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Measuring Transportation

Performance

Now, ‘traditionally, traffic experts have operated with one objective: to
move people into and around cities as rapidly and efficiently as possi-
ble.... But of course that is no solution.... Cities should be an end, not

a means.'

l:y Reid Ewing

e keep seeing references to

the need for a "paradigm

shift" in land use and

transportation planning.’
If a paradigm shift is called for in plan-
ning, it is equally so in the way trans-
portation system performance is mea-
sured. In brief, there should be less
emphasis on how fast vehicles move and
more emphasis on how well peoples'
travel needs are met.

The Oldearadigm — Speed

Roadway levels of service (Los) have
long been used in systems planning and
traffic operations. Levels of service mea-
sure roadway performance on an Ato F
scale, like a student's report card. LOoS A
represents free flow, Los F gridlock.
Transportation planners and traffic engi-
neers pursue good "grades" with single-
minded determination.

When the architects of growth man-
agement began looking for ways to mea-
sure the adequacy of public facilities and
services, roadway levels of service were

both handy and legally defensible. They
were embraced without reservation.
What had been the planner's and engi-
neer's overriding concern became the
policy maker's.?

Make no mistake, levels of service,
while defined broadly, are really proxies
for vehicle operating speed.* For urban
and suburban arterial, they are a simple
function of average travel speed.® For
other types of roadways, the relationship
to speed is less direct but no less ger-
mane. Once a roadway's design speed is
set, levels of service become a simple
function of average travel speed.® In
planning a new road or road widening,
level of service will, understandably, be
of prime concern. After all, the purpose
of the facility is to move traffic.

Growth management is another
matter. How best to utilize existing facili-
ties is as important as what to build
anew. Energy conservation, neighbor-
hood protection, downtown revitaliza-
tion, and other public purposes vie for
priority with the desire for free-flowing
traffic.
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TABLE 1: ARTERIAL LEVEL OF
SERVICE—A PROXY FOR SPEED

Arterial Class I I m

Average Travel Speed
"Levels of Service (meH)
A 35 30 25
B 28 24 19
C 22 18 13
D 17 14 9
E 13 10 7

F 13 10 7

Source: Transportation Research Board,
Highway Capacity Manual, Washington, D.C.,
1989, p. 11-4.

One particularly important public
purpose, control of urban sprawl, tends
to be undermined by the single-minded
pursuit of speed. Under uniform level-of-
service standards, development is pre-
cluded in central areas where roads are
already congested. Meanwhile, outlying
areas with excess roadway -capacity
remain developable until they, too, be-
- come congested. Hence, speed must be
pursued conditionally, only insofar as it
does not compromise other purposes of
growth management.

New Paradigms

It is easy to call for a paradigm shift
in transportation performance measure-
ment. But as every wise guy knows, a
paradigm is only four nickels, not worth
much in the practical world of growth
management. If the old "speed at any
cost” paradigm is ill-suited to growth
management, what is to replace it?

At least four possibilities suggest
themselves—mobility, accessibility, liv-
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ability, and sustainability. Whereas
levels of service relate to facilities, "mo-
bility" generally pertains to populations,

“accessibility” to land uses, "livability"” to

communities, and "sustainability" to
developments. These terms are used
interchangeably on occasion, so let's be
clear about the meaning of each.
Mobility refers to the ease with
which individuals can move about.” A
mobile population is one that travels
freely because the time and cost of travel
are moderate and the travel options are
numerous. Vehicle operating speed is a

measure of mobility, to be sure, but

mobility depends on much, much more
(for example, auto ownership, parking
availability, transit route density, and
sidewalk connectivity).

Accessibility refers to the ease with
which desired activities can be reached
from any location.® The more activities
available within a given travel time, the
better is the accessibility. Thus,
accessibility is a function of both land-
use patterns and the transportation
system that serves them.

Accessibility is a more encompassing
goal than is mobility. "...it is not enough
to focus simply on the characteristics of

~ the transport system. It is equally neces-

sary to consider the spatial distribution
of opportunities, so that transport poli-
cies might be evaluated not only in
terms of moving the people to the oppor-
tunities but also moving the opportuni-
ties to the people [emphasis added]."®
High levels of mobility bring with
them high social costs (at least in auto-

dependent America). High levels of

accessibility have the opposite effect. In
the article "The Transport Energy Trade-
Off: Fuel-Efficient Traffic Versus Fuel-
Efficient Cities," traffic is shown to be
more fuel-efficient in low- than high-
density areas; this is due to higher run-
ning speeds.'® However, the resulting
fuel savings are more than offset by
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Fuel Efficient Traffic Vs. Fuel-Efficient Cities
(New York Metropolitan Area)
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Source: Adapted from P.W.G. Newman and J.R. Kenworth, "The Transport Energy Trade-Off: Fuel-
Efficient Traffic Versus Fuel-Efficient Cities*, Transportation Research-A, Vol. 22A, 1988, pp. 163-174.

Figure 1.

longer trips and more motorized travel in
the low-density areas. In the trade-off
between fuel-efficient traffic (good mobil-
ity) and fuel-efficient land use (good
accessibility), the latter emerges as more
important. ‘

Focusing on transportation, a livable
community is one that "puts the
automobile in its rightful place as one
among many options for travel."'! There
are two sides to this. First, automobile
traffic must be calmed, that is reduced
in volume and speed. Second, other
modes must be enhanced, primarily
through changes in land use and facility
design. Pedestrians, bicyclists and pub-
lic transit must be given as much prior-
ity within the street environment as are
automobiles. '

The qualities that make a street
"livable" are safety from traffic, peace

and quiet, attractive appearance, street
life, etc.; ease of movement by car is only
one quality valued by residents, and not
the most important.’® A livable street
environment is better not only for resi-
dents and pedestrians, but perhaps even
for motorists (since it makes for a more
pleasant driving experience).

The concept of sustainability had its
origins in the environmental movement.
Sustainable development "meets the
needs of the present without compromis-
ing the ability of future generations to
meet their own needs."™* It does so by
conserving natural resources and pro-
tecting the natural environment.

In the transportation sector, the
principal threats to sustainability are
excessive fossil fuel consumption and
the air pollution that results.'’® Both
depend on the vehicle miles of travel
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(vmT). Both also depend on vehicle trip
rates and congestion levels since cold
starts, "hot soaks,” and low operating
speeds add to air pollution and fuel
consumption.

Among modes, walking and biking
rank highest on the sustainability scale,
being non-polluting and non-fossil-fuel
consuming. The single-occupant
automobile ranks lowest. Transit and
ridesharing may rank high or low, de-
pending on how these modes are ac-
cessed. "...a reduction in commute VMT
may not result in a proportional reduc-
tion in mobile source emissions. If car-
poolers drive to carpool staging areas in
single occupant vehicles or if transit
riders drive to park-and-ride lots to take

. transit, auto trips and therefore cold
start emissions are not reduced."'®

Changes in Federal Laws

A paradigm shift is already under-
way thanks mostly to changes in federal

laws. The federal Clean Air Act Amend-
ments of 1990 require states to develop
plans (State Implementation Plans) for

attaining national air quality standards

in polluted areas. Three performance
measures — VMT, vehicle trips, and
average travel speeds—play key roles in
the plans and related air quality moni-
toring.'” vmr, vehicle trips, and average
travel speeds are forecasted and tracked,
and additional control measures auto-
matically triggered if target levels in the
plans are not met. In high ozone and

.carbon monoxide areas, plans must

include transportation control measures
(ridersharing programs, high-occupancy
vehicle lanes, etc.) sufficient to offset
emissions from the growth of vMT and
vehicle trips. The federal emissions mod-
el, upon which air quality forecasts are
based, uses average travel speeds to
estimate emission factors (in grams per
mile); emission factors are then multi-
plied by vMT to obtain total emission
levels.

. Growth in Total VMT Could Offset Declining
Emissions/Vehicle-Mile
4000 Tt 16
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Source: J. Kessler and W. Schroeer, "Meeting Mobility and Air Quality Goals: Strategies That Work,"
Office of Policy Analysis, U.S. Environmental Protection Agency, Washington, D.C., 1993.

Figure 2.
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Congestion Management
System Elements

——  Performance Measures

Performance Monitoring
ﬁ i& Plan

Identification and Evaluation
of Strategies

?/g% Monitoring of Strategy-
&3 Effectiveness

”)rf@//j Implementation and
:% Management

Source: JHK & Associates, Congestion
Management for Technical Staff, Three Day

_ Training Course, Federal Highway
Administration, 1994, p. 2-24.

Figure 3.

The federal Intermodal Surface
Transportation Efficiency Act of 1991
(ISTEA) requires states and metropolitan
planning organizations to develop con-
gestion management systems. Such
systems must include performance mea-
sures and performance monitoring. The

federal government has supplied long .

lists of possible performance measures,
ranging from average travel time per trip
to number of persons using HOV (high
occupancy vehicle) lanes.'® As to which
measures should be employed, the only
federal guidance is that the movement of
people, not just vehicles, should be
measured.'®

In sum, changes in law and regula-
tion are moving the nation away from
vehicle operating speed as the be-all,
end-all of transportation planning. Mo-
bility is being viewed, for the first time,
in a multimodal context. The aggregate

. volume of travel is being treated, for the

first time, as something to be minimized
rather than maximized. Within this

context, localities and metropolitan
planning organizations have freedom to
innovate in their selection of per-
formance measures.

Guidance from National Sources

Several recent articles and reports
on performance measurement have been
generated by (or have helped generate)
changes in state and federal laws.*® The
articles and reports review alternative
performance measures and, in some
cases, provide general guidance regard-
ing the choice of measures.These sour-
ces agree on the following:*!

o Different levels of analysis require dif-
ferent perforrnance measures. Some
measures are well-suited to individual
facilities, others to travel corridors, and
still others to regional networks.

® Different purposes/uses require dif-
ferent performance measures. One set of
measures may be appropriate for design
and traffic operations, another for con-
gestion management, a third for growth
management. ‘ _
® The experience of travelers is what
counts, not the condition of facilities.
Thus, for example, average travel speed
on a facility is a better performance mea-
sure than is the volume/capacity ratio to
which average travel speed relates.

® Mobility must be measured in multi-
modal terms where modal options exist.
This may be accomplished with com-
bined highway-transit measures or sepa-
rate measures for highway and transit
facilities.

® Accessibility must be accounted for at
some level of analysis. Accessibility (not
mobility) ultimately determines travel
time, and travel time (not delay at a

- single intersection or speed on a single

link) ultimately determines impedance to
travel. '

® The simpler and more understand-
able performance measures are, the
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more useful they will be to decision
makers.

Unified Approach to Performance
Measurement

The following makes a conceptual
leap from the preceding general guide-
lines to a set of specific performance
measures. :

- Systemwide Goal.Development of a
unified performance measurement sys-
tem starts with a systemwide goal. Two
goals stand out as easily operationalized
and consistent with our new travel para-
digms. , '

One worthy goal is to minimize vehi-
cle miles of travel (vMT) or vmT per capita
within the region or locality. vmT is relat-
ed to accessibility, sustainability, and

somewhat to livability, as we have de-
fined these terms. VMT was chosen in the
Clean Air Act as the principal travel

measure for air quality planning in high

ozone and carbon monoxide areas. VMT
has a simple elegance for growth
management as well.? If development is
compact, VMT will be low. If land uses
are mixed, VMT will be low. If the road
network provides direct connections, vMT
will be low. If transit and ridesharing are
well utilized, vMT will be low.

Another worthy goal is to minimize
vehicle hours of travel (VHT) or VHT per
capita within the region or community.
VHT has one big advantage over vmT. It
accounts for the degree of congestion; all
else being equal, the more congested
roads are, the more hours of travel will
be logged. Mobility, as we have defined
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it, is embodied VHT but not in VMT.

In addition, VHT may be a better
proxy for accessibility and sustainability
than is vMT. In travel modeling, accessi-
bility is usually measured in terms of
travel time rather travel distance be-
cause travelers' decisions are more af-
fected by time than distance. In air qual-
ity modeling, while vehicle emissions can
be estimated in terms of either vMT or
VHT, the relationship to VHT is simpler
and hence more useful for performance
measurement. You see, emissions per
vehicle mile decline with vehicle operat-
ing speed, and therefore a reduction in
VMT need not result in reduced emis-
sions; it all depends on how average
vehicle operating speeds are affected.®
By contrast, emissions per vehicle hour
are largely independent of speed, and

any reduction in VHT should result in~

reduced emissions.? (A similar relation-

ship exists for fuel consumption, the.

other threat to sustainability.)

Thus, we will adopt a systemwide
goal of minimizing VHT, and see where it
leads for performance measurement.

Regions and Localities. For regions
and localities, several performance mea-
sures naturally follow from the formula
for VHT:

average trip frequency x average trip length
X (1 - average walk-bike share)
average vehicle occupancy x average
vehicle operating speed

VHT/person =

All terms on the right-hand side of
this equation are performance measures.
They satisfy the general guidelines set
forth above (that is, they are simple and
understandable, multimodal, etc.). Their
biggest shortcoming is in the area of
data availability.

All could be estimated via household
travel surveys. But such surveys are
expensive and are conducted only when

- regional travel models are being up- -

dated. Therefore, the best and perhaps
only way to estimate VHT on a regular

basis is by means of those same regional
travel models.

Such models are routinely available
to metropolitan planning organizations,
regional planning councils, local traffic
engineering departments, and consulting
firms. They generate estimates of VHT,
average trip length, and average vehicle
operating speed, as part of their stan-
dard output.

Regional travel models can be run
for base or future years. They can be run
for alternative land use plans in "urban
form" studies or for alternative
transportation improvements in alter-
native analyses. They can be run with
and without proposed developments to
assess the impacts of developments on

~ regional VHT, average trip length, and

average vehicle operating speed. Re-
gional travel models are being used
already in some areas to assess the
impacts of large-scale developments. The
difference here is that the bottom-line
would be projected regional VHT, not pro-
jected levels of service on individual
roadways.

Two limitations of these models must
be acknowledged.? First, their estimates
and forecasts are approximate, and
particularly so for individual facilities or
small subareas; results are more reliable
when aggregated across many facilities
to arrive at areawide totals. Second,
these models are not sensitive to "soft"
measures that may affect two terms in
the VHT equation —average vehicle occu-
pancy and average walk-bike share.
They cannot adequately represent travel
demand management (TDM) programs,
bicycle-pedestrian facility improvements,
and micro mixing of land uses. We
would only note that regional travel
models are constantly being upgraded
(with several state and national projects
in progress at this time).?

Travel Corridors and Activity Cen-
ters. For travel corridors and activity
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centers, the most relevant terms in the
VHT equation are average vehicle oper-
ating speed, average vehicle occupancy,
and average walk-bike share. Average
vehicle occupancy is particularly rele-
vant to freeway corridors where exclu-
sive high-occupancy vehicle lanes and
congested conditions make ridesharing
attractive. Average walk-bike share is
particularly relevant to metropolitan
activity centers where high densities,
mixed uses, and good pedestrian facili-
ties make walking attractive.

Average vehicle operating speed is
relevant everywhere. In the absence of
standard methodology, progressive local-
ities throughout the nation have devised
their own areawide level-of-service mea-
sures.?” Most have made average vol-
ume/ capacity ratios the basis for area-
‘wide levels of service. Traffic volumes
are summed over several facilities, capa-
cities summed over the same facilities,
and the former divided by the latter to
arrive at an average volume/capacity
ratio. This approach has been applied to
intersections in subareas of Bellevue,
Washington, and San Jose, California; to
roadway segments in subareas of King
County, Washington, and Montgomery
County, Maryland; to parallel roads in
travel corridors of Orange County, Flor-
ida; and to roads crossing "screenlines”
in Pierce County, Washington.?®

A potentially better basis for area-
wide level of service is average travel
speed. It is a more direct measure of
performance than is the volume/ capac-
ity ratio, and is more consistent with the
philosophy of the 1985 Highway Capac-
ity Manual (which abandoned vol-
ume/capacity ratios in favor of direct
measures). It is a small step conceptu-
ally from averaging travel speeds for
roadway segments along an arterial
(accepted practice since the Highway
Capacity Manual was updated in 1985)
to averaging travel speeds for parallel
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roads within a travel corridor or for
interconnected roads within an activity
center (not accepted as yet but reason-

able in the context of growth or conges-

tion management).

With areawide averaging, local au-
thorities will have ample incentive to fix
localized traffic problems since travel
speeds fall precipitously as capacities
are approached on individual segments.
Yet, they will not be hamstrung in their
use of funds, compelled to bring each
and every roadway segment up to some
minimum level of service when system-
wide investments would be more cost-
effective.

Individual Facilities. For individual .

roadways, the only relevant term in the

VHT equation is average vehicle operating .

speed, or its alias, roadway level of ser-
vice. There is some interest nationally in
switching to delay-based measures of
performance for individual roadways.
Whatever the theoretical advantages of
delay, roadway levels of service have one
huge practical advantage—familiarity.
Nationally, about 90% of transportation
agencies utilize roadway level of service
as a congestion measure; no other mea-
sure is accepted anywhere near as
universally.”® Roadway levels of service
are familiar to all local governments in
growth management states.

Moreover, roadway level-of-service
standards are written into literally hun-
dreds of adequate public facilities ordi-

nances and several state statutes.®

Hence any changeover to another perfor-
mance measure would be hard to effect
and partial at best. ‘
Variable Service Standards. If aver-
age vehicle operating speed, or level of
service, is to remain the basis for judg-
ing individual roadway performance, the
standard to which it is compared must
be a variable one that permits more
congestion in central areas. Otherwise,
level-of-service standards will inadver-
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Congestion Measures Used by Transportation Agencies
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Source: Adapted from Texas Transportation Institute, Quantifying Congestion - Interim Report,
National Cooperative Highway Research Program, Transportation Research Board,

Washington, D.C., 1992, p.55.

Figure 5.

tently drive development to outlying
areas where excess capacity exists.

One objective basis for variable ser-
vice standards is the relative accessibil-
ity of an area to trip attractions through-
out the region. Better accessibility trans-
lates into shorter trips and less total
time spent in vehicular travel.®® The
urban core, dense travel corridors, and
compact suburban centers may be more
congested than outlying areas and still
provide better accessibility to trip attrac-
tions. Any lack of mobility (in terms of

_ lower vehicle operating speeds) is more

than offset by shorter trips.

Variable service standards could be
set in one of two ways. Regional travel
models or travel surveys could be used

to estimate average trip lengths for sub-

areas of a region or locality, and lower
level-of-service standards established in
subareas generating shorter trips. Alter-

‘natively, regional travel models could be

used to estimate so-called accessibility
indices for subareas, and lower stan-
dards established in areas with higher
accessibility indices. Accessibility indi-
ces reflect the distribution of jobs and
other trip attractions moving outward
from zones in which trips are produced,
with nearby attractions weighted more
heavily than distant ones.*?

Examples. While differing in details,
some performance measurement sys-
tems in place today are similar in spirit
to our idealized system. Orlando uses an
areawide level-of-service measure to
judge roadway performance in the down-
town area. Specifically, the percentage of
total lane miles operating at or above a
certain service standard is monitored
and judged against a goal of 85% at or
above. While not as useful as average
travel speed, a "% of lane miles" measure
at least allows some localized congestion
as long as the network as a whole is
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Transportation Performance Standards
(Orlando's Metropolitan Activity Centers)

2000 2010

Transit Mode Split 4% 7%
(Work Trips)

Nonautomotive Mode Split 15% 25%
(Internal Trips)

Average Vehicle Occupancy 1.5 No
(All Peak-Hour Trips) ' Change

Source: Planning & Development Department, Traffic
Circulation Element, City of Orlando, FL, 1991, p. TC-
20; and Planning & Development Department, Mass
Transit Element, City of Orlando, FL, 1991, p. MT-4.

Figure 6.

performing adequately.

In addition, Orlando designates
activity centers and travel corridors
within which performance is to be mea-
sured in terms of average vehicle occu-
pancies and/or mode shares, as well as
roadway levels of service. In order to
achieve vehicle occupancy and mode
share standards, minimum den-
sities/intensities and land use mixes
have been established for centers and
corridors; transit service frequencies are
being increased to, through, and within
centers; and special taxes are being
levied to fund pedestrian facilities and
internal shuttle services.

Another example comes to us from
the opposite coast. In Tacoma, Washing-
ton, transportation performance is mea-
sured for groups of facilities, rather than
on a facility-by-facility basis. Within
specified corridors, 85% of the arterial
lane miles must operate above LoS E.

Congestion is accepted on the remaining
lane miles in an effort to promote HoV
use (transit and carpools receiving prior-
ity treatment in these corridors). Sepa-
rate performance measures and stan-
dards are applied to transit facilities.
vMT plays a role in Tacoma's
transportation planning. Employers are
required to reduce employee VMT by
progressively increasing percentages
over time, achieving a 35% reduction by
1999. Our idealized performance mea-
surement system differs, of course, in
that vHT is the bottom line rather than
VMT, and VHT is measured for all travel
rather than work-related travel to spe-
cific sites. But Tacoma's rationale for a
vMT standard is identical to our own.
Even where roadway levels of service are
adequate, vehicular travel is still some-
thing to be managed and minimized in
the interest air quality, energy conser-
vation, and general social welfare.

Last Word

The land use-transportation system
is universally acknowledged to be a "sys-
tem" of interdependent elements (even if
it is seldom planned or managed as
such). This has implications for the
choice of transportation performance
measures. Ideally, measures will reflect
the efficiency of both land use patterns
and transportation networks; they will
acknowledge the multimodal nature of
the system; and they will treat the links
and nodes as part of a system. We have
made an attempt, albeit a preliminary
one, to devise a unified set of perfor-
mance measures that does all of the
above.
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