
program or individual user-coded computer programs. 
The design-synthesis approach to transit planning is 

a useful tool in a structured framework for transit sys
tem planning and design, is applicable to a wide variety 
of planning situations, and is a step toward the develop
ment of more effective multimodal design-synthesis 
planning. 
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Accommodating Multiple Alternatives 
in Transportation Planning 
Darwin G. Stuart, Barton-Aschman Associates, Inc., Evanston, Illinois 
Warren D. Weber, California Department of Transportation, Sacramento 

This paper, which is based on procedures used in the San Diego-Los An
geles Corridor Study, examines several methodological improvements that 
enable a wider range of multimodal alternatives to be included in the 
transportation planning process. Staging of the planning and evaluation 
processes is identified as a basic organizing strategy. The design of sig
nificantly different alternatives, in terms of primary service characteris
tics, is described, and alternative multi modal service combinations are 
emphasized. The paper discusses travel-demand analyses conducted at 
relatively low cost at a sketch-planning level of detail with multiple com
puter model runs and efficient model application. A goal-achievement
oriented evaluation framework is specified that permits the quantitative 
evaluation of a wide range of local and regional performance objectives. 
The role of judgmental assessment as well as several areas for additional 
methodological improvement is also discussed. 

One of the more frequently expressed concerns in urban 
transportation planning involves the need for a wider 
range of alternatives (4, 8, 11). More alternatives are 
needed, for example, fo explore greater variation in 
levels of transit service or to investigate additional 
right-of-way location opportunities. Incorporating a 
larger number of alternatives in the planning process 

will expand the level of effort involved. Improved meth
odologies must therefore be developed that better orga
nize the sequence of planning and evaluation activities 
and accommodate a wider range of transportation plan
ning alternatives. 

Although multiple alternatives are important at each 
major planning level-corridor, subarea, regional sys
tem, interregional, state-the interregional planning 
level is used here for illustration. The general approach 
used to deal with the major methodological questions can 
be applied at other levels of planning. The San Diego
Los Angeles Corridor Study, sponsored cooperatively 
by the California Department of Transportation 
(CALTRANS), the Southern California Association of 
Governments {SCAG), and the Comprehensive Planning 
Organization of the San Diego Region (CPO), is used as 
a case study. The methodological topics addressed are 
(a) staging of the planning and evaluation process, {b) 
broad-brush design of alternatives, (c) travel-demand 
analysis (at a sketch-planning level of detail), and {d) 
goal-oriented evaluation of alternatives. 
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STAGING THE PLANNING PROCESS 

When the number of alternatives to be analyzed in the 
planning process is significantly increased, some strat
egy must be devised for sequencing the work. Given the 
increasingly comprehensive depth of analysis (in en
vironmental impact statements for example), it is un
likely that all alternatives can be examined at once. One 
way to deal with this problem is to stage the planning 
and evaluation process into two or more phases. Each 
successive phase can reduce the number of alternatives 
to be evaluated and, as the number of alternatives is re
duced, the level of detail with which each is investigated 
can be increased. Such a process can affect the design 
and redesign of alternatives, the level of detail achieved 
in analyses of travel demand and indirect impact, and 
the level of detail pursued in the evaluation of alterna
tives. 

The two-stage planning process used in the San Diego
Los Angeles Corridor Study is shown in Figure 1 (1). In 
the first stage, a series of 21 multimodal alternatives 
(or packages) were analyzed and evaluated. Only 14 ob
jectives and 27 evaluation criteria were applied. Modal
improvement options were reduced at this stage from 
21 to 7, and those 7 were then subjected to a second 
round of analysis. This second, more thorough stage, 
which used 25 objectives and 41 evaluation criteria, em
phasized the analysis of indirect effects and resulted in 
the identification of a single, preferred multimodal im
provement plan. 

DESIGNING ALTERNATIVES 

According to the basic staging strategy, the design of 
modal improvement alternatives can also follow a pat
tern of increasing detail for a smaller number of alter
natives. Nevertheless, much of the basic work in de
fining alternatives should probably be done in the initial 
stage of the planning process (14). The primary service 
characteristics-route location-;-line-haul speed, num
ber of access points, and frequency of service-must all 
be established. This was essentially the strategy fol
lowed in the case study: The second stage only refined 
operating and cost characteristics for the set of seven 
alternatives, to more carefully match supply with fore
cast demand. Regardless of how the design of alterna
tives is staged, developing significantly different levels 
of service among alternatives is essential. both among 
modes and within the alternative levels of 'improvement 
hypothesized for any single mode. 

There are two general ways in which the number of 
transportation alternatives under consideration can be 
increased. 

1. Expand the number of modes investigated (4). In 
urban area transportation planning this generally c alls 
for a broader consideration of transit alternatives in 
which different technologies are treated as alternative 
modes (e.g., bus rapid transit, heavy-rail mass rapid 
transit, light rail transit, small-group rapid transit, 
personal rapid transit). Metropolitan transit planning 
studies are only beginning to give comprehensive con
sideration to the many technology options. At the inter
city or statewide planning level a number of modes, 
some with further technology options, already exist: 
automobile-highway, intercity bus, intercity rail, air, 
and in some cases water. These five modes were in
cluded in the San Diego-Los Angeles corridor planning 
project. 

2. Devise a strategy to span the range of reasonable 
improvement alternatives within a given mode by exam
ining several alternative levels of improvement (~ 16). 

Two to five alternative levels, from a minimum
improvement base through increasingly ambitious ser
vice and facility expansions, may be appropriate. Ini
tially, such alternate improvement levels can be devised 
to reflect a broad understanding of current urban area or 
interregional travel patterns, short-range improvement 
plans, and various technological options reported in the 
literature. Such improvement levels should be designed 
for basic service characteristics at a sketch-planning 
level of detail (by including only generalized route align
ments or station locations, for example). 

As given in Table 1, 21 different modal-improvement 
alternatives were defined in the San Diego-Los Angeles 
case study for four service characteristics: number of 
routes, number of access points, maximum line-haul 
speed, and one-way frequency of service (1). Introduc
ing a larger number of alternatives means dealing with 
intermodal relationships (15), which are crucial in de
mand analyses. Multimodal demand models currently 
available for projecting modal market shares hinge on 
the relative level of improvement in each mode. The 
different levels of improvement in a mode must be com
bined with varying levels of improvement in other modes 
to form multimodal packages for demand-analysis test
ing. When the number of alternatives is significantly in
creased, the number of possible multimodal packages 
quickly becomes unmanageable. A simplifying process 
that incorporates the staging strategy discussed above 
is necessary. In the case study the first-stage analysis 
defined only 21 multimodal packages by holding all modes 
except the subject mode at a base level of improvement 
(level 0). This allowed travel demand analysis and other 
analyse·s to focus on the relative effects of service im
provements, one mode at a time. 

Level O for each modal-improvement alternative 
should generally reflect current short-range regional 
and local transportation plans. This baseline should not 
only include existing facilities or services but also all 
relevant projects and programs contained in the 5 -year 
implementation program of the local governments and 
transit operators concerned. Level O might thus be re
garded as a no-build or low-capital-intensive alternative. 
Additional levels of improvement within a given mode can 
then be devised in an incremental manner, each built on 
the last. Questions of supply and demand and cost versus 
revenue can be made a part of the overall evaluation as 
the alternatives are narrowed down. 

ANALYZING TRAVEL DEMAND 

The progress made in recent years in improving urban 
travel demand models has been aided particularly by the 
urban transportation planning system (UTPS) package 
and its component models as well as by various add-on 
models, subroutines, or modifications that can be in
corporated in UTPS, including logit-type mode-choice 
models calibrated on the basis of disaggregate, individ
ual trip records and direct-demand models combining 
trip generation, distribution, and mode choice within a 
single-decision forecasting step. These modeling ad
vances, which promise to improve substantially the 
overall transportation planning process, are well
documented in the literature (6). 

Important progress has been made in developing or 
adapting models that can be applied at a sketch-planning 
(large-zone) level of detail; the number of alternatives 
that can be considered has thus been greatly increased. 
For example, a recent transit planning case study in the 
Milwaukee area involved adapting large-zone modeling 
techniques within the UTPS framework and testing a wide 
range of regional dual-mode-guideway network configura-



tions (7). The analysis involved three stages: manual 
sketch:-planning (and simplified modeling) analysis of 
15 initial baseline systems; computer-based analysis 
for three refined baseline systems, including mode 
split and transit network assignment for a 100-zone sys
tem; and a series of 150 modeling runs for a variety of 
parametric analyses to systematically test variations 
in different service characteristics. Considerable flex
ibility and range were achieved in the number of alter
natives accommodated. 

A recent Los Angeles study of regional mode -choice 
incentives and disincentives achieved similar flexibility 
and multiple-run capability (18). In this case, a large 
number of transportation control strategies had to be 
evaluated relatively quickly and related to various im
provements in level of transit service (routes and sched
ules). These control strategies included restrictions on 
parking cost and supply, preferential freeway ramp and 
lane treatment for multiple-occupancy vehicles, con
straints on gasoline price and availability, and car
pooling incentives. A modified DODOTRANS modeling 
package at a 107-zone level of analysis was developed 
and applied to permit the essential quick turnaround 
time in travel-demand model application (12). Fifty
five combinations of transportation controfstrategies 
were then tested. 

Other approaches to travel-demand modeling at a 
sketch-planning level of detail are being developed and 

Figure 1. Basic plan-evaluation process of San Diego-Los Angeles 
Corridor Study. 

Table 1. Alternative modal service characteristics. 

1995 Number Route Access Points 
Improvement of Length" or 

Mode Level Routes (km) Terminalsb 

Automobile- 0 6 126 394 
highway 1 5 266 to 282 473 to 482 

2 3 292 482 
3' 3 240 to 490 490 to 519 

Intercity 0 3 177 to 202 15 
bus 1 3 177 to· 226 16 

2 4 177 to 250 21 
3 7 177 to 258 53 

Intercity 0 I 207 7 
rail 1 1 207 7 

2 1 207 7 
3 I 202 to 207 7 
4 I 198 3 

Air 0 5 123 to 195 10 

Maximum 
Speed 
(km/ h) 

88.5 
88.5 
88,5 
88.5 

88.5 
88.5 
88.5 
88,5 

145 
145 
177 
177 
323 

645 
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applied but cannot be adequately treated here (6). Instead, 
the intercity demand forecasting performed aspart of 
the San Diego-Los Angeles Corridor Study is briefly re
viewed to demonstrate how sketch-planning models are 
applied in a multiple-alternative context (2). 

The multimodal, direct-demand modelused in this 
case for forecasting total travel demand and mode split 
among five different modes represents a modification of 
the DODOTRANS package undertaken by CALTRANS (12). 
The 1995 multimodal demand forecasts were made for 
20 of the initial modal-improvement alternatives (pack
ages) and four refined improvement alternatives. A 
total of about 40 full modeling runs were made over a 
time span of 6 months after model calibration was com
pleted (these included additional runs made to account 
for adjustments of input data). 

Both the direct-demand and multimodal features of 
the demand model are particularly significant for inter
city analysis. In the direct-demand approach, as noted 
above, the three fundamental steps in demand estima
tion-trip generation, trip distribution, and mode split
are performed simultaneously rather than sequentially, 
which ensures that both total amount of travel and amount 
and geographic distribution of travel attracted by each 
mode a1·e direcUy related to the supply of transportation 
provided by each mode. Thus the concept of induced 
travel-that increase in travel demand that can be re
lated to an increase in the level of service provided by 
any particular mode-can be represented. The multi
modal nature of the model permits the competitive ef
fect of varying levels of service among modes to be 
tested in each modeling run. 

For modeling purposes the San Diego-Los Angeles 
Corridor study area was divided into 141 zones: 107 in 
the Los Angeles area, 31 in the San Diego region, and 3 
in Tijuana, Mexico. Relatively coarse transportation 
networks were then developed for highway, bus, rail, 
and air routes in relation to this zonal system, both for 
current conditions, as input to model calibration, and 
for the 1995 forecast of modal-improvement alternatives 
as part of the first-stage evaluation. For the nonhighway 
public modes, terminal-to-terminal matrices were de
veloped for scheduled travel times, fares, and service 
frequencies. Business and nonbusiness trip purposes 
were considered. In the second-stage evaluation, 1985 
networks for selected alternatives were also developed. 

Daily 
One-Way 
Frequency 

Unlimited 
Unlimited 
Unlimited 
Unlimited 

2 to 34 
6 to 34 
18 to 31 
15 to 45 

5 
6 
8 
10 
21 

5 
1 5 123 to 195 10 387 to 645 6 to 46 
2 3 139 to 171 6 387 5 
3 0 137 to 205 12 290 to 387 5 to 10 

Water 1 I 145 to 161 2 84 3 
2 i 145 to 181 3 84 3 
3 3 145 to 194 4 84 2 to 3 

Note: 1 km = 0462 mile, 

aToUI I route kilometari • re given for the automobile nttlide; individual route kilometers are given for u1 1 other modes. 
bOo,1b le counting is 1.aec:I for bus, air, and water modas If a terminal may be served by more than eno route. 
ccomprises two alternatives for analysis purposes. 
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The large-zone system developed for the study was 
quite coarse in nature. Conventional travel-demand 
analyses in the Los Angeles area are conducted at a 
1285-zone level. The sketch-planning framework of 
the corridor study obviously greatly reduced the work 
of network preparation as well as computer processing 
time for model application. The much quicker turn
around time for individual modeling runs and the ability 
to test several modal improvement alternatives in rapid 
succession made it possible to examine a large number 
of alternative multimodal transportation systems span
ning the entire corridor study area [250 km (155 miles) 
in length]. Although a large number of shorter intra
zonal trips were eliminated, the large-zone site used in 
the analysis primarily eliminated only the many shorter 
trips that were not likely to compete for capacity on in
terregional transportation facilities (with the exception 
of some automobile-highway routes). The large-zone 
system was thus compatible with the longer trips typi
cal of interregional travel demand. 

EVALUATING ALTERNATIVES 

Because a significant increase in the number of alterna
tives to be evaluated can greatly increase the amount of 
information to be processed during the evaluation phase, 
using some systematic cost-effectiveness framework 
for plan evaluation is essential (5). Such a framework 
should connect the evaluation of alternatives to transpor
tation goals and objectives established for the corridor, 
region, or multiregion study area (17). The objectives 
should in turn be expressed in somemeasurable way, 
wherever possible, by specific quantitative or qualita
tive criteria. In any case, procedures must be designed 
for the subjective comparison of alternatives at a signif
icant level, either by assigning weights among goals or 
by assessing trade-offs among the impacts of various 
alternatives (9). 

Staging is especially critical in the plan-evaluation 
phase. Because large amounts of information are gen
erated not only for travel demand impacts but for social, 
economic, and environmental impacts as well, it may 
be best to examine only a selected set of most signifi
cant impacts during the first stage of plan evaluation, 
when the largest number of alternatives must be re
viewed. After this initial range of alternatives has been 
screened and a smaller number of most promising op-
+.:: ............. i.. .......... ................... .::...:J ........ +.::~.:: .... ...:J '" _ ............. .... .... ........... , ......... ,.....,.,_ -.C -'-
... .1.v.1u.;, .L~V\:;; , .. rc,v .u .1.u.v.1..11,,.1..1..1. c.u, a J. .uv.1. c; '-'V.l.lJ.!:,J.LC-Lc:; oc;L U.1. uu-

jectiveS and criteria is available for subsequent evalua
tions. The alternatives themselves can also be further 
refined with regard to such details as cost characteris
tics, operating scenarios, and route and station loca
tions. 

Many methodological options can be applied in the 
plan-evaluation process ( 17). The structures of cost
effectiveness evaluation matrices and the range and de
scription of goals and objectives can vary; wide varia
tion can also be expected in the types of criteria applied 
and in the extent to which the community and the deci
sion makers get involved in plan evaluation (including 
the extent to which goal-weighting exercises are con
ducted). Selection of an appropriate sequence of plan
evaluation methodologies thus depends on the unique 
circumstances of the study area as well as the agency, 
decision-maker, and community participants involved. 
Because what works in one area may not work in another, 
we emphasize the illustrative nature of the evaluation 
procedures used in the San Diego-Los Angeles Corridor 
Study, a brief description of which is given below (2, 3). 

The five broad goals and 25 objectives that guided the 
case study corridor project are summarized in Table 2. 
These goals and objectives were synthesized from local, 

regional, and statewide goal and policy statements based 
on current plans and on interviews with transportation 
and land-use planning agencies. The five goals cover 
overall transportation problems; multimodal balance; 
social, economic, and environmental consequences; in
terregional transportation demands; and local and neigh
borhood impacts. The 25 objectives reflect both regional 
and local concerns and involve both direct and indirect 
consequences of transportation improvements. 

The goals and objectives given in Table 2 are also 
grouped under three basic issues: economic feasibility, 
nonuser impacts , and user benefits. These three issues 
formed the backbone for plan-evaluation trade-off analy
ses. At least one evaluation measure or criterion was 
defined for each objective, as indicated in Table 2. 
Twenty-seven of the more significant measures (for 14 
objectives) were applied during the first phase of evalua
tion; all were applied during the second phase. Most of 
these criteria are quantitative, e.g., costs and revenues, 
air pollutant emissions, service frequencies, and rider
ship levels. Qualitative measures reflecting judgmental 
assessments by the study team in such areas as aesthet 
ics, tax-base impacts, and support of the California 
coast environmental plan were used in a few cases. In 
addition to the travel-demand and associated cost and 
revenue analyses, the study team estimated the impacts 
of many of the objectives in Table 2 by using a variety 
of environmental and land-use impact analyses. 

During each phase of the evaluation, goal achievement 
was assessed by using a three-step process. First, an 
impact-analysis matrix was completed for each set of 
alternatives to compare the levels of modal improvement. 
Table 3 gives the results of the various feasibility, im
pact, and benefit analyses conducted by the study team 
for the intercity bus alternatives tested in phase 1. These 
impact measures were then converted to relative rank
ings, according to least negative impact or most positive 
impact, within each mode. This made comparing the al
ternatives easier and represents a crude form of nor
malizing-converting all measures to a common percent
age score over a high-low range of impact values for a 
particular criterion (Table 3). A subjective comparison 
and a trade -off analysis were then made among the three 
basic categories of impact : economic feasibility, non
user impacts, and user benefits. (In Table 3 it would be 
possible to add information to assign relative weights to 
objectives and to calculate a single weighted summary 
,,, __ _ _ .C - -- -- -1.. -1.1.--- -- -.l. ! -- - 1 •. . 1. L1.! - - --- - ____ _!_, __ , 1 - -- - . 
O\...UJ.C: .LUJ. ca.~H a..1u::::.1.11a.1..1.vc, UUL LlU.O Wct.O d.VU.LUt'U Uta;au~~ 

it was felt that a single summary score would tend to 
oversimplify the evaluation process and obscure some 
important differences among the alternatives.) Tables 
4 and 5 give a summary of the results of this subjective 
procedure for the first and second evaluation phases re
spectively. A judgmental ranking of alternatives in the 
three basic issue areas is given based on a comparative 
assessment of goal-achievement evaluations such as that 
given in Table 3. Although such a subjective procedure 
may be criticized, it does force each evaluator to reflect 
carefully on the results of impact analyses and to com
pare the relative performance of alternatives. 

Judgmental rankings permitted a reduction from 21 
to 7 basic multimodal alternatives in the first evaluation 
phase and then a reduction from 7 alternatives to one 
recommended multimodal combination, as indicated in 
Table 5. During the first phase of the evaluation only 
within-mode comparisons were made (Table 3). For ex
ample, only the different bus alternatives were compared 
to identify the most promising initial set of bus alterna
tives. In the second-stage evaluation, however, compari
sons were made between modes, and the 7 final alterna 
tives, as well as an expanded list of evaluation criteria, were 
listed within single impact-analysis and goal-achievement 
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Table 2. Criteria for goal-achievement evaluation. 

Issue Goal Objective' Evaluation Measure Application 

Economic feasibility Improve multirnodal 
balance 

Ridership levels Number of weekday person trips Phases 1 and 2 
Weekday mode-split percentage Phases 1 and 2 

Revenue-cost Annual revenue to operating cost Phases 1 and 2 
viability ratio 

Investment Annual operating cost/passenger •km Phases 1 and 2 
efficiency Annual capital cost/passenger •km Phases 1 and 2 

Implerr'lentation 1985 revenue to operating cost ratio Phase 2 
feasibility 1985 revenue to total cost ratio Phase 2 

Geographic Modal improvement costs by county Phase 2 
balance 

Modal coordina- Number of multimodal terminals Phase 2 
tion Judgmental rating of improvement Phase 2 

staging 

Effectively meet 
interregional 
travel demands 

Multimodal Bimodal route distance Phase 2 
rights-of-way Trimodal route distance Phase 2 

Collection- Judgmental ratings by mode Phase 2 
distribution 
interfaces 

Capacity-demand Volume - cnpacity r atios on peak Phase 2 
links (1l1Jblic modes) balance 

Nonuser impacts Minimize undesired 
social, economic, 
and environmental 
impacts 

Coastal Judgmental ratings by mode Phases 1 and 2 
environment 

Open space Designated open space and parks Phases 1 and 2 
resources consun1c11 (hm') 

Ecological and Number of intrusions on historical Phases 1 and 2 
historical or archaeological sites 
resources 

Agricultural Agricultural land consumed (hm ') Phases 1 and 2 
resources Vacant land consumed (hm') Phases 1 and 2 

Transportation Noise level at 15-m (dBA) Phases 1 and 2 
noise Maximum frequency of service Phases 1 and 2 

Note: 1 hm 2 = 2.5 acres; 1 m = 3,3 ft 
8 0nly the basic factor involved is given The appropriate verb should be supplied; e.g., improve, increase, preserve, reduce, minimize, 

tables. Various multimodal combinations of service levels 
could also be examined, e.g., automobile 1, bus 2, rail 2, 
air 1 (a possible total of eight combinations). This was 
partly accomplished in the demand analysis. 

CONCLUSIONS 

The San Diego-Los Angeles Corridor study has made 
some first steps in accommodating a larger number of 
alternatives in interregional transportation planning. 
Improvement is needed, however, in the following areas 
in developing planning methods that will make multiple 
alternatives more meaningful in the planning process. 
Needed improvements in travel-demand modeling have 
been adequately addressed elsewhere (6) and are not in-
cluded here. -

Design of Alternatives 

1. A more varied mix of modes is needed. Alterna
tives tended to be developed one mode at a time; for ex
ample, a combined interregional bus -rail alternative 
was not examined. At the regional system planning level 
mixed-technology transit alternatives may be especially 
relevent. 

2. Increased short-range emphasis is needed, While 
minimum-level improvement alternatives (level 0) could 
be interpreted as short range in nature, additional low
capital-intensive options in transportation system man
agement should be defined. These will tend to become 
more detailed and local in nature, but must somehow 
still be contained within a sketch-planning framework. 

3. More emphasis should be given to the staging of 
alternatives. In the case study, recommendations were 
developed for the single preferred multimodal alterna
tive, in terms bf a three-stage series of improvements, 
and the first 5-year stage was emphasized. Thus it ap
peared that the staging options themselves could be made 

a part of the basic alternatives, particularly if more em
phasis were given to short-range alternatives (10). 

4. More careful attention should be given tothe iden
tification of key decision points. In blending short-range 
with long-range alternatives, decisions that foreclose fu
ture options, especially technology choices, should be 
clearly identified, perhaps in the form of a decision 
tree indicating those options that remain open at each 
successive stage of decision making. 

5. More direct participation is needed by community 
groups and individuals as well as decision makers. Gen
erating significantlevels of community or decision
maker participation was difficult in the San Diego-Los 
Angeles Corridor Study mainly because interregional 
transportation needs were only a small proportion of 
overall regional travel needs. Increased participation 
focused on the design of alternatives should be vigorously 
pursued at smaller scale regional and corridor transpor
tation planning levels. 

Evaluation of Alternatives 

1. Methods for trade -off comparisons and judgmental 
matching of alternatives should be more systematic and 
explicit, especially when they concern impact or issue 
conflicts. Judgment cannot be eliminated, but the kinds 
of subjective trade-offs illustrated in Tables 5 and 6 
should be more clearly explained, e.g., by more de
tailed tabular or graphic summaries. 

2. Some form of goal weighting, although not essen
tial, may be desirable. Goal weighting, especially in 
support of more systematic trade-off comparisons, could 
simplify the comparison process by permitting the calcu
lation of performance indexes for alternative plans (20). 
A variety of techniques exist for goal weighting. -

3. Better procedures must be developed for incor
porating the results of parametric analyses in the evalu
ation process. Parametric analyses can greatly increase 
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Table 3. Impact estimates and improvement rankings for intercity bus alternatives. 

Improvement Level 

0 

Issue Objective .. Criterion Estimate Ranking 

Economic Ridership No. of person trips (OOO) 4 4 
feasibility levels 

Mode split ( i) 3.2 4 
Cost-revenue Revenue to operating cost 1.8 1 

viability ratio 
Revenue to total cost ratio 1.8 

Investment Operating cost/ 0.028 
efficiency passenger•km ($) 

Annual cnpltal cost/ 0 
passe1111cr •km ($) 

Social, economic, Coastal en- Judgmental rating (support 2 2 
and environmental vironment of California coastal plan) 
nonuser impacts Open space Open space, parks, 0 

resources ecological preserves, 
wildlife habitats 
consumed (hm') 

Ecological and No. of intrusions on 0 1 
historical re- historical or arch-
sources aeological sites 

Agricultural Agricultural land 0 
resources consumed (hm') 

Vacant land consumed 0 
(hm') 

Transportation Noise level at 15-m (dBA) 75 to 85 
noise Maximum frequency of 88 

service 
Neighborhood No. of community areas 0 

disruption severed 
No. of residential units 0 1 

displaced 
Residential land 0 

consumed (hm') 
No. of businesses 0 

displaced 
Commercial and industrial 0 

land consumed (hm ') 
Air quality CO/passenger •km (g) 0,33 1 

HC/ pru;songe, •km (f,) 0.06 1 
NOJ passcngor •km g) 0.12 1 

Energy No. of automobile trips 105.4 2 
consumption (000) 

Kilojoules / passenger •km 696 1 
User benefits Modal No. of access points 56 2 

availability Daily one-way frequency 44 4 
of service 

Los Angeles to San Diego 140 
line-haul travel time 
(min) 

Note: 1 km = 0.62 mile; 1 hm 2 = 2.5 acres; 1 m • 3.3 ft; 1 g • 0.035 oz; and 1 J = 0.000 94 Btu. 

Estimate Ranking 

5.6 

4.4 3 
1.7 I 

1.5 1 
0.029 2 

0.002 2 

2 

0 

0 

0 

1.2 ?. 

75 to 85 I 
116 2 

0 

0 

0 

0 1 

0 

0.33 
0.06 
0.12 
104.8 

430 I 
56 2 
58 3 

140 

2 

Estimate Ranking 

6.8 2 

5,3 2 
1.4 2 

1.2 2 
0.033 3 

0.006 3 

2 

0 

?. 4 

75 to 85 1 
134 3 

0 

0 

0 

11 

1 

0.33 l 
0.06 1 
0.12 l 
104.8 J 

430 1 
61 1 
67 2 

140 

Alternatives are ranked according to least negative impact (9 objectives) or most positive impact (4 objectives), and best performance rating receives a ranking of 1. 

' Only the basic factor involved is given. The appropriate verb should be supplied, e,g, improve, increase, preserve, reduce, minimize. 

Table 4. Phase 1 evaluation of modal alternatives. 

ttarunng oy uoru 

Economic Feasibility Nonuser Impacts User Benefits 
Preferred 

Alternative First Second Third First Second Third First Second Third Alternatives 

Automobile-highway 0 1 2 3A 3B I, 2 
Intercity bus 1 2 0 1 0 2 3 2 I, 2 
Intercity rail 1 0 2 1 0 2 4 3 1, 2 
Rail extension• TJ 3 TJ 3 TJ 3 TJ 3 
Air 1 0 2 0 2 3 2 1 

' Tijuana only 

Table 5. Phase 2 evaluation of modal-improvement alternatives. 

Ranking by Goal Ranking by Goal 

Economic Nonuser User Economic Nonuser User 
Alternative Feasibility Impacts Benefits Alternative Feasibility Impacts Benefits 

Automobile- Rail 
highway 1 2 2 4 

1B 5 2 2 3 3 3 
2 6 2 Air 1 4 1 

Bus 
1 4 
2 4 

Note: The preferred combination ,s bus 1, ra1I 1. air 1, automobtle highway 1 B, 

3 

Estimate Ranking 

8.6 

6.6 l 
1.2 3 

1 3 
0,037 4 

0 .007 4 

0 

0 

0 

!i , ?. 4 

75 to 85 l 
284 4 

0 

7 2 

1.6 2 

18 3 

5.2 3 

0.39 
0.07 
0.12 
106.l 

430 
62 
142 

140 



the amount of information available on the performance 
of alternatives. Ranges of performance or impact might 
be consistently associated with each alternative, or 
some means might be used to attach probabilities to dif
ferent consequences. 

4. Participation by affected groups and by responsi
ble decision makers is crucial. At regional, subarea, 
and corridor levels of planning, it is even more impor
tant to ensure that all significant needs and impacts are 
addressed. 

5. More effective communication devices are needed, 
including graphs, charts, pictograms, and color-coded 
maps and tables that effectively display the differences 
among alternatives and present increasingly large 
amounts of information in a form that has meaning for 
most decision makers. This may be one of the most 
important research areas in plan evaluation. 
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