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Are they the best way
to reduce congestion
and afr poilution?

By Joy Dahlgren

ngh occupancy vehicle (HOV) lanes
are bemg noted as 2 way to reduce con-
gestion and air pollution on urban freeways
While oonslmmng new general purpose
lanesis oﬁ:en seen as environmentally de-
structive, constructing new HOV lanes 1s
seen as good for the environment and effec-
tve in reducing congestion The reality, how-
ever, is that although both are effectve in re-
ducing emissions and congestion, construc-
tion of ag%neml purpose lane will be more ef-
fective ma,‘wxde range of typical conditions

Current Policy Promotes HOV Lanes

The Intermodal Surface Transporta-
liont EﬂiaencyAct {(ISTEA) of 1991 specifies
that fedemi funds designated for congestion
mlhgatmn ‘znd air quality (CMAQ) may be
used for HGV lanes but not for general pur-
pose lanes. In areas that have not attamed
federal air quahty standatds, federal funds
may not be used for projects that mcrease ca-

fq%;%ngie occupant vehicles unless the
prqsm%&part of an approved congestion
managegnentsystem

I &Morma, state law requires urban
counties where congestion exceeds certain
levels to prepare congestion management
plans in oonect the situation. Air qualily
agencies declde what types of projecis are ac-
mptablemm the San Francisco Bay area, the
air qua]a;ty agency lists HOV lanes as one of
the measm'es that can be included in defi-
ciency pﬁans, new general purpose lanes ate
not included.

It seems to me that pubhc palicy
onlym sﬁuahons where their benefits are
greater than their costs and where HOV
lanes oompare favorably to alternatives, such

as adding genei dl purpose lanes Of course,
one can argue that HOV lanes should be
bl to anticipate future growth, regardless
of whether they are the best choice now
However, such an approach frades known
current benefits for uncerfam future benefits
If a new technology such as electnc cars or
automated lughways should become com-
monplace, the anticipated future benefits of
FIOV ianes might never matenalze

Focus on Delay and Emissions

A review of the most cited objectives
of HOV lanes leads to the conclusion that
the miended benefits are reduced persotr
delay, reduced air pollution, reduced fuel
consumption and mcreased bus service op-
erating efficiency My research focuses on
person-delay and enussions

A curnous thing about an HOV lane 1s
that m ordes to motivate a shift to HOVs, the
HOV lane traffic must move faster than the
traffic on the other freeway lanes This

means that delay must confimue on the other

lanes ~ but HOV lanes are supposed to re-
duce delay Furthermote, as people shuft o
HOVs (o take advantage of the fune savings,
they erode the time diffetence Given these
linutations, I became curious about how an
HOV lane could provide greater benefiis
than an added general purpose lane

Need for a New Model

The primary benefits of HOV lanes de-
1ve [rom reductions in vehicle delay and ve
hicle tips Yet current planning methods
generally treat the hughway system as if it

were constant duning the peak penod, provid-

ing only peak hour travel times and volumes

Joy Daligren 15 a postdoctoral researcher at ITS who
recelvedlier Ph D intrans
portation engineering in
1994 it was her towth
degree from UC Berkeley
She earned a bachelor's
degreein 1956, amanter s
w public policy In 1977
and a master's in transpor
tatron engineerng in 1992
She has worked as a re-
searcher analyst and
transpertation planner
This article was adapted
froms her dissertation

The ttanslation of pedk hour travel tmes and
volunes into total peak perod delay and
Ips 1ot es many dassumptions that are
Iighely uncertam, such as the distibution of
trips, mode shuft, and vehicle occupancy over
tune The detaled data used m the curvent
methods gives a false sense of accuacy
which thasks a tug h level of mternal unces-
tanty

T affic sumulatzon models, such as the
FREQ computer program winch has been
used to evaludle HOV lanes m Houston, are
dynanuc and can model delay for fieeways
with ot without HOV Lanes o1 a parallel arte
nal However, thene extenssve data regae
metits make them expensive to use and pro-
vide many opportunities for data ertor

Consequently, | developed a new
mwodel] that 1s dynanue, vet reguares a -
mal amount of data, and used # to estimate
the relative benefits of constructing an HOV
lane, constructing a general purpose lane,
converting a general purpose lane {o an
HOV lane, and domg nothing Fot each alter-
natve, [ did not attempt to estimate absolute
benefits, but only to estimate refative benefits
i terms of person-delay and an quality
Given the curtent availabihity of data tegerd-
g the effects of IOV lanes, a well founded
theotetical moded based on o imted amount
of accurate dala can provide a betlet estr-
male of the potential benefits of HOV lanes
than models based on ncomplete observa
trons of the effects of existng HOV lanes

The model calculates the number of
vehitcle asd person-ps and totad vehicle and
person-delay, along with the final proporuon
ol HOVs The proportion of people wlio will
use HOVs dunng any tune mciement 1s estr-
mated with 4 logit disciete Choice model
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et the choice of BOV

The only factgg

versus single pcglipant vehicle that changes
when an HOVilang s constructed is the
iravel time via wm;i)ng;de. Therefore, given

travel times and the

{he difference in

wnitial proportiogt 6 pepple using HOVs, all
that is needed tz;? gstgpate the proportion
who will useﬁg s the coefficient to apply
to this trave] timye iferential, Because data
from which fo  this coefficient were
not available, 1 range of values found

m the choice !i (0.01 to - 05 per
ininute of mvemgge h'avel time) to estabiish
avange of mmx}abie results and to deter-

o,

mine the sensilggﬁ;gpfthese resuls to this

uncerizin valuegg}%g nwdei 15 described 1 detasl

in the author’s disserigtion, UCBITS-DS-94:2)
The model contains a number of as-

sumptions. The t{gteﬂect of these assump-

% 44

tions is to overstatéithe benefits of HOV
lanes reiative {0 general purpose lanes

Findings

The mode! was used to calculate
the difference’in‘average person-delay
with constmctigg’gf an HOV lane versus
2 general purpqqéﬁane in a wide range of
typical situations; | |

4 initial proportion of HOVs: 5%,
10%, 15% and 200 b yehicles

4 initial miximum delay. 15, 25,
and 35 minutes’ '

4 initial number of lanes 3 and 4

¢ average HOV occupancy 2.15 (a
ypical occupancy;without regular bus
service) and 4-(atypical occupancy with
zod bus service)’

]
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Inftia! maxiaium delsy of 15 minuies

Adding a high occupancy vehicle {(HOV) lane is more

effective than bullding a general purpose ane oniy

when a freeway has very long delays {(around 35

minutes) and the percentage of HOVs using the

route is high (about 20% of alf vehiclies).

% sensitvity of mode choice to
travel tunme diflerential (travel time coeffi-
cients per minute of round-trip in-vehicle
tume).- 01,-02,-03,-04, and - 05

Person-Delay

The resulf was that an HOV fane out-
performs a general purpose lane only
when the mital delay 1s great (about 35
minutes) and when the initial proportion
of HOVs 1s high (20% of vehicles on the
freeway) Whete the mitial proportion of
HOVs 1s 5% (or less), a general purpose
lane 1s much more effective, regai dless of
the uutial delay

The results [or a case when a lane s
added to a three-lane freeway are shown in
the figures below The figure shows the
cases where the initial delay s 15, 25 and
35 minutes The vertical axis indicates the
difference in person-delay with an added
HOV lane versus an added general pur-
pose lane Positive values, shown by the
portion of each plane above the honizontal
axis, ndicate less delay with the general
purpose lane Lines mdicate that delay will
be eliminated with construction of etther
type of lane, except 1n the case when the

e
+ M
9‘// ¥
4//
g e
s//
1‘/ ’

Inttial maximum delay of 25 minutes

il delay s 35 munutes and the mtial
proportion of HOVs i< 25% Here the pro-
portion of IHOVs 15 equal to {he capacity
allocated to HOVs, so the HOV lane func-
tions much hke a general put pose lane

Effects on Emissions

Altheugh adding an HOV lane has
been promoted as a means of improving
air quality, in most of the cases shown,
adding an HOV lane will have a less posr-
tive effect than adding a gencral puipose
lane Nitrogen oxide emissions will be
less if an HOV lane 1s constructed be-
cause there will be fewer vehicle t1ips
and mules But because the reduction
trips 1s small, the reduction n nittogen
oxide ensstons will also be small On
the other hand, the reducion m delay,
and thus vehicle hrours, with construction
of either an HOV or general purpose lane
will be large, and the resulting reduction
in emissions of pollutants that mcrease
with vehucle hout s — carbon monoxide
and hydrocatbons — will also he farge In
general, whichever type of tane would
most reduce delay will also most reduce
overall emissions

{Continued on page 7}

Avarags person-celsy mmutes,

Initial maximum delay of 35 minutes

Difference In average peak period person-delay with an added HOV lane versus an added general purpose lane

Sobrusey 1988
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Why These Result«?

The advantage of constracbing an THOY
lane 1s that tt molvates o shidt o HOVS, this
reducnyg the number of veliecdos and delav
Howeves, because s use ss bnpted (o HOVS,
it meieases bghway capacity Jess than con-
struction of a4 genetal purpose laie o most of
the cases deprcted m the iguue on page five
the diffevence s capaaity be tween the two
fypes of lane s ereater than the reduction m
the numbet of vehiddes As a tesull, there will
Bbe fess defav with the general put pose tane

Only when there is a long mntial defay
and a lugh miiiad propotion of HOVs s the 1e-
duction i vetucles greater than the difference
1 capacity  The long mutial delay provides the
delay dilferential necessary to motivate J sub-
stantial shddt to HOVS Futthermore, having a
proportion of HOVS (20%) that s cose to the
agnatat of capacity allocated for HOVS (25%)
means that httle capacty 1s lost by tescerving o
lasie for HOVs However of the nutial propos-
tion of HOVe were 25% o5 more thete would
be no travel ime benefit fiom using the HOV
latie and an addiional HOV lasie would finction
much like an addiional general pupose lane

Converfing a Lane

Converting an existing lane to an HOV
fane 1s a4 119ky strategy unless the gl pro-
portion of HOVs s very lnghy Fathes the pes-
centage of people m HOVs <hould he dlose (o
the propor tion of ficeway Capactty devoted to
HOVs 33% when dedicating one lane of a
thit ce-lane fieeway and 25% when dedicating
one lane nf a four-lane ficeway}, o1 other data
should indicate that a large shift to HOVe s
likely

Even i these crcumstances, conver-
ston will tenid to be pohitically unpopular be-
cause it mhially causes greater delay for the
people m general putpose lanes The convet-
ston stralegy was toed i 1976 on g 12-nule
stielch of the Santa Monica Freeway at the
same tme bus service was dramatically -
creased Although the projedt succeeded m
mcreasing rndership of carpooels with 3 o1
more petsons by 05% and bus ndetship mote
than tpled, energy and an gaabily e ove
ments were msygmficant, accdents meteased
stgnificantly, and non-carpoolers lost far more
tme than capoolers gamed  The HOV lanes

{Continued on back page)
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HOT W (Continusd from page 3)

ction ‘of HOT lanes currently
is undemay l%;themedsan of State Route 91,

the pnmary Eink:between Orange and River-
side cmmti which is severely congested
for about' ﬂ;gﬁmursteach day Aprnivate
group (the( ifornia Private Transportation

Corpomug &sgbeen granted the right to

plan, consl zm;d operate four tolled lanes
for 35 ye Cles with three or more
passenge td travel free at first and at &
dhisy ‘ount ould carpoolers’ use ham-

per proﬁtaﬁ
cupants)

m Vehicles with one or two oc-
g permltted to buy in

i Department of Trans-
: i ed that an HOV lane

was not avanl&ble@ By makmg excess HOV
lane capam!ﬁ%@’aﬂabie to tollpaying vehicles,
it became %%gible to add two lanes in each
dxrec&ion ather annnjust one. Gordon J

gesiion on ﬂ;e‘wnvenﬂona} lanes is reduced,
the HOT. %%ﬁ"e uncongested at peak pers-

ods, and th ber of travelers participat-
ing in nde g is increased
’ ’g:'? ‘i’r’;“ :

H()T-Lane onversmn

two HOV. ﬁaﬂ@ﬁ capacity being used during

the morning pedk, the San Diego Association
of Governments developed a plan to pernut
SOV buy-ins Although SANDAG's HOT lane
poject was intially denzed funding under
ISTEA, the project secured a transit develop-
ment grant from the Federal Transit Adminis-
tration and st may win ISTEA funding this
year

Visible Benefits

The chief problem with mtroducing
tughway pricing is that the public opposes 1t
But the San Diego experience shows that
there 1s support for permutting SOV buy-ins
where HOV lanes are not being fully utihized

The chief argument aganst HOT lanes
1s that they will harm rideshanng It's true
that converting an existing HOV lane to a
HOT lane may encourage some nidesharers to
take the fast lane as an SOV buy-in, and the
SOV buy-ns may reduce the time saved by us-
g the HOT lane

However, there ate other good reasons o
convert an HOV lane into a HOT lane It would -
troduce a more efficient method of financing
highways, and the funds could be used for up-
grading and mamiaining the road Nearly every
motonst will find a benefit n being able to take
the speedier lane when time is precious Finally,
improved utihzation of the reserved lane will help
to 1eheve congestion n the conventional lanes

In the case of new construction, the rev-
enue from SOV buy-ins may make 1t possible to
butld highway lanes that otherwise would not be
built. Here there are only benefits The public has
access o differential service - pernutting every-
one o avoid costly delays when tine is especially
precious As for ndesharing, the opportunity to
use the new HOT lanes for free or at a reduced
cost should encourage people to form carpools

Nonprofit Org
U S Postage
PAID
Berkeley, CA
Permit No.t

BOV Lanes (centinued from page 7)

were teopened to all traffic after 21 weeks
when a coutt ruled that an envisonmental nu-
pact report should have been filed Since
then the only HOV lane conversions i Cali-
forma have been for construction staging and
emetgencies However, a seven-mile section
of Interstate 90 1 Seattle has been success
fully converted to an HOV lane

Conversion 1s worth considering as an
mterim measure of when the codts of adding
a lane are higher than the benefits

If the goal 1s 1educing delay and enus-
stons, converting an existing lane (o an HOV
lane s never mote benefical than addimg an
HOV lane, only mote benefiaal than doing
nothing

Conclusion

When thete 's congestion, adding es-
ther an HOV lane o1 4 general puipose lane
will increase capacity and reduce delay and
enmussions However, because an HOV lane
has the potential to motivate people to switcl
modes, it can be the niore effective choice if
the mitial delay expersenced on atoute 1s
very long and the mitia! use of HOVs s
enough o ensure high utihization of the HOV
lane but not so much that it exceeds the propor-
tion of Lapauly allocated to HOVYs Other than m
these miled arcumstances, construction of a
general purpose lane will be mote effectve
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