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Mass Transportation Administration service and meth-
ods demonstration program. 
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The commuter ride-sharing program developed by the Tennessee Valley 
Authority for its employees in Knoxville, Tennessee, uses a variety of 
transportation modes—express buses, van pools, and car pools. The pro-
gram has been very successful with 2686 employees (79 percent of the 
total work force of 3400 employees) participating. The program has dif-
ferent implications for the employer, the employees, and the community; 
these implications for each interest group are quantified in terms of bene-
fits and costs. The analysis shows that by supporting the ride-sharing 
demonstration program, the employer was able to avoid the cost of con-
structing a new parking structure for the employees and that the resulting 
annual savings are larger than the annual cost of the subsidies to the pro-
gram that are paid as an incentive to participating employees. From the 
standpoint of the employees, the program resulted in a substantial reduc-
tion in commuting costs. The reduction in fuel consumption that can be 
attributed to ride sharing was quantified, and the consequences in terms 
of improved traffic operating conditions along a major travel corridor 
and the favorable impact on the local transit system were examined. 

The traditional approach in transportation planning has 
been to increase the supplies of transportation facilities 
and services to match the growing levels of travel de-
mand. Recent events and trends, such as the energy 
crisis and the fiscal constraints faced by public agencies 
in financing capital improvement projects, have led to a 
reexamination of this approach. Today, a greater em-
phasis is being given to transportation alternatives that 
can respond to the immediate travel needs and achieve 
greater use of the facilities and services already avail-
able to a community. Among the examples of such al-
ternatives are promoting the use of high-occupancy ve-
hicles such as buses and vans and increasing the occu-
pancy of private automobiles. 

Many communitywide demonstration projects on car 
pools and van pools, sponsored by public agencies, have 
been implemented across the country, and there are also 
several ride-sharing programs that have been developed 
and supported by private employers for their own em-
ployees. One of the employer-based programs, which 
has received national attention, is the commuter-pooling 
demonstration program of the Tennessee Valley Author-
ity (TVA) in Knoxville, Tennessee. These programs have 
apparently been successful, but there is a lack of readily 
accessible data on their benefits and costs. With the in-
creased interest in such programs, questions are being 
asked about the effectiveness of those already imple- 

mented, and it is appropriate to develop the needed in-
formation. The object of this paper is to quantify the 
benefits and costs and identify the nonquantifiable im-
plications of the TVA program. 

PROGRAM DEVELOPMENT 

The commuter ride-sharing program in Knoxville 
evolved gradually over 3 to 4 years (1973 to 1977). Be-
fore the inception of express buses and van pools, 
TVA employees participated in ride sharing primarily 
in the form of car pooling and to a lesser extent through 
the use of regular bus service. The first proposal for 
an express bus was made at a citizens' meeting with city 
traffic engineers and planners in West Knoxville. The 
citizens were concerned about the traffic congestion on 
1-40 and that sole reliance was being placed on the auto-
mobile to meet all current and future needs in the corri-
dor. The group represented an area that had a large 
concentration of TVA employees, and they seriously 
pursued the proposal for an express bus. 

A commuter express bus was initiated on December 
3, 1973, and was highly successful. Joint efforts be-
tween the city administration and the TVA employees 
proved effective in promoting ride sharing and, by the 
end of 1974, there were 10 express buses and 6 van pools, 
all of which were primarily serving TVA employees. 

A major change in the ride-sharing program occurred 
in January 1975, when the TVA incentive program, which 
was called the commuter pooling demonstration program, 
was initiated. This incentive plan called for 

A one-third discount on commuter bus tickets, 
Issuance of a $5/month municipal parking ticket 

to each bona fide car pool (defined for this purpose as a 
group of three or more riders including at least two TVA 
employees), 

Credit to van-pool accounts of $11/month for each 
TVA employee participating in the van pool, and 

Reimbursement to handicapped employees for the 
direct cost of parking in a commercial lot convenient to 
their place of work. 
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Table 1. Actual numbers of automobiles and vans used for commuting at different time periods. 

November 1973 December 1974 January 1977 

Automobiles Automobiles Automobiles 
Mode Employees and Vans Employees and Vans Employees and Vans 

Drive alone 1918 1918 1260 1260 612 612 
Regular bus 103 - 90 - 102 - 
Express bus 0 - 330 - 952 - 
Car pool' 885 277 1200 375 1394 436 
Van pool 0 - 69 6 238 18 
Bicycle, walk, and other 44 - 51 - 102 - 
Total 2950 2195 3000 1641 3400 1066 

'Average occupancy of car pools is 3.2. 

Table 2. Estimated numbers of automobiles and vans for commuting at different modal-use patterns at current level of 

employment. 

November 1973 December 1974 January 1977 

Automobiles Automobiles Automobiles 

Mode Employees and Vans Employees and Vans Employees and Vans 

Drive alone 2210 2210 1428 1428 612 612 
Regular bus 119 - 102 - 102 - 
Express bus 0 - 374 - 952 - 
Car pool' 1020 319 1360 425 1394 436 
Van pool 0 - 78 6 238 18 

Bicycle, walk, and other 51 - 58 102 

Total 3400 2529 3400 1859 3400 1066 

'Average occupancy of car pools is 3.2 

The impact of the incentive program was significant. 
There was an immediate reduction of 12 percent in the 
number of TVA employees driving alone to work, and 
the number of express bus and van-pool riders con-
tinued to increase. Two private bus operators had to 
be used in addition to Knoxville Transit Corporation 
(KTC) to meet the increased need for express bus ser-
vice during peak hours. By January 1977, there were 
23 express buses-13 public and 10 private—and 18 van 
pools serving the TVA employees. [A detailed account 
of the development of the program and related activities 
is given in a recent article by Stokey and others (1)]. 

There are three stages in the development of the TVA 
ride-sharing program that are significant for the pur-
poses of comparison and evaluation. The first stage is 
represented by the level of ride sharing that existed in 
November 1973 when there were no express buses and 
van pools. The second stage began with the introduction 
of the express buses and van pools that were encouraged 
by TVA, but had no formal incentives. The level of 
ride sharing during December 1974 represents the last 
observation before the initiation of the incentive program 
in January 1975. Since then, ride sharing has increased 
continuously and only recently began to level off. The 
current level of ride sharing can be represented by the 
use of ride-sharing modes in January 1977. The modal 
distribution of TVA employees during the key time peri-
ods are given by Wiersig and Wegmann in Table 1 of a 
paper elsewhere in this Special Report. The benefit/cost 
analyses will be based on comparisons of the modal-use 
patterns of November 1973 (before any organized ride 
sharing) and December 1974 (before initiation of the in-
centive program) respectively with that of January 1977. 

IMPACT ON VEHICLES USED FOR 
COMMUTING AND EMPLOYER'S 
BENEFITS 

One of the direct impacts of the ride-sharing program 
is the reduction in the number of vehicles used by the 
employees to commute to work, which has had several 

implications for the employer, the employees, and the 
community. In this section, the actual number of ve-
hicles eliminated from commuting is estimated, and 
the resulting benefits accruing to the employer are 
quantified. 

Number of Automobiles and Vans 
Eliminated 

The actual numbers of automobiles and vans used by 
TVA employees were estimated for three time periods—
November 1973, December 1974, and January 1977 
(Table 1): The estimates of vehicles for each time 
period are based on the number of persons employed 
during it. The table clearly indicates that despite the 
increased employment at TVA, a substantial number 
of vehicles have been removed from the roadway and 
the demand for all-day parking in downtown Knoxville 
has been reduced. In comparison with the situation in 
1973, TVA employees now require 1129 fewer parking 
spaces, although employment has increased by 450 per-
sons. In the time since the beginning of the commuter-
pooling demonstration program, the demand for spaces 
has been reduced by 575, even though employment has 
increased by 400 persons. 

A more meaningful approach is to compare the num-
bers of automobiles and vans needed for commuting for 
a common employment level. Table 2 shows the esti-
mated numbers of commuting vehicles required for the 
current employment level of 3400 with different modal-
use patterns. A comparison of the projected estimates 
with the current situation shows the magnitude of the im-
pact of ride sharing. Without the express buses and the 
van pools and with an employment level of 3400, an ad-
ditional 1463 parking spaces would have been needed in 
the downtown area. With the level of ride sharing just 
before the initiation of the incentive program, an addi-
tional 793 parking spaces would have been needed. 
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Employer's Benefits Due to Reduction 
in Parking Needs 

Automobile parking in the downtown area of Knoxville 
always has been a problem. The parking supply consists 
primarily of small surface lots, which have been de-
creasing in number because of the construction of new 
office buildings. The only parking garage in the general 
area is not within easy walking distance to the center of 
downtown. The parking situation has grown worse in 
recent years as several major developments eliminated 
about 1500 parking spaces. 

For years, TVA employee unions attempted to nego-
tiate parking for employees, and their case was made 
stronger when it became evident that the new twin towers 
office complex for TVA alone would remove more than 
1000 parking spaces. Two alternatives were given seri-
ous consideration: (a) building parking garages for the 
employees and (b) an employer-subsidized public-
transportation-oriented solution. The probable cost of 
the first alternative, building and operating parking ga-
rages for the employees, can be analyzed at two levels 
of automobile use—the modal-use patterns of November 
1973 and December 1974. As estimated above, the 
modal-use pattern of 1973 would require 1463 additional 
parking spaces, and the modal-use pattern of 1974 would 
require 793 additional parking spaces. 

The cost to TVA of providing employee parking was 
estimated based on a typical design for a parking garage. 
The annual cost of constructing and maintaining parking 
garages for 1463 and 793 spaces would be $628 206 and 
$337 820 respectively. These cost savings can be re-
garded as benefits derived by TVA by virtue of relying 
on a ride-sharing approach. 

IMPACT ON MAGNITUDE OF TRAVEL 
AND EMPLOYEE'S BENEFITS 

The ride-sharing program basically represents an ad-
justment in the mode of travel used by TVA employees 
for commuting to work. As such, the program did not 
have any impact on passenger travel, but there was a 
substantial impact on vehicle travel (VT) because of the 
reduction in the number of vehicles used for commuting. 
This reduction of VT has several types of implications. 
It directly affects the persons participating in ride shar-
ing and indirectly affects other motorists and the com-
munity in general. In this section, estimates of the re-
duction in VT will be presented, and the resulting bene-
fits accruing to TVA employees will be outlined. 

Reduction in Vehicle Travel 

The approach used in the estimation of changes in the VT 
of TVA employees was similar to that used in estimating 
the number of vehicles used for commuting. The VT was 
estimated for the current level of employment of 3400 em-
ployees and the modal-use patterns of the three different 
time periods. 

The results of the VT calculations reflecting the modal-
use pattern of January 1977 are given in Tables 3 and 4. 
The estimates shown in Table 3 represent the VT gener-
ated by the primary ride-sharing modes of travel, where-
as those shown in Table 4 represent the VT that can be 
attributed to obtaining access to the primary ride-sharing 
modes—e.g., driving to a park-and-ride lot and travel to 
pick up car-pool passengers—and termed the excess VT. 
The travel estimates reflecting the modal-use pattern of 
November 1973 are given in Table 5, and those reflect-
ing the modal-use pattern of December 1974 are given 
in Tables 6 and 7. All vehicular modes of travel used 
by TVA employees—automobile, van, and bus—are in- 

eluded in the VT estimates. 
In the calculations of VT representing different 

modal-use patterns, the current passenger travel was 
used as a control total, which implicitly assumes that 
the availability of increased ride sharing did not have 
any significant impact on altering residential location 
decisions. This assumption is not entirely correct since 
it is known that new TVA employees have tended to find 
housing in areas with express bus service. However, 
since the express bus routes cover the suburban areas 
quite extensively, the average work trip length of TVA 
employees has not changed to any significant extent. 

A comparison of the VT estimates shows that the 
present level of ride sharing can be credited with a re-
duction of 49 906 km/d (31 000 miles/d) in comparison 
with the situation in November 1973. The reduction in 
daily VT by all modes that can be attributed to the incen-
tive program is 26 464 km (16 444 miles). The break-
down of these changes in VT by mode is given below (1 
km = 0.62 mile). 

Modal-Use Change in Daily VT (km) 

Pattern Automobile 	Van 	Bus 	All Modes 

November 1973 -52980 	+1333 	+1741 	-49906 
December 1974 -28 430 	+888 	+1078 	-26 464 

Reduction in User Cost 

One of the direct consequences of the reduction in VT is 
the saving in vehicle operating cost, and the TVA em-
ployees participating in ride sharing have realized a di-
rect benefit in this respect. Recent statistics released 
by the Federal Highway Administration indicate that the 
average cost of operating a vehicle is 11.10/km (17.90/ 
mile) for a standard size automobile, 9.10/km (14.60/ 
mile) for a compact, and 7.80/km (12.60/mile) for a 
subcompact (2). These costs include depreciation, 
maintenance,fuel, parking, insurance, and taxes. The 
following analysis is based on a compact automobile and 
excludes the 1.40/km (2.2 0/mile) cost attributed to park-
ing (which is eliminated to avoid double counting with the 
parking structure costs discussed above), thus resulting 
in a cost of 7.70/km (12.40/mile). If the vehicles elimi-
nated from commuting are sold, all of the savings in 
operating cost (at 7.70/km) are passed on to the TVA em-
ployees, thereby increasing their disposable income. If 
an employee does not sell his or her second automobile 
because of ride sharing, but only uses it less, his or her 
savings would be about half of those given here. 

Savings in vehicle operating cost, however, are offset 
to some extent by the cost of ride sharing. The user 
savings (costs) needed to derive the net benefits to TVA 
employees are given below (1 km = 0.62 mile): 

Modal-Use Pattern 

November December 
Saving (cost) 1973 1974 

Annual reduction in automobile VT, km 13 244 539 7 107 474 
Cost reduction of less automobile driving, $ 1 020 520 548 000 
Bus fares paid,$ 151 810 14960 
Van fares paid, $ 83 010 55340 
Van- and car-pool subsidies, $ 28 800 28 800 
Total employee savings, $ 814 500 506 500 

Reduction in Accidents 

The potential for physical injury and property damage to 
the TVA commuters because of traffic accidents is sub-
stantially reduced by ride sharing. The largest propor-
tion of traffic accidents in the city occurs during the peak 
hour. Assuming the national average accident rates of 
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3.27 accidents/million km (5.26 accidents/million miles) 
of VT on the arterial highway system and 1.16 accidents/ 
million km (1.86 accidents/million miles) of VT on the 
freeway system, and with an approximate 50-50 split of 
travel on freeways and arterials, the ride-sharing pro-
gram is helping to avoid about 30 accidents/year by TVA 
employees commuting to work. Considering only them-
centive program (since December 1974), the accident re-
duction would be 15 accidents/year. 

Increase in Convenience 

Opinion surveys of the TVA employees who are ride 
sharing have indicated many additional desirable aspects 

of the program. Bus riders and van poolers are partic-
ularly conscious of the reduced costs of commuting and 
the reduced energy consumption. Another significant ef-
fect, but more difficult to quantify, is the perceived re-
lief from the tension of driving every day. A third im-
portant factor is that the commuting vehicle becomes 
available to other family members during the day. 

Other Consequences: Benefits to 
Community and Other Travelers 

The community at large and particularly the travelers in 
certain corridors of Knoxville have also benefited from 
the ride-sharing program. The quantification of these 

Table 3. Estimated daily vehicle 
travel by primary ride-sharing 
modes: modal-use pattern of 
January 1977. 

Drive alone 
Regular bus 
Express bus 
Car pool 
Van pool 
Bicycle, walk, and other 

Total 

612 612 21 668 	21 668 	 - 	- 	- 
102 -. 1641 	 - 	- 	- 	- 
952 23 33 705 	 - 	- 	1741' 	- 

1394 436 49 354 	15 436 	 - 	- 	- 
238 18 17 619 	 - 	1333 	- 	- 
102 985 	 - 	 - 	- 	- 

3400 - 124 972 	37 104 	1333 	1741 	40 178 

Daily 	Daily VT (km) 
No. of 	No. of 	Passenger 

Mode 	- 	 Employees 	Vehicles 	Travel (km) 	Automobile 	Van 	Bus 	Total 

Note: 1 km 	mae. 

Employees traveling on regular buses do not contribute additional VT. 
'VT contributed by motorcycles is insignificant. - 
'Includes deadhead distance. 

Table 4. Estimated daily excess vehicle travel for access to primary modes: modal-use pattern of January 1977 

Mode 
Modal Use 	No. of 
(%) 	 Employees 

No. of 
Automobiles 

One-Way Trip 
Length' (km) 

Daily VT by 
Automobile (km) 

Access to regular and express bus stops 
Automobile drop-off 12 	 126 126 3.2' 811 
Park and ride 

Drive alone 28 	 295 295 4.8 2848 
Car p001 18 	 190 59' 3.2 380 

Other 42 	 443 - - - 
Total 100 	1054 - - 4039 
Access to van-pool pickup points 

Automobile drop-off 7 	 17 17 8.0 274 
Park and ride 40 	 95 95 5.3' 1009 
Other 53 	 126 - - 

Total 100 	 238 - - 1283 
Pickup of car-pool passengersa - 	- - . 	- 1544 
Total - 	- - ,- 6866 

Note: 	1 km = 0.62 mile. 

on bus and van.pool rider surveys. 
'

Based 
The automobile drop-off of some riders may involve two round trips from home, while other riders may be dropped of I by someone en route to another destina- 
tion. 	It is assumed that the average daily VT will be two times the one-way trip length. 

'Average occupancy of car pools is 3.2. 
10 percent of primary car-pool VT. 

Table 5. 	Estimated daily vehicle 
travel: modal-use pattern of Daily Daily VT (km)  

November 1973. 
No. of No. of Passenger 

Mode 	 Employees Vehicles 	Travel (km) Automobile 	Van 	Bus 

Primary ride sharing 
Drive alone 	 2210 2210 83 518 83 518 	- 	- 	- 
Regular bus 	 119 - 1 915 - 	- 	- 
Express bus 	 0 0 - - 	- 	0 
Car pool 	 1020 319 39 046 12 211 	- 	- 
Vanpool 	 0 0 - - 	0 	- 
Bicycle, walk, and other 	51 - 492 - 	- 	- 

Total 	 3400 - 95 727 95 729 	0 	0 
Pickup of car-pool pas- 
sengers' 	 - - - 1 221 	- 	- 

Total 	 - - - 96950 	- 	- 
Note: 	1 km = 0.62 mile. 

'10 percent of primary car-pool VT. 
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Table 6. Estimated daily vehicle 
travel by primary ride-sharing modes: 

Daily Daily VT (km) 
No. of No. of Passenger 

modal-use pattern of December 1974. Mode Employees Vehicles Travel (km) Automobile 	Van 	Bus 	Total 

Drive alone 1428 1428 52 542 52 542 	 - 	- 	- 
Regular bus 102 - 1 641 - 	- 	-. 	- 
Express bus 374 10 13 241 - 	- 	663 	- 
Car pool 1360 425 51 213 16 004 	 - 	- 	- 
Van pool 78 6 5 774 - 	444 	- 	- 
Bicycle, walk, and other 58 - 560 - 	- 	- 	- 
Total 3400 - 124 971 68 546 	444 	663 	69 653 

Note: 	1 km = 0.62 mile. 
Includes deadhead distance. 

Table 7. Estimated daily excess vehicle travel for access to primary modes: modal-use pattern of December 1974. 

Modal Use No. of No. of One-way Trip Daily VT by 
Mode () Employees Automobiles Length (km) Automobile (km) 

Access to regular and express bus stops 
Automobile drop-off 12 57 57 3.2 367 
Park and ride 

Drive alone 28 133 133 4.8 1284 
Car p001 18 86 27 3.2 174 

Other 42 200 - - - 
Total 100 476 - - 1825 

Access to van-pool pickup points 
Automobile drop-off 7 6 6 8 97 
Park and ride 40 31 31 5.3 330 
Other 53 41 - - - 

Total 100 78 - - 427 

Pickup of car-pool passengers - - - - 10 

Total - - - - 3852 

Note: 1 km = 0.62 mile. 
10 percent of primary carpool VT. 

consequences is difficult in some cases. Nevertheless, 
an attempt has been made below to outline these benefits 
in as much detail as practicable. 

Impact on Energy Consumption 

The transportation sector of the national economic sys-
tem is one of the major users of energy, and the share 
of urban transportation is substantial. It is estimated 
that in 1971, travel by private automobiles in the United 
States consumed 265 billion L (70 billion gal) of gaso-
line, which is 31 percent of the domestic petroleum con-
sumption. In the same year, automobile driving in 
urban areas accounted for 63 percent of the nationwide 
fuel consumption by automobiles (4). Thus, urban trans-
portation is a prime area for energy conservation. 

The TVA employee ride-sharing program has con-
tributed toward energy conservation by reducing ve-
hicle travel, which can be translated to savings in fuel 
consumption. It is estimated that 1 742 639 L (460 358 
gal) of fuel are saved annually because of the present 
level of ride sharing as opposed to that of the level of 
the modal-use pattern of November 1973 and that the 
saving in comparison with the level of ride sharing in 
December 1974 is 903 795 L (238 758 gal). A breakdown 
of the changes in fuel consumption by mode is given be-
low (1 km = 0.62 mile and 1 L = 0.264 gal). 

Modal-Use Pattern 

Change November 1973 December 1974 

Annual VT, km 
Automobile -13244941 -7101474 
Van +333 125 +222 083 
Bus +435 316 +269 558 

Annual fuel consumption, L 
Automobile (at 6.4 km/L) -2 076 985 -1 114 547 
Van (at 4.3 km/L) +78 358 +52 238 
Bus (at 1.7 km/L) +255 988 +158 514 

These estimates of fuel savings are more meaningful 
when they are expressed in terms of automobile use for 
all trip purposes. An automobile for private use is driven 
approximately 16 000 km/year (10 000 miles/year) and 
consumes 2525 L (667 gal) of gasoline. The estimated 
fuel savings thus can be expressed as su.fficient for op-
erating 690 and 358 automobiles annually since November 
1973 and December 1974 respectively. 

Impact on Public Transportation 
Systems 

The employee ride-sharing program of TVA has stimu-
lated both the public and the private bus systems in Knox-
ville. The express bus riders, who mostly are TVA em-
ployees, represent approximately 8 percent of the annual 
ridership of KTC and contribute 15 percent of its annual 
fare-box revenue. 

Private bus operators in the Knoxville area, as in 
other areas, are faced with serious economic problems, 
and the prospects for their future growth before the 
TVA ride-sharing program were bleak. However, the 
ride-sharing program has improved their situation by 
giving them the opportunity to generate additional reve-
nue by providing express bus service on several routes. 
The addition of the private suppliers did not adversely 
affect the public transit system because this approach 
was taken only after KTC had exhausted its available 
supply of peak-hour buses. The van pooling also did not 
compete with the public bus system because the van 
riders came from areas without bus service. The im-
plications of the revitalization of private operators and 
the demonstration of the use of a mix of public and pri-
vate suppliers are significant; this program may be a 
model for other ride-sharing efforts. 
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Impact on Traffic Flow 

It was estimated above that the employee ride-sharing 
program eliminated a substantial number of commuting 
vehicles from the roadways in Knoxville (1463 in com-
parison with the modal-use pattern of November 1973 and 
793 by comparison with the modal-use pattern of Decem-
ber 1974). Because approximately 33 percent of TVA 
employees live in the West Knoxville area, the reduction 
in vehicle trips will probably be most significant in this 
travel corridor. Also, because 50 percent of the express 
buses (both before and after the incentive program) serve 
the West Knoxville area, it is reasonable to assume that 
the propensity toward ride sharing is higher in this area 
than in other sectors of Knoxville. Thus, it is estimated 
that 40 percent of the vehicle trips eliminated by ride 
sharing formerly occurred in this western corridor. 

The major roadways in the West Knoxville corridor 
are Middlebrook Pike, 1-40, Kingston Pike, and Lyons 
View Drive. However, due to the configurations of these 
roadways and the location of the TVA offices, the ma-
jority of the TVA commuting trips along this corridor 
use 1-40. It is estimated that 75 percent of the work 
trips by TVA employees living in the West Knoxville 
area use the section of 1-40 between the Papermill Road 
interchange and downtown. Thus, the elimination of 
1463 commuting vehicles means a reduction of 439 ve-
hicles from 1-40 during the morning and afternoon com-
muting hours of travel. Similarly, the removal of 793 
vehicles means a reduction of 238 vehicles from 1-40 
during rush hours. 

The working hours of TVA in Knoxville are not stag-
gered, and the work trips of TVA employees on 1-40 
can be assumed to be concentrated within a time span 
of 20 min each in the morning and afternoon. The av-
erage highest hourly volume in the peak direction in 
the morning is 3038 and occurs between 7:15 and 8:15 
a. m., and that in the peak direction in the afternoon 
is 3398 and occurs between 4:45 and 5:45 p. in. This 
amounts to an average traffic volume of 1073 vehicles/ 
20-min period, and the two 20-min periods containing 
TVA employees fall within these hours. 

The operating condition of 1-40 on the section be-
tween the Papermill Road interchange and downtown 
during the commuting time periods of TVA employees 
can be described as level of service D, which repre-
sents an operating speed of 64 km/h (40 mph) and a 
situation approaching unstable flow. The capacity 
analysis of 1-40, which is a four-lane freeway with 
several closely spaced on-and-off ramps in the down-
town area, shows that if the 439 vehicles had not been 
eliminated from 1-40 the operating condition would 
have been similar to that of level of service E, which 
represents unstable flow with an operating speed of 
48 km/h (30 mph) (5). Thus, the current users of I-
40 during the 20 -min periods of TVA employee com-
muting enjoy better driving conditions and their op-
erating speed is 16 km/h (10 mph) higher than it would 
have been without any ride sharing. The improvement 
that can be attributed to the elimination of 238 vehicles 
is estimated to be an increase in the average operating 
speed of 8 km/h (5 mph)—i. e., from the 56 km/h (35 
mph) that reflect the situation in December 1974 to the 
64 km/h that represent the current situation. 

The benefits of the improved level of service and in-
creased operating speed on 1-40 can be quantified in 
terms of the reduction in vehicle operating cost accruing 
to the current road users. However, since these bene-
fits will not be as large as those estimated above, they 
need not be quantified in detail. Nevertheless, the posi-
tive contribution of the ride-sharing program toward 
easing the traffic congestion on 1-40 during the rush  

hours (which is one of the most severe traffic problems 
in Knoxville) must not be overlooked. 

ANNUAL COST OF INCENTIVE PROGRAM 

The costs of the TVA ride-sharing program can be cate-
gorized by the items summarized below: 

Cost 	 Amount ($) 

Bus ticket subsidy 
KTC 47156 
Private lines 27 563 

Total 74917 

Bus line guarantees 
KTC 1993 
Private lines 8 190 

Total 10183 

Credit union administrative fee 11 231 
Car-pool parking 1 860 
Van-pool subsidy (18 vans) 27000 

Total 125000 

CONCLUSIONS 

The commuter ride-sharing program organized and im-
plemented by TVA has benefited all parties involved di-
rectly or indirectly—the employer, the participating em-
ployees, the local transit operators, and other motorists 
traveling in a congested travel corridor. The question 
that arises is whether this experience could be trans-
ferred to other situations, i. e., whether the benefits 
could be realized if another large employer organized 
a similar ride-sharing program. A direct affirmative 
answer to this question is possible only if the two situ-
ations are identical in all respects. There are many 
background conditions that played a significant role in 
the success of the TVA program, and some of these may 
not be apparent at first. One must be aware of all these 
conditions and consider them when comparing the TVA 
program with another situation. 

First, the benefit to TVA as an employer occurred 
because of the parking situation faced by the manage-
ment. This may not be the case for all employers, 
even if they are of equal or larger size. Second, the 
magnitude of the employee and community benefits are 
closely related to the extent of employee participation, 
and one must recognize that the positive response from 
employees can be attributed to several factors. The fi-
nancial incentive played an important role, especially be-
cause of the technical background of the employees who 
were conscious of the cost of transportation. Also, the 
ride-sharing service provided was of high quality and 
strongly consumer oriented. The role of the transpor-
tation coordinator in the planning and promotion of the 
express bus routes and the van pools was extremely 
significant. Finally, but not least, is the important role 
of the esprit de corps among the TVA employees who 
encouraged others to use the program. 

The TVA program is an ideal example that other em-
ployers could follow, but each program must be very 
carefully organized to ensure its success. 
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Comparisons of Productivity of Four Modes of 
Service in Orange, California 

Al Hollinden and Rebecca Blair, Institute of Transportation Studies, University of California, Irvine 

The Orange County Transit District has operated a community-service 
transit program in the city of Orange, California, since May 1975. Be-
cause of an adverse court ruling and a subsequent successful appeal, this 
service underwent four modal changes. These four modes provide a 
unique opportunity for comparison. In order of implementation, they 
were a demand-responsive dial-a-bus, a three-loop fixed-route bus sys-
tem, a two-loop fixed-route bus system, and a demand-responsive dial-a-
taxi system. The four systems were compared by using five performance 
indicators. The two demand-responsive systems were found more effi-
cient and effective than the fixed-route systems. The dial-a-taxi system, 
during its first 3 months of operation, compared very favorably to the 
dial-a-bus system, and continues to show monthly improvements on each 
indicator. The information gained in this study may be of limited trans-
ferability, but the data suggest that dial-a-taxi can be very efficient and 
effective in serving cities or suburban areas with population densities of 
1900/km2  (5000/mile2 ) or less. 

One of the goals of the Orange County Transit District 
(OCTD) is the development of an extensive community-
service program. This program is being used to sup-
plement the basic OCTD fixed-route bus system Ca 1-
km (1-mile) grid spacing and 30 -min headwaysJ in areas 
where transit dependency is greatest. Each community 
service is associated with a city or area for name iden-
tification and takes one of the following forms: dial-a-
bus, 

ial-a-
bus, dial-a-taxi, or an intensive fixed-route loop sys-
tem. The dial-a-taxi mode may involve the use of 
some buses in areas where heavy peak-hour traffic 
merits the use of larger vehicles. 

The community-service program that was developed 
in the city of Orange presents a unique case for study. 
The original service used a dial-a-bus mode. This was 
terminated after a court decision (Yellow Cab of Northern 
Orange County versus Orange County Transit District, No. 
229461, Orange County Superior Court, 1975), and the 
second service —a three -loop, community fixed-route 
system—was inaugurated. Next, this was converted to 
the third service—a two-loop, community fixed-route 
system. 

Finally, after an appeals court decision (Yellow Cab 
of Northern Orange County versus Orange County Transit 
District, 65 CA App. 3rd 268, 134 CA Rptr. 909, 1976) 
reversed the ruling of the county court, the fourth ser-
vice—a dial-a-taxi mode—was inaugurated. The four 
key dates are those of the service changes given below: 

Date 	 Service Change 

June 2, 1975 Initiation of dial-a-bus 
July 6, 1976 Replacement of dial-a-bus by community fixed- 

route service 
January 2, 1977 Change of community fixed-route service from three 

to two loops 
July 6, 1977 Replacement of community fixed-route service by 

dial-a-taxi 

This paper describes the results of a study compar-
ing the passenger responses to and the operating costs 
of the four different modes of community service in the 
city of Orange. 

Obviously, direct comparisons of cost and perfor-
mance data for different modes or for different areas 
may have little validity and require careful interpreta-
tion, but it is believed that there are performance in-
dicators that at least facilitate comparisons. In the case 
of the city of Orange, the geographical area and the pop-
ulation served remained constant. The first three modes 
used were all operated by the same contractor and used 
the same types of vehicles. 

ORANGE COUNTY TRANSIT DISTRICT 

Orange County, California, is one of the fastest growing 
metropolitan areas in the United States. In 1960, its 
population, assessed valuation, and taxable sales were 
$704 000, $1 142 000 000, and $759 000 000 respectively. 
By 1970, the figures had increased to $1 420 000, 
$3 534 000 000, and $2 819 000 000, and the 1976 fig-
ures are $1 729 294, $8 525 901 232, and $6 965 894 000 
respectively 

Throughout the first 3 years of this period, Orange 
County residents had to rely almost exclusively on the 
automobile as the mode of urban travel. The lack of 
high-density development, the extensive network of wide 
streets and arterials, and the network of freeway inter-
connections with other southern California areas resulted 
in and from this complete dependence on the automobile. 

In 1971, however, the OCTD was formed for the pur-
pose of providing cost-effective public transportation to 
county residents. Its task was not easy. There were two 
dominant obstacles. One was the unusually strong at-
tachment of southern Californians to their automobiles—
brought about in large measure by the ease with which 
great distances can be traversed at relatively low costs, 
and the other was the travel pattern of county residents—
diverse and diffuse in both space and time. 

To compete with the automobile in this environment 
of diffuse travel patterns, OCTD developed innovative 
concepts. The goal was to provide a well-balanced, in-
tegrated transportation system composed of a number of 
community or local-area bus or taxi systems that can 
simultaneously serve mntracommunity travel needs and 
act as collection and distribution subsystems for a county-
wide network of bus routes designed to facilitate inter-
community travel. In the future, this countywide system 
will, in turn, act as a collection and distribution subsys-
tem for the regional transportation system of the Los An-
geles basin. 


