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Light-rail transit (LRT) is a flexible transit mode that can be imple-
mented in a variety of ways. This complicates the task of comparing it 
with other modes when carrying out the alternatives analysis required by 
the Urban Mass Transportation Administration to secure federal funding 
for fixed-guideway transit projects. A recent study for Santa Clara 
County, California, dealt with this problem by evaluating four possible 
variations in LRT design standards. This paper draws on the results of 
that study. It features a description of the study area and Site conditions, 
a definition of the four LRT design standards considered, analysis of the 
different capital costs associated with each design standard, a discussion 
of the range of estimates of expected patronage, and a review of the re-
suiting operating requirements and costs. The paper then presents a de-
tailed comparison of the cumulative impact of these design differences 
on the cost-effectiveness measures for the bus alternatives that were also 
analyzed in the Santa Clara County study. It was found that, while cap-
ital costs for LRT can vary significantly according to the assumed design 
standard, the cost-effectiveness is primarily dependent on other factors. 
It is therefore concluded that alternatives analysis requires the study of 
only one LRT design standard to establish the relative advantages and 
disadvantages of transit mode alternatives for a given metropolitan area. 

Santa Clara County is a dynamic urban area located at 
the southern end of San Francisco Bay. Once known for 
its famous fruit orchards, today the county is one of the 
world's foremost centers of advanced technology. As 
a result of expected continued growth in the computer, 
laser, electronics, and space satellite industries, Santa 
Clara County is projected to grow to about 1 500 000 
people and 725 000 jobs by 1990, the design year for 
which the current transportation studies are being un-
dertaken. The urbanized area of the county encompasses 
some 712 km2  (275 miles2), most of which are contained 
in a broad, flat valley with relatively few topographical 
restrictions. 

The county developed very rapidly in the years fol-
lowing World War II and followed a leap -frog pattern of 
single-family subdivision development that was fostered 
by an abundant supply of cheap land and an ever-
expanding highway system. No strong downtown area 
exists today, but the largest city, San Jose, has a pop-
ulation of almost 600 000. Commerce and industry de-
veloped principally in a linear form along the main-line 
railroad and freeway that connect San Jose with San 
Francisco, 80 km (50 miles) to the north. 

The county's existing transportation system consists 
of an excellent system of freeways, expressways, and 
arterial streets on which more than 800 000 motor ve-
hicles operate, a fledgling transit system consisting of 
234 buses, and a commuter railroad line to San Fran-
cisco. Plans and funding exist to expand the transit 
system to 516 buses by 1980, and recent studies have 
recommended the upgrading and expansion of the service 
offered by the commuter railroad line. 

The county has adopted a long-range goal of serving  

30 percent of the region's daily trips by public transpor-
tation (1). Seeking to move toward this goal, the Santa 
Clara County Transit District in 1976 undertook a study 
of the engineering and economic feasibility of imple-
menting a light-rail transit (LRT) system within five 
designated study corridors representative of typical con-
ditions encountered in Santa Clara County. In addition, 
an alternatives analysis was undertaken as part of this 
study; it included consideration of a number of different. 
bus alternatives (2). 

The five corridors designated for study by the county 
totaled 56 km (35 miles) in length. They were selected 
for a variety of reasons, including ready availability of 
right-of-way, the need to provide service to portions of 
the county that lacked major highway links, and expected 
relief of traffic congestion. The right-of-way conditions 
encountered in these corridors generally fell into three 
major categories that had distinctly different design con-
ditions. The first type of right-of-way consisted of land 
that was originally purchased for major freeway facilities 
that may never be built. These rights-of-way are quite 
wide; they vary from 46 to 76 in (150 to 250 ft) in width. 
The second category involved the use of excess land ad-
jacent to existing rail lines. These rights-of-way were 
generally narrow-23 to 30 m (75 to 100 ft)—and had a 
single freight track down the center of the right-of-way. 
The third right-of-way category involved the use of the 
medians of arterial streets. These median strips either 
already exist or could be readily created by reconstruc-
tion and widening of the streets. Many arterial streets 
in Santa Clara County have sufficiently wide rights-of-
way to permit a raised median of 7.6 to 9.1 m (25 to 30 
ft) for two LRT tracks. In most cases, however, this 
would also require closing a number of minor cross 
streets and eliminating most left-turn lanes, which 
would affect local traffic circulation. 

In order to minimize the capital cost, as well as for 
other considerations, it was decided that the study should 
focus principally on at-grade construction, with no un-
derground facilities at all; aerial construction would be 
used only where it would be clearly advantageous to do 
so. 

DESIGN STANDARDS CONSIDERED 

The first LRT design standard to be considered was based 
on a review of modern European LRT design practices. 
It was termed the base-case design alternative and rep-
resents a workable solution that could be implemented 
with a high degree of safety. It may not, however; be 
completely in conformance with the existing regulations 
of the California Public Utilities Commission (PUC) and 
is not completely consistent with the stated requirements 
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of the Southern Pacific Transportation Company (SP) for 
possible joint use of railroad rights -of -way. In the base 
case, the light-rail vehicles (LRV5) to be used were as-
sumed to be capable of accelerating at 1.3 rn/s2  (4.3 ft/ 

2)  to a top speed of 100 km/h (60 mph). Station loca-
tions were selected that resulted in an average spacing 
of 1.3 km (0.8 miles) throughout the five study corri-
dors. Station dwell times were assumed to be 10 to 15 
s on the average. The right-of-way assumed in the base 
case was a fully reserved, at-grade right-of-way with 
traffic signal preemption at all cross streets. Grade 
separations were provided only at crossings of freeways 
and heavily congested arterial streets. The average 
LRT operating speed resulting from all of these condi-
tions was estimated to be about 43 km/h (27 mph). 

The SP-PUC design standard did try to fully meet 
the requirements of the PUC and the SP. It featured 
complete grade separation of railroad and LRT facilities 
at all railroad crossings (including spur tracks) and a 
separate, fenced right-of-way when the LRT alignment 
was at grade and adjacent to a railroad line. 

A lower cost design standard assumed a minimal-
cost LRT system that shared right-of-way and bridge 
structures with the railroad wherever possible, had 
grade separations only at freeway and railroad main-
line crossings, and had a minimal signaling and control 
system. Its average speed was estimated to be about 
35 km/h (22 mph). 

The higher cost LRT design standard differed from 
the base case in that additional structures provided for 
complete grade separation of all major arterial streets 
and all railroad main and branch lines; increased 
amenities and higher architectural design standards 
were provided at stations; and improved landscaping was 
provided along the route. Some at-grade crossings of 
railroad spur tracks and minor cross streets were still 
permitted, however. The resulting average speed was 
estimated to be about 51 km/h (32 mph). 

The comparison below further defines the differences 
among the four LRT design standards described above 
(1 km = 0.6 mile). 

Item Base Case SP-PUC Lower Cost Higher Cost 

Guideway, km 
At grade 53.84 48.66 55.19 42.60 
Aerial 4.13 9.32 2.78 15.37 

At-grade crossings 
Highway 58 46 61 24 
Railroad 15 0 16 3 

Stations 
At grade 39 33 41 18 
Aerial 5 11 3 26 

Estimated avg 
speed, km/h 43 43 35 51 

CAPITAL COSTS 

The unit costs used in preparing the estimates of capital 
costs for each transit alternative were based on the 
latest available information, including bid prices, man-
ufacturers' estimates, and data developed recently by 
De Leuw, Cather and Company for similar transit 
studies in Pittsburgh, Denver, and Los Angeles, as 
well as a national LRT study sponsored by the Urban 
Mass Transportation Administration. Prices were up-
dated to June 1976 dollars, and adjustments were made 
for specific construction-cost conditions currently pre-
vailing in Santa Clara County. It is important to note 
that these study cost estimates were very general and 
were based on limited field investigations and conceptual 
development of the alternatives. Although this provided 
a valid basis for comparison, more detailed cost esti-
mates would eventually be required for the selected al- 

ternative. A contingency allowance of 25 percent was 
included to cover unexpected or unforeseen costs that 
might arise during detailed design or construction. 

The LRT capital cost estimates considered such in-
dividual cost elements as guideways; trackwork; power 
supply; control and communications; stations and stops; 
parking lots; street, railroad, and utility relocation and 
reconstruction; yards, shops, and maintenance facilities; 
right-of-way acquisition; vehicles; agency costs; design 
preparation and construction supervision; and a con-
tingency allowance for unforeseen items. The capital 
costs for each of the four design standards, summarized 
in Table 1, were all based on the five-corridor network 
specified by the county and involved a combination of the 
rights-of-way described earlier. For all design stan-
dards except lower cost, a six-axle articulated LRV 
similar to the Boeing Vertol car was assumed. For 
the lower cost alternative, purchase of used and re-
conditioned Presidents' Conference Committee (PCC) 
vehicles (such as the San Francisco cars) was as-
sumed. 

The cost for the SP-PUC standard is higher than that 
for the base case primarily because of 

Increased guideway costs for the addition of grade 
separations at all railroad crossings, 

Increased guideway costs for a 2.4-rn (8-ft) high 
fence in sections that are at-grade and adjacent to a 
railroad, 

Additional station costs where stations had to be 
aerial rather than at grade, 

Additional station costs for pedestrian overpass 
structures over railroad tracks at appropriate stations, 
and 

Increased right-of-way costs wherever the align-
ments are at grade along a railroad to cover the addi-
tional cost of the wider section required for a separate, 
fenced transit right-of-way. 

The capital costs for the higher cost standard varied 
from the base case design alternative principally in the 
following areas: 

Guideway costs were significantly higher because 
of additional grade separations, 

Signalization and control costs were lower because 
of fewer at-grade crossings, 

Landscaping costs were increased to allow for 
some additional beautification, 

Additional station costs were included since some 
stations had to be aerial, and 

Station costs were increased to allow for addi-
tional architectural design treatment and amenities. 

For the lower cost design standard, the major sources 
of differences from the capital costs of the base case 
were 

Lower vehicle costs as a result of the assumed 
purchase of refurbished PCC vehicles, 

Lower guideway costs due to fewer grade separa-
tions and the sharing of freeway crossings with the rail-
road wherever possible on existing railroad structures, 
and 

Lower overall control costs since there would be 
a minimal signal system with no automatic train protec-
tion system (but some increased control costs due to 
more at-grade crossings or signals and gates). 

It can be seen from the data presented in Table 1 that 
varying the assumed LRT design standard significantly 
affects the system capital costs. Using the SP-PUC 



51 

Table 1. Capital cost estimates for the four LRT design standards. 
Cost Element 

Base Case 
($000 000s( 

SP-PUC 
($000 000s) 

Lower Cost 
($000 000s( 

Higher Cost 
($000 000s( 

Guideways 55.29 79.55 48.15 120.89 
Trackwork 25.55 25.55 25.55 25.55 

Electrification 29.83 29.83 29.83 29.83 

Control 27.24 25.96 13.16 22.05 
Landscaping 2.15 2.15 2.15 4.25 

Noise barriers 0.61 0.61 0.61 0.61 

Stations 2.85 5.75 2.05 17.00 

Parking lots 18.30 18.30 18.30 18.30 
Street recosstruction 11.45 11.76 11.45 9.66 
Relocatios of railroad tracks 1.40 1.40 1.40 1.40 

Utility relocation 1.70 1.70 1.70 1.70 
Right-of-way 17.60 15.02 17.60 14.54 
Vehicles 33.75 33.75 4.69 33.75 

Communications 0.29 0.29 0.38 0.29 
Yards and shops 10.00 10.00 10.00 10.00 
Yard right-of-way 0.86 0.86 0.86 0.86 
Agency cost 28.66 31.50 22.55 37.28 

Total 267.53 293.98 210.43 347.96 

Note: 	Dollar figures ShOwn are.lane 1976 dollars and include a 25 percent contingency allowance on all elements eocept 
agency costs. 

Table 2. Projected operating requirements, annual costs, and fare 
revenues for the four LRT design standards. 

Annual 
Annual 	Vehicle 
Vehicle 	Kilometers 	 Fare 

Design 	Fleet 	Hours 	Operated 	Annual Cost 	Revenues 

Slaasdard 	Size' 	Operated 	(000 000s( 	($000 000s) 	($000 000s( 

Base case 	45 	115 000 	4.3 	 5.53 	 2.92 

SP-PUC 	45 	115 000 	4.3 	 5.53 	 2.92 
Lower cost 	75 	140 000 	4.6 	 5.85 	 2.43 
Higher cost 	45 	100 000 	4.8 	 6.00 	 3.40 

Note: 1 km - 0.6 mile. 
'Vehicles are similar to the Boeing Vertol LRV, eccept for the lower cost alternative, which is based an 
single.unit vehicles like the PCC cars. 

standard instead of that for the base case would result 
in a cost about 10 percent higher, while the higher cost 
and lower cost alternatives would result in 30 percent 
higher and 21 percent lower capital costs than the base 
case respectively. The total difference between the 
most costly and least costly LRT design alternative was 
$137.53 million; this is more than 65 percent of the 
estimated cost of the lower cost design alternative. This 
results in an average capital cost per kilometer that 
varied from $3.6 million to $6.0 million ($5.8 million 
to $9.6 million/mile) depending on the design standard 
assumed. 

Where absolute capital cost is of prime importance 
in transit mode selection, it is obvious from the above 
figures that the LRT design standard assumed will be 
of great significance. Most cities, however, will wish 
to base their choice of a transit system on a much 
broader set of criteria than capital cost alone. The 
following sections of this paper illustrate the impact of 
alternative LRT design standards on such other key 
areas as patronage, operating costs, and other factors 
needed to judge overall system cost-effectiveness. To 
place these in perspective, comparable figures for all-
bus surface alternatives and a busway alternative are 
then presented. 

SYSTEM PATRONAGE 

A disutility factor model was used to estimate patronage 
on the LRT network and its supporting collection and 
distribution local-service bus system (2). It was found 
that the use of this model produced a bie-case patron-
age forecast for the LRT system of 10 000 peak-hour 
riders in 1990; there would be an additional 11 500 riders 
on the local bus network. This combined transit rider-
ship represented about 5.5 percent of the total expected 
peak-hour travel in the county in 1990. 

The SP-PUC design standard would not operate in 

ways noticeably different from the base case and con-
sequently was estimated to attract the same patronage. 
The higher cost LRT design standard, on the other hand, 
could be expected to have average operating speeds about 
20 percent higher than the base case since it would ex-
perience fewer transit delays as a result of more grade 
separations at intersecting cross streets. The lower 
cost design standard would use older vehicles, which 
would have lower performance capabilities, and would 
also encounter additional street intersection delays; it 
would therefore have average speeds about 20 percent 
lower than the base case. These variations in average 
speed of operation were used to estimate corresponding 
differences in probable LRT ridership demand. 

The estimated elasticity of transit ridership in re-
sponse to average line-haul transit speed was found to 
be 0.7 in the Santa Clara County patronage -forecasting 
model. Thus the higher cost design standard was esti-
mated to gain 14 percent more riders than the base case, 
while the lower cost design standard was estimated to 
attract 14 percent fewer riders. 

SYSTEM OPERATIONS, OPERATING 
COSTS, AND FARE-REVENUE 
ESTIMATES 

The cost-effectiveness comparisons and economic analy-
ses for the different LRT design standard alternatives 
are dependent on both annual operating costs and fare-
box revenues. Operating and maintenance costs were 
developed for the various design alternatives based, in-
sofar as was possible, on experience with similar sys-
tems elsewhere (updated to June 1976 cost levels) and 
adjusted to the specific conditions anticipated for Santa 
Clara County. Analytical cost data obtained in past 
studies were also used to temper the empirical cost 
data. The results are shown in Table 2. 

Although there is no noticeable difference between the 
SP-PUC alternative and the base case, the lower cost 
LRT alternative is significantly different. Since it would 
employ smaller, single-unit PCC-like vehicles, 75 of 
these would be required to handle the same passenger 
loads as 45 large, articulated LRVs. Its average speeds 
and passenger demands would be about 20 and 14 percent 
lower respectively than those of the base case. The 
same unit cost was used to arrive at an annual operating 
cost figure of $5.85 million, which is about 6 percent 
higher than that of the base case alternative. 

The higher cost alternative would have an average 
operating speed about 20 percent higher than the base. 
case, resulting in a corresponding increase in ridership 
demand and, consequently, an increase in the vehicle-
kilometers of service required of about 11 percent. The 
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unit cost would be somewhat lower (about 5 to 10 per-
cent) due to increased vehicle utilization. The higher 
cost alternative was projected to cost $6.0 million/year 
to operate, or 8.5 percent more than the base case. 

Table 2 also presents the annual fare revenues esti-
mated for each of the design alternatives. Assuming 
a base fare of 25 cents, fare revenues ranged from a 
low of $2.4 million to a high of $3.4 million. 

COST-EFFECTIVENESS EVALUATION 

Benefit/cost analyses were performed for each of the 
alternatives, and transit efficiency measures, such as 
costs per passenger and costs per passenger kilometer, 
were examined. For comparative purposes, data were 
prepared for the various bus alternatives that were also 
under consideration in the Santa Clara study. The com-
posite findings for economic cost-effectiveness are pre-
sented in Tables 3, 4, and 5. The data displayed in 
these tables clearly show that the different cost-
effectiveness measures attributable to the varying LRT 
design standards are so closely grouped that they pro-
duce the same conclusions when compared to corre-
sponding measures for the various bus alternatives 
analyzed. 

Benefit/Cost Calculations 

Two types of benefits were evaluated: primary benefits 
and potential additional benefits. Primary benefits 
were time savings for continuing transit-users, time 
savings for nondiverted automobile users, cost savings 
for diverted automobile users in automobile operating 
and maintenance expenses, savings in parking costs, 
reduction in highway accidents, and time savings for 
commercial vehicles. The potential additional benefits 
were those that might be attributable to containment of 
urban sprawl, reduction in costs of owning second and 
third automobiles, and time savings for nonwork trips. 
Discount rates of 7 percent, 4 percent, and 10 percent 
were used in view of the current lack of unanimity re-
garding the appropriate discount value for studies of 
this kind. 

The benefit/cost ratios for each of the transit mode 
alternatives and the design alternatives, both with and 
without the potential additional benefits, are shown in 
Table 3. It can be seen for instance that, at an assumed 
7 percent discount rate, the benefit/cost ratio for the 
LRT design alternatives ranged from 0.83 to 0.91; the 
value for the base case was 0.87. Far more important 
changes are attributable to varying the discount rate, 
which results in a benefit/cost ratio of 1.14 at 4 percent, 
and 0.71 at 10 percent for the base case LRT design. 
If potential additional benefits are included, the base-
case benefit/cost ratio at a discount rate of 7 percent 
increases to 1.24. It was also assumed that the busway 
alternative could be implemented under a variety of de-
sign standards. Consequently, the benefit/cost ratio 
for the busway alternative followed a pattern similar to 
that for LRT. Much smaller ranges are noticeable for 
the other two bus alternatives. 

In no case was the relative ranking of LRT in com-
parison with the bus alternatives dependent on the design 
standard assumed. The absolute value of the benefit/ 
cost ratio for the LRT system was more dependent on 
the discount rate used and whether or not potential ad-
ditional benefits were included than on the design stan-
dard assumed. 

Transit Efficiency Measures 

Transit efficiency measures are criteria used for eval- 

uating alternative transit systems in terms of their eco-
nomic efficiency in attracting and moving passengers. 
They are concerned only with the quantity of direct tran-
sit use and service produced by the alternatives and the 
direct costs associated with providing these. 

The productivity measures and costs used in the tran-
sit efficiency analysis are based on the patronage levels 
forecast for 1990. Thus, the transit efficiency analysis 
is a snapshot in time; that is, the measures depict the 
efficiency of the transit alternatives at one projected 
patronage level. The relative transit efficiency of each 
alternative may be significantly different at other patron-
age levels. However, no attempt was made to measure 
the efficiency at different patronage levels or to deter-
mine the cumulative efficiency over the life of the tran-
sit system. The LRT system, which has larger vehicles 
capable of operating in trains, is particularly capable, 
for example, of absorbing additional patrons with only 
minimal cost increases, whereas bus-oriented systems 
generally show cost increases almost directly propor-
tional to patronage increases. 

Transit efficiency measures provide one means of 
assessing the economic effectiveness of a transit invest-
ment. When viewed together with the results of the 
benefit/cost analysis, they provide a more comprehen-
sive view of the relative economic effectiveness of the 
systems under consideration than is possible using either 
set of indicators alone. 

As can be seen in Table 4, there is nearly a direct 
trade-off in cost-effectiveness between the LRT and bus-
way alternatives; the former are preferred in all oper-
ating and maintenance cost categories, and the latter 
are preferred in all annualized capital cost categories. 
Both of the nonguideway bus alternatives are superior 
to either busways or LRT in the total system capital 
costs per passenger and per passenger kilometer and 
inferior in measures of operating and maintenance costs. 

Total system costs are the traditional bottom line in 
the measure of overall transit network efficiency. In 
the base case, the LRT total cost of $1.72/passenger 
trip is virtually identical to that of the busway alterna-
tive ($1.71). Each has a total cost of $0.50/passenger•km 
($0.31/passenger mile). This means that either guide-
way system combined with the 516-bus baseline bus sys-
tem, which is $0.48/passenger.km  ($0.30/passenger 
mile), would be equally cost-effective; the slight differ-
ence reflects the longer average trip length on the guide-
way alternatives. Both the baseline bus alternative and 
the bus -preferential -treatment alternative show lower 
total system costs per passenger trip than the LRT al-
ternative ($1.34 and $1.61 respectively). 

There were virtually no significant differences in 
total costs per passenger-kilometer. Varying the design 
standards for the LRT alternative did not result in any 
significant changes in total system cost per passenger 
or per passenger kilometer and did not produce any 
change in the relative ranking of LRT in comparison with 
the bus alternatives. 

Subsidy requirements (the total operating cost minus 
fare revenues) represent a significant continuing cost 
of the system that is not paid for by transit users and 
must be paid for by taxes from local, state, or federal 
governments. The subsidies required per passenger 
and per passenger kilometer are important indications 
of the efficiency of a transit system. These data for the 
Santa Clara County study are presented in Table 5. 

The base case LRT alternative shows about a 10 per-
cent Subsidy cost advantage over the busway ($0.94/ 
passenger versus $1.05) because it both carries more 
passengers and costs less to operate. There is a sim-
ilar difference in subsidy per passenger kilometer for 
the total combined system. Actually, the significant 
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Table 3. Benefits, costs, and benefit/cost ratios in 1990 for the transit mode alternatives. 

Primary Benefits Only 
With Potential Additional Benefits 

Discount Rate of 7 Percent Discount Rate of 4 Percent Discount Ratio of 10 Percent and 7 Percent Discount Rate 

Annual Annuatized 	Benetit/ Annual Annuatized Benefit! Annual Annuatized 	Benefit! Annual Annuatized Benefit! 

Benefits Costs 	Cost Benefits Costs Cost Benefits Costs Cost Benefits Costs Cost 

Atternative ($000 000s) ($000 000s( 	Ratio ($000 000s) ($000 000s) Ratio ($000 000s) ($000 000s) 	Ratio ($000 000s) ($000 000s) Ratio 

Baseline bus 
system - 45.98 	 - - 44.49 - - 47.61 - - 45.98 - 

Bus preferen- 
tial treat- 
ment 8.94 15.22 	0.59 8.94 14.31 0.62 8.94 16.21 0.55 I1.66 15.22 0.77 

Expanded bus 
system 24.38 41.03 	0.59 24.38 39.62 0.62 24.38 42.58 0.57 32.74 41.03 0.80 

Base case 
Busway 20.58 24.03 	0.86 20.58 19.84 1.04 20.58 28.74 0.72 29.59 24.03 1.23 

LRT 25.84 29.14 	0.87 25.84 22.67 1.14 25.84 36.33 0.71 36.25 29.14 1.24 

SP-PUC 
Busway 20.58 26.17 	0.77 20.58 21.28 0.97 20.58 31.61 0.65 29.59 26.17 1.13 
LRT 25.84 31.14 	0.83 25.84 24.02 1.08 25.84 39.06 0.66 36.25 31.14 1.16 

Lower cost 
Busway 16.26 22.33 	0.73 16.26 18.33 0.89 16.26 26.78 0.61 24.16 22.33 1.08 

LRT 20.58 24.71 	0.83 20.58 19.58 1.05 20.58 30.43 0.68 29.59 24.71 1.20 

Higher cost 
Busway 29.75 32.57 	0.91 29.75 25.88 1.15 29.75 40.02 0.74 41.04 32.57 1.26 
LRT 32.55 35.87 	0.91 32.55 27.43 1.19 32.55 45.25 0.72 44.22 35.87 1.24 

Note: Benefits and costs are macnina) and are expressed in 1976 dollars. 

Table 4. Measures of transit efficiency for the alternative modes in 1990. 

Operating and Operating and 
Annual Capital Cost Capital Cost Maintenance Maintenance 
Passenger per per Costs per Costs per Total Cost per Total Cost per 

Annual Passenger Kilometers Passenger Passenger Passenger Trip Passenger Passenger Passenger 
Trips (000 000s) 	(000 000s) Trip ($) Kilometer (8) ($) Kilometer ($) Trip ($) Kilometer ($) 

Total Incre- 	Total 	Incre- Total 	Incre- 	Total Incre- Total 	Incre- Total 	Incre- Total 	Incre- 	Total Incre- 
Alternative System mental 	System 	mental System 	mental 	System mental System 	mental System 	mental System 	mental 	System mental 

Baseline bus 
system 34.3 - 	248.4 	- 0.21 	- 0.08 - 1.13 	- 0.40 	- 1.34 	- 0.48 - 

Bus preferen- 
tial treat- 
ment 40.0 5.7 	335.9 	87.4 0.27 	0.63 0.09 0.11 1.34 	2.03 0.42 	0.34 1.61 	2.66 0.50 0.45 

Expanded bus 
system 48.6 14.3 	352.1 	103.6 0.30 	0.49 0.11 0.18 1.56 	2.38 0.56 	0.85 1.86 	2.87 0.68 1.03 

Base case 
Busway 42.9 8.6 	379.7 	131.1 0.49 	1.60 0.14 0.27 1.22 	1.20 0.35 	0.21 1.71 	2.80 0.50 0.48 
LRT 45.8 11.5 	379.7 	163.3 0.61 	1.79 0.18 0.32 1.11 	0.76 0.32 	0.14 1.72 	2.55 0.50 0.47 

SP-PUC 
Busway 42.9 9.6 	379.7 	131.1 0.54 	1.85 0.16 0.31 1.22 	1.20 0.35 	0.21 1.76 	3.05 9.51 0.50 
LRT 45.8 11.5 	411.9 	163.3 0.65 	1.96 0.19 0.35 1.11 	0.76 0.32 	0.14 1.76 	2.72 0.51 0.51 

Lower cost 
Busway 41.5 7.2 	377.3 	128.9 0.49 	1.64 0.14 0.26 1.23 	1.29 0.35 	0.18 1.72 	3.13 0.51 0.43 
LRT 42.9 8.6 	379.7 	131.1 0.54 	1.65 0.16 0.31 1.18 	1.03 0.35 	0.18 1.72 	2.88 0.51 0.48 

Higher cost 
Busway 47.2 12.9 	428.0 	179.4 0.61 	1.66 0.18 0.31 1.13 	0.87 0.32 	0.18 1.74 	2.53 0.50 0.48 
LRT 48.6 14.3 	444.1 	195.65 0.70 	1.85 0.19 0.35 1.06 	0.66 0.31 	0.13 1.76 	2.52 0.50 0.48 

Notes: 	I km 	= 0.6 nmilr. 
Dollar fignres shown are 1976 dollars. 

Table 5. Subsidy requirements for the alternative modes in 1990, expressed in 1976 dollars. 

Operating and 
Maintenance 
Costs, Including Subsidy per 
SP Service Fare Revenues Subsidy Reqoired Subsidy per Passenger 
($000 000s) ($OBS 000s) ($000 000s) Passenger ($) Kilometer ($) 

Total 	Incre- Total 	Incre- 	Total Incre- Total Incre- 	Total Incre- 
Alternative System 	mental System 	mental System mental System mental 	System mental 

Baseline bus system 38.60 	- 5.83 	- 32.77 - 0.96 - 0.34 - 
Ron preferential treatment 53.60 	11.60 6.80 	0.97 46.80 10.63 1.17 1.86 0.35 0.32 
Expanded bus system 76.00 	34.00 6.26 	2.43 67.74 31.57 1.39 2.21 0.50 0.79 
Base case 

Busway 52.30 	10.30 7.29 	1.46 45.01 8.84 1.05 1.03 0.31 0.18 
LRT 50.70 	8.70 778 	1.95 42.92 6.75 0.94 0.59 0.27 0.11 

SP-PUC - 
Busway 52.30 	10.30 7.29 	1.46 45.01 8.64 1.05 1.03 0.31 0.18 
LRT 50.70 	8.70 7.79 	1.95 42.92 6.75 0.94 0.59 0.27 0.11 

Lower cost 
Busway 51.20 	9.20 6.92 	1.09 44.28 8.11 1.07 1.13 0.31 0.16 
LRT 50.85 	6.95 7.29 	1.46 43.56 7.39 1.01 0.86 0.29 0.14 

Higher cost 
Busway 53.20 	11.20 8.06 	2.23 45.14 8.97 0.96 0.70 0.27 0.13 
LRT 51.40 	9.40 8.26 	2.43 43.14 6.97 0.89 0.49 0.26 0.10 

Notes: 	I bet = 0.6 wile. 
The loIalsystrm subsidy requirements include the baseline liuures in all alternatives; the incremental subsidy eequimemrns are bused on the costs or revenues accrued as a result 

of alternative implemenlalion and therelore do not include baseline bus Iiuuves. 



Lower Cost 	 Higher Cost 

Difference 	 Difference 
Amount 	($( 	 Amount 	($( 

35 -20 St .20 
60 -14 80 .14 
210.4 -21.3 346.0 .30.1 
5.8 .6.3 6.8 .9.0 
0.54 - t2 0.70 t5 

1.18 .6.3 1.06 -5 
1.72 0 1.76 .2.3 
tOt .7.4 0.89 -5.3 
1.20 -3.3 1.24 0 

sp-PuC 

Difference 
Base Case Amount ($( 

43 43 0 
70 70 0 
267.5 294.0 .9.9 
5.5 5.5 0 
0.61 0.65 .6.6 

	

1.11 	1.11 	0 

	

1.72 	1.76 	.2.3 

	

0.94 	0.94 	0 

	

1.24 	1.16 	-6.6 
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Table 6. Factors important in 
the evaluation of four LRT 
design standards. 

Factor 

Avg tine speed, km/h 
Daity rtdership (000s) 
Capitat costs ($000 000s) 
Operating and maintenance costs ($000 000s( 
Capitat cost per passenger, 	$ 
Operating and maintenance cost per passen- 

ger, 	$ 
Totat cost per passenger, 	$ 
Snbsidy per passenger, 	$ 
Benefit/cost ratio 

Nnte 	I km/h 	0.6 mph. 

subsidy difference between the alternatives is obscured 
in the system totals because of the dominance of the sub-
sidy for the baseline bus system ($32.77 million annu-
ally) over the incremental subsidy of $6.75 million for 
LRT and $8.84 million for the busway. This difference 
is better shown by the incremental subsidy cost of $059/ 
passenger trip for LRT versus $1.03 for the busway 
(which is 75 percent greater than that for LRT); the dif-
ference is 57 percent in terms of cost per passenger 
kilometer. Thus, the LRT alternative has a major sub-
sidy advantage. In comparison with the baseline bus 
system, the LRT alternative will reduce the total sys-
tem subsidy required, both per passenger trip and per 
passenger kilometer. 

It should be noted that all LRT and busway designed 
standard alternatives have subsidy requirements sim-
ilar to those of the base case and that the ranking pref-
erence of LRT over busway never changes, while with 
respect to the other bus alternatives it shifts only once. 
Use of the lower cost LRT standard results in a sub-
sidy of $1.01/passenger. This is only slightly greater 
than the baseline value of $0.96, whereas the base-case 
standard subsidy per passenger of $0.94 was slightly 
lower. Such small differences, however, should be 
judged with caution. 

SUMMARY AND CONCLUSION 

The factors found to be important in evaluating the effect 
of different LRT design standards on cost-effectiveness 
measures are shown in Table 6. Although the values 
shown were derived from the Santa Clara County study, 
they lead to conclusions that may be applicable else-
where, particularly in western cities where similar 
rights-of-way are available. Thus, when these factors 
were incorporated into benefit/cost and transit efficiency 
comparisons with other transit modes, it was found that 
the use of any one of the possible LRT design standards 
would lead to essentially the same conclusions concern- 

ing the relative attractiveness of LRT and other transit 
alternatives. 

It should also be noted that other important mode-
comparison factors in addition to those shown in Table 
6 (e.g., compatibility with local, regional, and national 
plans and goals; socioeconomic and environmental im-
pacts; direction of urban growth; and community and 
political support) are relevant considerations in the 
evaluation and selection process. 

We therefore conclude that, for the conduct of sim-
ilar alternatives analysis studies in other areas with 
similar conditions, the time and cost required to evalu-
ate a variety of LRT design standards is neither needed 
nor justified. While any one of the potential design 
standards would lead to essentially the same conclusions 
concerning the relative attractiveness of LRT, a base-
case standard reflecting good modern European LRT 
design practice is recommended for purposes of com-
parison. In adopting this standard for alternatives anal-
ysis, it should be recognized that a higher level of ser-
vice and greater attraction of patronage can be achieved 
but only at a greater capital cost; conversely, while a 
lower capital-cost LRT design is possible, it will reduce 
the level of service and the number of patrons attracted 
to the service. Operating costs are also affected. These 
changes due to varying design standards tend to cancel 
each other out; the net result is no significant difference 
in the LRT cost-effectiveness measures and no signifi-
cant changes in its relative attractiveness with respect 
to other transit mode alternatives. 
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Network Planning for Light-Rail Transit 
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A common problem in the approach to light-rail transit (LRT) planning 
is the development and testing of less than optimal networks. This prob-
lem arises from an incomplete understanding of the application of the 
mode and of the opportunities inherent in its application. This paper de-
scribes how unique characteristics of LRT can be exploited by developing 
networks to make better use of the mode. Guidelines for network de-
velopment are described and illustrated by examples. A distinction is 

made between techniques applicable specifically to LRT and those ap-
plicable to other transit modes. The concept of tuning a network (to 
match the level of investment to patronage and other benefits on a 
segment-by-segment basis) is presented, together with a discussion of 
the advantages of retaining as many future options as possible in long-
range transit planning. 


