local needs and
goals, (4) projected traffic and rider demand, (5) city size characteristics
~and (6) relevant 1mpact§ fbr evaluation.
| The recommended impact evaluation method encompasses the three
commonly used evaluation methods. The economic efficiency method is
‘used for evaluating monetary impacts and the cost effectiveness method is
applied in the nonmonetary impact evaluation. The common measurement
used in both methods is the benefit-cost ratio. The scoring method is used
to rate the estimatéd ratios within each impact subcategory. The ratings are
then adjusted by the weights assigned to érrive at scores which can be summed

up to yield the overall total scores of the alternatives. . The overall ranking

86







of alternatives depends on the outcome of these total scores. The higher the
vscore, the higher the ranking.

Eatimation techniques used and data vequived For pvatoab ing monetar,

~ and nonmonetary impacts are presented. Unit cost methods are chosen
instead of other more complex estimation procedures.because'the present
study is concerned primarily with short range transit considerations.

The problem of subjectiveness involved in the scoring method is
believed to be kept to a minimum by the categorical and subcategorical
weight assignment procedures suggested. Also theAproblem of double

| counting‘is avoided by fhe introduction of a separaté'impact catégory, the
society impacts, which include business activity, accessibility, fuel
4consumptionkand ridership; The evaluation results of impacts in this
category do not enter into the overall ranking of a]térnatives since
each of them has been imp]icitTy or explicitly accounted for in impacts
of the othér two categories which have undergone the overall eva]uatidn.
Because of the interests these society impacts are to city officials
or special interest groups, it is hoped that by describing or listing the
impacts in the evaluation, a more complete impact evaluation approach
should result and better help decisfon-makers in thEir‘deCision—making

process.
Recommendations

Even though the evaluation method described in this report is considered
to be simple compared to ofher methods, comoutation of the various impacts
can be tedious. In the first place, impacts to be evaluated are many; and
in the second place, variables affecting these impacts are multiple, ranging

from the common ones which are borne by most of the impacts to the specific
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ones which influence specific impacts. Therefore, it is proposed here that the
“impact approach recommended in this study should be computerized. It is
believed that efficiency and ease of uti]izinq this approach will be

greatly enhanced; conseduently; transportation officia]s can be better

served.
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Tible Al. Basic Facility and TrafﬁcAData Collected on Existing and Proposed Bus Routes and Used to Calculate Highway .and Transit User Costs
of Transit Alternatives by Segment and Type of Road? : :

City Street Segments™

Route Segment Data

) Freeway Segmem;sb
1 2 3 4 5 1 2 3

Length of Segjment (0.00 miles)

Design Capacity Hourly (one-way)

Number of Through Lanes (one-way)

Average Hourly Traffic (one-way)

Speed Limit (max. mph)

Average Speed, -Automobile (mph)

Average Speed, Trucks and Buses (mph)

Average Approach Speed, Automible (mph)

Average Approach Speed, Trucks and Buses (mph)

Average Speed Reductions, Automobiles (mph)

Average Speed Reductions, Trucks and Buses (mph)

Number of Speed Changes, Automobiles

lNumber of Speed Changes, Trucks and Buses

INuuber of Stops, Automobile .

|Nunber of Stops, Trucks

INunber of Stops, Buses

{Number of Bus Stops

[ Number- of Intersections

Time Stopped at Intersections, Auto (min)

Time Stopped at Intersections, Truck {min)




v6
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Table Al, Continued.

Route Segment Data

City Street Segments

be

Freeway Segmentsb

2

3

4

2

T ime Stopped at Intersections, Buses (min)

Time Stopped at Bus Stops, Buses (min)

Time Stopped at Park-n-Ride Lots, Buses (min)

Percent Automobiles and Pickups

Percent Vans’

Percent Buses

Percent Single Unit Trucks

Peréent Multiple Unit Trucks

Average Occupancy per Auto and Pickup

Rverage Occupancy per Van

Rverage Occupancy per Bus

rumber of Fatal Accidents

f{mbgr of Injury Accidents

humbe? of Property Damage Accidents

aSeparate sheets must be used for peak and non-peak periods of each bus route and for each transit alternative.

hThe last segment could céver the primary routes used by park-n-ride vehicles, and the number of segments will vary for each bus route.

Al1streets or roads not classified as freeways.




Table A2 Transit User Survey of In-Vehicle and Qut-of-Vehicle Travel Time;
Trip Length, Trip Purpose, Bus Fares, Private Vehicle Tolls,
and Parking Fees for Each Route, by Period.

.Data Item

Amount by Period

Peak Non-Peak

In-Vehicle Travel Time (one-way)
~ In Private Vehicle (part of trip)
In Bus (part of trip)
In Bus (whole trip)

Out-of-Vehicle Travel Time (one-way)
Walking Time to and from Bus (min)
Waiting Time at BusStop (mén)
Transfer Time from Car to Bus (min)

"Transfer Time from Bus to Bus (min)

Length (mi1es)

Single Mode (bus)
Multiple Mode - (bus-car)

Trip

Purpose (% of trips)
Work
. Personal Business

Trip

Social-Recretationai

Bus Fares.

Conventional Fixed Route (one-way
¢/person)

Conventional Fixed Route (prepaid
one-way, ¢/person)

Express Fixed Bus Route (one-way,
¢/person) ’

Demand Responsive System (trip,
¢/person)

Tolls (private vehicles)

Freeway ($/vehicle, trip)
Bridge ($/vehicle, trip) -~
Parking Fees (private vehicles)
On-Street {veh-hrs./day)
On-Street $/hour
0ff-Street (veh-hrs./day)
0ff-Street ($/hour)

- - Average - -

- - Actual - -

- - Average - -

- - Averagé - -

- - Actual - -

- - Actual -~ -

- - Average - -
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Table A3, Bus Transit Operating Data Required from Transit Operator Files for Previous
Year of Operation by Period.

v Amount by Period
Data Item ‘ Non-Peak Both Periods

Average Number of Buses Operating
Large '

Small —

Average Service Speed (mph)

On Freeways
On Other Streets

Annual Miles of Travel per Bus
5 Anhua1 Hours of Operation per Bus

“VAverage Bus Trip Length (miTes)

B ————
D
— e

Average Daily Trips per Bus

Average Seats per Bus
Large
Small
Average Number of Riders per Bus
~ large '
Small
Annual Fafe Revenues

Annual Opérating Cost

Buses Only
Total Transit System

Hourly Driver Wages ($)
Annual 0 & M Road Costs ($)




TableAd. Vehicle Occupancy Rates for
~ : Cars and Buses, by Location

Passenger

Vehicle Type OCCUpanty Rate
and Location
Average Peak Praética]
' Hour ‘Maximum
——————————————— Persons pef Vehicle ------=-=-===---
Passenger Cars v
A1l tripsd f 2.2 1.6 3.5
Intercity trips 2.9 - -
Buses |
Transit BusesP | 9.0 18.0 25.0-
Intercity Buses 20.0 . 30.0

aIncludes work trips and intercity trips.

bgased on cities with populations of at least 300,000.

Source: Voorhees, Alan M., and associates, Inc.; Energy Efficiencies of
Urban Transportation, technical study memorandum Mo. 9; Westgate
Research Park, McLean, Virginia; May 1974.
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Table A5. Excess Hours Consumed Per Speed Chance-Cycle Above Continuina at

Initial Speed for Passenger Cars and Pickups (Type 1)

(Kours per 1,000 speed change cycles)

Initial Speed reduced to and returned from, mph
speed, : ' i
mph Stop -5 -10 15 - 20 25 30 35 . 40 45 50
5 1.02
10 1.51 0.62
15 2.00 1.12 0.46
20 2.49 1.62 0.93 0.35
25 2.98 2.11 1.40 " 0.80 0.28
30 3.46 2.60 1.87 1.24  0.70 0.23
35 3.94 3.09 2.34 1.69 1.11  0.60 0.19
40 4.42 3.58 2.81 2.13° 1.52 0.97 0.51 0.16
45 4.90 4.06 3.28 2.57 0 1.93 1.34 0.83 0.42 0.13
50 5.37 4,54 3.75 3.01 - 2.34 1.71 - 1.15 0.68 0.35 0.11 ’
55 5.84 5.02 4,21  3.45 2.74 2.08 1.47  0.94 0.57 0.28 0.09
SOURCE: Winfrey, Robley. Economic Analysis for Highways, International
Textbook

Company, Scranton, Pennsylvania, 1969.




Table A6.  Excess Hours Consumed For Speed-Change Cyc]e
- Excess Hours Above Continuing at Initial Speed for
Single-linit Trucks and BRuses (Type ? & 4)

Vehicle: 12-kip single-unit truck : Roadway surface: High type
Unit: Hours per 1.000 cveles : pavement in good condition
Shm‘ill ' Speed Reduced o and Returned from, mph

LUCU

mph [ Swop | s w5 b [ ] a0 | as | a0 | as | so | 85| e0

s 0.72

10 147 | 0.69

135 220 L3S 1002

20 293 F 202 (123 JOS3

25 367 [ 270 | LEo | 1121 045 :

kY 440 | 340 | 250 J 172 [ 101 1039

Rhl SA3 LA e 233 15 09 ] 036

40 SKET 483 | 383 | 207 | 208 | 14K | 083 | 031

45 660 |- S57 |43 [ 364 | 281 207 | 137 1076 ] 0.28

S0 733 031 [ 526 | 433 1 347 | 268 | 193 | 1.27 | 072 1 0.28

SS RO7 1 706 002 [ 507 | 417 [ 335 [ 256 | 1.8 [ 1.23 071 ] 0.32

60 REO § 782 | 681 [ SXS | 494 | 408 | 327 [ 250 | 18311251072 1039

65 983 J RSK | 7.64 [ 671 SKRO | 492 1409 [ 330 | 2.57 1190 | 1.0 | 0.77 | 0.33

* A speed-change cycle is reducing speed trom and returning ta an initial speed
P re ) 3

Table A7.k Excess Hours Consumed per Speed- Chanqe Cyc]e
Excess Hours Above Continuing at Initial Speed for
Multiple-Unit Trucks (Type 3) :

Vehicle: 50-kip 3-S2. diesel Roadway surface: High type

Unit: Hours per 1,000 cycles . pavement in good condition
Initial Speed Redueed to and Returned from, mph
Speed, : - -

mph Stop S 10 A4S 0 25 30 35 40 45 50 55

s 1.10

10 2271 095

15 | 348 196 | ox1f -

2 4.76 105 1.71 0.69

25 6.10 | 428 272 1.49 | 0.60

30 7561 559 390 | 245 1.36 | 0.54

33 919 7.12 5.9 o6 | 235 1.3 (.52

40 1109 ] 894 6.99 520 166 2.40 136 | 058

45 13.391.11.20 ) 9.12 719 545 3,93 265 1.58 | 071

50 16.37 1 1413 11195 9.8& 795 6.19 4601 3.18 195 | 0.89: "

hN] 2072 1833 L1598 | 1371 [ 11831 9.45 7.48 | 5.06 398 2.48 118

60 27942499 | 2210 [ 1928 ] 16.55 11393 | 11.44 | 9,10 | 692 {492 | 310 1.46

* A speed-change cycle is reducing speed from and returning to an initial speed

Source: Winfrey; Robley. Economic Analysis for Highways,
' International Textbook Company, Scranton, Pennsy]van1a,

1969.
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Table A8. Value of Time by Vehicle Type
and Driving Moded

Vehicle Type In Moving Vehiclea In Stopped Vehicleb

Driver Passenger Driver Passenger

1 631 6.31 947 9.47
2 11.72 6.31 18.21 9.47
3 16.36 6.31 R 24.54 9.47

4 b - 17.66 ~6.31 - 26.49 9.47

aUpdate of values of time reportéd by Buffington and McFar]and
in Texas Transportation Inst1tute Research Report 202-2 to
January 1980. ;

VbRepresents 1.5 times the in veh1c1e values of time, and is based
on waiting data reported in the ]977 ASSHTO Redbook.

Source: Ritch, Gene and Buffington, Jesse L. "The Fréq 3CP Economic
Package," Texas Transportation Inst1tute Texas A&M
University, Texas, May 1980.
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Table A9 Freeway Volume to Capacity Ratios, by
Number of Lanes and Level of Service

V/c Ratio Limits by Level of Service

Number !
of Lanes- - A B C D E fb
4 0.0-0.35 0.36-0.50 0.51-0.756 0.75-0.90 0.91-1.00 1.00-0.0
6 0.0-0.40 0.41-0.58 0.59-0.80 0.81-0.90 0.91-1.00 1.00-0.0
8 0.0-0.42 0.43-0.63 0.64-0.83  0.84-0.90 0.91-1.00 1.00-0.0

AVolume to capacity ratios based on 70 miles per hour design speeds, ignoring
the peak-hour factor. These v/c limits are assumed to be acceptab]e for

other design speeds.

bIn Level of Service F, the v/c is negative.

Curry, David A. and Anderson, Dudley G., "Procedures for Estimating High-
way User Costs, Air Pollution, and Noxse Effects,” Nat1ona1 Cooperative

Highway Research Program, Report 133, 1972.

Source:
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Table A10. Unit Values for Levels of Discomforts & Inconveniencesa

Leve]b of Discomforfsk | Unit Value
& Inconveniences | ’ ($/veh-hour)

A 0

B ‘0

C 0

0 0.10

E 0.25

P | 050

These values are assumed to be applicable for both h1ghways and city
streets and for all vehicle types. ,

t)Levels of discomforts and inconveniences are defined the same way as levels
-of service, referred as vehicle to capacity ratios by AASHTO [1].

Source: McLeod, Douglas S. and Adair,.Richard E., . "Benefit-Cost Analysis
Based on the AASHTO Procedures," Transportat1on Research Record
747, Transportation Research Board, Washington, D. C., 1980,
pp. 43-49.
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Table Al11.Running Costs on City Streets, by
Vehicle Type and Uniform Speedd

Vehicle Type

Unfform_Speed -1 284 3
| Miles Per Hour'b N Cents Per Veﬁic]e MileC - = - - -

5 | 19.202 36.497 66.960
10 14.556 28.608 46.590
15 12.866 25.627 o 39.346
20 12.022 24.275 36.051
25 11.534 23.834 34.718
30 S 11.292 23.969 ~ 34.581
35 . 11.276 24.528 35.273
40 | 11.345 25.357 36.896
45 | '11.544 | © 26.458 39.073
50 . 11.858 27.829 41951

aUpdate of Costs reported by Buffington and McFarland in Texas
Transportation Institute Research Report 202-2 to January 1980.

bTo convert from miles per hour to kilometers per hour, multiply
by 1.609344. _ .

" CTo convert from cents per mile to cents per kilometer, mu]tipTy
by 0.6214. '

Source: Ritch, Gene and Buffington, Jesse L., "The erq 3CP Economic Package,"
Texas Transportation Institute, Texas A&M University, Texas, May '1980.
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bTableA12. Excess Running Costs of Speed Cycle Changes on City Stfeets
‘ for Vehicle Type 1, by Initial Speedad

Speed Reduced to and Returned From (MPH)

Initial Speed Stop. 10 20 30 40
Miles Per Hourb - - - - - Cents Per Cycle Change - - - - - -
5 | 0.250

10 0.545
15 |  0.956 0.353
20 1.457 0.768
25 2.031  1.355  0.516

30 . 2.738 2.032 1.178
35 | 3.580 2.886  2.017  0.794
40 | 4.611  3.888 3.003  1.795
5  5.864 5.125  4.211  3.001  1.191

50 7.453 - 6.627 5.681 4.442 2.616

aUpdate of Costs repohtedfﬁ&_Buffington and McFarland in Texas
Transportation Institute Research Report -202-2 to January 1980.

bTo convert from m11es per hour to kilometers per hour mu1t1p1y
by 1. 609344. .

Source: Ritch, Gene and Buffington, Jessel., "The Freq 3CP Economic Package,"
Texas Transportation Institute, Texas A&M University, Texas, May 1980.
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Table A13. Excess Running Costs of Speed Cycle Changes on Cjty
_ Streets for Vehicle Type 2 & 4, by Initial Speed

Speed Reduced to and Returned From (MPH)

Initial Speed ‘ Stop 10 20 30 40
Miles Per Hourb - - - - - Cents Per Cycle Change - - - - - -
5 0.680 |
10 1.668
15 | 2.930 1.036
20 4.420 2.440
25 | 6.232 4.145 1.602
30 © 8.369  6.232  3.627
35 10.927  8.758  6.119  2.395
40 14.051  11.833  9.098  5.358
45 | 17.775  15.492  12.708  8.904  3.545
50 | 22.227  19.879  17.014  13.161  7.754

aypdate of Costs reported by Buffington and McFarland in Texas
Transportation Institute Research Report 202-2 to January 1980.

bTo convert from miles per hour to kilometers per hour, multiply
by 1.609344.

Source: Ritch, Gene and Buffington, Jesse L., "The Freq 3CP Economic Package,"
Texas Transportation Institute, Texas A&M University, Texas
May, 1980. ‘
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Table A14. Excess Runhing Costs of Speed Cycle Changes on City
Streets for Vehicle Type 3, by Initia] Speed

Speed Reduced to and Returned From (MPH)

Initial Speed Stop 10 20 | 30 40
Miles Per Hourb - = - - - Cents Per Cycle Cﬁange ------
5 3001
0 6.822
15 11.256 6.576
20 ©17.151 11.601
25 . 24.456  17.208  7.038
30  33.491  26.075  15.789
35 44.599 37.019  26.598  10.847
40 65. 305 50.630  39.955  24.129
45 75.125  67.157  56.342  40.209  16.371
50  95.601  87.425  76.325  60.093  35.965

aypdate of Costs reported by Buffington and McFarland in Texas
Transportation Institute Research Report 202-2 to January 1980.

bTo convert from miles per hour to kilometers per hour, multiply
by 1.609344. ' v :

Source: Ritch, Gene and Buffington, Jesse L., "The Freq 3CP Economic Package,"

Texas Transportation Institute, Texas ASM University, Texas, May 1980.
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Table A15.Id1ing Costs, by Type of Vehiclea

Vehicle Type Id1ing Costs

Cents Per Hourb

1 37.540
2484 , 78.214
3 80.218

aypdate of Costs reported by Buffington
and McFarland in Texas Transportation
Institute Research Report 202-2 to
January 1980.

bTo convert from cents per mile to cents
per kilometer mu1t1p1y by 0. 6214

Source: Ritch, Gene and Buffinaton, Jesse L
"The Freq 3CP Economic Package,"
Texas Transportation Institute,
Texas A&M University, Texas May 1980.
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Table A16. Running Costs for Vehicle Type 1 on Freeways,
by Level of Service and Average Speedd

Leve]»of Service

Average Speed A : B C D S F
Miles Per Hourb - - - - - Cents Per Vehicle MileC - - - - -
5 | | . 40.693
10 S | | 23.010
15 | | 17.360
20 | 14.725
25 ) | | 13.189
30 | - | 9.571 12.413
35 - o512 9.708  9.758
40 R  9.694  (9.787  9.977
459713 10.033  10.200 10.537
50 9.706 10.056 10.451 10.770
55 10.647 10.504  11.007 ]
60 o 10.563  11.081 |
65 - 11.268

.

aypdate of costs repbrted by Buffington and McFarland in Texas
Transportation Institute Research Report 202-2 to January 1980.

bTo convert from miles per hour to kilometers per hour, multiply
by 1.609344.

CTo convert from cents pér mile to cents per kilometer, multiply
by 0.6214. ,

Source: Ritch, Gene and BUffington,.Jesse L., "The Freq 3CP Economic

Package," Texas Transportation Institute, Texas A&M University
Texas, May 1980. '
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Tab]eA]7 Running Costs for Veh1c]e Types 2 and 4 on Freeways,,
- by Level of Service and Average Speeda

Level of Service

65 - - 30.081

Average Speed | _ A B C D E F
. Miles Per Hourb - == - - - Cents Per Vehicle MileC - - - - - ‘
5 | 113.307
10 57.891
15 41.223
20 33.982
25 30.653
30 21.362  28.945
35 22.413  22.970  23.652
40 23.208 23.512  24.359
45 23.834  24.596  25.087  25.809
50 24.956  25.239  26.238  27.067
55 : » 25.883  27.067  28.388 |
60 27.812  29.065

dUpdate of costs reported by Buffington and McFarland in Texas
Transportation Institute Research Report 202-2 to January 1980.

bTo convert from miles per hour to kilometers per hour, multiply

by 1.609344.

CTo convert from cents per mile to cents per kilometer, multiply

by 0.6214.

vSourcé: Ritch, Gene and Buff1hqton Jesse L.
Package," Texas Transportation Inst1tute Texas A&M University

Texas, May 1980.

109

“The Freq 3CP Economic



Table A18. Running Costs for Vehicle Type 3 on Freeways,
by Level of Service and Running Speedd- ‘ : -

Level of SerVice

Average Speed | A B C D E | F
Miles Per Hourb - - - - - Cents Per Vehicle MileC - - - - -
5 : | ' 306.167
10 | | 132.349 -
15 | - | : | 84.947 |
20 . | ) B 65.049 ”
25 o ' L 56.442
30 - o 7 31.980  49.898
35 | 32.305  33.366  34.730
20 . | 33.504  34.415  36.177
5 | 35.301 36.668 37.685 38.185
50 37.711  38.402 40.294  41.845
55 40.299 42.651 45.283 - LT
60 44.472  46.901 |

65  49.283

, aUpdate of costs reported by Buff1ngton and McFarland in Texas
Transportat1on Institute Research Report 202-2 to January 1980.

bTo convert from miles per hour to kilometers per hour, multiply
by 1.609344.

CTo convert from cents per mile to cents per k110meter mu1t1p1y
by 0.6214.

Source: Ritch, Gene and Buffington, Jesse L., "The Freq 3CP Economic - , ;
Package," Texas Transportation Ins1tute, Texas A&M Un1vers1ty :
Texas, May 1980. _
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‘Table A19. Motor Vehicle Accident Rates, by
; Highway Type and Location Accident

Location of Accident

»Highway,Type Urban

Rural ~ Urban Metered

--Per Million Vehicle Miles--

Freeways

4-Tane .
6-lane
8-lane
10-1ane
12-1ane
14-1ane
16-Tane

Expressways
2-lane
4-Tane
- b- ]ane
Convent1onal H1ghways
Undivided |
2-lane
4-Tane
6-lane
Divided

4-lane
6-lane

Texas’Department'of Highways and Public Transpor-
tation, Guide to the Highway Economic Eva]uat10n
Model, Austin, Texas, February 1976.




Table A20. Percentage Dlstr1but1on by
Acc1dent Severity

- Fatal Property

. , " and Damage

~ Highway Type Fatal  Injury = Injury Only Total
Rural :

2-lane 2.9 43.0 45.9 541 100.0-

3-lane .4 38.7  42.1 57.9 100.0

4 or more lane : .
.-undivided: ... 1.7 - 39.7  41.4 58.6 -100.0
4 or more lane ' -

divided » 2.2 39,8 42.0 58.6 100.0

Divided expressway 3.2 42.0 45,2 54.8 100.0

Freeway 3.6 43.2 46.8 53.2° 100.0
Urban '

2-1ane - 0.7 31.0. 31.7 68.3 100.0
- 3-lane 0.9 28.4 29.3 70.7 - 100.0

4 or more lane ‘ ‘ A
. undivided 0.6 - 33.8 34.4 65.6 ~ 100.0

4 or more lane o , :

divided 0.6 31.5 32.1 67.9 100.0
Divided expressway 1.3 35.6 36.9 63.1 100.0
Freeway - : 1.1 40.7 41.8 58.2 100.0

Source: Tamburri, T.N. and Smith, R.N., "The Safety Index: A
‘Method of Evaluating and Rating Safety Benefits,"
Highway Research Record 332, H1ghway Research Board,
Washington, D.C., 1970.
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Table A21, Motor Vehicle Accident Unit Costs per Reported Accident
by Severity and Location of Accidentd

Location of Accident

Severity of Accident

Subukban

b - :
Fatal » 566,103

c
Injury ' 27,709

Property Damage Only 1,264

506, 304
24,630
1,084

446,503
21,551
904

aBased on NHTSA accident costs adjusted for location using CALTRANS
accident cost data and then updated to January 1980.

bIncludes direct accident costs and discounted gross future earnings
which includes future maintenance costs of the decedent.

CIncludes direct accident costs as well as costs for pain and
suffering, loss of earnings, and loss of services to home and

family in partial or total disability accidents.

Source: American Association of State Highway and Tkansportation Officials,
A Manual on User Benefit Analysis of Highway and Bus-Transit

Improvements (new Redbook), 444 North Capital Street, N.W. Suite 225,

~ Washington, D.C., 1977.




Table A22, 1979 Unit Transit Operating Costs and Unit Transit |
Revenues by System S'izea o ' : : .

System Size Transit 0perat1ng Costsb Transit Revenuesb -
($/Vehicle-Mile) v' ($/Vehicle-Mile)
ncluding Adm. Costs ‘Excluding Adm. CostsC
A 2.01 . 1.93 0.40
B 1.55 1.40 ; 0.80
c ' 1.23 - : 1.10 ' 0.49

aSystem size is determined by city size. Systems A, B and C refer to
transit systems in cities with population greater than 500,000, between
200,000 and 500,000, and less than 200,000 respectively. System A includes
transit systems in Dallas, Houston and San Antonio; system B refers to transit -
systems in Austin = Corpus Christi, E1 Paso and Fort Worth; and system C
includes systems 1n Abilene, Amarillo, Beaumont, Brownsville, Galvestén
‘Laredo, Lubbock, San Angelo, Waco and Wichita Falls.

bThese unit values represent the average unit values from transit systems
in cities included in a system size as specified in the above footnote.

Accord1ng to Womack and Burke [13], administrative costs represent
4%, 9.5% and- 10.7% of the total transit operat1on costs for system A, B,
and C, respectively.

Source: State Department of Highways and Public Transportation,
"1979 Texas Transit Statistics", Transportation Planning
Division, December 1980. .

114




Table A23. Pollution Emission Rates of Vehicle Ty
by Type of Pollutant and Average Speed

ge 1,-

Type of Pollutant

Average Speeq Carbon Hydro- Nitrogen
Monoxide Carbons Oxides
Miles Per Hourb ———————— Grams Per MileC -=ocammon
5 176.37 12.07 4.46

10 95. 29 7.07 4.06
15 59.96 5.35 3.80
20 16.40 4.38 3.95
25 36.84 3.69 4.10
30 30.35 3.21 4.25
35 25.80 2.86 4.41
40 22.62 2.63 4.57
45 20.46 2.48 4.72
50 19.10 2.42 4.77
55 18.40 2.42 5.02
60 18.23 2.49 5.

18

4perived from pollution emission and speed correction factors
published in U.S. Environmental Protection Agency, Supplement
No. 5 for Compilation of Air Pollutant Emission Factors,

Second Edition, Office of Air Quality Planning and Standards,
Research Triangle Park, North Carolina, Necember 1975. Light
duty gasoline automobiles and trucks are combined in .97 and

.03 proportions, respectively.

bTo convert from miles per hour to ki]ometefs per hour,vmu]tip]y
by 1.609344.

“To convert from grams per mile to grams per'ki1ometer, multiply
by 0.6214.

Source: Ritch, Gene and Buffington, Jesse L., "The Freq 3CP
’ Economic Package," Texas Transportation Institute
Texas A&M University, Texas, May 1980.
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Table A24. Po]]utlon Emission Rates of Vehicle Types 2
and 4, by Type of Pollutant and Average Speed

Average Speed Type of Pollutant

Carbon Hydro- Nitrogen

Monoxide Carbons Oxides
Miles Per HOurb‘ ———————— Grams- Per Mile® -—-cooo- ‘

5  571.82 54.35 11.49
10 328.02 29.63 11.03
15 237.16  24.30 10.64
20 191.42 19.65 11.00
25. | 159.16  16.37  11.35
30 136.32 14.05 11.70
35 - 120.28 12.42  12.06
40 | 109.32  11.31 12.41
45 102.36 110.61 12.76
50 98.72  10.25 - 13.11
55 | 98.07 10.20 13.47
60  100.37 10.45 13.82

4perived from pollution emission and speed.correction
factors published in U.S. Environmental Protection
Agency, Supplement No. 5 for Compilation of Air Pol-
lutant Emission Factors, Second Edition, Office of
Air Quality Planning and Standards, Research Triangle
Park, North Carolina, December 1975. Represents
heavy duty gasoline single-unit trucks and buses.

bTo convert from miles per hour to kilometers per hour,
multiply by 1.609344.

“To convert from grams per mile to grams per kilometer,
multiply by 0.6214.

Source: Ritch, Gene and Buffington, Jesse L., "The Freq 3CP
Economic Package," Texas Transportation Institute,
Texas A8M University, Texas, May 1980.
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Table A25. Pollution Emission Rates of Veh1c1eaType 3, by
Type of Pollutant and Average Speed

Type of Pollutant

Average Speed

Carbon Hydro- Nitrogen
Monoxide Carbons Oxides
. Miles Per Hourb ——————— Grams Per MileC -----ooone-

5 34.25 7.37 ' 29.83
10 30.41 5.45 23.65
15 | 29.13 4.81 21.59
20  25.37 4.26 21,92
25 0 19.38 3.66 23.85
30 . 15.39 3.26 25.14

3B 12.53 2.97  26.03
40 10.40 2.76 26.70
45 8.73 2.59 27.23
50 7.40 2.45 27.66
55 6.3 2.34 28.00
60 | 5.40 2.2 28.30

4erived from po]]ut1on emission and speed correction
factors published in U.S. Environmental Protection
Agency, Supplement No. 5 for Compilation of Air Pol-
~Tutant Emission Factors, Second Edition, Office of Air
. QuaTity Planning and Standards, Research Triangle Parks,
North Carolina, December 1975. Represents heavy duty
diesel trucks and buses.

bTo convert from miles per hour to kilometers per hohr,
multiply by 1.609344.

“To convert from grams per mile to grams per kilometer,
multiply by 0.6214. ‘

Source: Ritch, Gene and Buffington, Jesse L., "The erq 3CP
Economic Package," Texas Transportation Institute,
Texas A&M University, Texas, May 1980.
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Table A26. Idling Pollution Rates,'byAVehic1e
Type and Type of Pollutant

Vehicle " Type of Pollutant

Type Carbon Hydro- Nitrogen
~ Monoxide Carbons Oxides

b 14.74 0.83 0.12
2 6172 3.68 0.33
3d 00. 64 0.32 1.03

3erived from pollution emission factors published
in U.S. Environmental Protection Agency, Supple-
ment No. 5 for Compilation of Air Pollutant Emis-
sion Factors, Second Edition, Office of Air Quality
Planning and Standards, Research Triangle Park,
North Carolina, December 1975.

bBased on light duty vehicles and 1ight duty gaso-
line trucks combined in proportions of .97 and .03,
respectively.

CRepresents heavy duty gasoline trucks and buses and
is based on the ratio of Vehicle Type 2 to Vehicle
Type 1 moving vehicle emission rates.

_dRepresehts heavy duty diesel trucks and buses.

Source: Ritch, Gene and Buffington,-Jesse L., "The Freq
3CP Economic Package," Texas Transportation v
Institute, Texas A&M University, Texas, May 1980.
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Table ‘A27. Fuel Consumption Rates on City Streets,
by.Vehicle Type and Uniform Speed

'Vehicle Type

Uniform Speed
- Type 1 Types 284  Type 3

Miles Per Hour‘a ------ Gallons Per'Mi1ebC—-—¥-
5 1025 1906 .5099
R .0634 1273 .2648
15 L0511 1075 L1861
20 | .0460  .0988 . .1558
25,0436 .0947 .1300
30 .0429 .0932  .1205
B .0434 .0936 1125
40 ' 1.0449 .0954 .1195
45 0460 .0988 1271

50 0899 .1060 1452

470 convert miles per hour to kilometers per hour,
multiply by 1.609344.

Pro convert gallons per mile to liters per kilo-
meter, multiply by 2.351. ;

“Fuel consumption rates are based on those reported
in Winfrey, Robley, Economic Analysis for Highways,
“Internation Textbook Co., Scranton, Pennsylvania,
1969. Passenger cars and commercial vehicles, in

. proportions of .97 and .03 respectively, make up.
Type 1 vehicles. The 2-S2 gasoline trucks and 3-52
diesel trucks, in proportions of .26 and .74 respec-
tively, make up Type 3 vehicles.

Source: Ritch, Gene and Buffington, Jesse L., "The Freq
3CP Economic Package," Texas Transportation
Institute, Texas A&M University, Texas, May 1980.
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Table A28. Excess Fuel Consumption Rates for Speed Cycle Changes of
Vehicle Type 1 on City Streets, by Initial Speed

‘ Speed Reduced to and Returned from (MPH)
Initial Speed Stop ‘]O 20 30 40

Miles Per~HOUFav ------- Ga]]ons Per Cyde,Changebc --------
5 00025
10 .00101
15 .00268 .00078
20 ©.00438  .00202
25 .00613  .00378 .00135
30 .00792  .00565 .00311
35 .00980 .00766  .00524  .00198
40 01180 .00986 .00753  .00474
45 ~.01399  .01228 .01005 .00750  .00277
50 ~.01647 .01511  .01287 = .01046  .00601

o convert from miles per hour to kilometers per hour, multiply
by 1.609344.

beo convert from ga]lons per cycle to 11ters per cycle, mu1t1p1y
by 3.7854.

“Fuel consumption rates are based on those reported in Winfrey,
Robley, Economic Analysis for Highways, Internation Textbook Co., "
Scranton, Pennsy]van1a, 1969. Passenger cars and commercial
- vehicles, in proportions of .97 and .03 respectively make up
Type 1 vehicles.

Source: Ritch, Gene and Buffington, Jesse L., "The Freq 3CP
Economic Package," Texas Transportation Institute,
Texas A&M University, Texas, May 1980.
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Table A29 Excess Fuel Consumption Rates for Speed Cycle Changes of
Vehicle Types 2 and 4 on City Streets, by Initial Speed

Speed Reduced to and Returned from (MPH)
Stop 10 20 30 40

Initial Speed

‘Miles Per Hour® - Gallons Per Cycle Changebc
5
10

15 .00756  .00206

20 .01179 . .00554 ;

25 .01602 .00972  .00333

30 02025 .01389 .00750

35 .02448  .01805 .01170  .00447

40 .02871  .02220 .01587  .00887

45 ~.03294  .02635  .01989 01300 00508 -
50 | .03717  .03050 .02389  .01697  .00945

410 convert from miles per hour to kilometers per hour, multiply
“ by 1.609344.

bTo convert from gallons per cycle to 11ters per cycle, multiply
by 3.7854.

“Fuel consumption rates are those reported 12-kip single unit
trucks in Winfrey, Robley, Economic Analysis for Highway? Inter-
national Textbook Co., Scranton, Pennsylvania, 1969.

Source: Ritch, Gene and Buffington, Jesse L., "The Freq 3CP Economic
Package," Texas Transportatwon Inst1tute Texas A&M Un1vers1ty,
Texas, May 1980.




Table A30. Excess Fuel Consumption Rates forASpeed_Cycle-Changes
of Vehicle Type 3 on City Streets, by Initial Speed

Initial Speed

Speed Reduced to and Returned from (MPH)

Stop 10 20 30 40
Miles Per Hour® -------Gallons Per Cycle ChangebC --------
5 .00112 o
10 .00708
s 01735 00722
20 .02866 .01820
25 .04097 .03094 .01360
| 30 .05430 .04440 .02843
35 .06860  .05865 .04349 .01929
40 . 08381 .07301 .05839 .03694
45 .09990 .08821 .07341 .05336 ~.02376
.11682 .10429 .06916 .04312

-:50

. 08867

419 convért from miles per hour to kilomete

by 1.609344.

bTo convert from ga110ns per cy

by 3.7854.

rs per hour, multiply

cle to liters per cycle, multiply

“Fuel consumption rates are based on those reported in Winfrey, Robley,
Economic Analysis of Highways, International Textbook Co., Scranton,

Pennsylvania, 1969. -Vehicle Type 3 rates represent 2-S2 gasoline
trucks and 3-S2 diesel trucks combined in .26 and .74 proportions,

respectively.

Source:

Ritch, Gene and Buffington, Jesse L., "The Freq 3CP Economic

Package," Texas Transportation Institute, Texas A&M University)

Texas, May 1980.
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 Table A31. 1dling Fuel Consumption, by Vehicle Type

Vehicle . I1d1ing Fuel
Type Consumption Rate

Gallons Per H0ura

1 .370
28 4 .650
3 .400

410 convert gallons per hour to Tliters
per hour, multiply by 3.7854.

Source: Winfrey, Robley, Economic Analysis for Highways, International
Textbook Co., Scranton, Pennsylvania, 1969.
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Table A32. Fuel Consumption Rates for Vehicle Type 1 on
Freeways, by Level of Service and Average Speed

Level of Service

Average Speed

A B C D E F
Miles Per Hourb e k—Ga]lons Per Vehicle Mile® -mmmommeuen
5 A o 3555
10 - | 1435
15 | .0894
20 . .0672
25 | - - | .0558
30 . 0385 .0499
35 | .0373  .0381 .0383
10 o 0378 0382 0390
45 | .0381  .0394 .0400 .0413
50 ;0389 .0403 .0419 0432
55 0816  .0435  .0455
60  © .0439  .046]
65 . .0508 \

4Based on Fuel Consumptlon rates and fuel costs as a proportion of

total costs as reported in the 1977 ASSHTO Redhook and on total
costs reported by Buffington and McFarland In Texas Transportat1on
Research Report 202-2 after combining vehicle Types 1 and 2 in .97
and .03 proportions, respectively.

bTo convert from miles per hour to k1lometers per hour, multiply by
1.609344.

To convert from ga]lons per mile to liters per kilometer, multiply
by 2.351.

Source: Ritch, Gene and Buff1ngton Jesse L., "The Freq 3CP Economics
Package," Texas Transportation Inst1tute Texas A&M Un1vers1ty,

Texas, May 1980.
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TableA33. Fuel Consumption Rates for Vehicle Types 2 & 4 on

Freeways, by Level of Service and Average Speedd

Average Speed

Level of Service

A B C D E F
Miles Per Hourb —-?; ————— Gallons Per Vehicle Mi]éc——-f --------
5 5887
10 .3037
15 1957
20 1542
25 1423
30 1013 1372
35 11 1139 1172
40 1181 L1197 L1240
45 281 1295 1321 1350
50 1321 1371 1425 L1470
55 1434 1500 .1573
60 1584 1655
" i

-éBased on Fuel Consumption rates and fuel costs as a proportion of
total costs as reported in the 1977 ASSHTO Redbook and on total costs
reported by Buffington and McFarland in Texas Transportation Research
Report 202-2 for Vehicle Types 3 and 6.

b

To convert from miles per hour to kilometers per hour, multiply by

1.609344. :

“To convert from ga]lons per mile to 11ters‘pér kilometer, multiply byb

2.351.

Source:

Ritch, Gene and Buffington, Jesse L., "The Freq 3CP Economic |
Package," Texas Transportation Institute, Texas A&M University,
Texas, May 1980. ‘ '
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Table A34 Fuel Consumption Rates for Vehicle Type 3 on

" Freeways, by Level of Service and Average Speeda

Average Speed Level of Service .

A B c D E F
Miles Per Hourb ————————— Gallons Per Vehicle Mile® —cccommmmon-

5 | - 2.8036

10 .9434 )
15 ‘ 5062 -
20 < Con .3385 |
25 - 2651 *
30 | 1401 .2187

35 | 1344 1388 .1445
40 | 1367 1401 L1472
45 1443 .1499 1541 1561

50 1590 .1663  .1745  .1812
55 1725 1825 .1938
60 1804 .1903 | | i

65

4Based on Fuel Consumption rates and fuel costs as a proportion of
total costs as reported in the 1977 ASSHTO Redbook and on total costs
reported by Buffington and McFarland in Texas Transportation Research
Report 202-2 after combining vehicle types 4 and 5 in .26 and .74
proportions, respectively.

bTo convert from miles per hour to kilometers per hour, multiply by
1.609344.

To convert from gallons per mile to liters per kilometer, multiply by
2. 351

Source: Ritch, Gene and Buffington, Jesse L., "The Freq 3CP Economic

Package," Texas Transportation Inst1tute Texas A&M University,
Texas, May 1980.
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