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Abstract

LN WHAT SITUATIONS DO HIGH OCCUPANCY VEHICLE LANES
PERFORM BETTER THAN GENERAL PURPOSE LANES?

4

, ~ii~{is~well known among HOV pracUtioners that the success of a high occupancy vehicle (HOV)
. ~i,~ m motivating people to shift to HOVs depends on maintaining a travel time differential

it and the adjacent general purpose lanes. This differential exists only If there is
delay on the general purpose lanes. The paradox wdaerent m tius requirement--that
as a congestion reducuon measure require the continuance of congestion--is rarely

Because of this requirement for continuing congemon, ~t is not clear that constructmn
lane will always reduce delay or vehicle emissmns more than construction of a

purpose lane. The objective of this research was to determine the circumstances m
this would be the case. The hypothesis was that such circumstances would be quite
and this proved to be the case.

, ~tfKg~model was developed to calculate person-delay and err~ssmns for four alternatives: add an
. i~-~-~,~,~
~i~,lane, add a general purpose lane, convert an existing lane to an HOV lane, and do
!~g. The model required relatively few inputs: the beginning and ending time of the
~’~Congested oeriod, the tnne of the maximum delay, the length of the maximum delay, the number
’ o~lanes and the capamty per lane, the proportion of HOVs, and the average occupancy of HOVs
,;~,~donon-HOVs (hereafter referred to as LOVs for low occupant vehicles) Apphcatmn of the

in typical situations showed that ff the initial proportion of HOVs is. t 5 or greater, adding
lane would eliminate or substantmlly reduce delay. However, m a wxde range of such

adding a general purpose lane would be even more effectwe. Only ff the miUal delay
and the propomon of HOVs falls in a rather narrow range would an added HOV lane

effective. In these cases the proporhon of HOVs must be such that ~t allows good
~gt~on of the HOV lane wtule maintaining a sufficient travel Ume dffferentml to motivate a

,H0Vs.

!,ey words: High-occupancy vehicle lane, capacity, deIay, planmng, emissions
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!IN WHAT SITUATIONS DO HIGH OCCUPANCY VEHICLE LANES
PERFORM BETTER THAN GENERAL PURPOSE LANES?

,i

:.~ ...... :ent federal and state policles promote construction of high occupancy vehlcle (HOV) lanes
~)-~ , discourage construction of general purpose lanes These pohcies reflect a widely held behef
~fl t:’because HOV lanes encourage ridesharmg and transit use, they will be more effective m
~,~ ,

;~c’,ucing congestion and emissions than additional general purpose lanes But it is well l~own
:j~MOV lane practitioners that successful HOV lanes require the continuance of delay on the
’,~]:’~lanes and that HOV lanes are not appropriate m every situation The purpose of th~s
,.~rCSearch was to determine those situations m which HOV lanes perform better than general
:~ g’pose lanes

)gnstmcting an HOV lane reduces person-delay by.
1) motivating people to shift to HOVs, thus reducing the number of vehicle trips,
2) gwmg priority to HOVs, letting them pass through the freeway bottleneck ahead

of the other vehicles, and
3) increasing capacity

,~ HOV lane reduces emissions by reducing the number of vehicle trips and by reducing vehicle
d~lay. Delay is reduced because tnps are reduced and capacity is increased Constructing a

~general purpose lane also reduces person-delay and emissions by increasing capacity.

~ough the person-delay, emissions, and fuet consumption benefits of HOV lanes derive fiom
".~r~.uctions in vehicle delay and vehicle trips, most current plarmmg methods for HOV lanes use
;~ffc~transportation planning models which can not prowde such measures, providing instead

:I-~Y peak hour travel times and volumes The translation of peak hour travel tm~es and volumes
"~t9 total peak period delay and trips reqmres many assumptions that are hxghly uncertain, such
asi!the distribution of trips and effective capacity over tmae The model used m th~s research ~s
dynamic and allows d~rect calculation of vehicle delay and vehicle trips It ~s easy to use and
has"~"l~’nited data requirements, allowing resources for collecting and verifying data are
Concentrated on less data, thus tending to reduce data error.

The use of a model, rather than empirical research, was necessitated by the unintended effects
of adding a lane--shifts from other routes, departure t~me shifts, and reduced traps--and the lack

.~o~!!data available for measuring these effects W~thout appropriate data, these effects can be
~sinterpreted and erroneous conclusions drawn Shifts from other routes and t~mes can be
m~rPreted as reduced tr~ps Shifts of HOVs from other routes or t~mes can be interpreted as
mcreasea ~uv use. The model does not include these effects They can be dealt w~th by

, examining their effects on the model results Other effects that can be misinterpreted are the
.effects of increased bus serwce, which is somenmes coincident w~tb the opening of an HOV lane
~d ~higher peak hour HOVs volumes resulting from the increased HOV capacity. The lack of

~’ o ,

.~ data also frustrated attempts to test the model m real world s~tuat~ons However, the author
i~pes to test the model w~th data on 1-80 m the San Francisco Bay Area before and after the
~’~QV lanes are implemented there
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,i~ MODEL

,~’41yae basic premise behind the model is that freeway delay is caused primarily by bottlenecks and
,j~t a congested freeway can be thought of as a moving line of vehicles wmting in a queue to
ipass through a bottleneck This assumption is consistent wlth recent research by Hall and Hall
(i’)~ Banks (2), and Chln and May (3) It is assumed that during the first part of the congested
,~eriod, from ttme 0 to Tmax, vehicles arrive at the queue at a steady rate that is greater than the
~pacity of the bottleneck (Figure I) and that during the second part, from Tma~ tO T~, vehicles
,~iye at a rate that is less than capacity until the queue is dissipated Empirical data on travel
~fimes suggest that this is a reasonable approxtmatlon to actual arrival patterns The number of
ve~cles in the queue and the delay for a vehicle entering the queue are both greatest at Tin.~
~he area between the bent hne A(t), representing the cumulative vehicle arrivals at the queue,
~lld the straight line D(t), representing the cumulative number of vehicles passing through the
~eneck, represents the total vehicle delay All that is needed to describe A(t) and D(t) 
i~e";times when the delay begins and ends and is at ItS maximum, the maximum delay, and the
Capacity of the bottleneck, c, which is the slope of D(t).

~When an HOV lane IS constructed, A(t) is reduced by the number of current HOVs that shift
~tp~the HOV lane and by the number of single occupant vehicles whose drivers shift to HOVs to
.,take advantage of the reduced travel time on the HOV lane The former depends on the number
:!p[~.ItO s on the freeway before the HOV lane is constructed The latter depends on the travel
~e differential between the HOV lane and general purpose lanes after the HOV lane ~s
~cpnstructed and the sensitivity of travelers’ mode choices to travel t~me, which m turn depends
911’their opportumtles for rldesharmg and transit use and the extent to which these opportunities
have been utihzed, as well as their personal circumstances With the new demand, A’(t), on the
general purpose lanes, total vehicle delay is reduced from the original area between A(t) and
D~(t) to the smaller area between A’(t) and D(t) The extent of the shift from single occupant
~y, ehicle to HOV, which is one of the determinants of A’(t), depends on the travel rune
~differential, which in turn depends on A’(t)

Estimating the Shift to HOVs

~.~,e probability of making a trip via HOV ~s a function of the attributes of. 1) the HOV trip,
.~22)ilNe trip via low occupant vehicle (LOV), a single occupant vehicle in most cases, and 3) 
, ’~[~rson making the trip. HOV attributes include waiting time, travel time, tune and

inconvenience arranging the carpool, comfort and perceived safety in the waiting area, comfort
in the HOV, and cost Single occupant vehicle attributes include t~avel tm-~e, palkmg
availability and cost, vehicle comfort, driwng conditions, and vehicle operating cost Traveler
~tFibutes include such things as regularity and flexlbihty of working hours, work and home
i6eation, child care requirements, Income, and avallablhty of an automobile
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Figure 1

Vehicle Arrivals and Departures
At the Bottleneck

0 t max tE
TIrne of Day
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:The probability that a pamcular lndwldual wail use an HOV can be represented by a log~t model

where the 13, are the coefficaents of the atmbutes and the H, and the L, are the traveler and modal
attributes related to the HOV and LOV tnp~ respectwely When an HOV or general purpose
lane is added, the only atmbutes that change are travel rimes for the two modes, therefore, all
o~er attributes and their coefficients can be represented by a constant, 17 As a result, the
,~exponent of e ~s reduced to I~,(L,-H~), the product of the freeway travel time coefflment and the
~ference in freeway travel rime on the general purpose lanes and HOV lane The same
~¢o~fficient for travel time as assumed for both HOVs and LOVs

2’
Each individual has different personal and modal attributes, and consequently different
probabihties of using each mode, represented by a different r Some people cannot sh~/t to an
g0V. They may have irregular or unpredictable mp starting times, they may have an unusual
~ip origin or desnnanon, they may need thmr vehicle at their destmanon, or they may need to
transport eqmpment, materials, or chddren The freeway travel time differential, L:H~ = v,
between the HOV lane and general purpose lanes affects the mode choice of only those people
who can use HOVs Therefore, the hkehhood of a shift depends on other factors as well as the
t~avel time advantage resulting from the HOV iane. However, despite the differences in
p~pple’s probabilmes of using an HOV, ~t is assumed, for mmphc|ty, that all people have the
s~’ne probabihty of using an HOV It can be shown mathemancally that th~s is the upper hm~t
9~ the number of people who will use HOVs Gwen the assumptlon of equal probabflmes, the
expected proportmn of people using HOVs is equal to the mdavldua! probability of using an
HOV

1
PI4ov- -- (2)

1 +l"e 13~v

Because the travel nme dffferentml, v, as initially 0, r can be calculated from the propomon of
people initially using HOVs Estimation of fSt is another matter HOV lane evaluaUons do not
include data that llpJ~ mode spht with the changing travel time differential or with shifts from
’oilier times and routes, so it has not been poss~bte to estimate travel time coefficients from
experience with real HOV lanes No pubhshed estimates of travel rune coefficients based on
daN that hnked mode chmce to the changing travel time differentml caused by an HOV lane
were found, and therefore, a range of values based on the mode choice hterature was used
Small’s esttmate of - 02 per minute of round trap travel rime (4), McFadden and Talvlne’s
estimates of -0 02, -0 03, - 04, - 06 (5), Koppehnan’s esnmate of - 0082 (6), and Kollo’s
estimates of-.012 and - 016 (7). Using this wide range of values increases the hkelihood that

, the true value is considered and allows an examination of the cllccts o[ 1his cocfl~cmc~t on
. results.



Joy Dahlgren 5

~lnteraction of the Travel Time Differential and Mode Shift

~e proportion of people entering the freewav at a particular tune who will use HOVs depends
-#n:!~e travel time differential at that partmular t~me But the travel time differential, m turn,
~@pends on the propomon of people who, up to that tune, have used HOVs

Under the assumption that all mdw~duals making the mp have the same probabflW of using an
~H0¥, the expected proportion of travelers entering the freeway at ume t that will use HOVs is

1
PHov(t) (3)

1 *Pe ~v(O

~where v(t) is the travel time dlflerentml between HOVs and LOVs entering the freeway at time
L The h,dtml proportion of people m HOVs ~s

I (4)Pn°v(O): 1 +F

, because v(t)=O at t=O

Delay for the LOVs entering the freeway at txme t is

wL(O =max{---

Aft) -An(t)
tel " (5)L

,0) =max{ A(t) -AH(t) .t,O}
cL LQ

and for the HOVs is

WH(t) =max{AH(t)-AH(t’q) (t-tH),O}
HcH

(6)

where: A(t) =cumulative person arrivals on the freeway
An(t) =cumulatwe person arrwals m HOVs
L=average occupancy of LOVs
%=capacW fm LOVs
H=average occupancy of HOVs
%=capamty for HOVs
tH=the time HOV delay begins
0=the time LOV delay begins
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,Aa(t) in turn depends on v(t) = wL(t)-wH(t), which equals Lt - Ht referred to in the 
"~eCtion.

(7)

where

a(x) = dA(x) (8)
dx

~,E0r each hundredth of an hour, the values of AH(t), v, and the delay for vehicles entering the
’freeway is calculated for four cases 1) no change m the freeway, 2) an added HOV lane, 3) 
: ~ edgeneral purpose lane, and 4) an existing lane converted to an HOV lane From the
;,¢~!tmaes and the delay at each point in time, total person-delay, total vehmle-delay, total person-
trips, and total vehicle-raps can be calculated These measures form the bas~s for comparing
the benefits of HOV lanes and general purpose lanes

Effects of Model Assumptions

~The:model makes a number of assumptions, which are summarized in Table 1 The first group
o~assumpuons make an HOV lane appear to have greater in&wdual benefits relatave to a general

~p~@ose lane than would actually be the case The second group would not change the ranking
’og~e alternatives m terms of mdlwdual benefits The effects of the thzrd group of assumptions
would depend upon the situatmn

Assumpttons That Lead to an Overstatement of the Benefits of HOV Lanes Relattve to a General
purpose Lane

Because, as noted above, the model assumes that everyone has the same opportunity and
predispositmn to use HOVs, and because this assumpnon overstates the proportion of people who
will use HOV ianes, the model makes the HOV lane appear to ieduce delay more than would
agtually be the case

The model assumes no inconvemence to people shifting from single occupant vehicles to HOVs
Ig~’-’fact, they lose flexibxlity and probably overall travel time Thus, a person who shifts to an
HOV does not obtain the full benefit of the sawng m freeway travel t~me, but only the sawng
beyond that needed to mouvate him or her to shift modes.

’’ SIt assumes that all ItOVs use the IIOV lane Ihts is not generally the case. Some vclHdcs ale
Iiot on the freeway long enough to enter and exit the HOV lanes Furthermore, if the speed
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Table 1

EFFECTS OF MODEL ASSUMPTIONS

Assumptions That Lead to an Overstatement of the Benefits of an HOV Lane Relative to
a General Purpose Lane

Identical probabdmes of using The mode shift w~th ~dent~cal probabflmes is always greater
an HOV than with different probabllmes

No reductmn m convenience Only the time sawng beyond that necessary to reduce a
due to shift to HOV shift ~s a benefit

All HOVs use the HOV lane Benefits of HOV lane are less ff tewer vehicles use ~t

People do not drive to meet the Drwmg to meet the carpool or bus would increase
carpool or bus emlssmns substantially

Assumptions That Do Not Change the Ranking of an Added HOV Laile Versus an Added
General Purpose Lane

No mute shifts Benefits are larger v, lth larger route shifts, and larger delay
reductmns result m larger route shifts

No shifts mmp start nine Larger delay reductmns allow larger shifts mmp start
times

No reduced trips Benefits from new raps are greater ~md costs of these raps
are less with larger reductions m delay A~r quahty
benefits of reduced delay are hkely to be greater than mr
quahty costs of reduced raps

No vehicles entering and exmng Benefits to these vehlcles are greater w~th larger reductions
the queue before the bottleneck m delay

Assumptions Whose Effects Depend on the Situation i

Only HOVs use the HOV tane Allowing cheating increases ut~hzatmn of the HOV lane but
reduces the incentive to use an HOV



,~erential between the HOV lane and other lanes is large, st may take some ume for vehicles
~’tb~:fmd a gap during which they can enter the HOV lane, and if the speed differential is smaIl,
HOVs are not motivated to move to the HOV lane

, j~ assumed that people do not dnve to the bus stop or to the carpool meeting place However,,~ ~ , . .
:~d~the~,gften~ do, and as a result, the vehicle trips are understated In the model Since a h~gh
’:’~portion of total emissions occur when a cold engine is started and after a hot engine is

’~stppped, this results m an substantxal understatement of emissions

,iA~,sumptions That Do Not Change the Ranking of an HOV Lane Relattve to a General Purpose
~e

~e model assumes no route shifts If people who were using alternate routes m order to avoid
’~¢eway congestion return to the now less congested freeway, delay on the freeway w~ll be
~.’.~,. , _ , . .
~reduced less than esttmated m the model However, overall delay on both the alternate routes
and ,the freeway will be reduced more than estimated m the model because the people on the

., alternate routes also benefit from the increased freeway capacity OveraI! benefits wdl be
g~cater for whichever type of lane mitmlly reduces delay the most The type of lane that appears
.’:~penor will be even more superior than it appears

Tile;model assumes no shifts m departure times. If capacity is Increased at a freeway location
’where there is a queue, more freeway users whose departure t~me is determined by the tm:e they
wish to arrive at their destination will alter their starting time because they can now leave later

~stlll arrive on time. However, in doing so, they may experience more delay than ff they
~d~lefl~ at their original departure t~me because trips will tend to bunch up near the most

,. on work starting t~mes As a result, delay may be reduced less than estimated m the
,_~odel, but there will be a greater benefit from the additional t~me travelers can spend at home
’, o~at work.
:iTjle;tuodel does not account for reduced trips Whichever type of lane reduces delay the most
~t!encourage the most new trips This lane will have greater benefits because each new trip
,reEresents a benefit to the trip maker and because the new trips wall ~mpose a Iower cost on the
o o~er travelers.

Assumptwns Whose Effects Depend on the Sttuatwn

The, model assumes that only HOVs use the HOV lane With a low level of enforcement, LOVs
wiU:use the HOV lane This increases the utilization of the lane and therefore tends to reduce

~, de!ay, However, it also undermines the incentive for people to shift to HOVs, and thereby
¯ el’mfinates one of the sources of delay reduction
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~nsRivRy to Initial Conditions and Assumptions
)

- I~itial Proportion of HOVs

~,~Th~e initial proportion of HOVs, that is the proportion of freeway vehlcles that were HOVs
).b~fgre the HOV lane was constructed, was found to be the most crmcal factor m determining

. ’~i~e effectiveness of an HOV lane relative to a general purpose lane Figure 2 shows the effects
’~’iof.~the initial proportion of HOVs with typical initial condmons and behavioral responses

0

0

0

0

HOV lanes require 2 occupants per vehicle
the average HOV occupancy IS 2 3 people
the congested period is 3 hours long
the lnitml maximum delay is 20 minutes and occurs
congested period
there are 3 lanes
each lane has a capacity of 2000 vehicles per hour
the travel tune coefficient is assumed to be - 04

mldway through the

:The imtlal propomon of HOVs is shown on the horizontal axis and the average person-delay on
the vertical axis All ehgible HOVs and no LOVs are assumed to use the HOV lane

, The curvature of the person-delay for the HOV lanes results from two opposing effects The
first effect is the dlversmn of HOVs from the general purpose lane, whtch reduces HOV delay
and increases capacaty available for LOVs, thus also reducing delay for LOVs This effect Is
greatest for high initial propomons of HOVs The second effect ~s the shift from LOVs to
~OVs, which reduces total person-delay by reducing LOV volumes The motlvanon fo~ ttus

¯ ~.hff’ t is greatest when there is a low initial propomon of HOVs so that there is less delay
.i~:~uction on the general purpose lanes However, low initmI propomons of HOVs md~cate a
’ -;i~o~,er predxspos~tion to use HOVs, which partmlly offsets the greater mcennve to shift to an

HOV. (This lower predisposmon could be due to limited transit serwce or h~ghly d~spersed
qrigins and destinations ) Note that ff the proportion of HOVs ~s equal to or greater than the
proportion of capacity devoted to HOVs, the benefit of the HOV lane ~s lost and delay ~s the
same as with a general purpose lane--an added general purpose lane m the case of an added
HOV lane, or an existing general purpose lane m the case of a general purpose lane converted

<,too;an HOV lane Note also that with conditions such that there was delay with an added gcncl,d
p~m’pose lane, the "Add HOV lane" curve would be U-shaped similar to the "Convert GP to

’HOVL" curve.

Initial Maxunum Delay

....~s is also a critical facto1 because ~t detemmles the delay dllfc~entml, wlHch ts the mt)t~wmun
for the shift to HOVs Although a h~gher initial maximum delay results m a h~gher average
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Figure 2

Effect of the Initial Proportion of HOVs
On Average Person-Delay
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’:d~}.aY without a shift to HOVs, tt also results m a higher travel t~me differential between the
,~.~:Oy and general purpose lanes, which reduces a greater shift to HOVs This accounts for the
i°le~;er slope of the "Add HOV lane" line compared to the "Add general purpose lane" m Figure
3]:s These opposing effects are even more pronounced m the "Convert existing lane to HOVL"
line. Figure 3 is based on the same mmal condmons and assumptions as F~gure 2 except that
the~imtial propomon of HOVs is fixed at 09 and the lmtlal maximum delay vanes There w~ll

.be~n9 delay with an added general purpose lane if the mmal rate of freeway arrivals is less than

’~ i:th~e capacity with the addmonat lane--m this case when inmal maximum delay is less than 30

Travel Time Coefficwnt

F~gure 4 shows the effects of the travel t~me coefficient under the same condmons as m F~gures
2"and 3. The stronger negatwe values of the coefficient appear on the left Under these
conditions, the travel tn-ne coeffiment has relatively httle effect with an added HOV lane because
the travel time dffferentml between the HOV lane and general purpose lanes ~s small If the
initial maxtmum delay were greater or the mmal propomon of HOVs smaller, the coefficient
wguld have more effect Its effect on delay with the converted HOV lane ~s much greater
because of the greater travel time dffferentmt

Ef(efts of Other Inittal Condttlons

Requiring 3 occupants per HOV, rather than 2, lessens the relative effectweness of HOV lanes
because there ~s a much lower inmal proportion of HOVs and ~t ~s harder to fo~m carpools

Other things being equal, a h~gher average occupancy of HOVs such as with a h~gh lnmal
proportion of buses, increases the relative effectweness of HOV lanes because more people
i~’~efit from the HOV priomy

AddNg an HOV lane to a 4-lane freeway Is relatively more effecnve than adding ~t to a 3-lane
fl:~eway because it is more highly utihzed, since It represents a lower propomon of total
capacity.

.r

(~mparison of the Performance of HOV Lanes versus General Purpose Lanes

For a w~de range of typical circumstances and assumptmns, the model was used to calculate the
average person-delay with no change, construction of either an HOV lane or a general propose
lane, and converslon of a general purpose lane to an HOV lane The mmal clrcumstances
modelled were.
’.o/~" imtial proportion of HOVs 05, 10, 15, and 20
o,’ initml maximum delay 15, 25, 35 and 45 minutes
o initial number of lanes 3 and 4

average HOV occupancy’ 2.15 (a typical occupancy without ~cgula~ bus sc~ v~ce) and 
(a typical occupancy w~th good bus service)
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Figure 3

Effects of the Initial Maximum Delay
On Average Person-Delay
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Figure 4

Effects of the Travel Time Coefficient
On Average Person-Delay
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.These are typlcaI of circumstances m actual HOV lane applications

The travel tame coeff~clents covered the range of values found in the hteratule

travel tune coefficients per minute of round-trip m-vehicle t~me (mdmatmg the sensmv~ty
of mode choice to the travel time differential). -.01, - 02, - 03, - 04, and - 05

.,~Irt;,all cases, the occupancy requirement was assumed to be 2 The model results are shown In
"E(gures 5a, 5b, 5c, and 5d for the case when average bus occupancy ~s 2 15 The mmal
proportion of HOVs is shown on the horizontal axis and the average person-delay on the vertical
axis. The straight horizontal hne shows delay with an added general purpose lane; the two
cu~ed lines show the hkely upper and lower hmlts for delay with an added HOV lane The
upper line shows delay if the travel t~me coefficient is - 01 per minute of round tz~p travel time,
.~e lower lane shows delay if the coefficient Is - 05 Figures 5a, 5b, 5c, and 5d show the delays
for the two types of lanes when the maximum delay before the lane was added was 15, 25, 35
Sagd ;45 minutes, respectively As noted earlier, the actual delay for both types of lanes ~s
-,somewhat understated because addmonal raps reduced by the delay reducnon will ot~set some
p.fi~e delay reduction The delay for the HOV lanes will be understated more than that for the
general purpose lanes because of the assumptions noted earlier

Ig(~ese typical situations, construction of a general purpose lane ehmmates or reduces delay to
very low levels. Adding an HOV lane ehminates or reduces delay substantially when the mmal
proportmn of HOVs is 15 or greater The travel time coefficient is Important when the mmal
ProPortion of HOVs is low but becomes less slgmficant as the proportion approaches the
prgportion of capacity reserved for HOVs

.Qf;t~hese typical situations, only those m which the mttlal delay is great and the mmal proportion
9fHOVs is approaching but has not reached the HOV lane’s proportion of treeway capacity does
an HOV lane outperform a general pro’pose lane If the initial proportion of HOVs is 05 %, an
HOV lane ~s much less effective than a general purpose lane

Effects on Emissions

In general, because of the unportance of delay-Induced emissions of hydrocarbons and carbon
mort0xade, whichever lane has the lowest delay will have the lowest emissions of these
p0~utants, and this will likely be a general purpose lane This runs counter to the convenUonal
~Wjs~iom that adding an HOV lane reduces emissions more than adding a general purpose lane

i~at~l ;oth~)oenmlfSthen;°fr:lll~re°lg~n~;Se2t2.uc~2°~e Wo~2r:~l HOl~’sl~a2se’rebUutctt~2s: 2[:

small relative to the reductions that are projected to occur as a result of cteaner new vehicles
replacing dirtier vehicles that are retired from the fleet.



Figure 5

Average Person-Delay with an Added HOV Lane
Versus and Added General Purpose Lane
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’~The~orimary effect of constructing an HOV lane Is to reduce delay by increasing capacity This
~t,ls greater the closer the lrutlal proportion of HOVs Is to the HOV lane proportlon of

.[~aY capaclty There will be little mcentwe for travelers to shift from a single occupant
i~/~cle to an HOV, thus reducing vehicle trips and congestion, unless substantml delay remains
’~,~[the general purpose lane after the H0V lane is constructed But even with a substannal
’i~vay travel time benefit, the number of people who will be motwated to shift will be hm~ted

(-~.Q~lanes are superior to general purpose lanes only if there is a substantial travel time
i’diffe’rential between the HOV lane and the general purpose lanes and if the HOV lane is well
iu~ed, which requires both a high proportion of HOVs and high m~tlal delay indicating a h~gh
volume of traffic
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