
SENSITIVITY ANALYSIS OF COMMUNITY SAVINGS DUE TO 
CHANGE-OF-MODE OPERATIONS 
Usamah R. Abdus-Samad, National Council for Scientific Research, Lebanon; and 
William L. Grecco, Civil Engineering Department, University of Tennessee, Knoxville 

This study is concerned with a sensitivity analysis of the community savings 
provided by successful change-of-mode (park-and-ride) facilities in medium 
to large U.S. cities. The research was an early attempt to generalize the 
locational aspects of change-of-mode facilities and their benefits to the 
community. The determination of the community savings due to the di
vers ion of t rips from highway to change-of-mode facilities is a prerequi
site in assessing the feasibility(success of park-and-ride facili ties) . Com
munity savings (the summation of both user and nonuser benefits) are 
computed as the difference in travel costs by highway alone and or by 
change-of-mode facilities. Travel costs are simulated in a deterministic 
fashion and by using average unit costs for cities of different sizes and for 
different locations within a given city. The simulated community savings 
data are then used to develop a linear multiple regression equation to pre
dict the savings. 

•A BALANCED transportation system uses each different transportation mode where 
it is most efficient and provides for a smooth interface connection among the different 
modes. Efficiency and coordination are some of the prerequisites for good transporta
tion planning. Change-of-mode parking facilities, also known as park-and-ride lots , 
perform the role of a connecting link between passenger car and public transit. The 
passenger car is best used in the collection of the trips in areas of low-density trip 
ends. At the same time, change-of-mode parking increases the demand for public 
transit along established travel corridors by extending the service area of transit sta
tions. Change-of-mode parking reduces the demand for parking in downtown (CBD) 
areas by diverting such demand to locations of lower land use density and lower land 
value. Downtown space is too valuable for the long-term storage of the work-trip 
vehicle. Finally, the public concern for energy conservation should provide a higher 
acceptance of change-of-mode operations than of full transit service. 

The objective of the study is to determine the economic feasibility of change-of-mode 
parking facilities . Only the benefits (community savings) are reported on. For this 
purpose, a linear multiple regression is developed to estimate the community savings 
due to change-of-mode in different size U.S. cities and for different locations within a 
given city. 

Savings are defined as both user and nonuser benefits although most of the community 
savings are due to savings accruing to change-of-mode users. Differential land pro
ductivities and pollutant emissions savings are the only real nonuser economic factors. 
Social savings and savings to highway users from the diversion of some of the users to 
change-of-mode are not computed or used, since it is felt that such savings are small 
because of the relative insignificance of change-of-mode effects on existing travel pat
terns. For simplification, only first-order benefits and costs are quantified. For ex
ample, the study ignored the increased efficiency of the workers due to the ease of 
travel by transit for the congested portion of the work trip. 
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TRAVEL COSTS 

The travel costs based on the passenger car are vehicle operation, accidents, and pol
lution. The transit fare is the only cost used for travel by transit. Emphasis was 
placed on easily quantified, first-order factors. The researchers ignored the sub
sidies received by both transit and the private automobile industry. An example of 
the latter would be the extensive oil depletion allowance that is reflected in lower fuel 
costs. The units for travel costs by passenger car are in dollars per vehicle mile 
(kilometer). The units for travel costs by transit are in dollars per passenger-mile 
(kilometer>. There are also other cost elements that enter in the analysis of com
muter savings, and these will be discussed later. 

Although a generalized model is the objective, some categorization is used to reduce 
the variance of the developed model. Driving conditions change with the type of highway 
):>eing used; therefore, unit travel costs are developed by highway type. For this same 
purpose, the street network is subdivided into four types: expressways, arterials, 
local streets, and downtown streets. Table 1 gives the unit costs used (in 1970 dollars) 
for travel by passenger car (1, 2, 3, 4, 5, 6, 7). 

Vehicle operating costs that are computed as time costs include licenses, depreci
ation, vestcharge (1, p. 71), insurance, parking, tolls, and taxes. Oil, gasoline, 
maintenance, and tfres were expressed as mileage items (Table 2). Differences in 
travel speed and the frequency of stops are the two elements of driving conditions that 
affect the vehicle operating costs. 

Pollution costs are computed on the basis of cost estimates for proposed exhaust 
control devices (Table 3, Figure 1). It is expected that damage costs from automobile 
emissions are larger than the control costs used here. The difficulty of establishing 
the true costs of pollution, such as health, cleaning bills, and house painting, neces
sitates extensive data collection. Unit accident costs used include all types of accidents 
(fatal, injury, property damage) and are computed for passenger cax·s in urban areas 
(Table 3). Unit accident costs are based on $4,670/average accident. 

Transit fare costs are-based on existing fa.res in Cleveland (rail) and Milwaukee 
(bus) and on the proposed fares for San Francisco (rail) (8, 9, 10). Equation 1 is de
veloped to estimate transit fares in dollars per passenger-mile (kilometer) (Figure 2). 

Transit fare = 0.20 (transit trip length)- 0
•
646 (1) 

Equation 1 is expressed in terms of 1970 dollars, and the transit trip length is in miles 
(kilometers). 

RELATED COSTS 

The related costs are those that account for travel time, land productivity, and parking 
fees. Since change-of-mode trips are work trips, one should account for the cost of 
time. When a parcel of land is used as a parking lot or for a parking garage, a land 
productivity loss occurs since the land could have been used for more productive pur
poses. The vehicle storage area is transferred out to lower valued land on the pe
riphery. 

The value of time for work trips is assumed to be equal to $1.25/person hour (11). 
Based on inflation occurring since 1970, any selected value of time would be suspect. 
Assuming average travel speeds and average car occupancy, the travel time cost in 
dollars per vehicle mile (kilometer) becomes equal to 0.187 for CBD streets, 0.100 for 
local streets, 0.081 for arterials, and 0.046 for expressways (3, 12, 13) (Table 3). 

Similarly, the cost of time for travel by transit in dollars per passenger-mile (kilo
meter) is equal to 0.059 for express bus and 0.042 for rapid transit (3, 8, 9, 13) (Table 4). 
Time is also spent at both ends of a trip. This terminal time is assumeatooe equal to 



Table 1. Unit travel costs for passenger cars. 

Vehicle 
Highway Type Operation ... 

CBD streets 0.143 
Local streets 0.128 
Arterials 0. 123 
Expressways 0.113 

Note: 1 mile= 1.6 km. 

Pollution• 

0.023 
0.015 
0.012 
0.006 

Accidents• 

0.007 
0.007 
0.005 
0.002 

11 All values arP. in dollars/ vehicle mile (kilometer) . 

Table 2. Cost items for vehicular operation. 

Item 

Time 
Licenses, depreciation~ 

and vestcharge 
Insurance 
Garage, parking, and 

tolls 
Property taxes 

Total 

Note: 1 mile= 1.6 km. 

Cost 
($/vehicle mile) 

0.0339 
0.0172 

0.0180 
0.0033 

0.0724 

Item 

Mileage 
Engine oil 
Gasoline 
Maintenance 
Tires 

Total 

Figure 1. Control cost of probable reduction in emission of 
pollutants. 
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Table 3. Pollutant emissions, accident rates, and travel speeds, by 
highway type. 

Cost 
($/vehicle mile) 

0.0016 
0.0253 
0.0155 
0.0041 

0.0465 

Emissions Accident Rate Travel Speed 
Highway Type (lb / vehicle mile) (per 10' vehicle miles) (mph) 

CBD streets 0.545 493 8 
Local streets 0.355 513 15 
Arterials 0.292 340 19 
Expressways 0.152 160 32 

Note : 1 lb~ O 45 kg. 1mile~1 .6 km. 
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Figure 2. Transit fare to and from CBD. 
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Table 4. Public transit travel speeds and terminal 
time costs. 

Item 

New rapid rail 
Kiss- and- ride 
Park-and-ride 

Express bus 
Kiss-and-ride 
Park-and-ride 

Note: 1 mile .. 1 ,6 km. 

Figure 3. Land value versus residential density. 
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7 min/person for a one-way trip by passenger car (14), 6.5 and 10.0 min/person for a 
one-way kiss-and-ride trip by rail and bus r espectively, and 7.5 and 11.0 min/person 
for a one-way park-and-ride trip by rail and bus respectively (Table 4). 

The loss of land productivity is assumed to be equal to 10 percent of the land value. 
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In 1970, it was still reasonable to expect rental properties in the CBD to provide an 
annual net return of 10 percent of the property value. Figures 3, 4, and 5 are used to 
determine the land value for a change-of-mode lot in different size cities. The land 
value of downtown parking is assumed to be equal to $2,000/stall, based on some eco
nomical number of garage floors (15). 

Parking fees in the CBD are computed on the basis of existing rates and adjusted to 
19 70 dollars ( 15). Equation 2 is developed to estimate parking fees in the downtown of 
metropolitan areas in dollars per vehicle (Figure 6). This estimate only applies to 
work trips. 

D t k. f 0 84 1 (metropolitan area population> own own par mg ee = . og 
34 

(2) 

The metropolitan area population is in thousands of persons. 
All of the related costs are expressed in terms of 1970 dollars. It is important to 

note that highway and transit construction and operation costs are not to be included in 
the analysis of commuter and community savings from change-of-mode facilities. The 
purpose of the analysis is to assess the feasibility of change-of-mode facilities and not 
to compare public transit and highway. 

COMMUNITY SA VIN GS 

Community savings (both user and nonuser) are defined as the difference in total costs 
between driving all the way to the CBD and driving to a change-of-mode parking lot and 
taking transit for the remaining part of the trip. A trip is defined as a two-way trip, 
from home to work and work to home. 

Simulation Program 

A co~puter program was written in FORTRAN IV to deterministically simulate the com
munity savings based on the average trends already reported. 1 A total of 1,008 dif
ferent conditions are generated in a factorial design for which community savings are 
computed. The savings are analyzed for a factorial combination of six pqpulations of 
metro2olitan areas (0.5 to 7 million persons), seven distances of the parking lot to the 
CBD [1 to 20 miles (1.6 to 32 km)J., two t:ypes of transit (bus and rail), four ratios of 
kiss-and-ride stalls to total stalls (1 to 15 percent), and three distances of the parking 
lot to the street access (2 to 8 blocks>. 

The simulation program computes the cost of traveling by passenger car to the CBD 
and the cost of traveling by passenger car to a change-of-mode lot and taking public 
transit to the CBD. The two travel alternatives are shown in Figure 7. The elements 
of cost for a trip by passenger car to the CBD are 

1. Vehicle operation, 
2. Vehicle emissions, 
3. Vehicle accidents, 

1 A copy of the program is in an appendix that is available in Xerox form at cost of reproduction and handling 
from the Transportation Research Board. When ordering, refer to XS-62, TR R 557. 
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Figure 4. Var!at!cn cf land va!ue with 
distance from highway. 

Figure 5. Residential density as 
function of location within city and 
metropolitan area size. 

Figure 6. Variation of CBD parking 
fee with metropolitan area size. 
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Figure 7. Change-of-mode process. 

I 
I 
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4. Travel time, 
5. Terminal time, 
6. CBD parking fee, and 
7. Loss of land productivity in downtown. 

The elements of cost for a change-of-mode trip to the CBD are 

1. Vehicle operation for automobile portion of the trip, 
2. Vehicle emissions for automobile portion of the trip, 
3. Vehicle accidents for automobile portion of the trip, 
4. Travel time for automobile portion of the trip, 
5. Total terminal time, 
6. Travel time for transit portion of the trip, 
7. Transit fare, and 
8. Loss of land productivity due to change-of-mode lot. 

A number of cost elements have been developed based on vehicle miles (kilometers) 
or passenger-miles (kilometers). Since actual costs are to be determined for a trip, 
the need for estimating trip lengths is apparent. Figure 8 shows the average airline 
distance from a commuter's home to a change-of-mode lot as a function of the airline 
distance of the change-of-mode lot to the CBD and the size of the metropolitan area. 
This figure was developed from the results of surveys conducted in Cleveland, Mil
waukee, Boston, and Chicago (8, 9, 16, 17, 18). Airline distances were transformed to 
over-the-road distances for the purposes of simulation. As shown in Figure 8, the 
average driving distance from home to change-of-mode lot decreases beyond a given 
distance of change-of-mode lot to the CBD. This is due to the start of finger type of 
land use development along radial corridors and not to the unwillingness of commuters 
to drive additional distances. 

Travel distances that are less than 0.4 miles (0.6 km) are made on local and down
town streets. Travel distances in excess of 1.9 miles (3 km) are made on expressways. 
The balance between 0.4 and 1 .9 miles (0.6 and 3 km) is the distance driven on ar
terials ( 19). 

The community savings are computed in dollars per park-and-ride vehicle per day. 
In order to accomplish this, cost units are transformed from dollars per vehicle mile 
(kilometer) and dollars per passenger-mile (kilometer). The key for the transforma
tion of unit costs is the number of change-of-mode passengers (park-and-ride and kiss
and-ride) per park-and-ride vehicle. The data collected for the general purposes of 
the research project and used for estimating the demand at chal')ge-of-mode pai·king 
lots (20) were the basis for developi~g a multiple regression equation to estimate the 
number of park-and-ride vehicles that use a facility during a 24-hour period, D. 

where 

JD= -0. 705 + 0.009 Z + 1.964 B + 1.211 R + 001 T2 

+ 0.009 M2 + 0.049 F • P - 0.019 T • R (3) 

D =number of park-and-ride vehicles that use a facility during a 24-hour period, 
Z = number of stalls within a change-of-mode parking facility, 
B = type of transit transferred to at the facility (bus on highway right-of-way = 0, 

and rail and bus on exclusive right-of-way = 1), 
R = reliability rating of the change-of-mode parking facility, 
T =transit service rating at the change-of-mode parking facility, 
M =metropolitan area rating for the change-of-mode parking facility, 
F = flexibility rating of the change-of-mode facility, and 
P =parking fee rating of the change-of-mode facility. 



The R2 for equation 3 is 0. 78. Measures of the variables that make up the ratings are 
detailed elsewhere (20). 
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A survey conducted recently by the Institute of Traffic Engineers indicated that only 
one-fourth to one-fifth of the demand at change-of-mode lots is actually diverted from 
the street network (21). The remaining portion of the demand either did not make the 
trip before or, as in most cases, already had changed modes but parked on streets in 
the vicinity of public transit stations. 

Results 

The simulation program generated savings data for more than a thousand different 
conditions of metropolitan area size, change-of-mode distance to the CBD, percentage 
ratio of kiss-and-ride stalls to total stalls, type of transit, and parking lot distance to 
the street access. These data were fed as input to a packaged step-wise linear multiple 
regression program; community savings (in dollars per parked vehicle per day) were 
the dependent variable, and the factors defining a condition were the independent vari
ables. The results of the regression analysis are given in equation 4. 

Community savings = 0.40627 + 0.00002p + 0.04498d 

- 0.15028t - 0.00261k + 0.00193d2 

- 0.00000lp • d 

where 

p = size of metropolitan area in thousands of persons, 
d = distance of change-of-mode lot to CBD in miles (kilometers), 
t =type of transit (rail = 1, bus = 2), and 
k =percentage ratio of kiss-and-ride stalls to total stalls. 

(4) 

The R2 in equation 4 is 0.97, and all of its independent terms are significant at a rate 
higher than 9,995 in 10,000. Only the parking lot distance to the street access was 
found to be insignificant in affecting the community savings. 

CONCLUSIONS 

Under present conditions, the community savings vary from $0 to $2 per park-and-ride 
vehicle per day. Community savings increase in larger metropolitan areas for change
of-mode lots located further from the CBD and for rail transit. Community savings de
crease for a higher percentage of kiss-and-ride stalls, and this is due to lower car 
passenger occupancy for the demand at change-of-mode lots. 

The savings that accrue to a community from the use of change-of-mode parking are 
most sensitive to the location of the parking facility. The further from the downtown 
the change-of-mode takes place, the larger the unit savings are. However, under this 
condition, the transit service tends to decline in quality and quantity because of the dis
economy of providing the same service as that found closer to the downtown. In addition, 
facilities located far from the downtown are under suburban jurisdictions that do not 
possess and cannot raise the funds required for providing good-quality parking facilities. 
The park-and-ride demand is thus reduced. The combination of facts thus suggests that 
the total community benefits would peak at a specific distance from the downtown and 
would decline from there on. This observation was further substantiated by the litera
ture (25). 
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