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There has been a great deal of research on transporta-
tion system management (TSM) planning over the past 
two years. One study (1) of TSM institutional and plan-
ning research introduced a new approach to the classifi-
cation and packaging of TSM candidate actions and de-
veloped new data on the impacts of such actions. This 
paper will begin by reviewing that approach and then dis-
cuss five specific impact issues. 

How can the aggregated impacts of areawide TSM 
actions be assembled in concise fashion for use by local 
elected officials? 

How can major capital alternatives be evaluated 
against possible TSM strategies? 

What is the relationship between long-range plan-
ning and short-range planning for TSM? 

How can evaluation of TSM actions be incorporated 
in the urban transportation planning process? 

Can there be one integrated TSM planning process 
or must there be more than one? 

In addition to the results and conclusions cited above, 
examples and conclusions have been drawn from the TSM 
transit planning handbooks developed for the North Cen-
tral Texas [Dallas-Ft. Worth] Council of Governments 
(2), a highway corridor study in Tulsa (3), and a TSM 
plan development project for the Flint, Michigan, area (4). 

TSM ACTION PACKAGES 

The TSM institutional and planning research project was 
a two-phase, broad investigation of TSM institutional ar-
rangements and planning methods, TSM planning method-
ologies, and the effectiveness of and interrelationships 
among TSM actions. The results of phase 1 included the 
following: 

A description of a simplified first-generation 
TSM planning process, 

A catalog of analytical methodologies available 
for use by TSM planners, 

A conceptual framework of supply-demand equi-
librium that can be used to relate TSM actions to TSM 
goals and priorities and to better understand interactions 
among TSM measures, 

An in-depth analysis of a systematic TSM planning 
process, 

A series of six working papers quantifying the po-
tential effectiveness of TSM actions, and 

The prototypical TSM programs. 

In phase 2, a more rigorous and comprehensive 
analysis methodology was used. Seven prototypical 
cities were selected; descriptions were developed of 
their current transportation system characteristics; and 
typical goals, objectives, and measures of effectiveness 
(MOE5) for TSM actions were identified. A set of 30 
TSM actions were selected as representative of the wide 
scope of transportation system management, and the im-
pacts of implementing these actions in each of the seven 
cities were estimated for the region and subareas, and 
for daily and peak-time periods. Cost-effectiveness was 
estimated in relation to mobility and conservation goals, 
and packaging concepts were developed on the basis of 
cost -effectiveness and similarities of impact magnitude 
and direction. 

Supply-Demand Equilibrium 

The phase 1 work on the application of supply-demand 
concepts to TSM may help in understanding and explain-
ing aggregate impacts of areawide TSM and, to a degree, 
the relationship between long- and short-range planning. 
The methodology used for analyzing TSM impacts and 
interactions was based on the fundamental concept of 
transportation supply and demand equilibrium. This 
concept holds that the existing transportation situation 
in an urban area can be characterized by two fundamen-
tal curves, 

A transportation supply curve that depicts the 
level of service provided by the transportation system 
as a function of the demand for personal travel and 

A transportation demand curve that depicts the 
quantity of travel demand that the public will generate 
at different levels of service experienced in traveling. 

From a theoretical perspective, plotting supply and 
demand curves on the same graph allows one to identify 
the equilibrium point at which the two curves intersect. 
TSM actions (and indeed any event affecting transporta-
tion) may change either the supply curve, the demand 
curve, or both. In turn, this will shift the equilibrium 
point where the two curves cross from the initial point 
to a new point. This fundamental concept of economics 
was used as a tool for clarifying and estimating the im-
pacts of TSM actions. 

The primary result of using this methodology was 
that the large number of available TSM actions could be 
grouped into four major classes, depending on how each 
action affects the supply and/or demand curves and the 
resultant shift in equilibrium. 

The four TSM action classes are described below. 

Class A: Actions That Reduce Demand 
for Vehicle Travel 

Class A actions include those that induce travelers to 
shift from lower-occupancy to higher-occupancy vehicles 
(transit and ride sharing) or to nonmotorized travel 
modes or to reduce trip frequency or trip length, 
thereby decreasing vehicle travel (VT) demand without 
affecting highway supply. 

The impact of class A actions on supply and demand 
is illustrated in Figure 1. When demand is reduced, the 
demand curve is shifted to the left while the highway sup-
ply curve is unchanged. The demand reduction results 
in decreased travel time for the remaining vehicles, and 
thus the supply-demand equilibrium point is shifted 
downward and to the left. 

Class B: Actions That Enhance Highway 
Supply (i.e., Improve Traffic Flow) 

This class includes a wide range of traffic engineering 
and control measures that reduce the travel time ex-
perienced at given levels of VT demand. The impact of 
class B actions is illustrated in Figure 2: The supply 
curve is shifted downward (i.e., the supply is improved) 
while the demand curve is unchanged. The initial de-
crease in travel time results in subsequent increases 
in VT. 
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Figure 1. Impact of class A actions on supply and demand 
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Figure 2. Impact of class B actions on supply and demand. 
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Class C: Actions That Reduce VT Demand 
and Degrade Highway Supply 

This class includes actions primarily aimed at inducing 
travelers to shift from lower-occupancy to higher-
occupancy vehicles or to nonmotorized travel modes, 
but does so by increasing general vehicular travel time 
while reducing travel time for high-occupancy vehicles 
(HOVs) or for nonmotorized modes. As illustrated in 
Figure 3, the effect of class C actions is to shift the sup-
ply curve upward (i.e., the supply is degraded) and the 
demand curve to the left (i.e., demand is reduced). This 
shifts the equilibrium point to the left and either upward 
or downward, depending on the slopes of the supply- 

demand curves and the magnitudes of the changes. 

Class D: Actions That Enhance Highway 
Supply and Reduce VT Demand 

These are actions that simultaneously decrease both the 
general travel time for given levels of VT and also, by 
even greater amounts, the HOV travel time and thus in-
duce travelers to shift from lower-occupancy to higher-
occupancy vehicles. The most striking example of this 
type of action is add-a-lane preferential treatment, such 
as the exclusive lanes for buses and carpools added to 
the Shirley Highway in the Washington, D.C., area and 
the San Bernardino Freeway in Los Angeles. 

The impacts of such actions are illustrated in Figure 
4. The supply curve is shifted downward (i.e., supply is 
enhanced) because additional capacity is added, and the 
demand curve is shifted to the left (i.e., demand is re-
duced) as a result of the preference given to high-
occupancy vehicles or reduced trips by automobile. The 
equilibrium point is shifted downward and either to the 
left or right, depending on the slopes of the supply-
demand curves and the magnitudes of the shifts. 

Table 1 summarizes the grouping of TSM actions into 
the four major classes, and Figure 5 illustrates the 
likely general directions of shifts in supply-demand 
equilibrium that will result from each of the four action 
classes. 

Several inferences may be drawn concerning which 
types of actions are most appropriate, depending on the 
goals for a given urban area. 

if fuel conservation and emissions reductions are the 
most important goals, then conceptually, we find that 

Class A actions should receive highest priority 
because these actions tend to reduce both VT demand and 
travel time and to shift the equilibrium point in an al-
most optimum direction for fuel conservation and emis-
sions reductions; 

Class C actions should receive next highest pri-
ority because these actions also shift the equilibrium 
point in almost optimum direction for fuel conservation 
and emissions reductions; 

Class D actions are less desirable, because al-
though these actions are fairly certain to conserve fuel 
and reduce emissions by reducing travel time, they will 
affect VT demand only marginally; and 

Class B actions are least desirable, because al-
though they may substantially reduce travel time, they 
will accommodate substantial VT demand increases. 

If mobility goals are paramount, as they may be if 
current levels of congestion are severe or if fuel avail-
ability or air pollution are not perceived as major prob-
lems, then conceptually, 

Class D actions should receive highest priority, 
because these actions shift the equilibrium in near op-
timum direction for mobility improvement and also re-
duce fuel use and emissions, 

Class B actions should receive next highest pri-
ority because these actions afford substantial reductions 
in travel time while also permitting increased VT de-
mand to be served, 

Class A actions are also desirable because these 
actions substantially reduce travel time and also allow 
free-choice changes in travel demand, and 

Class C actions are least desirable because these 
actions may actually increase travel time and because 
portions of the reduction in VT demand they produce may 
require undesired individual changes in travel behavior 
as well as user-cost increases for those who must con- 
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Table 1. Summary of TSM action classes. 

Impact on 

Action 	Highway VT 
Class 	supply Demand 	Actions 

A Reduce 	Encourage ride sharing, transit 
marketing, express bus service and 
park-and-ride lots, transit route and 
schedule improvements, pa ra transit 
Systems, bicycle and pedestrian fa- 
cilities, 	pricing such as transit fare 
reductions, pricing such as reduced 
taxes, tolls, fees, and fares for 
HOVs or increases for automobiles. 
work rescheduling (four-day work- 
week) 

B 	Enhance General traffic engineering, freeway 
traffic management, truck restric - 
lions and enhancements, work re- 
scheduling (staggei'ed hours and flex- 
time) 

C 	Degrade Reduce 	Preferential treatment for I-tOys. (ox- 
c lusive lanes), 	automobile-rest ci clod 
zones, parking supply reductions 

D 	Enha ore Reduce 	Preferential treat meet for HOVs (ex- 
clusive lanes) 

Figure 4. Impact of class D actions on supply and demand. 
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Figure 3. Impact of class C actions on supply and demand 
	

Figure 5. Shifts in supply-demand equilibrium: impacts of different 
classes of TSM actions. 
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tinue to rely on private automobiles. 

PHASE 2 RESULTS 

Generally, the more-detailed analysis of phase 2 con-
firmed the supply-dema nd -equilibrium basis for group-
ing TSM actions. The methodology used in phase 2 con-
sisted of estimating the initial impact of TSM action on 
VT demand, speed, and number of automobile trips in 
each prototype city by using demonstration results or 
sketch-plan modeling (or both). This was followed by 
equilibration of the VT demand and speed changes by 
using estimated supply-demand elasticities, calculation 
of the resulting emissions and energy-consumption 

changes, and estimation of the mobility impacts by using 
a travel-time budget concept (5). Preliminary results 
indicated that VT demand and speed, on an individual 
action basis, are reasonably good proxies for emissions-
reductions and fuel-conservation impacts. 

When the changes in VT and speed for the various 
TSM actions (after equilibration) were compared with 
the phase 1 class definition (A, B, C, and D), the re-
sults were similar and the concept was supported. The 
phase 2 analysis of ride sharing, park-and-ride, ex-
press bUs service, local bus service, paratransit, and 
pricing verified all of these actions as class A and that 
of traffic engineering improvements verified them as 
class B. The few differences that were found between 
the phase 2 analysis and the phase 1 classification sys-
tem seemed to be explained by the different assumptions 
about modal-split changes and the overall magnitudes of 
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Tab'e 2. Composition of TSM action packages. Package 

Automobile Transit Emissions Fuel 
TSM Action 	 Mobility 	Mobility 	Reductions Conservation 

Right turn on red X X 	X X 
Signal improvements X X 	X X 
Freeway HOV lanes X X 	X X 
Ramp metering X X X 
Ride sharing X X X 
Bikeways X X X 
Bus service improvements X 	X X 
Work rescheduling projects X X 
Reversible arterial lanes X X 
Central business district 

truck management X X 
Carpool parking X X 
Park-and-ride lots X X 

impacts used in the different phases (small impacts were 
eliminated in the phase 2 analysis when rounding off the 
results). 

When the preliminary phase 2 estimated impacts were 
converted to a cost-effectiveness basis, the most cost-
effective actions (those having good or at least reason-
able implementation potential) were strikingly similar 
for both the mobility and the conservation goals. The 
pattern of appearance of the various TSM actions in four 
goal-oriented packages is summarized in Table 2. 

The overall impacts of the four goal-oriented packages 
were also estimated to be similar despite their slightly 
different components: 

Automobile mobility was increased by 3-10 per-
cent, varying by city; 

Transit mobility was increased by 3-15 percent, 
varying by city; 

VT demand was essentially unchanged, varying 
from an increase of 1 percent to a decrease of 1 percent; 

Speeds were increased by 4-9 percent; 
The number of automobile trips was reduced by 

as much as 2 percent; 
Carbon monoxide emissions were reduced by 1-

11 percent; 
Hydrocarbon emissions were reduced by as much 

as 5 percent; 
Nitrogen oxide emissions were essentially un-

changed, varying from an increase of 1 percent to a de-
crease of 1 percent; and 

Fuel consumption was reduced by as much as 3 
percent. 

SPECIFIC TSM IMPACT ISSUES 

Communication About TSM Impacts to 
Decision Makers 

The first issue concerns how information about aggre-
gated TSM action impacts can be assembled and com-
municated to decision makers and how strategies relat-
ing to different types of subareas and different time 
periods can be considered together. The results dis-
cussed above suggest a simplification that may help re-
solve this issue. It seems clear that TSM actions can be 
grouped together in relation to goals and, further, that 
there is considerable overlap among various goal-
oriented packages. In addition, the preliminary results 
show that the majority of TSM actions maintain their 
position relative to VT demand and speed changes (in 
other words, their designation as class A, B, C, or D) 
on either a regional or a subarea basis and on either a 
daily or a peak-hour basis. It would appear, then, that 
TSM programs need not be markedly different even if 

goals vary from area to area or from city to city. 
These concepts do not provide the complete answer 

to problems of understanding and explaining TSM or of 
overcoming institutional constraints and other obstacles. 
Still, if these research conclusions are verified in prac-
tice, then the packaging and determination of impact 
characteristics of the more routine TSM actions may be 
simpler than anticipated and at least that part of the TSM 
picture may become easier to deal with. 

This probably will not be the case, however, for 
pricing and other disincentive actions. Consideration 
of such actions (which have a low implementation poten-
tial under current conditions) would probably require a 
large amount of area-specific and detailed analysis to 
forecast implementation consequences for use in political 
review and decision making. 

TSM and Capital Projects 

The issue of how capital projects can be evaluated against 
possible TSM strategies would seem to have a straight-
forward resolution in terms of the MOEs used. If both 
types of improvements are assessed in common terms 
(by using MOEs such as volume, capacity, VT demand, 
speed, emissions reductions, and fuel consumption), 
direct comparisons of capital and TSM actions are pos-
sible. Consider, for example, a corridor study in Tulsa, 
Oklahoma, in which screen-line capacity and demand 
were estimated and compared for various alternatives. 
The impacts of transit improvements, pricing, pooling, 
and work rescheduling were calculated as reductions in 
future demand levels. Capacity increases were esti-
mated for both capital projects (new arterials and free-
ways) and TSM capacity- improvement actions (reversible 
roadways, for example). The common MOE was after-
noon peak-hour vehicle volume, either traffic demand or 
traffic -carrying capacity. These comparisons showed 
that TSM improvements alone could not achieve a 
demand-capacity balance for either of two future-growth 
scenarios, but that TSM actions could make it possible 
to meet future demand levels by constructing a parkway-
type facility rather than a full freeway. 

In another recent example, a TSM solution was recom-
mended for an arterial corridor in downtown Flint, 
Michigan. All previous proposals had featured capital 
improvements, including street widening and new river 
crossings. An in-depth analysis of corridor traffic op-
erations, undertaken with TSM potential in mind, com-
bined with new growth scenarios, produced a recom-
mendation for a TSM solution that consisted of inter-
section and traffic control improvements. Here, careful 
and sensitive analysis showed that a TSM solution was a 
feasible alternative to capital improvements. 

In both of these examples, the consideration of both 
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TSM solutions and capital improvements proved to be no 
problem in terms of either analysis methodologies or 
study credibility. 

TSM in the Planning Process 

The next two issues concern the relationship between 
TSM and long-range planning. A suggested approach to 
the resolution of these issues involves a goals-and-
objectives-oriented methodology and, again, use of a 
common system of MOEs. 

MOEs play a critical role in the diagnosis of system 
performance and the evaluation of TSM actions. They 
are the basis for measuring action effectiveness by pre-
diction before implementation and by surveillance after-
ward. MOEs are critical to almost any priority-ranking 
process, again by expressing effectiveness and providing 
the basis for a TSM information system that can be the 
foundation on which to build a continually improving pro-
gram of TSM actions. 

In both the development of the TSM planning hand-
books in Texas and the Flint TSM plan and the TSM re-
search study, a large number of MOEs were identified 
for potential use. However, in the application stages of 
the studies, it was found that only a very short list of 
variables was necessary. In phase 2 of the research 
study, an initial list of 25 candidate MOEs was sharply 
narrowed by eliminating hard-to-quantify items and then 
identifying the common factors used in calculating the 
remaining MOEs. For example, VT demand can be and 
often is used to calculate number of accidents, emis-
sions reductions, fuel consumption, operating costs, and 
so forth. By using this approach, the list of significant 
MOEs was reduced to VT demand, speed, number of 
trips, and capital costs. A similar exercise in the Flint 
TSM study led to reducing a list of 44 MOEs to 8—vol-
ume, capacity, VT demand, number of accidents, num-
ber of bus passengers, bus kilometers of travel, transit 
coverage, and bus operating costs. 

With the list of MOEs reduced to these few key items, 
the same ones can easily be applied to both long- and 
short-range planning and to the joint evaluation of both 
capital and TSM alternative projects. 

The TSM Process 

The final issue is that of a single, integrated TSM pro-
cess. There seems to be little question that the TSM 
planning process is separate from the long-range plan-
ning process, even though TSM projects can be inte-
grated with capital projects and considered in long-range 
planning as discussed above. This dichotomy is probably 
due to the diverse natures of candidate TSM actions and 
of the public and private agencies that can take part in 
the process. 

Integration within the TSM process is a different 
question, however. There is little or no competition for 
funds between highway projects and transit projects, and 
thus there is little real-world demand for a single inte-
grated, multimodal TSM planning process. The develop-
ment of a TSM planning process for the Flint area even-
tually focused on the questions of a method for establish-
ing project priority. A problem-based priority system 
developed for use in establishing priorities for federal-
aid urban system (FAUS) projects was already in use in 

Genesee County, Michigan. In this system, relative 
merit is established in terms of current volume-to-
capacity ratios and accident rates. The alternative to 
the FAUS system was a much more complex cost-
effectiveness approach. 

Because it was already in use, readily understandable, 
accepted by the participating agencies, and treated TSM 
projects in an appropriate manner, the FAUS priority 
method was adopted for TSM projects as well. In this 
way, both capital and TSM solutions will be considered 
together, by using the same criteria and implementation 
priorities related to the severity of the deficiencies to 
be remedied. It is significant, however, that, largely 
due to separate funding sources for highway and transit 
projects, the FAUS priority system in Flint was not de-
signed to, and does not, cover transit improvements. 
These move through the process separately and have 
internal priorities set by the transit agency. From that 
standpoint, the TSM process is not integrated until the 
transportat ion- improvement -plan stage, but no pressing 
need was seen by local agencies to adopt a more com-
plex, unfamiliar, multimodal, integrated cost-
effectiveness approach at this time under the cur-
rent funding structure. 

CONCLUSION 

Several issues—(a) assembly of aggregated impacts of 
areawide TSM action for use by local elected officials, 
(b) evaluation of possible TSM strategies against major 
capital alternatives, (c) relationship between long- and 
short-range planning for TSM, and (d) incorporation of 
TSM actions in the urban transportation planning pro-
cess—can be at least partially resolved through simpli-
fications inherent in TSM. On the other hand, develop-
ment of a truly integrated multimodal TSM process is 
not likely to occur until a pressing need appears that 
justifies the additional complexity involved. 
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