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Techniques are developed for determining the car- and van-pool potential 
of major employment centers as functions of employee residential distri-
bution and income level. The techniques are based on an automobile-
occupancy model previously developed for the national capital area and 
an empirical van-pool model derived from the highly successful van-pool 
program by the 3M Company in St. Paul. Application of the techniques 
to private and government employment centers in the national capital 
area indicates a potential 10 percent reduction in peak-hour traffic and a 
potential saving of 3.5 percent of total gasoline consumption. 

The Clean Air Act of 1970 required each state to submit 
a state implementation plan that would include pollution 
control measures designed to effect a reduction in pollu-
tant emissions to the extent necessary to attain and main-
tain the national ambient air-quality standards for par-• 
ticulates, sulfur dioxide, carbon monoxide, photochem-
ical oxidants, and oxides of nitrogen. Since transporta-
tion sources are responsible for substantial portions of 
the emissions of carbon monoxide, hydrocarbons, and 
oxides of nitrogen (and the latter two react chemically to 
produce photochemical oxidants), transportation control 
plans (TCP5) were required in 41 metropolitan regions. 
Key elements of the TCP5 were measures designed to re-
duce total automobile travel (VT). These included 
improvements in mass transit, exclusive traffic lanes 
reserved for car pools and buses, car-pool programs, 
parking restrictions, and employers' mass-transit in-
centive programs. 

However, lack of increased patronage (demand elas-
ticity) minimized the benefits from the mass transit im-
provements. The Environmental Protection Agency was 
prohibited by Congress from the implementation of park-
ing regulations. And subsequent analysis (1) showed that 
the traffic congestion that would result from—  reservation 
of exclusive bus lanes would create additional pollution 
unless 10 to 30 percent of the automobile drivers be-
came bus passengers. 

Hence, the only remaining VT control measures that 
promise to effect a significant reduction in emissions 
(and in gasoline consumption) are the car pool and 
employer -incentive programs. The continuing and  

growing success of the commute-a-van program (2) at 
the 3M Company in St. Paul has shown the attractive 
potential of van pools. This analysis was undertaken 
to determine the potential reductions in VT that would 
result from car- and van-pool programs in a metro-
politan area that includes a significant number of ma-
jor employment centers. 

CAR-POOL ANALYSIS 

The potential reduction in VT that should result from a 
vigorous car-pool incentive program by an employer is 
given by Equation 1. 

nj 

(CP) = 	(EVT)1  (TL) [1 - [(C0)0  /(CO)] ) ij (1) 

where 

(CP)i  = potential VT reduction from car pools to 
employer j, 

(EVT)i j = existing number of employee vehicle trips 
from residential district ito employer j, 

(TL)13  = trip length from residential district ito 
employer j, 

(CO). = existing automobile occupancy from district 
i to employer j, 

(CO)0  = potential automobile occupancy from dis-
trict 

is-
trict i to employer j, and 

nj  = number of employee residential districts 
considered for employer j. 

(CO). is determined from the calibrated automobile-
occupancy model developed by R. H. Pratt Associates 
(3) that relates automobile occupancy to a density func-
tion (DF) that for median income levels and destination 
parking charges is defined by Table 1 and Equation 2. 

DF = IOOlog,0 (WTD) + 1000 
	

(2) 
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Table 1. Distrtht-level modal-choice model calibrated automobile-
occupancy curve for home-to-work trips. 

OF 	Co 	OF 	CO 	OF 	CO 

350 1.206 700 1.263 830 1.390 
500 1.208 710 1.272 840 1.400 
550 1.210 720 1.281 850 1.411 
600 1.212 730 1.290 860 1.422 
610 1.214 740 1.298 870 1.440 
620 1.216 750 1.307 880 1.458 
630 1.218 760 1.316 890 1.476 
640 1.220 770 1.325 900 1.493 
650 1.227 780 1.333 910 1.529 
660 1.234 790 1.344 920 1.564 
670 1.241 800 1.356 930 1.599 
680 1.248 810 1.368 940 1.634 
690 1.255 820 1.380 950 1.667 

where WTD = work-trip density and is defined by Equa-
tion 3. 

W1'D = work trips from A to B/area of A x area of 8 	 (3) 

(CO), is determined in the same manner, except that 
Equation 3 is replaced by Equation 4, in which the des-
tination area (B) is replaced by the area of the employ-
ment center (E). 

(WTD), = employee trips from A to E/area of A x area of E 	(4) 

VAN-POOL ANALYSIS 

The potential reduction in VT that should result from an 
employer -instituted van-pool program [(VP),] is de-
termined by Equation 5, which has been shown to pro-
vide a conservative estimate of car-pool potential for 
the 3M Company in St. Paul (4). 

(VP)1  = 	3(EVT)1  F1(TL)1 /4(t/T)1 	 (5) 

where 

(VP)1 = potential VT reduction from van pools to em-
ployer j, 

Ft = average income factor for residential district 
i as shown below: 

Income 

Low 	0.3 
Medium 	0.2 
High 	0.1 

tij  = pickup time for eight employees of employer 
in residential district i, and 

T,1  = line-haul time from residential district ito 
employer j. 

The derivation of Equation 5 assumes that one-fourth of 
the employees will be unable to car pooi. The application 
of Equation 5 assumes that the minimum number of pas-
sengers is eight, so that the potential number of van 
pools to employer j [(NVP)1] is given by Equation 6. 

(NVP), = 
	

3(EVT) F/32(t/T),1 	 (6) 

T,1  is estimated by using Equation 7. 

TU  = (TL)5/V, 	 (7)  

where Vii = average line-haul speed. The following ap-
proximate speed versus distance relation is assumed: 

(TL) (miles) 	V 3  (mph) 

2 	 15 
5 	 25 

10 	 35 

(Because these equations were derived for U. S. custom-
ary units only, SI units are not given.) This relation can 
be approximated by Equation 8. 

VU  = 10[(TL)11] ½ 	 (8) 

so that Equation 7 can be rewritten as 

[(TL)11 1 11 /1 0(h) = 6[(TL)8 P" (mm) 	 (9) 

t,., can be determined by assuming that each pickup will 
require 1 min and that the time between pickups equals 
the average house-to-house distance in residential dis-
trict i for employees of employer j (d,.,) divided by an 
average speed of 30 mph. 

t 3 = 8(1 +(d/v11 )] 

= 80 + ((A,/640(EVT)]' x (60 min/30 mph)]) 

= 8(1 + 0.25[A/l0(EVT)81½) 	 (10) 

where A, = area of residential district i (acres) and 
v,j = average speed of van during pickup mode. 

The substitution of Equations 9 and 10 into Equations 
6 and 7 respectively gives Equations 11 and 12. 

nj 

(NVP)1  = 	9(EVT)1JF((TL)t1½ /128(1 + 0.25[A1/10(EVT)1J9 (11) 

and 

(VP) = 	9(EV1')1F(TL)'/16[1 +0.25[A,/10(EVT)1]') 	(12) 

APPLICATION TO NATIONAL 
CAPITAL AREA 

To demonstrate the applicability of the above analyses 
to a typical metropolitan area, the equations were ap-
plied to the major private and federal government em-
ployment centers in the Washington, D. C., metropoli-
tan area. 

The location and number of employees of 120 major 
private employers (representing 124 000 employees) 
were obtained from a survey of 680 major employers in 
the Washington metropolitan area, as listed by the Met-
ropolitan Washington Board of Trade (5). Of the 230 
responses received, 110 indicated fewer than 100 em-
ployees/facility or provided insufficient information for 
analysis. Similar data for the 233 major federal facili-
ties in the area were obtained from a listing provided by 
the General Services Administration (6). 

So that the available data on existing trip distribution, 
interdistrict distances, and average income could be 
used, the locations of employment centers were desig-
nated in terms of the transportation planning districts 
defined by the Transportation Planning Board (TPB) of 
the Metropolitan Washington Council of Governments 
(COG) (7). A map of the planning districts is shown in 
Figure T. 

The COG zone areas (8) were summed to determine 
the total areas of the pertinent TPB districts, and the 
calibrated interdistrict highway impedances (9) were 
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Figure 2. Work-trip distribution to 
Pentagon (by percentage). 

used to determine average interdistrict distances via 
the existing system of transportation links and nodes. 
Average district income factors, tabulated by R. H. 
Pratt Associates for COG (10), were used to assess in- 
come factors. 	 - 

Since the actual distribution of employee residential 
locations for each employer was not available, the trip 
distribution was assumed to be proportional to the 10 
highest trip numbers of origin-destination pairs termi-
nating in the employer's district, as obtained from the 
validated home -to -work trip distribution (11): 

(EMP) (VWT)(EMP)/ (VWT)1 	 (13) 

where 

(VWT)13  = number of vehicle home-to-work trips 
from residential district ito employer's 
district j and 

(EMP)1  = total number of employees for employer 

A typical trip distribution, determined by Equation 13 
for the Pentagon, is shown in Figure 2. 

A similar simplification was introduced into Equation 
4. Since the actual area of each employment center was 
not always available, the area E was arbitrarily set at 
the uniform value of 1 acre. 

A representative tabulation of the pertinent car-pool 
variables for an employer with 1500 employees, located 
in TPB district 68 (Alexandria, Virginia), is shown in 
Table 2. 

The percentage variation in (CP)j with number of em-
ployees is plotted in Figure 3. A least-squares analysis 
of these data indicates that they can be projected by Equa-
tion 14 

%VT = 8.64(EMP)0306 	 (14) 

with a correlation coefficient of 0.715. 
Figure 3 shows that (CP)j can be expected to vary from 

35 for an employer with 100 employees to 700 for 1000 em-
ployees to 1500 for a large facility with 10 000 employees. 

The pertinent van-pool parameters for the district 68 
employer with 1500 employees are given in Table 3. 

The variation of NVP with the number of employees is 
plotted in Figure 4, which indicates a mean variation of 
the form: 

NVP = 0.003 16(EMP)" 	 (15) 

or a lower bound (safety-factor) variation of 

NVP = 0.0025 (EMP)'/ 	 (16) 

Figure 4 shows that (VP)j varies from 1 for an em-
ployer with 200 employees to 13 for 1000 employees to 
250 for 10 000 employees. 
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Table 2. Matrix of employee vehicle trips and travel resulting from car-pool program. 

Residential District 

Variable 	 68 	92 52 91 71 51 73 131 72 69 Total 

Area, km2 	 17.98 	93.18 10.64 32.83 43.77 4.76 . 	24.65 30.21 28.22 4.99 - 
(vwT), 	 2650 	1636 1629 1286 930 782 701 601 578 481 11269 

(TL), km 	 1.6 	10.0 5.3 5.1 9.0 3.9 14.3 27.8 9.5 5.1 - 
(co) 	 1.215 	1.209 1.215 1.210 1.208 1.216 1.210 1.209 1.209 1.212 - 
(EMP) S 	 352 	217 216 171 123 105 93 79.5 76.5 64.5 1 487.5 

(Co), 	 1.476 	1.352 1.479 1.393 1.362 1.484 1.379 1.359 1.360 1.442 - 
Potential trip reduction 	62.2 	23.0 38.4 22.4 13.9 18.4 . 	11.4 8.8 8.5 10.3 217.2 

(CP),, km 	 99.5 	230.0 203.5 	- 114.2 125.1 71.8 163.0 244.6 80.8 52.5 1 385.0 

Note: 	1 km = 0.6 mile and 1 km2  = 247.1 acres. 

Table 3. Matrix of van-pool potential and vehicle travel reduction. 

Residential District 

Variable 	68 	92 	52 91 71 51 73 131 72 69 Total 

Area, 	km 2 	17.98 	93.18 	10.64 32.83 43.77 4.76 24.65 30.21 28.22 4.99 - 
F 	 0.3 	0.2 	0.2 0.1 0.1 0.3 0.2 0.2 0.2 0.2 - 
(TL), 	km 	1.6 	10.0 	5.3 5.1 9.0 3.9 14.3 27.8 9.5 5.1 - 
T5 , 	min 	6.0 	15.0 	10.8 10.8 14.4 9.3 18.0 25.0 14.6 10.8 - 
(EMP)SJ 	352 	217 	216 171 123 105 93 80 77 65 - 
ts, 	min 	10.3 	14.5 	10.2 12.3 13.9 10.1 13.1 14.1 14.0 10.7 - 
(t/T)II 	1.72 	0.97 	0.94 1.14 0.97 1.09 0.73 0.56 0.96 0.99 - 
(NVT): 	6 	4 	4 1 1 3 2 3 1 1 26 

(VP), 	76.8 	320.0 	169.6 40.8 72.0 93.6 228.8 667.2 76.0 40.8 1786 

Note: 	1 km = 0.6 mile and 1 km2 = 247.1 acres. 

Table 4. Car- and van-pool District of Columbia Maryland Virginia 
i potential n the national 	Type of 

capital region. 	 Employer CP NVP VP CP NVP VP CP NVP VP 

Private 47941 931 54602 47074 366 31269 27783 323 39730 

Federal 237 093 3336 368 900 40 971 535 60 592 232 130 1987 204 801 

Adjusted 
total 380 921 6249 532 706 182 192 1633 154 398 315 479 2956 340 065 

Total = three times private + federal because privateemployer data are based on 33 percent returns. 

a vtecttitu 
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NUMBER OF EMPLOYEES 

The calculated potential for VT reductions by vigor-
ous car- and van-pool programs in the Washington 
Metropolitan area is summarized in Table 4, which 
shows a potential need for 4860 vans for the private 
sector and 5858 vans for federal employees. This 
would be accompanied by a potential VT reduction of 
638 283 vehicle miles during the peak hours, which on 
a daily basis is 1 280 000 miles or 4 percent of total 
VT by light-duty vehicles. 

CONCLUSIONS 

The following conclusions can be drawn from the above 
analyses and application. 

Vigorous car- and van-pool programs by major 
employers can reduce peak hour VT by 10 percent. 

Potential VT reductions from van-pool programs 
are approximately equal to the number of employees. 

Van-pool programs for companies with more 

Figure 4. Number of 	. 
potential van pools in 
Washington metropolitan 
area. 	 - 
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NUMBER OF EMPLOYEES (EMP) 

than 500 employees are more effective than are car-
pool programs. 

The results provide a guideline for variation of 
car- and van-pool potential with number of employees. 
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Van Pooling—New Dimension in Urban 
Transportation: Results From Two 
Operational Programs 

DouglasW. Wiersig, Transportation Center, University of Tennessee 
Frederick J. Wegmann, Department of Civil Engineering, University of Tennessee 

The results are described of two experimental, commuter van-pool pro-
grams—the Tennessee Valley Authority employer-based program and the 
Knoxville commuter pool areawide program. The two are compared with 
each other and with other van-pool programs in an attempt to assess the 
effectiveness of van pooling on employer and community levels. Van 
riders and drivers for both programs were surveyed to obtain user profiles 
and identify the factors felt to underlie the success of the programs. The 
survey found van pooling to be acceptable to a wide range of individuals, 
both male and female, representing a broad spectrum of income and oc-
cupation. The Knoxville comnuter pool vans were found to be operating 
at various employment centers and successfully mixing employees of dif-
ferent companies in the same van. The survey also found that the two 
programs have had different success rates in reducing the number of com-
muter vehicles: Each Tennessee Valley Authority van was replacing 6.1 
vehicles, and each Knoxville commuter pool van was replacing 4.5 vehi-
cles. These results are extremely important for the estimation of the re-
duction in energy and vehicle travel that can be achieved from van pool-
ing and suggest that local assessment must be made with care. 

Traditionally, transportation planners have been con-
cerned with providing a supply of transportation facili-
ties to accommodate future levels of travel demand. 
However, recent events such as the energy crisis, the 
limitations being imposed on public agencies to finance 
capital improvements, and the costs of labor-intensive 
transportation services are leading to a reevaluation of 
these established transportation concepts. Today, 
greater consideration is being given to short-range ac-
tions that respond to immediate travel needs. Ride 
sharing is such a strategy as it attempts to increase 
occupancies through bus, van, and car pooling. 

Knoxville, Tennessee, is the site of two experi-
mental commuter ride-sharing programs. At the Ten-
nessee Valley Authority (TVA), the largest employer in 
downtown Knoxville, an employer-based, commuter ride-
sharing program stressing regular and express buses 
and van and car pools has been active since late 1973. 

At present, efforts are being undertaken by the Knox- 

ville transportation brokerage demonstration project to 
extend ride sharing to the community as a whole by cre-
ating a transportation brokerage service. The brokerage 
concept is somewhat unusual in public transportation in 
that the broker attempts to match individual mobility 
needs with the available supply of transportation, thereby 
altering riding habits and achieving more productive use 
of vehicles and facilities. The service is being operated 
by the Office of Public Transportation Services of the city 
of Knoxville and is funded by a 20-month Urban Mass 
Transportation Administration methods and services dem-
onstration grant. The commuting function of this program 
is called the Knoxville commuter pool (KCP). 

OBJECT 

The object of this paper is to highlight the relative suc-
cess and impact of the KCP and TVA commuter van-
pooling demonstration programs, describe comparative 
ride-sharing user profiles, and identify the factors felt 
to underlie the success of these programs. Comparisons 
are also made with other van-pooling programs to identify 
the effects of various market segments on van pooling. 

TVA COMMUTER POOLING 
DEMONSTRATION PROGRAM 

In 1974, when TVA combined its offices into a new twin 
tower complex, 1300 downtown parking spaces were lost. 
In response, TVA management elected to use a ride-
sharing solution, oriented around an earlier success of 
express buses, rather than initiate a massive downtown-
parking construction program. Effective January 1975, 
TVA employees were reimbursed for travel by bus (ex-
press or regular fixed route) or van and car pools. For 
example, the commuter pooling program reimbursed bus 


