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FOREWORD 

This User' s Guide will be of interest to planners and engineers who 
are responsi bl e for planning , designing and operating restricted lanes 
for carpools and buses on freeway fac ilities. A simple-to-use fore­
casting technique is presented to predict changes in modal volumes from 
implementi_ng bus only lanes and/or carpool-ou·s lanes and for cha_ngi_ng 
from ·bus only to bus and car pool and for changing the definition of the 
required passengers in a carpool to be qualified to use the priority 
lane. Data on modal volumes, travel times,and geometrics are required. 
Calculations can be made with a hand-held calc.ulator. Example applica­
tions are presented to show how t o use the work sheets which are provided 
in the report. 

This report is fran a contractual effort as part of FCP Project 20, "Priority 
T~hniques for ·H_i9.~ Occupancy Vehicles . .. A technical report was also pre­
pared on this contract which reviews past forecasting models and describes 
the research for developing the demand and supply relationships used in the 
forecasting model. 

Copies of this r eport are being distributed to provide two copies to each 
~egional office, two copies to each division office, two copies ·to ·each 
State highway agency and one copy to each Metropolitan Planning Organization 
(MPO} for urban areas with populations over 500,000. The div.ision, State, 
and HPO copies are bei_ng sent directly to each division office. -

-~c:Y,..1IIL.~ 
Charles F. &W~ 
Director, Office of Research 

NOTICE 

This document i s dissemi nated under the sponsorship of the Department of 
Transportation in the interest of i nformation exchange. The United States 
Government assumes no liabil ity for its contents or use thereof. 

The contents of this report reflect the views of the contractor> who is 
responsibl e for t he facts and the accuracy of the data presented herein. The 
contents do not necessarily reflect the official policy of the Department of 
Transportation. 

This report does not constitute a standard> specificaL ion or regulation . 

The United States Government does not endorse products or manufacturers. 
Trademarks or manufacturers' names appear herein only because t hey are 
considered essential to the object of this document. 

'-, 
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This. report is a user's guide for a quick-response. low-cost procedure that can be 
used to forecast travel demand and supply impacts of implementing four different 
types of priority techniques for high occupancy vehicles (HOV) on freeways. The 
procedure involves perfonning a straightforward set of calculations using a hand-

• .held calculator and a set of worksheets that is provided in the report. Input 
.data requirements consist of modal volumes. travel times or speeds, and ro~dway 
geometrics and capacity. Example applications of the forecasting procedure are 
provided in the report. The model parameters were developed using data from 
existing HOV projects. An accompanying report (FHWA/RD-82-043) presents the 
results of much of the research, data and other information used to develop and 
test the models incorporated in the worksheets presented in this report. 
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PREfACE 

The work perfonned during the course of this study is presented in two 
reports . The first i s a "User's Guide~ that provides a step-by-step 
des·cription explaining how the model and worksheets are used to forecast 
travel volumes. Example applications are also presented. The second report 
is a •Technical Supplement" that provides a complete documentation of all 
work tasks conducted. In particular. this report presents much of the 
underlying data and other infonnation used in the model estimation and 
testing phases of the study; 

Professor Adolf D. May of the University of california at Berkeley con­
tributed important input at various points thro_ughout .the course of this 
study. Finally, -the authors .would like to thank the many individuals and 
agencies -who cooperated with our reques ts for infonnation on HOV projects 
that have been implemented throughout the United States. 
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FEDERALLY COORDINATED PROGRAM fFCP) OF HIGHWAY 
RESEARCH AND DEVELOPMENT 

The Offices of Research and Development (R&D) of 
the Federal Highway Adminisu-.tion (FHWA) arc 
responsible for a broad progn.m of staff and contract 
research and development and a Federal-aid 
program, conducted by or through the Sute highway 
transportation agencies, that includes the Highway 
Planning and Research (HP&R) program and the 
National Cooperative Highway Rcsevch Program 
(NCHRP) managed by the Transportation Research 
Board. The FCP is a carefully selected group of proj• 
ects that a.scs research and dCTelopment resources to 
obtain timely solutions to urgent national highway 
engineering problems.• 

The diagonal double stripe on the co•cr of thil repon 
rep~nu a highway and ii color-coded to identify 
the FCP category that the repon Wis UDdcr. A red 
stripe ii used for category 1, dark blue for category 2, 
light blue for category 3, brown for category 4, gray 
for category 5, green for categories 6 and 7. and an 
orange stripe identifies category 0. 

FCP Category Deacriptioru 
1. Improved Highway Design and Operation 

for Safety 

Safety R&D addnsses problems associated with 
the rcspon.sibilitics of the FHW A under the 
Highway Safety Act and includes in•estigation of 
appropriate design nandards. roadside hardware. 
signing, and pbysic.a.1 and scientific data for the 
formulation of improved ufety regulations. 

2. Reduction of Traffic Congestion, and 
Improved Operational ECficiency 

Traffic R&D is concerned with incrca.sing the 
operational effi~icncy of existing highways by 
adnncing technology, by improY1Jl8 designs for 
existing a.s well a.s _new facilities, and by balancing 
the dcmlirid~pacity relationship through traffic 
m&nagemcnt techniques such a.s bus and ea.rpool 
preferential treatment. motorist information, and 
rerouting of traffic. 

3. Environmental Considerations in Highway 
Design, Location, Construction, and Opera­
tion 

Environmental R&D is directed toward identify­
ing and evaluating highway clerncnu that affect 

• The coeplctc K9<,,....ol1.1aK offaC'M,l ,uitcmein oC du:: FCP II ••~•blc lro• 

the Na.;ooaJ Tcchoical IDCo,-ati.oa Savicc. Spri,,c(ield. Va. 22161. S;..p 
copic:1 of rbe introdue1ory •olum.e •~ auilabk: wi1hov.1 C"bugc frolD Program 
An.Jy,.s (H RO-Jl Offices Df lle,nrch ..,d ix.-clopm<n1.. f nl<ral H-chw,! 
Adn1i.nit1r•1ion . Wut-iin(IOO- O.C. 20S90. 

the quality of the human environmcnL The goals 
arc reduction of adverse highway and traffic 
impacts, and protection and enhancement of the 
environment. 

4. Imp roved Materials Utilir.ation and 
Durability 

Materials R&D is coccerned with expanding the 
knowledge and technology of materials properties., 
asing available natural materials. improving struc• 
tural foundation materials, recycling highway 
materials., convening industrial waste.s into useful 
highway products, dneloping extender or 
substitute materials for those in shon supply. and 
developing more rapid and reliable testing 
proecdurea. The goals are lower highway coo• 
atruction costs and encoded mauitenanec-!ree 
operation. 

S. Improved Design to Reduce Coau, Extend 
Life Expecta.ncy, and Insure Structural 
Safety_ 

Structural R&D is concerned with fw:thcriog the 
latest tcchoologic.a.1 advances in structural and 
hydraulic design.s., fabrication processes. and 
construction techniques to pro-ride we, efficient 
highways at reasonable costs. 

6. lmprovc"d Technology for Highway 
Con.atruction 

This category is concerned with the research, 
development, and implementation of highway 
construction technology to increase productiYity, 
reduce energy consumption, conser,e dwindling 
resources, and reduce costs while improving the 
quality and snethods of construction. 

7. Improved Technology £or Highway 
Maintenance 

This category addresses problems in preserving 
the Nation's highways and includes activities in 
physical maintenance, traffic services, manage­
ment, and equipment. The goal is to maximize 
operational efficiency and safety to the traveling 
public while conserving resources. 

0. Other New Studies 

This category, not included in the se,·en-volumt 
official statement of the FCP. is concerned with 
HP&R and NCHRP studies not specifically related 
to FCP projects. These studies invoke R& D 
su ppon of other F"H WA pro gr am office re~e:arch. 
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INTRODUCTION 

PURPOSE OF REPORT 

This User's Guide describes a simple-to-use procedure for forecasting-changes 
in modal volumes that result from -implementing various high occupancy ~vehicle 
(HOV) techniques on freeways. The procedure is both easy to learn and easy 
to apply. _--B~cause it is designed to provide •guj_ck....response~esult~. data 
requirements are minimal and should be readily available to rnost planning 
agencies. The accuracy of the results should be interpreted as corrmensurate 
with the resources required to use the approach~ That is, the predicted 
volumes should be considered as sketch planning-level responses that, if 
conditions warrant, would be subjected to additional and possibly more 
refined analyses. However, test applications of the prediction procedures 
described in this report have in many instances yielded results far beyond 
the accuracy typ{cally associated with sketch planning techniques. 

Basically, the prediction procedure involves using various relationships to 
forecast demand volumes, and with the aid of supply relationships, obtaining 
equilibrium-·travel flows on the general purpose freeway and HOV lane(s). The . 
demand model relationships nave been developed through a quantitative 
analysis of before-and-after data from a nur.tber of actual HOV facilities 
located across the United States. Therefore, as with all models developed in 
this fashion ,' they are most applicable when they are used to predict travel 
flows due to the implementation of similar HOV strategies, and are likely t o 
be less reliable when employed beyond the range of data ·used to estimate the 
models . 

The initial data requirements, along with the necessary denand and supply 
relationships, have been incorporated into a series of worksheets. A blank 



) 
set of the worksheets is contained in Appendix A. The worksheets can be used 
to forecast peak hour travel volumes in the a.m. peak direction for four 
basic types oTrreeway, high occupancy vehicle strategies. The HOV 
strategies and HOV sites that were used to estimate the model parameters 
are: • 

1} Dedicate new or existing freeway lane(s) for HOV buses only: 

• San Bernardino (CA)-1; 

1 U.S. 101 (CA)-!; 

• Southeast Expressway (MA) (1971); and 

• I-495, Lincoln Tunnel (NJ). 

2) Dedicate new or existing freeway lane(s} for HOV buses and carpools: 

• Banfield Freeway (OR)-I; 

1 I-95 Miami (FL)-I; and 

• Southeast Expressway (MA) (1977). 

3) Allow carpools onto existing bus-only HOV lane(s} : 

• Shirley Highway (VA); 

• San Bernardino (CA)-II; and 

• U.S. 101 (CA}-II. 

4) Change the definition of carpools on existing bus and carpool HOV 
1 ane( s): 

• Banfield Freeway (OR)-11; and 

• X-95 Miami (FL)~II. 

The procedures described in this User's Guide can be used to predict 
peak hour flows for: 1} automobiles on the general purpose lanes; 
2} ca·rpools that are already on or that will be allowed to use the HOV lane 
or lanes; and 3) bus passengers on the HOV lane(s) . Since the demand 
relationships used in the w::irksheets were developed by using data on actual 

·before-and-after travel volumes, the models forecast the net change in 
volumes due to mode shifts, time-of-day changes, trip generation, and route 
diversion effects. Consequently, the models provide more information on 
anticipated travel volumes than could be obtained through the use_ of either 

2 

......:,.. 



conventiona 1 or st.ate-of-the-art mode split mod~l s only. (The NTecilni cal 
Supplement" report provides additional information on the characteristics of 
this and other forecasting models.) 

A supply model patterned after speed-flow relationships presented in the­
recently revised Highway Capacity Manual (TRB Circular Nu~ber 212) and 
elsewhere is used in an iterative fashion with the predicted demand volu::ies 
to reach equilibrium travel volumes. The supply model is used to determine 
equilibrium speeds on the ~eneral purpose lanes if it is possible -for 
free-flow conditions to ex1st on the general purpose lanes in the after 
period. An examination of existing HOV facilities revealed that free-now 
conditions are sometimes possible when buses and carpools are allowed to use 
the HOV facility and a general purpose lane is not taken away. U~der all 
other circumstances, forced-flow conditions continued to prevail· in the after 
period. 

REPORT OUTLINE 

The remainder of this report is divided into three chapters and one appendix. 
Chapter 2 presents a general overview of the approach used to foreca~t travel 
volumes. Included in the chapter is a description of the types of HOV 
strategies that can be evaluated, the travel modes that are explicitly 

• considered, the data measures that are required, and a summary description of 
each of the seven worksheets. Chapter 3 explains in a detailed, step-by~step 
manner hO\ol the worksheets are to be used to forecast volumes and supply 
changes. The procedures are furtj,er illustrated by using as an example 
application data from the Shirley Highway. Additional example applications 
of the forecasting procedures using data from actual HOV projects are 
presented in Chapter 4. Appendix A contains a blank set of worksheets that 
can be reproduced as needed. 

3 
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OVERVIEW OF THE PREDICTION APPROACH 

APPLICABLE HOV TREATMENTS 

The HOV alternatives that can be an~lyzed with the forecasting procedures 
presented in this User's Guide can be classified into four distinct groups 
based on the modes allowed onto the HOV lanes in the before and after 
periods. (Of course. in many cases. no HOV lane will exist in the before 
period. The after period is assumed to represent conditions present about 
one year after the HOV lane opens.) 

The four HOV alternatives that can be evaluated are: 

Before Period After Period 

1. No HOV lane Bus-Only HOV lane(s) 

2. No HOV- lane Bus and Carpool HOV 1 ane ( s) 

3. Bus-Only HOV lane{s) Bus and Carpool HOV 1 ane( s) 

4. Bus and Carpoo1 HOV lane( s) Bus and Revised Definition of 
Carpools 

Notice that the HOV strategies are not classified according to \~hether the 
HOV lane is formed by "adding a lanew or "taking away a lane. n The predicted 
modal volumes, however. will differ depending on whether a general purpose 
1 ane is taken away or not . 

4 



All of the existing HOV sites that were used in developing the relationships 
--~- embedded in the forecasting approach share s0i11e corrmon characteristics that 

. help define the type of HOV treatments that can best be analyzed with ·the 
procedures presented herein. First, the HOV lanes operate on (or adjacent 

. - ., .. 

to) major radial freeways l eading into a central city or central business 
district. Thus, t he proposed HOV corridor/lane should have similar 
characteristics (i.e., the approach may not yield reliable results for HOV 
lanes on surface arterials or HOV lanes on circumferential freeways). 
S_e~QD_d,_j:J,e_HO'L.lanes-ranged .from-2 .. 5_to _9. an.1 es -l n_1 ength. Ih 1 rd, a 11 sites 
experienced force-flow or severe capacity constraint conditions on the 
general purpose lanes in the before period during the morning peak hour. It 
appears. however, that the benefits would be slight (or even negative) 
if an HOV lane were instituted in a corridor that operated under relatively 
f~-flow conditions during the morning peak hour. 

Finally, among the HOV sites used in model estimation, many network 
conditions and alternative links (e.g .• parallel freeways/arterials) exist, 
allowing different route diversion effects. The models and relationships 
that were developed reflect the average of these conditions. If a corridor 
being analyzed is especially atypical with respect to alternative routes, the 
models may not capture the full effects due to these alternative or competing 
1 inks. 

DEFINITIONS OF. PEA'< HOUR TRAVEL VOLi.MES 

Five modes are used in the worksheets and throughout this report: 

l. Nonpriority Automobiles -- the volume of automobiles traveling in the 
peak hour on the general purpose lanes in either the before or after 
time periods; 

2 •. Priority El·igible Automobiles -- the volume of automobiles traveling in 
the peak hour on tl'ie general purpose lanes 1n the before period that 
will be eligible to use the HOV lane(s) in the after period; · 

3. Carpools on HOV Lane(s) -- the volume of automobiles traveling in the 
?eak hourontne HOV lanes in the before period that will continue to 
be allowed on the HOV l anes i n t he after period; 

4. Priority Eli gi bl e Buses -- t he nuraber of buses/passengers t raveli ng in 
the peak hour on tne general purpose l anes that will be el igible to use 
the HOV lane(s ) in the after period; and 

5. Buses on HOV Lanes(s) -- the number of buses/passengers traveling in t he 
peak hour s on the HOV lane(s) in the before period that ~..-i ll continue 
t o use the HOV lane(s) in the after period . 

5 
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The •before• values of these volumes are entered as BASELINE DATA conditions 
in the first \o«)rksheet. The calculations performed in subsequent worksheets ·. 
provide the •after• values for these volumes. The worksheets are discussed 
fully in-Chapter 3. 

DATA REQUIREMENTS 

Given the selection of a particular corridor and freeway for which it is 
desin!d to analyze the change in travel volumes resulting from implementing a 
particular HOV strategy, the following four types of data are required. 

PEAi( HOUR VOLi.MES • 

In the before period. a.m. peak hour volumes are required for the following 
modes (see definitions above): 1) nonpriority automobiles; 2) priority 
eligible automobiles (note that· for bus-only HOV strategies, this volume will 
be zero); 3) carpools on HOV lanes (if no carpool/HOV lane exi sts. this 
volume will be zero); and 4} the number of buses and passengers either 
eligible to move onto the HOV lane or alr2ady on the HOV lane. • (Note that 
this is an either/or situation. } These volumes are measured at a screen line 
located within the bQundaries Qf the beginning and endpoint of the ·proposed 
(or existing) HOV lane(s). This screen line is also the reference ·point for 
all other measurements. Consequently, this line will indicate the location 
of the forecasted volumes. 

Of the four peak hour volumes that may be required for a particular analysis, 
the one likely to be the least readily available i s the volume of priority­
eligible automobiles. · Typically, per.nanent or temporary counting stations 
will provide good data on the total number of vehicles traveling inbound in 
the morning peak hour. However, if ' the proposed strategy being analyzed is 
to allow 3+ person carpools onto an existing or new HOV lane, the volume of 
3+ person carpools is needed along with the combined volumes of one- and 
t'ftQ-person carpools. If these volumes by auto occupancy are not inmediately 
available. one could. as a first-cut approximation, use systemwide auto 
occupancy ·proportions obtained from ridesharing studies (or even Census 
data), or more accurately conduct a special vehicle occupancy count during 
the ~orni ng peak coliltlUti ng period. 

PEAK HOUR. TAAVEL TIMES .. 

For each travel mode that i s pertinent to the HOV strategy being evaluated. 
an esti mate of average door-to-door travel tirne i s required. As indicated 
above, this estimate is determi ned for vehicles passing the screen line . 
Since travel ti mes "saved" or reduced by using or not using the HOV lane ar2 
calcul ated as a proportion of these total i:1oor-to-door travel ti,nes. s.nal l 
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1-.- . errors in the latter will not introduce large errors in the proportion's 

____,___ 

input to the model. Therefore, it is not necessary that they be determined 
precisely. They can he obtained from the output of existing UTPS programs or 
by using- information on average trip lengths and route sections having 
different average travel speeds. 

AVERAGE PEAK HOUR TRAVEL SPEEDS .. 

Average peak hour travel speeds are required for vehicles on the general 
~urpose lanes and, if they are present in the before period, vehicles on the 
HOV lane(s). The speeds are those required to travel either the length of 
the HOV lane{s} or the length of the general purpose lanes adjacent to the 
existing or proposed HOV lane(s). These speeds should be estimated more 
prec1selythan the total travel time data since they are used to estimate ­
travel times, and changes in travel times, over the (typically) shorter 
section of the freeway bounded by. the HOV lane. If not already available 
from secondary sources, these speeds could be determined through actual 
measurement (e.g .• by using a floating car travel time study). 

EXISTING FRE£ijAY SUPPLY ANO CAPACITY· 

The nl.lllber of lanes and capacity- mu st be specified for both the existing 
general purpose freeway lanes, and if they exist, for the HOV lane(s). The­
capacity, if not readily known, can be computed using the step-by-ste9 
computation procedure given in the recent Interim Materials on Highway 
Capacity (see TRB Circular Number 212, pp. 171-185). -

For the forecasting procedures presented herein, capacity is defined as the 
maximum number of vehicles ~oving by a particular point in a given one-hour 
period. Thus, if empirical data should yield peak hour travel volumes that 
are higher than .those determined through a formal application of the capacity 
manual calculations, the higher value should be used as the measure of 
capacity . 

OVERVIEW OF ~ORKSHEETS FOR PREOICTimJ 

The procedures for predicting travel volumes resulting from any one of the 
four types of HOV strategies discussed above are based on t he results of the 
several models developed in this study. These models, which are described 
more fully in the "Technical Supplement" report, have been incorporated into 
a set of seven worksheets that are used in a sequential and, if necessary, 
iterative fashion to reach :qui librium. The flow chart in Figure 1 
highlights the major activities for each worksheet. The foll owing material 
summarizes the purpose of each worksheet. 

7 
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Figure 1 

ACTIVITI ES UNDERTAKEN IN EACH WORKSHEET 

WORKSHEET 1 

WORKSHEET2 

WORKSHEET3 

WORKSHEET 4 

WORKSHEETS 

WORKSHEET 6 

WORKSHEET 7 

Specify &seline Oaa: 
Vo4umes, Tr.rvel r11nes, 
Speeds, C:apacities 

HOV Policy Speciflc:2tion 
and Initial Calculations 

Enimate Noni>riority and 
Priority T r2Yel rimes • • 
Forecast Period 

Forecast Nonprio rity 
Auto Volume 

Forecast Priority 
Auto Volume 

For~ Priority 
BwVolume 

Summarize Resulu 
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First, baseline travel data consisting of before volumes, travel times. 
speeds, and capacity (as defined above) are assembled and listed on 
Worksheet 1. Next, the proposed HOV strategy to be evaluated is defined on 
Worksheet ·2. This consists of specifying the modes that will be allowed to 
use the HOV lane(s). the length of the HOV lane{s). and the proposed capacity 
of the general purpose and HOV lanes. 

With the information presently specified, various initial calculations are 
performed using Worksheet 2 to disaggregate the baseline travel time data 
into two components -- travel time on and off the freeway section bordered by 
(or adjacent to) the HOV lane{s}. Worksheet 3 is used next to derive initial 
estimates of travel time changes,. and therefore "after" travel times, that 
will be needed to forecast demand volu;;ies in subsequent worksheets. The 
before and after travel times now known for each ~ode are input to a demand 
equation contained on Worksheet 4 to estimate the after peak hour volume of 
nonpriority automobiles . If it has been assumed that free-flow travel 
conditions are pos"sible, a check is made to determine if the initial 
estimated travel times (and thus speeds) are in close agreement with the 
model's estimated volume (and thus travel speed and times). If these 
equilibrium conditions are not satisfied, revised or updated estimates of 
travel time are computed and the procedure is repeated. 

When equilibrium volumes are obtained on the general purpose lanes, Worksheet 
5 is used to forecast the volume of carpools (including priority eligible 
autos and existing HOV carpools) that will use the HOV lane(s). If carpools 
are not a 11 owed on the HOV 1 ane( s), this worksheet is not used. However, . if 
this worksheet is used, the predicted volume of carpools on the HOV lare is 
compared to the capacity of the HOV lane(s) to determine whether the initial 
estimate of speed is valid. This check also deter.nines whether the volume of 
carpools will exceed the HOV lane capacity, indicating that a more 
restrictive HOV strategy should be evaluated. 

Worksheet 6 is used to predict the volume of priority bus users. A similar 
equilibration procedure is not employed, since bus volumes on the HOV lanes 
are not 1 ikely to exceed HOV capacity. (If necessary, ho\'1ever, the analyst 
can perform a simple test patterned after those used for nonpriority and 
priority eligible automobiles.) Finally, Worksheet 7 summarizes the 
forecasted peak hour travel volumes, speeds, and times that have been 
obtained from the previous worksheets. 

TIME AND COST REQUIREMENTS 

The time required to use the worksheets to predict travel volu:nes resulting 
from different freeway-based HOV strategies is extre;nely ::1odest, being much 
less than nearly all other modeling approaches available to forecast volume 
changes due to iinplcillenting HOV strategies. (See the "Tecllnica1 Su;lple::ient" 
report for information that co:npares resource re.quire1ilents fer a1t-~rnat.ive 
for2cast1ng procedures.) 
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Indeed, the most time-intensive aspect of the entire process is completing 
Worksheet 1 on the specification of baseline ·data conditions. This task can 
be completed in a few hours if the data are available •off the shelf,• or • 
could range up to a matter of days otherwise. The remaining worksheets can 
be col11)1eted in less than one hour, once the basic procedure is known . 
Computers or special prograrrmable calculators are not required. Rather, a 
s imple hand-held calculator, with a power to the X key (i.e., yx) is all that 
is necessary. 

Because Worksheets 2 through 7 can be completed so quickly, it may be 
preferable, if one or two key items of baseline data are not readily 
available, to assume alternative (high/low) default values and work through 
the subsequent calculations. If these initial tests show that the ~sults 
are not sensitive to the assumptions, the time that would have been devoted 
to securing better estimates of the dat:a items in question can be saved • 

10 
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HOW TO USE THE WORKSHEETS 

This chapter explains step-by-step how the worlcs_heets are used to ··forecast 
travel volumes (and thus the change in travel volumes) resulting from. 
implementing any one of four different HOV strategies. To help one . 
understand how each· worlcsheet is ased, an example application is given using 
actual data from the Shirley Highway. This particular example will analyze 
the introduction (on December 10. 1973) of 4+ person carpools onto the 
previously existing bus-only HOV lanes. Chapter 4 will present additio~al 
examples demonstrating how the w,rksheets can be used to evaluate other HOV 
strategies . 

WORKSHEET l: BASELINE DATA 

Worksheet 1 is used to record data on ·existing (or before period} travel 
volumes and .. supply conditions. Peak hour travel volumes (in the a.m. inbound 
direction only) are required for up to 4 principal modes: nonpriority 
automobiles, priority eligible automobiles (or .carpools} , carpools on 
(existing) HOV lanes. and number of buses and bus passengers ei ther eligible 
to use the HOV 1 anes or al ready on HOV 1 anes . As shown on Worksheet 1, a 
space is provided to record each volume. If a particular volume is not 
applicable , use O (zero) , N/A, or NPA/NPL (no priority auto/no priority lane) 
as the situation dictates. 

Each volume is also labeled with a uni que symbol or variable name. For 
example. the peak hour volume for nonpriority automobiles is labeled as 
ynpa_ The subscript "o" refers to the before/initial time period. • A 

0 
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subscript •1M \o!Ould refer to the after or forecasted time period. These 
./ variable names are subsequently used in ot.~er worksheets in place of tbe 

actual variable title in order to save space. 

In tha Shirley Highway example, the total peak hour auto volume on the thr~e 
general purpose lanes was 5,091 VPH. Of this volume, 4,896 VPH ~re 
c9mprised of vehicles with 3 persons or less while 195 VPH were 4+ person 
carpools. There were, of course, no carpools on the two ~xisting bus-only 
HOV lanes. There were 176 buses per hour (BPH) on the HOV lanes (B0 HOV); 
consequently, the number of buses on the general purpose lanes that would be 
eligible to use the HOV lanes (i.e . B0 Peb) is zero (or N/A). 

The number of peak hour bus users on the Shirley Highway was 7,900 passengers 
per hour (PPH), 'Which results· in the computed average (bus) load factor of 
44.8 passengers per bus (PPB).- No information is available on the volume of 
trucks using the general purpose lanes. 

Average door-to-door travel time of individuals using the general purpose 
lanes was determined to be 56.2 minutes . Consequently, this is entered for 
both nonpriority and priority eligible automobiles. With no carpools on the 
HOV lanes, an N/A is entered for T0 HOV. Because of the significantly higher 
speeds on the HOV lanes, average travel time for bus users Cr>) was 
determined to be 37.5 minutes. o 

Over the 9-rnile length of HOV·roadway that carpools will be allowed to use, 
buses currently operate at an average speed of 55.5 mph. Vehicles 
traveling on the general purpose lanes parallel to the 9-mile HOV section • 
average 19.0 mph. in the before period. 

The capacity of the 3 general purpose lanes is estimated at 5.880 VPH while 
on the 2 HOV lanes, the capacity is determined to be 2,000 VPH. (As a 
general rule, a bus-only HOV lane can be assumed to have a capacity of 
875-1,000 BPH while a bus and carpool lane has a capacity of about 1,500 
VPH.) · 

~ORKSHEET 2: HOV POLICY SPECIFICATION ANO INITIAL CALCULATIONS 

Worksheet 2 is used to specify the particular HOV alternative to be examined 
and to translate the information tabulated up to this point into specific 
data formats required by later worksheets. 

12 
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The HOV alternatives are specified by checking the bus-only or combined bus 
and carpool boxes. In the latter instance, the carpool size allowed on the 
HOV lanes is also indicated. The proposed (or after} supply conditions are 
noted by listing the length of the HOV lanes in miles, as well as the 
proposed" nl.Dllber of lanes and capacity of the general purpose and HOV section 
of the facility. If the number of the buses that will operate during the 
peak hour is determined through an exogenous policy decision, it is entered 
here as B1HOV. However, t his space is left blank if bus service requirements 
are to be based on the forecasts derived from the travel time savings due to 
implementing the HOV facility. 

In the Shirley Highway example, there is no change in the configuration or 
number of general purpose and HOV lanes. Therefore, the capacity of the 
general purpose lanes remains unchanged, while the capacity of the HOV lanes 
increases, since more vehicles can operate on a bus/carpool lane compared to 
a bus-only HOV lane. 

As a general rule, if the number of buses on the general purpose lanes that 
become eligible to move over to the HOV lanes is less than 100, it is not 
·necessary to revise the capacity for the general purpose lanes. 
The next section of the -...orksheet is used to disaggregate total travel time 
in the before period into travel time on the general purpose freeway lanes 
bounded by the HOV roadway section and the travel time that is ·spent off this 
roadway section (i.e., all the •remaining• travel time). If the HOV lane 
exists in the before period, similar calculations are performed for the 
existing HOV bus mode. • 

WORKSHEET 3: ESTIMATE TRAVEL TIMES FORECAST PERIOD 

BUSES ON HOV LANES 

Total travel times for buses and carpools (if any} on the HOV lane(s} and for 
nonpriority autos on the general purpose lanes are detennined by using 
Worksheet 3 . . If buses are already on an HOV lane, then the after bus travel 
time is set equal to the before bus travel time. Tnis assumes that travel 
speeds on the HOV lane; as an initial starting point, will not decrease if 
carpools are allowed access. 

If an HOV lane does not exist in the before period, bus travel times are 
co~uted using an assumed average free-flow speed of 50 lll?h- - - unless 
other data indicate a different value should be used. (Except for the· 
Lincoln Tunnel and Southeast Expressway (1977) sites, the· average bus speed 
on all other HOV lanes examined was approximately 50 mph. As an example of 
"other data." the Lincoln Tunnel contraflow bus lane had a posted speed li~i t 
of 35 mph.) 
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AUTOS OU HOV LANES 

Total travel time for automobiles/carpools that are eligible to use the HOV • •. 
lane are based on either the travel times of carpools already on the HOV 
lane(s),- or travel speeds of buses already on the HOV lane(s), or are 
determined by using an estimated free-flo'rl speed equal to that used for buses 
eligible to use the HOV l ane {i.e., 50 mph., unless data indicate 
otherwise). 

AUTOS ON GENERAL PURPOSE LANES 
' 

Travel ti
0

me for autos on the general purpose lanes is determined contingent 
upon the change in capacity on the general purpose lanes and/or the type of 
vehicles allowed onto the HOV lanes. If capacity on the general purpose 
lanes is reduced (e.g., by taking away a lane for HOV use) or if only buses 
are allowed on the HOV lane, the travel time for nonpriorityautos in the 
after period is ·assumed to equal travel time in the before period. In 
effect, this is equivalent to stating that forced-flow conditions will 
continue. (This finding was observed for all sites that met either one of 
the two conditions given above.) 

Alternatively, if the capacity is not reduced on the general purpose lanes 
and if carpools are allowed to use the HOV lane(s), it is possible that the 
general purpose lanes could op~rate under either free-flow or forced-flow 
conditions. Unless other information indicates otherwise, travel times will 
be computed initially, based on free-flow speeds. Free-flow Sfeeds are 
computed using a speed and volume/capacity relationship. The Technical 
Supplement• report presents additional information on the derivation. and 
characteristics of this relationship. 

The last computation to be performed is to calculate what has been labeled on 
the worksheet as an •eligibility factor.• This. variable basically represents 
that share of the general purpose freeway demand that is eligible to move to 
the HOV lanes normalized by the change in general purpose freeway supply. 
This variable'is extrenely important in accounting for site-to-site 
differences i.n the composition of traffic by different vehicle e1ixes (e .g., 
buses, 3+ person carpools , etc.) that may be eligible to use the HOV 
lane{s). ·· In addition, it is one of the principal factors used to account for 
differences between "add-a-lane• and •take-away-a-lane" HOV projects .. See 
the •rechnical SupplementM report for additional information on this 
variable. 

Since buses were already on the HOV lanes in the Shirley Highway example, bus 
travel time in the after period is set equal to bus travel time in the before 
period (i.e., 37.5 minutes). Because carpools were not on the HOV lanes in 
the before period, travel time for priority eligible autos in the after 
period (T1Pa) is computed based on the before speed of the HOV buses (i.e .. 
S0 B). Travel time off the HOV roadway section (rPa ) is assu□ed to remain 
unchanged. off 
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Because capacity of the general purpose lanes did not change while 4+ person 
carpools were allowed onto the HOV lane. travel times for nonpriority autos 
are initially computed b~sed on free-flow travel speeds. (This assumption 
will be tested at the end of \lorksheet 4.} 

WORKSHEET 4: FORECAST NONPRIORITY AUTO VOLIJ-1E 

The initial forecast of nonpriority auto volume is computed simply by filling 
in the appropriate before and after travel times (in the.boxes provided} for 
the modes indicated along with the value of the eligibility factor_ (EFCTR). 
The variables T1Pa2 and T1Pa3/4 represent the total travel time in the after 
period for 2-person and 3+/4+ person carpools, respectively, that are 
traveling as priority autos (Pa) on the HOV lanes. Consequently, if carpools 
are not allowed on the HOV lanes, 60th the third and fourth terms in the 
equation (i.e .• those containing T1Pa2 and T1Pa3) take on ·a value of zero. 
If only 3+ or 4+ vehicles are allowed onto the ~nv lane, only the third teno 
containing T1Pa2 takes on a value of zero. In summary, the third and fourth 
terms are used depending on whether 2+ and/or 3+/4+ carpools are allowed onto 
the HOV facility. 

In the Shirley Highway example, the boxes are filled in with their 
appropriate values obtained from previous w:>rksheets. Since 2-person 
carpools are not allowed onto the HOV lanes, X1 s are placed in the boxes for 
T0 Pa2 and T1Pa2, resulting in a value of O for the third ter.n in the 
equation. When the calculations are completed, a forecasted nonpriority auto 
volume of 6,734 VPH is computed. Since Box 2 was checked on ~orksheet 3 
(indicating free-flow conditions), a check is made next to determine whether 
the speed resulting from the forecasted volume is approximately equal to the 
initially estimated speed. As shown on the bottom of ~orksheet 4, the 
forecasted V/C ratio is greater than 1.0 implying forced-flow conditions or 
a speed nuch less than that initially assumed. Consequently, a revised 
nonpriority travel time is computed based on the before, forced-flow, 
nonpriority auto travel time {i .e., 56.2 minutes), and a new estimated volume 
of 5,045 is computed. This represents a V/C ratio less than 1, which is 
consistent with the forced flow speed that was assumed. 

WORKSHEET 5: FORECAST PRIORITY AUTO VOLUME 

This "'°rksheet is used to forecast the total peak hour volume of carpools 
·(consisting of priority eligible automobiles and, if applicable, car~ools 
already on the HOV lane) that \'fill use the HOV 1ane(s) in the after period. 
Depending on the HQV strategy being analyzed and whether some carpools arc 
already on the HOV facility, either or both Equations A and B ~ay be used. 
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,Equation A is used if 3+ or 4+ person carpools are to be allowed onto the HOV 
lane, or if they are already ·on the HOV lane(s), while Equation Bis used if 
2+ person carpools are to be allowed onto the HOV lane(s). (It is not likely 
that an H9V strategy will be examined when 2+ person carpools are already on 
the HOV facility. Moreover, this scenario was not represented in any of the 
existing HOV sites.) 

Once the after priority auto volume is computed (V1Pa), it is added to the 
revised volume of existing carpools already on the HOV lane, if any, (which 
is estimated using the results of Equation A), to arrive at the total volume 
of carpools on the HOV lane(s} in the after period (V1HOV}. A check is made 
to determine whether this volume is less than capacity. For V/C ratios of 
about 0.8 or less, the initial congestion-free, travel speed assumptions can 
be considered valid. However, for V/C ratios between 0.8 and 0.95 - lower 
service levels exist with the implication that speeds on the HOV lane(s) will 
decrease. Thus, _a revised, lower speed on the HOV lane{s} should be computed 
(resulting in a higher travel time for priority autos), and Worksheets 4 and 
5 should be repeated with these new travel time values. V/C ratios that 
continue to equal or exceed 1 imply that the HOV strategy being tested will 
lead to oversaturated conditions on the HOV lanes and a breakdown in travel 
speeds. Consequently, a more stringent definition of carpool eligibility 
should be evaluated. 

In the case of the Shirley Highway, Equation A is used since 4+ person 
carpools are to be allowed onto the HOV lane{s) . A peak hour carpool volume 
of 654 VPH is estimated, resulting in an acceptable V/C ratio on the HOV 
lane(s) of 0.34. 

WORKSHEET 6: FORECAST PRIORITY BUS VOLUME 

This WJrksheet i's used to forecast the a.m. peak hour volume of bus 
passengers on the HOV lane(s). Four different equations can be used to 
detennine the percent change in volume (labeled as~} depending on tha type 
of HOV strategy ·being evaluated. Equation A is used if only buses are 
allowed on ·the HOV lane(s} and bus supply is determined endogenously. If bus 
supply is established exogenously (e.g.> through a policy that headways will 
be at a certain minimum). and only buses use the HOV lane(s}, then Equation B 
is used. 

Equation C is used if buses and either 3+ or 4+ person carpools are allowed 
onto the HOV lane{s). while if buses and 2+ person carpools use the HOV 
lane(s}. Equation o is used. The number of buses required to serve the 
forecasted demand is simply determined by using the existing average load 
factor (L0 B) from Worksheet 1. 
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Since 4+ person carpools are allowed onto the HOV lane(s) in the Shirley 
Highway example, Equation C is used to estimate the volume of bus ,asseng~rs. 
{Note that bus travel times are not used in this equation . This is the • 
result _of the model estimation phase. which revealed that when carpools are 
allowed on an HOV lane, the explanatory power of the carpool travel time 
variables greatly dominated the effects due to bus travel time changes. See 
the MTechnical Supplement" r eport for further details on this point. 
Com~leting Worksheet 5 indicates that bus volume will increase by 8.2 percent 
to 8,550 PPH. With a load factor of 44.8, about 191 buses will be required. 

~ORKSHEET 7: SUMMARY RESULTS 

Worksheet 7 is used to summarize in one pl ace the forecasted equilibrium 
volumes, travel times, and travel speeds determined from previous 
worksheets. 

Below is a summary of the predicted and actual peak hour travel volumes for 
the Shirley Highway example: 

Mode 

Nonpriority Auto 

HOV Carpool 

HOV Sus 

Ac tua 1 Volumes 

Before After 

4,896 5,126 

195 - 758 

7,900 8,756 

Predicted Volu:ies 

5,045 VPH 

654 VPH 

8,550 PPH 
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S\JMM~R'f RESULTS 

VOLUM£S ( P~~-\\00i) 
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ADDITIONAL EX~PLE APPLICATIONS 

CHANGING DEFINITION OF CARPOOLS 

The example presented below illustrates how the "°rksheets can be used to 
evaluate an HOV strategy that allows carpools with a lower vehicle occupancy 
level to use an existing bus/carpool HOV lane. The example uses actual data 
from the Banfield Freeway concurrent now HOV lane project. In this 
particular instance, carpools with 2 persons were allowed (beginning 
February 12, 1979) to use the then-existing bus and 3+ person carpool lane. 
The w:>rksheets presented on the following pages use data describing only 
before travel volumes and conditions to predict after volumes and travel 
time. 

Worksheet 1 has been completed based on information obtained from the Oregon 
Department of Transportation. The variable V0 HOV indicates t.~ere were 178 
carpools with occupancies of 3 or more persons on the HOV lanes in the before 
period. The number of 2-·person carpools traveling on the general purpose 
lanes (yPa) during the a.m. peak hour was 530 VPH. If 2-person carpools are 

0 • 

allowed onto the single HOV lane, the questions of main concern are: 1) 
will the HOV lane be overloaded with 2-person carpools r esulting in 
breakdowns in traffic flow and reduced speeds?; 2) will passengers be 
diverted from the existing HOV bus mode?; and 3) what will be the new speeds 
and volume of vehicles remaining in the general purpose lanes? 
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The existing HOV lane length of 3.3 miles is listed on the top part of 
Worksheet 2. Capacities on the general purpose and HOV lane remain the sa~e 
as in the before period. The Ninitial calculationsN that are perfonned 
reveal that autos on the general purpose lanes (both nonpriority and priority 
eligible) require 6.0 minutes to travel a distance of 3.3 ~iles while 
vehicles on the HOV lane use only 4.2 minutes. 

Initial travel time estimates for the after period are made using 
Worksheet 3. Since carpools will be allowed onto the HOV lane, travel times 
on the general purpose lanes are based on free-flow conditions (e.g., with a 
level of service of C or D). Using the fonnula provided, a speed (S1GP) of 
41.7 mph. is initially estimated. 

Using the equations presented on Worksheet 4, a nonpriority auto volume 
Cvtnpa} of 3,662 VPH is computed. This compares very favorably with the 
imtial estimates of speed and V/C (i.e., 43.2 = 41.7 mph.). Thus, unless 
revisions are made later, it appears that the general purpose lanes will be 
able to operate at a service level of about O if 2-person carpools are 
allowed onto the HOV lanes. 

Equation Bon Worksheet 5 is used to forecast the volu;ne of 2-person carpools 
since vehicles ~ith 2+ persons will be allowed to use the HOV lanes. 
Equation A on Worksheet 5 is used to forecast the percent change · '6Hov) in 
volu:ne of existing 3+ person carpools. The forecasted volume of 704 2-person 
carpools is combined with the revised volume of 142 3+ person carpools to 
arrive at a total 2+ person carpool volume of 846 VPH. A check against the 
HOV lane capacity indicates that free-flow speeds will continue to prevail on 
the HOV lane. · . 

Lastly, Equation Don Worksheet 6 is used to estimate a bus passenger vol~~e 
of .685 passengers per hour. This represents an increase of about 9 percent 
over the before volu:ne, thereby indicating that allowing 2-person carpools on 
the HOV lane will not lead t o a decrease in bus passengers. This result is 
obtained becau~e the travel time Nsaved" (or reduced ) by 2-person carpools 
is relatively small in this particular example. 

Below is a sullllilary of the predicted and actual peak hour travel volu;;ies for 
the Banfield' Freeway Phase II Project. 

Mode 

Nonpriori ty Auto 

HOV Carpool 

HOV Bus 

Actual Volumes 
Be fore 

3,161 

708 

623 

After 

3,793 

1,180 

657 

Predicted Volume 

3,662 VPH 

846 VPH 

685 PPH 
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TAKE AWAY A LANE 

This examp]e uses data from the Southeast Expressway (MA) HOV experiment to 
illustrate the use of the worksheets when a general purpose lane is utaken 
awayu to be used by HOV vehicles . In particular, on May 4, 1977, the inside 
lane of a four-lane freeway (3 regular lanes and 1 breakdown lane) was 
converted into an HOV (Ndiamond") lane to be used by buses and 3+ person 
carpools. (Strict enforcement of the lane did not begin until October 1977, 
however.} 

On the worksheets presented here for this example, the reduction in capacity 
due to eliminating one general purpose lane is recorded on Worksheet 2 under 
•proposed capacity• (i.e., C1GP = 5,300, compared to an existing capacity 
of 7,000 VPH). The reduction in capacity is .also captured in the computation 
of the eligibility factor on Worksheet 3. Since a lane is taken out of 
service, travel speeds will continue to operate under the forced-flow 
conditions {i.e., service level F). 

The remaining worksheets are completed in a relatively straightforward 
fashion. The reader should be_ able to follow the logic of the remaining 
calculations that are presented. (The •rechnical Supplement" report presents 
additional information on the development of the models used in the • 
worksheets and compares forecasts obtained with the worksheets to actual 
before-and-after data for other HOV sites.} • 

; Below is a summary of the predicted and actual peak hour travel volumes for 
the Southeast Expressway HOV Lane Project. 

Actual Volumes 
Mode Before Jffter Predicted Volume 

Non priority Auto 5,504 4,306 3,909 VPH 

HOV Carpool 388 641 737 VPH 

HOV Bus 2,000 2,124 2,124 PPH 
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. - . 
( ~\(.- \liO\JRj TOTAL TRA\/El TIME 

• Au~Mot>~ \c.~, 'ctO'"lf";ovJy ~I'\~ -:: 35". M irt. 

• Co..~~\s o-.... \-\-O'l L CU'\C. <.~) -~ 
\ I 

:. 2..1.7 l½irt. 

• Bvst:.s O"'- \\C \f. L~\"\c.<.0 ""(\:, 
l = 21.7 Mirt. 

~ 

·-
j 

~ PEE'OS ( A '<ER.M:>E f€AK \-\ouR) -

• G c.'f\C.VG.\ r\Jyt'OSe La..\/\~ C.:.) s~p :. 21 Mt'H 

• HOV lo.ne.(~) s~" = 50 Mf'r\ 
l 

-
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I 
j 

WORK5t\EE1 \ : BASELINE "DATA 

• A u+o ~ b, \~ ✓ t\O<\fY:.OV-, 't t 
• A~w.obdc:s., pMov:-l-r ~\i9ible. 
•Co..vroo\s O"'- p..o\/ l O..V\C.(S) 

• Bl.>"Eic~, fYiov~~Y ch9 ib\~ 
• Bu:,c O\'\ \-\ov lo.V\C(~). 

• Bu~ Po..SSC"'9<-~ (l-\O\/ o't" f'Y;oy:f-7 e.li~;bJ0 
• Bv~ LoQ.A i=o.c.i"O'r 
• T '(VC.~S 

• A oto W\O b, ks J ~ pv,O'(, -\-y . 
• Au+omob,\cs., f¥tov;¼-1 eh<.3,'clc:. 
• C.o..¥'~\s o'(\ \\C'( \o..Y\e(!.) 

• BvSC:> (~'( ov- r-:ov~ ~f e.\;5~ bk) 

. 
• Ge.V\e.vo.\ ?u~sc. Lo..vte.(!>J 
• rt£?'! Lo..V\e.t~') - C.o..v-fool~ 
• Ho\/ Lo..Y\C(s) - B~c:.S 

• No. 4 Ge'V\t.V-Q.\ fu1'0SC::.. La..-i cs 

• No. 0\- \-\O\[ l~V\ e.S 

• Co..~0...1:.3 .. ~'fi 9 t.Vlc.'('I>..\ f..iv?osc. [ a.11~s 

• C. o... fa. c.: \-7, \A-0 'I Lo..V\~S 

so 

"::-- - --- Vft\ 

V!:'- - • VPi\ 

\J :°' ::. ~ Pl\ 

~ : 6PI\ 

S~ - BPl\ 

v'!' - rPi\ 

t! ; frS 

\J: :: \/Pt\ 

::. ___ MP~ 
= ___ MPt, 

=- ___ MP~ 



-. 
.- ' .:·--;-· 

.. -- . 

----·-------... -·•-·-· --.. -
WoRl:S"E:ET 2. : Hov Pouc. --r hl"D 1Nr-nAL CALCULA n~s 

(c.h=.\<..O"'-C:.) 

HOV A\ rtv-V\a..i""i'le ! D 61.r> °"\)" 
0 Bu~ <U-\d C.a.v?oo \ ( (aY-pool ~i7C: - - ) 

• N~ o.f Gc."1.c.;fa.\ Poryo~c. Lo.v,e"!) 

• N~- o~ H-ov L (),,, ..... e.s 
• COfo.c.iry 1 9CV'~\ pu~~ l a.YteS 

<.V 
L, =-

t'O" 
L. -=-

c<.r -: 
\ 

• Co.~,i-11 1-\-0'/ \o..~~ • 
• Buse.!> pc.; .\,,low· ( ,~ ~',:09e-t\OUS.ly de.tt~\~) 

~ :: 

B~ = • 

• Av-toVl'fObi.\c.~., OCMfriOYtt1 -c:~ = 
~ A'-'~~b, l~~ .... fJY-.c-y~'\-1 c.l,9ib\e. ~ ':. 

•"'Buse$ (~~ ov- py,o~'t-f c.l,ca,b\e) t:' -: 

• A~W\o~,lcs,, \1<:Mpv,ov.+y 'l\.f'-. ~...,Qoa. 
To - - .J-'r\l'a- -

~ -
• Au-\-o~b:\es,, pv-~~,,d·, e.\ ,~;blc: T.;-t;:' = ~ -: 

• 6 1.>Sc.'5 ( \-\O'i oY p.,.~.-:\-y c. l i, ib 1 e) T:' - ~ = ~ :: 

•Fo'N'f\~\o...: '-/c.~ic.\e..s OV\ ~~'t\c.v"~\ "t)uY-poSc. lci.r\e~ (B~<c. ?c.-:od) 

\1,0'-l 
\.. e V\ ~ 1r\\. 

( __ , 
\ ' 

*Fo'<'("l'\\J\o..: \lc,',,.,c.\c.s. O\-\ i-\-o"I \o..V\CS (Be~,.,c. 'Pe..v-:cc!) 

rtO" L~..--~,i.._ 

\ \ 
D 

51 

V?tl 
VP\\ 
S?'r1. 

Mi~. 

M,n. 

. ~,'!",.. 

MiY\.. 

t,A i \'\· 

t--\ ii'\. 



\ 
_; 

~" \..~~~~"' 

\ \ 
D 

£.s~~l 5f~~ ~ 

O A~ o..\vco.!y o"' 't't,O\/ 1 Lr.:,e.: 

_fa.. ¥to\/ 
\, -=- To -=-

~o" \..c.V\,\\-\ 

\ \ 
D 

··.'•• 
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.\-.,,. ·•-! 

. .; ,-.. -';-'\ 
• ' 

-~/ 

,:. 

____ Co_O ___ -:-;::,__ -
JS 

Lo -t-

t:~ 
D + 

Von~ \J.;' 

L \ •□ 

\_ ' ~e:,p 

l-\O'I L~e.~ 

~':===\- '{.. G, 0 

\ \ 
sc..P 

I 

,, • \,______,\ 
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_..; nP" I_) -~c,..SO 
I I rJ l, 

~n~ · =: - O. Cf lf.o - /.053 D 
f .J 90 0 - \. □-\. + + 

D o7 
-nP... p)tJ -?Q.'?. lo lo -rr~,'f T.\:, CJ 6~Q o c;c? f:FC.TR 

~ o . \"2 .. 2 + 0 .278 ~0.9410. - \. - \. 
D zt'1 □ \.,C) 

6~1 
·-f~ • I 

Jo -b / 

l., 

O I..f- .fovc..c-flo~ (.ovtd:.\io~s, -pvoc..ecl. -\--o Wov"l.s~!e..+ S < ! -:C'" Bo,: 2 c.1,e~~e.!, \/ • Ii J._-\-,_ 5 •"""-~ L~V, l P.-.s .... f*°o" s 

CoM.NTi= '{O\..uM£ /C.flt'¥1KtT'( r!l-tTlo-- FoReCAn Pc.i<:Jov 

\ \ 
D 
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□ I+ "
"'"'/i "p I C.., 

, 
C.~lftt. 

<:,p 

~ ':. 

C.\,\~ < o .... e.. 

0 

er 

0 If 

,. .. 

L\ ~ f\,(.~ 

c,o ::. M'f't\ 

~(0)5 
Vi"p../(_~'f' 

. I 

Rep-.lr \w:.t.\.t s~r I Go -to Wo~\,,.u.t 3., f.2. 
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r 
__ ,..., 

~ -r,'b "T,. 

A : - 0.2.03 -1-7 ~ ~ - \. + 4.8 
□· -L .:. 

fb_ .. 

D D 
-f'tl.~ -b 

~ . ,. It,) 10 
~\Sffl¥J C~Yl>OOY.. J SubsHti.1~ -~o'(• ~ .. "~ 

Fo"° pv-~-r\ry a.~ w~fu 2. pec--so't'\~ o..\lowcl o\'\+o \-\-0\l \o..V\t.l~) : 

• 

' j 
- ~ . 
• 

tlitrl 
v, == ___ \/Pr\ 

..... .....,...,, 
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S\J MMh~'f RES \J L 1 S 

• Automob~ \c.5~ nOV)yviov-:+y 

• Co..vy<>oh o" \ltO\( La.~,c.~) 
• 6usc.s o.-. \-\o\/ Lo..V\c. (.!)) 

• 8us -Po..s~c.V\3c~ Olt\ \lto\/ lo.-r,e.(s) 

- . 
TOTAL TRA\JEL TIME (PEA'!(,_• \ltO\lRJ 

• Au~~~\:,~ \(.";i, tt<="f"•o~ty ~t\~ 

• Co..""?O~h O\'\ \+O 'l Lo.rt t <.. ~) T,~ 

• BvS'-S O't\ ~\l La.v-.~<.~) lb 
\ 

~ PEEDS ( A '(€.R.M:,E. fEA~ \.\cuR.) 

• G c.nc.vo.\ f\.>V'?O Se Lo.."'(. C.~ 5~v 

• t\ o y l a.Y\e. t~) 
s w::tJ 

' 

\JPl{ 

::: ____ \JP}\ 

.... __,.;.. __ _ 
:. ___ _ 

-:. 

:. 

= 

-: 

= 

~rt\ 

?fr\ 

Mirt. 

t-,\;V\. 

-Min. 

k?\-\ 

MP~ 

• 

J . 
-
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Worksheet for "Predicting Travel Volumes for HOV Priority Treatments" 
Based on Charles River Associates, April, 1982 Report 

Worksheet #1 Worksheet /12 

lnltlal/Bofore Data HOV Polley 

---------------------- -------------------
V-o-nr>a 7230 Dain 3 

V-o-pa 240 HOV Loth O.!H} 

V-o-hov 0 L-1 -0P 4 

B-o-peb 30 L-1 - hov 1 

8-o-hov 0 C-1-0P 7000 

V-o-b 1500 C-1-hov 1500 

L-o-b 50 8-1-hov 35 

V-o- T 0 t-0-npa r3{f!rl 
t-0-pa 30.S 

T-o-nr>a 60 t-o-b I 30.5 

T- o-pa 60 
'·- •• ....... L 

l~r;l· T-o-hov t-olf-npa 

T-o-b 60 I-off-pa 21.5 

t-olf-b 21.5 
, ~ --·· 

S-o-op 14 
S-o-c Worksheet H3 

S- o-b Travel Times 

----------------
L-o-or> 4 T-1-b 

L-o-hov 0 Est Spd !'iO 

C-o-op 7800 T-1- b ~~l 
C-o-hov 0 T- 1- pa 

Est Spd 50 

T-1-pa ,-32,!) 
ForcdFlo T -1-npa 60 JI 
FroeFlo S-1-0r> 30.6 

~ .......... 
ndjstd 19.5 • Jj' 

T- 1-npn (f P.]J -t• 
ChooseForcdFlo(G31 )orr-roor-lo(G3'1) 

T-1-npa '19.1 J6 
S-1-0r> ·~~ EFCTR I 1 ·~--

.... _..--- . . -- --.·. ,. 

Worksheet 114 
NPA Volume 

------------g 
DLTA-npa r -07B 

V-1-npa 7795 

If Forcc!Flo Goto Wksht 5 

Cllock v/c Jt;J 
If >1,Aodo fro -
w. ForcdFlo 

c11ks1on l~ 
If about ,_~\ 
Goto 5, If not re o---' 
from G33 

Worksheet NS 
Priority Auto Volume 

-----------------
DLTA- pn 

V-1 -pa 

Check v/c 

1.130 

513 

0.365 .......,_.,_,, 

If >.0 rocfuce spood to 
~ and repeat 

Ir v/r.>.95 HOV Dofn too hlQh 

Workshoot 116: Not lncorporntoc1 

.,, ' .• :;,~ .. 

< 

Worksheet #7 
Summary Results 

1. Volumes (Peak Hour) 

Autos, Nonprlorlty 

Carpools 
on HOV Lene 

Buses on HOV Lane 

r 

' • 'L-' 
, 

2. Total Travel Time on Hlohwey (mini 

• 

' 

m s -1 • t 
l 

· 51 3 

35 

Autos, Nonprlorlty I 27. 7 

HOV Lane \ 10.8 

3. Speeds (mph) 

Gani Purpose Lanes 

HOV Lane 

l1'f·;•j/ .. ''t•i;. 

19.5 

50 



Variable Definitions 
--------------------- • .. Calculated by spreadsheet 

1. Baseline (Initial/Before) Data 
Peak Hour Volumes: 

V-o-npa Autos, nonprlorlty, vph 
V-o-pa Autos, priority eligible, vph 
V-o-hov Carpools on existing HOV Lane, vph 
B-o-peb Buses, priority eligible, bph 
8-o-hov Buses on existing HOV Lane, bph 
V-o-b Bus Passengers per hour, pph 
L-o-b Bus Load Factor, ppb 
V-o-T Trucks, vph 

Total Ave Travel Time, door to door, peak hour: 
T-o-npa Autos, nonprlorlty, min. 
T -o-pa Autos, priority eligible, min. 
T-o-hov Carpools on existing HOV lane, min. 
T -o-b Buses, min. 

Speeds, average peak hour: 
S-o-gp Gen'I purpose lanes, mph 
S-o-c Existing HOV lane, carpools, mph 

. • S-o-b Existing HOV lanes, buses, mph 
Exls'tlng supply/capacity: 

•• L-o-gp Number of gen'I purpose lanes 
L-o-hov Number of HOV lanes 
C-o-gp Capacity, gen'I purpose lanes, vph 
C-o-hov Capacity, HOV lanes, vph 

. - ,... . 
·-- .. ..,.,.,.,..,.. 

I 

t 
.. . ~ 

2. HOV Policy and Initial Calculations 
Defn Proposed carpool definition (people/veh) . -
HOV Lgth Length of proposed HOV lane 

Proposed supply/capacity: 
L-1-gp Number of gen'I purpose lanes, 
L-1-hov Number of HOV lanes 
C-1-gp Capacity of gen'I purpose lanes,vph 
C-1-hov. Capacity of HOV lanes, vph 
B-1-hov • Buses/hr If exogenously determined 

Existing Travel Times over hwy bounded by HOV lanes: 
t-o-npa • Autos, nonprlorlty, min. 
t-o-pa • Autos, priority eligible, min. 
t-o-b • Buses, min. 

Existing Travel Times off hwy bounded by HOV lanes: 
t-off-npa • Autos, nonprlorlty, min. 
t-off-pa • Autos, priority eligible, min. 
t-off-b • Buses, min. 

3. Travel Time Estimates for forecast period 
Buses and autos on or eligible to use HOV lanes: 

T -1-b • Buses, min. 
T-1-pa • Autos (carpools), min. 
Est Spd Suggests 50 mph In absense of better data 

Autos on general purpose lanes: 
T-1-npa • Autos, nonprlorlty, min: 
S-1-gp • Speed In gen'I purpose lanes 
EFCTR • *Eliglblllty Factor• 

4. Forecast of Nonpriorlty auto volume 
DL T A-npa " Parameter calculated by spreadsheet 
V-1-npa • Nonprlorlty auto forecast, vph 

5. Forecast of Priority Auto volume 
DL TA-pa • Parameter calculated by spreadsheet 
V-1-pa • Priority auto volume In HOV lane 

(= carpools In HOV lane when L-o-hov=0) 

. ' • 
• ( . . ~ -
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