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MODEL RESULTS TO DATE 

A feasibility study was carried out in Austin, Texas, in 
the spring of 1975. Boarding and alighting data were 
gathered and the model coefficients were calibrated to 
these ridership data by means of linear regression anal-
ysis. The adjustment factors were developed from a 
review of the literature. The results of the Austin fea-
sibility study can be summarized as follows: 

It was found that linear regression can be used to 
calibrate the coefficients for the model. This will make 
data collection for the model a matter of collection of 
On and Off data by section for each route. 

The model equations (Tables 1 and 2) had reason-
able coefficients. For the higher income (other) house-
holds, the coefficients were about 25 percent of those 
for low-income (target) households. The coefficients 
for the home end of the trips were all statistically sig-
nificant and had consistent values during the whole cal-
ibration procedure. The coefficients for the attraction 
variables were not as consistent, perhaps due to the 
measurement difficulties in determining the employment 
and other attraction inputs. 

Examination of residuals indicated no unexplained 
variance in terms of comparisons between routes, dis-
tance from the CBD, income levels, and so on. This 
was also taken as a verification of the headway adjust-
ment factor, which varied from 1.0 to 0.3 for the test 
sections (15-min and 1-h headways respectively). 

There was an expected similarity between coef-
ficients of the vaiious equations. For instance, the Ons 
in a section in the morning peak and the Off s in a section 
in the evening peak should have similar coefficients. 
Examination of Equations Al and A2 in Table 1 shows 
that this is the case. 

The development of the model is continuing in the 
Kitchener-Waterloo study, which is sponsored by the 
Ontario Ministry of Transportation and Communications 
and Kitchener Transit. Special attention is being pald  

to the measurement of the attractor variables and the 
estimation of the associated coefficients. The study will 
look at the consistency of the household coefficients for 
two quite different cities. Tests of model prediction 
ability for maximum load points and overall route rider-
ship will be carried out. In addition, the model will be 
tested in a before -and -after situation for a series of 
changes in route locations, route headways, and hours 
of service that are being implemented by K.itchener 
Transit. This should clearly indicate the model's po-
tential for use as a management tool. 

CONCLUSION 

The recent trend to heavy subsidies for transit systems 
has signaled a change in the underlying objective from 
one of economic efficiency to one of maximizing the 
number of users of transit, by time of day, within a 
reasonable level of subsidy. This shift in objective has 
resulted in a change in the methods of managing transit 
systems as well as in the nature of transit service oper-
ations. These changes have resulted in a lack of infor-
mation and data on the effects of policy changes. 

A transit demand model is needed as a policy tool 
to monitor the effects on ridership of policy changes in 
transit systems. The proposed model is simple in 
structure, follows well-proven theories, and includes 
as variables all the major policy variables. The model 
provides a framework for data collection that will en-
sure that the effects of policy changes can be detected. 
Only by measuring all the variables that affect transit 
ridership is it possible to isolate the effects of a specific 
policy variable. Feasibility studies to date indicate that 
the proposed model does provide a framework that is 
adequate to the task. 

Ongoing research is aimed at the development of a set 
of model coefficients and adjustment factors that will be 
consistent between routes and cities. This would provide 
the basis for a transit demand model that would be very 
beneficial in achieving the new management task. 

Using Sales Tax to Support Low-Fare 

Pricing of Transit Services in Atlanta 

John W. Bates, Research and Development, Metropolitan Atlanta Rapid Transit Authority 

On February 17, 1972, the Metropolitan Atlanta Rapid 
Transit Anthority (MARTA) initiated implementation of 
its short-range transit improvement program through 
acquisition of the privately owned Atlanta Transit Sys-
tem, Inc., which was and had been for many years the 
only significant supplier of public transportation services 
in the Atlanta metropolitan area. On March 1, 1972, 
MARTA lowered fares from the previous 40-cent base 
fare with a 5-cent transfer charge to a 15-cent flat fare 
with free transfers. 

The reduction in fare was included in the development 
of MARTA's overall financial planning. The primary in- 

come source for implementation of the $2.1 billion tran-
sit development program is a 1 percent sales and use tax 
levied in the two-county implementation district. To 
overcome the inequity of a regressive sales tax, a policy 
of maintaining low fares was established, and both sales 
tax and fare revenues were applied to meet development 
and operating costs. 

Some increase in transit patronage was expected as a 
result of the fare reduction. The forecast was based on 
the historical marginal elasticity of fares in Atlanta, 
which indicated that, for an increase or small decrease 
in fare, total volume declined or rose approximately 
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0.25 percent for every 1.0 percent change in fare. Orig-
inal estimates for the ridership increase were on the 
order of 12 percent, which was significantly exceeded 
immediately. The first week of reduced fares resulted 
in a ridership 18.5 percent higher than the volume es-
timated at previous fares. For the 12 months ending in 
February 1973, ridership was 23 percent higher than in 
the previous 12-month period and 28 percent higher than 
the forecast for the same period at continued higher 
fares. A survey of riders conducted in November 1972 
indicated that the increase in ridership was 30 percent, 
taking into account new riders and additional old-rider 
trips versus continuing old-rider trips. The November 
1972 survey showed very interesting changes in the com-
position of transit ridership that resulted from the re-
duced fare. 

CHARACTERISTICS OF RIDERSHIP 

Overall transit ridership increased 30.2 percent; 91 per-
cent of the increase was due to new-rider trips. On 
weekdays, the increase was 28.0 percent and was due 
entirely to new-rider trips. On Saturdays, transit rid-
ership increased 41.0 percent; more than half of the in-
crease was due to new-rider trips. The largest increase 
in ridership occurred on Sundays- an increase of 78.8 
percent, due almost two-thirds to increased trip making 
by old riders. The volumes of ridership developed from 
the survey within each of these classifications are shown 
in Table 1. 

When asked whether the reason for their change to 
transit was due to the fare, service, or other reason, 
half or more of all new riders said it was the fare (56.2 
percent of new weekday riders, 49.3 percent of new Sat-
urday riders, and 53.1 percent of new Sunday riders). 
Further details of the responses are shown in Table 2. 

The structure of the survey questionnaire assumed that 
either fare or service would be the reason for change of 
mode. The large proportion who responded otherwise 
strongly indicates that there is not a simple dichotomy 
but a severe overlapping of fare and service considera-
tions in the decision to switch to transit. The initial 
inference that might be drawn is contrary to previous 
research and, in some measure, to intuitive reasoning. 
The magnitude of the response in the "other" category 
clearly indicates that no definitive conclusion should be 
drawn from this study. It cannot be concluded that ser-
vice improvements are of small significance in increas-
ing transit ridership. It can be concluded, however, 
that in Atlanta, as a result of increased public awareness 
of reduced fares and only limited implementation of 
major service improvements at the time of the survey, 
fare was the primary single reason for increased rider-
ship. 

On a typical weekday, 41.8 percent of new riders had 
previously made the same trip by driving an automobile. 
An additional 21.9 percent of the new weekday riders had 
previously made the same trip by riding in an automobile 
driven by someone else. In total, almost two-thirds 
(63.7 percent) of the new riders each weekday had made 
the same trip in an automobile either as a driver or as 
a passenger (Table 3). About 21 700 automobiles were 
removed from the streets, either entirely or at least 
for the primary portion of the trip during the weekday. 
The breakdown by time period within the day is shown 
below. 

Time of Day Number Percent 

6:00 to 9:00 am. 5000 23.0 
9:00 am, to 3:00 p.m. 5600 25.8 
3:00 to 6:00 p.m. 7 500 34.7 
Remainder of day 3 600 16.5 
Total 21 700 

An additional point of interest is that 21.5 percent of 
the trips by new weekday riders were not made before 
the rider made the trip on transit. On the weekend, al-
most one-third of the new riders had previously made 
the trip by driving an automobile; almost half of the new 
riders had previously made the trip either as driver or 
as passenger in an automobile. Also, approximately 
one-fourth of new weekend riders made trips that they 
had not made before the MARTA program was initiated. 

Comparing new and old riders on the weekday, nearly 
two-thirds (64.3 percent) of the new riders were between 
ages 18 and 35, while only half (48.2 percent) of the old 
riders were. With increasing age, the proportion of new 
riders to the total transit-rider population declined, em-
phasizing the conclusion that transit has been made at-
tractive to a different segment of the population. The 
1970 population figures for Fulton and DeKa.lb  counties 
combined indicated that 25.7 percent of the total popula-
tion were between the ages of 18 and 34 and 38.3 percent 
were 35 and older. Although old riders generally fol-
lowed the areawide age distribution, new riders showed 
a different age distribution. 

New riders were almost equally divided between male 
(48.9 percent) and female (51.1 percent). This is very 
close to the 1970 population figures for Fulton and DeKalb 
counties (males- 47.7 percent, females- 52.3 percent). 
In contrast, among old riders there were almost twice as 
many female riders (64.9 percent) as males (35.1 percent). 
The distribution of new riders was nearly the same as 
that of the total population. 

Among the new riders, 60.8 percent were black and 
39.2 percent were white, whereas among old riders 72.1 
percent were black and 27.9 percent were white. Among 
all riders, 70.4 percent were black and 29.6 percent were 
white. This is the reverse of the 1970 racial distribution for 
Fulton and DeKaib counties, which showed 71 percent 
white and 29 percent black and other. Although the new 
riders did show a larger proportion of white riders than 
old riders had, the total was still not representative of 
the entire service-area population. 

Of those who reported their family income level (84.8 
percent of the new riders and 82.8 percent of old riders), 
30.4 percent of new riders had family incomes of more 
than $10000, whereas only 21.2 percent of old riders 
did. The 1970 census figures show that 53.6 percent of 
the families in the two counties have incomes of more 
than $10000. While transit has been made more attrac-
tive to higher income riders, the income distribution of 
old and new riders is still far from representative of the 
income distribution of the entire service area. 

More than half (55.7 percent) of the new riders re-
ported that no automobile was available for their trip 
either as driver or passenger; this was true for nearly 
three-fourths (72.3 percent) of the old riders. Only one-
fourth (27.7 percent) of the new riders had no family 
automobile, compared with nearly half (45.5 percent) of 
the old riders. It is interesting to note that the 55.7 per-
cent of new riders who indicated they were transit cap-
tives corresponds closely to the 58.2 percent of new 
riders who previously either were automobile passengers 
(21.9 percent), used some other type of vehicle (10.3 
percent), walked (4.5 percent), or did not previously 
make the trip (21.5percent). A much larger percentage 
of new riders than of old riders had automobiles in their 
families and had automobiles available to them for their 
trip but selected transit on a basis of choice. 

Nearly half (48.1 percent) of the new-rider trips were 
for reasons other than going to and from work, while 
slightly more than one-third (37.7 percent) of the old-
rider trips were for purposes other than work. This 
indicates a higher mobility and freedom to make non-
work trips among new riders. 
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Nearly three-fourths of both new (73.8 percent) and 
old (70.9 percent) riders walked to the bus. Only 16.1 
percent of the new riders transferred among buses, com-
pared with 20.8 percent for old riders. Only 3.2 percent 
of new-rider trips were part of a park-and-ride journey; 
only 1.6 percent were so among old-rider trips. Almost 
equal proportions of new (5.0 percent) and old (6.0 per-
cent) riders reached their buses by riding with someone 
driving an automobile. While the number of park-and-
riders was a small percentage of the total ridership, it 
should be noted that 4600 weekday transit trips were made 
by persons who drove an automobile to a bus stop and 
took transit for a portion of the trip. All of this parking 
was done on an informal basis with no provision of lots 
by MARTA. 

MARTA has since completed three formal park-and-
ride facilities on the east and north of the central city. 
These three facilities contain a total of 880 parking 
spaces and are currently used at a rate of about 525 ve-
hicle s/weekday. 

When new riders required a transfer, only 5 percent 
made more than one transfer, while 16 percent of old 
riders who transferred made more than one transfer. 
This indicates that new riders did not make trips requir-
ing transfers as often as old riders, and, when transfers 
were required, a much smaller proportion of new riders 
made more than one. New riders were more likely to 
use park-and-ride facilities for access to transit, but 
new and old riders showed almost equal propensity to 
ride to transit as automobile passengers. There may 
well be a correlation between the higher use of park-
and-ride and kiss-and-ride activity and the lower trans-
fer rate for new riders. Since they have higher rates of 
automobile ownership, the new riders had more flexi-
bility to drive to a transit line that provides more direct 
service, thereby reducing the need to transfer; old 
riders, who did not have as high a rate of automobile 

Table 1. Composition of increase in 
ridership. 

Continuing 
Day 	 Old Riders 

availability, were forced to use the closest transit line 
regardless of the transfer requirements. 

PUBLIC ECONOMIC ASPECTS 

Much has been made of the magnitude of the increase in 
transit ridership following fare reduction and the fact that 
new riders (people who did not use transit on a regular 
basis prior to the fare reduction) were predominantly from 
higher income groups and were not the traditional lower 
income people who are assumed to form the primary 
market for transit services. However, in spite of the 
attraction of new market segments to transit, the overall 
composition of transit ridership did not change signifi-
cantly, and increased weekend ridership was predomi-
nantly made up of additional trips by previous riders. 

The record of MARTA's ridership for the 3-year 
period from July 1972 through June 1975 showed 
166 000 000 revenue passengers, 46 700 000 transfer pas-
sengers, and a total of 212 700 000 total riders. 

This analysis deals only with the operation of reg-
ular revenue services. Charter, sightseeing, and 
other special services are not included in the passenger 
totals or in financial figures. The 166 000 000 revenue 
passengers represent the actual number of origin-to-
destination trips on the system. Summary financial fig-
ures for the 3-year period are presented below. 

Item 	 Amount ($) 

Total sales taxes received 145 300 000 
Total sales taxes applied to operations 52 000 000 

Total operating revenue 27 500 000 
Less nonpassenger revenue 3 200 000 

Net passenger revenue 24 300 000 

Total operating costs 80 300 000 
Less cost of charter, contract, and 

special services 2 000 000 
Net revenue service costs 78 000 000 

	

Induced Old Riders 	New Riders 	 Total 

	

Percent 	 Percent 	 Percent 
Number Increase Number Increase Number Increase 

Each weekday 	185 000 	- 	- 	 52 000 	28.0 	 237 000 	28.0 
Saturday 	 81 000 	6000 	19.6 	 18000 	21.4 	 115 000 	41.0 
Sunday 	 24 000 	12 000 	50.0 	 7 000 	28.8 	 43 000 	78.8 
Seven-day week 	1 031 000 	28000 	2.7 	283 000 	27.5 	1 342 000 	30.2 

Table 2. Stated reason for change to or increased use of transit. 

Reason 

weekday 

New Riders 

Number Percent 

Saturday 

New Riders 

Number 	Percent 

All Riders 

Number 	Percent 

Sunday 

New Riders 

Number 	Percent 

All Riders 

Number 	Percent 

Fare only 29 100 56.2 8 600 	49.3 40 100 	34.9 3700 	53.1 15 100 	35.1 
Service only 1 500 2.9 500 	2.8 2 800 	2.5 200 	3.0 600 	1.4 
Other 21200 40.9 8300 	47.9 71 900 	62.6 3000 	43.9 27300 63.5 

Total 51 700 17 400 114 800 6900 43 000 

Table 3. Previous travel mode for new 
riders. 

Weekday Saturday Sunday 

Previous Mode Number Percent Number Percent Number Percent 

Automobile driver 21 600 41.8 5 800 33.2 2100 29.7 
Automobile passenger 11 300 21.9 3 300 	. 18.8 1500 21.3 
Other vehicle 5 400 10.3 1 900 11.1 400 6.4 
WalkIng 2 300 4.5 1 300 7.7 1100 15.5 
No trip 11200 21.5 5100 29.2 1900 27.1 

Total 51 800. 17 400 7000 
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Table 4. Number of weekly transit trips by 
Percentage 

income group. Each Seven-Day of Total 
Income (5) Weekday Saturday Sunday Week Trips 

Less than 5 000 67 400 40900 16 500 394 100 36.5 
5 000 to 9 999 74 000 37 900 13 600 421 600 39.0 
10000 to 19 999 40 000 13 700 3 900 217 800 20.2 
20 000 and higher 8 600 3200 900 46900 4.3 

Total 190 000 95 700 34 900 1 080 400 

Table 5. Distribution of sales tax burden and contribution to operating subsidy by income group 

Sales Tax Tax Contribution to 
Estimated Total Estimated Revenues Operating Subsidy (5) Percentage 
Annual Sales Sales Tax for Dtstrtbution Applied to Transit of Annual 

Number of Tax per 3-Year Period of Burden Operating Costs Per 	Per Family! Family 
Income (5) Families Family (5) (5) () (5) Family 	Year Income 

Less than 5 000 46 200 33 4 600 000 8.2 4 300 000 93 	31 1.2 
5 000 to 9 999 73 800 63 13 900 000 25.0 13 000 000 176 	59 0.8 
10 000 and higher 137 900 90 37 200 000 66.8 34 700 000 252 	84 0.6 

Total 257 900 55 700 000 52 000 000 202 	67 0.6 

Table 6. Estimation of number of transit-user families by income 
group. 

- 	 Transit-User 	 Percentage of 	Percent- 
Families 	 Transit-User 	age 

Families in 	of Total 
Income Cs) 	 Number 	Percent 	Income Group 	Families 

Less than 5 000 33 900 	36.5 	73.5 13.2 
5 000 to 9999 36 300 	39.0 	49.2 14.1 
10 000 and higher 22800 	24.5 	16.5 8.8 

Total 93 000 36.1 

The balance of revenues to match the total operating 
costs were derived from other sources and are not m-
cluded in this analysis. During the 3-year period, the 
average cost per revenue passenger was $0.47, a sub-
sidy rate of 69 percent. 

The fact that the average revenue per revenue pas-
senger was $ 0.146, which is less than the 15-cent fare, 
should be noted. During this period, school trips re-
quired only a 10-cent fare. Some 41 000 school trips are 
carried by MARTA each school day. The reduced school 
fare was terminated before the beginning of the 1975-
1976 school year. 

In order to assess the share of sales tax paid by 
people in various income groups and to estimate the 
benefits they received, it is necessary to stratify the 
total number of revenue trips by income group and to 
estimate the number of families in each income group 
who are transit-user families. Table 4, based on the 
findings of MARTA's fare reduction research study, 
shows the number of weekly trips made by people in each 
of four income groups, as determined from the on-board 
passenger survey performed in November 1972. The 
percentage distribution of weekly trips was derived from 
this, and those percentages are applied below to the total 
ridership for the 3-year period to derive passenger es-
timates for each income group (in further computation 
and tabulation, the two higher income groups are com-
bined in order to correspond to groupings used by the 
U.S. Bureau of the Census). 

Trips 

Income (5) 	Number 	Percent 

Less than 5000 	60 600 000 36.5 
5000 to 9999 	64 700 000 39.0 

Trips 

Income ($) Number 	Percent 

10000to19999 33500000 	20.2 
20000 and higher 7 100 000 	4.3 

The 1970 census reported a total of 257 900 families 
and unrelated individuals within Fulton and DeKalb coun-
ties. The income distribution of these families is shown 
below. 

Families 

Income Cs) 	 Number 	Percent 

Less than 5000 	46200 	17.9 
5000 to 9 999 	73 800 	28.6 
10000 and higher 	137 900 	53.5 

These distributions and estimates of sales tax payments 
per family in each income group are shown in Table 5. 
When these percentages of the tax burden are applied to 
the allocation of the total sales tax revenues to transit 
operating costs, the estimated contribution to the oper-
ating subsidy for each income group is obtained. The 
contribution per family per year represents a smaller pro - 
portion of income as income increases, which verifies that 
the sales tax is regressive. However, no consideration 
has yet been given to the compensating effect of the low 
fare. 

To properly consider the effects of the low fare in 
compensating for the regressiveness of the sales tax, 
it is necessary to divide the families in each income 
group into transit-user and non-transit-user families. 
Among the 1239 households surveyed in the home inter-
view phase of the fare reduction research study, 447 
transit-user families were found. Application of the 
expansion factor of 208.13 (derived from the number of 
households surveyed) produces an estimate of 93 000 
transit-user families. Assuming the same percentage 
distribution by income group as was found among on-
board passengers, the number of transit-user families 
is estimated as shown in Table 6. 

To test the equity aspects of the Atlanta plan, the ob-
served results were compared with two other alternatives. 
The first posited no transit trips and assumed that the trips 
actually made by transit were made by private automobile 
for both transitusers and nonusers. Assuming aconserva-
tive average trip lengthof 8 km (Smiles), at a cost of 9.4 
cents/km (15 cents/mile), each one -way trip would cost 75 
cents. The annual number of transit trips actually made per 



Table 7. Annual net benefit to transit-user families. 

3-Year Tax Total Net Annual Net Percentage 
Contribution to 3-Year 3-Year Value 3-Year Net Benefit! Benefit! of 

3-Year Fare Operating Cost Total Cost Received Benefit Family Family Annual 
Income ($) Cost ($1 ($) ($1 ($) ($1 (5) (5) Income 

Less than 5 000 8900 000 3 100 000 12 000 000 28 600 000 16 600 000 488 163 6.5 
5 000 to 9 999 9 500 000 6 400 000 15 900 000 30 600 000 14 700 000 404 135 1.8 
10000 and higher 5 900 000 5 700 000 11 600 000 19 200 000 7 600 000 329 110 0.7 

Total 24 300 000 15 200 000 39 500 000 78 400 000 38900 000 416 139 1.8 
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family during the 3-year period averaged 595; if these 
trips had been made by automobile, the annual cost per 
family would be $446. The percentage of annual income 
required to meet this cost is shown below; it is obvious 
that this alternative is highly regressive. 

Percentage of 
Income ($) Annual Income 

Less than 5000 17.8 
5000 to 9 999 5.9 
10000 and higher 3.0 

Total 4.2 

The second alternative is that of the traditional model 
for financing public improvements, in which taxes are 
used only for capital expenditures and operating costs 
are borne wholly by user charges. Under this condition 
each transit trip would be charged a full or break-even 
fare, in this case $0.47. Given the 3-year operating 
cost cited above of $78 300000, the per-family average 
annual cost for the 93 000 transit-user families is $280, 
which is lower than the private automobile alternative. 
As indicated by the percentage of annual income required 
to meet the cost, this is still highly regressive but not 
so much as the automobile alternative. 

Percentage of 
Income ($) Annual Income 

Less than 5000 11.2 
5000to9999 3.7 
10000 and higher 1.9 

Total 2.6 

However, comparison with the sales tax and low tran-
sit fare alternative, shown in Table 7, indicates that 
transit-user families actually receive a net benefit- rang-
ing from 6.5 percent of annual income for the lowest in-
come families to 0.7 percent for the highest income 
families. 

It might be argued that it is improper to assign the 
total difference between the cost of the trip provided and 

the actual sales tax plus fare cost as a benefit on the 
basis that, if the fare were higher, the total number of 
trips made would be fewer. However, the actual cost 
of the trip provided is the actual value received, which 
is less than the cost of the primary alternative, i.e., 
the private automobile. Also, the fare reduction re-
search study indicated that 93 percent of all transit trips 
made under the reduced fare had been made previously 
by transit at a fare slightly below the actual cost over the 
3-year analysis period. Only 7 percent of transit 
riders had previously used some other mode, primarily 
private automobile or taxi, both of which are substan-
tially more costly than the full cost of the transit trip. 
For this reason the benefit has been assigned in the 
manner shown. 

CONCLUSIONS 

The Atlanta low-fare and sales tax transit pricing expe-
rience leads to two primary conclusions. First, low 
systemwide fares attract additional transit riders, sig-
nificantly from previously nontransit markets. Second, 
with a low fare, subsidy drawn from sales tax results 
in a progressive tax structure with desirable income-
transfer effects. Transit service is undeniably impor-
tant, and continued improvements to service are neces-
sary. However, service improvements are local in 
nature, relatively small in proportion to the total sys-
tem, and often indistingui.thable. Free or heavily pro-
moted low fares are systemwide and highly visible. 
Survey data indicate in Atlanta that low fares attracted 
riders who then discovered the quality of transit service 
that was already available. 

Subsidy is apparently necessary. High and increas-
ing fares that minimize subsidy requirements not only 
fall to attract riders from the traditional nontransit seg-
ments but also price out and penalize traditional transit 
riders. A pricing system such as that used in Atlanta 
apparently overcomes that problem and results in both 
more riders and desirable subsidy effects. 


