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Predicting Annual Transit Fare Revenue from 

Midyear Results 

SAMUEL SEWARD, RICHARD P. GUENTHNER, and HASSAN KH. NASSER 

ABSTRACT 

Uncertainty about the future and the possibility of major changes are problems 
that face all transit systems. As a tool in facing these uncertainties, contained 
in this paper is an exploration of the possibility of predicting total annual 
revenues for transit systems based on the revenue collected part of the way 
through the year. Six Wisconsin cities representing three city sizes (large, 
medium, and small) were used as a case study. A single prediction along with the 
limits of the 95 percent confidence interval were computed. Also, the percentage 
errors (as compared to the actual annual revenues) were calculated and the dis
tribution of these errors was examined. The findings revealed that the proposed 
method is applicable to the Milwaukee County Transit System because it results in 
a prediction of annual revenue that will have less than 5 percent error 95 per
cent of the time. This method was also found to be applicable to small Wisconsin 
cities. However, in the case of the only medium Wisconsin city, the percentage 
error was higher because of anomalies in some of the data. 

After World War II, the United States transit indus
try suffered a general decline marked by dwindling 
patronage and increasing costs to a point where fares 
would no longer cover costs for service levels de
sired by most urban communities. The termination of 
private transit services in many cities resultP<l, 
and the federal government responded in 1961 with an 
aid pr09ram _for transit. This aid pr09ram had evolved 
into a full spectrum of transit assistance programs 
by the mid-19.70s . By 1980, the U.S. Congress was 
providing several billion dollars annually for tran
sit. Also, a number of states started to provide 
capital and operating aid directly to local transit 
agencies to supplement federal matching grant pro
grams. 

All these funds and grants from federal, state, 
and local government might appear sufficient to en
sure that transit operators are able to cover their 
operating costs. Unfortunately, this has not been 
the case. Transit operating ratios still declined 
through the late 1970s. Because of these trends and 
recently decreasing federal funds, transit systems 
have had to be increasingly concerned with predicting 
annual revenues in order to balance budgets. 

The purpose of this paper is to test a methodology 
for using partial-year transit revenue as a means 
for predicting total current-year revenue for a 
transit system. By applying such a method early in 
the year, transit managers will have an indication 
of whether to expect a shortage, surplus, or balance 
of funds at the year's end. The methodology will also 
give budgeting personnel better information for 
developing their annual budgets, which typically are 
prepared during the middle of the preceding year. 

For this analysis, past revenue data were col
lected from six Wisconsin cities: Milwaukee, Madison, 
Racine, Kenosha, Janesville, and Green Bay. These 
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cities were chosen to represent Wisconsin's large, 
medium, and small cities. Some statistics for these 
cities are given in Table 1. This paper is presented 
in two sections. The first section describes the 
methodology that was used in making the predictions, 
and the second describes the results from applying 
the model. 

UNCERTAINTY IN FORECASTING 

One reason that transportation planning has limited 
influence in the policy process is the proven inac
curacy of the forecasts. Unfortunately, this limita
tion also applies to financial and budgeting fore
casts for transit systems. The nature of forecasts 
is to be in e~ror, and no one can ever eliminate all 
such errors. However, realizing this, concern should 
be focused on anticipating the errors and limiting 
both their size and their consequences. 

Past research has focused on the sources of errors 
in forecasting and ways to reduce them (1). Although 
this is a worthwhile avenue to pursue, -an insuffi
cient amount of attention has been devoted to char
acterizing uncertainty and conveying useful informa
tion about it to decision makers. In characterizing 
uncertainty, researchers are primarily concerned with 
preparing realistic estimates of the likely range of 
key forecast values (2). Assessing the level of un
certainty in the final outputs is not easy, largely 

TABLE 1 Selected Information Concerning the System Analyzed 

I 984 Op-
Popula- No. of 1984 Ve- Fleet erating 

System ti on Routes hicle-Hours Size Budget ($) 

Milwaukee 965,000 71 1,617,000 616 63,493,000 
Madison 225,000 2 I 337,000 194 14,909,000 
Green Bay 141,000 16 84,500 29 2,559,000 
Kenosha 94,000 7 63,600 29 1,717,000 
Janesville 52,000 7 30,300 22 929,000 
Racine 85,000 12 105,800 39 2,700,000 

Note: From operating reports of respective transit authorities. 
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TABLE2 Milwaukee Monthly Revenue ($) 

Year January February March April May June 

1976 1,424,372 1,413,677 1,580,086 1,460,876 1,415,669 1,354,835 
1977 1,434,763 1,435,700 1,618,745 1,413,143 1,436,619 1,380,091 
1979 1,676,124 1,599,742 1,750,953 1,604,397 1,596,898 1,5 20,803 
1980 1,696,710 1,713,554 1,809,995 1,747,461 1,696,813 1,605,917 
1981 2,084,294 1,998, 17 I 2,238,437 2,052,699 1,940,304 1,915,990 
1982 2, 120,047 2,259,030 2,496,680 2,400,40 I 2,089,53 I 2,021,844 
1983 2,139,726 2,259,448 2,493,455 2, 183,944 2,177,069 2,065,629 
1984 2, 196,698 2,275,843 2,393,248 1,105,655 2,220,354 2,023,739 

because of the multiplicity of inputs, estimates, 
assumptions, and the uncertainty associated with 
each. At least as important is finding constructive 
ways to convey the nature and significance of this 
uncertainty to the users of the forecasts. 

Yet the difficulties that researchers have in 
dealing with uncertainty suggest that there are many 
risks involved in revealing this information. The 
risks come from the possibility of frightening the 
decision makers when the reality of uncertainty is 
spoken about openly. 

One way to deal with these issues will be dis
cussed in the next section. The attempt here is to 
understand the character is tics of errors to convey 
useful information about them. This has been done 
through studying the seasonal trends of transit 
revenues and, consequently, developing a methodology 
to predict these revenues, with a reasonable, under
standable error. Also, although much of planning 
addresses the long range, the method presented here 
is applicable to the short range. This method is also 
simple and easy to understand. 

METHODOLOGY 

This study was primarily done for the Milwaukee 
County Transit System (MCTS), which is a mass transit 
organization owned by Milwaukee County, but managed 
and operated by Milwaukee Transport Services, Inc., 
a private, nonprofit organization. For the first 115 
years of its history, the Milwaukee Transit System 
was able to provide reasonable service at acceptable 
rates at no cost to nonusers. The transit system was 
a taxpayer during this period and the system was 
supported solely by the fares. The Milwaukee Transit 
System continued as a private system many years 
longer than did most transit systems in other cities. 

But, with a less dense community, more scattered 
riding requirements, and subsidized highway programs, 
the time was reached in Milwaukee when quality tran
sit service could no longer be supported by the 
farebox alone. Beginning in 1975, the system has been 
subsidized by federal, state, and county funds. In 
fiscal year 1984, the total system operating cost 
was $63 . 5 million. Operating revenue (primarily 
fares) covered $30.5 million or 48 percent of that 
cost. The remaining cost was covered by $7.4 million 
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July August September October November December 

1,308,211 1.306,352 1,513,938 1,556,177 1,439,284 1,429,220 
1,286,282 1,368 ,485 1,569,966 1,624,888 1,597,294 1,571,302 
1,494,836 1,565 ,8 73 1,620,860 1,781,055 1,662,921 1,548,043 
1,618,049 1,607 ,891 1,768,568 1,869,083 1,648,512 1,670,711 
1,908,101 1,839,716 2,010,404 2,103,085 1,943,993 1,880,787 
1,919 ,9 12 1,957, 116 2, 164,924 2,260,056 2,113,576 1,884, 130 
1,958,554 2 ,005 ,85 3 2, 183,183 2, 187 ,442 2,188,989 1,804, I 55 
1,984,635 2,137,704 1,994,967 2,272,296 2,069,856 1,946,43 I 

in federal funding, $21. 8 million in state funding, 
and $3.7 million in county funding. As can be seen, 
even though the farebox does not cover all the costs, 
its contribution is large enough that short-range 
predictions would be useful. 

In this paper, the predictions have been based on 
monthly revenues from 1976 through 1984 excluding 
1978 due to a strike that made that year's annual 
total inapplicable. These values are given in Table 
2. Annual revenue predictions were made from each 
month's cumulative total during the 8-year period. 
The second step was to obtain a 95 percent confidence 
interval for these predictions to provide a clear 
range as to where the estimates will fall. 

The prediction was computed by first finding the 
cumulative monthly revenue and cumulative percentage 
of the total revenue for each month for all 8 years. 
The resulting annual percentage values for each month 
were then averaged over the 8-year period, and used 
to predict the annual revenue. These averages, along 
with the standard deviations, are given in Table 3. 

The predictions for each month during the 8-year 
period were determined from the average cumulative 
percent and the revenue through the month in ques
tion, by using the following formula: 

PRDI = (QDATA/QAVE) * 100 

where 

PRDI 
QDATA 

QAVE 

the middle prediction, 
the cumulative monthly revenue, and 
the cumulative percent average. 

(1) 

In other words, these values represent the predic
t ions that could have been made at that point in 
time. For example, at the end of May 1982, the annual 
revenue estimate would have been made from the Jan
uary through May totals. To determine the accuracy 
of the method, each prediction was then compared with 
the actual annual revenue. The percentage errors be
tween the two are given in Table 4. 

To determine the precision of each prediction, a 
95 percent confidence interval can be computed. The 
high and low limits of this interval represent the 
95th percentile confidence interval of the bounds of 
the cumulative average. In other words, transit sys
tems will be able to predict the total annual revenue 

TABLE 3 Cumulative Percentages of Milwaukee Revenue by Year and Month (%) 

Year Jan. Feb. March April May June July Aug, Sept. Oct. Nov. 

1976 8.28 16.50 25.68 34.17 42.40 50.28 57.88 65.48 74.28 83.33 91.69 
1977 8.09 16.18 25.31 33.28 41.38 49.16 56.41 64.12 72.98 82 .14 91.14 
1979 8.63 16.87 25.88 34.14 42.36 50.19 57.89 65.95 74.30 83.47 92.03 
1980 8.30 16.67 25.52 34.07 42 .36 50.21 58.13 65.99 74.63 83.77 91.83 
1981 8.72 17,07 26.43 35.01 43.13 51.14 59.12 66.81 75.21 84.01 92.14 
1982 8.25 17.05 26.77 36.11 44.2 5 52.12 59.59 67.21 75.64 84.44 92.67 
1983 8.34 17 .15 26.87 35.39 43.88 51.93 59.57 67.39 75.90 84.43 92.97 
1984 8.57 17.46 26.80 35.02 43.68 51.58 59.33 67.67 75.46 84.32 92.40 

Average 8.40 16.87 26.17 34.65 42.93 50.82 58.49 66.32 74.80 83.74 92.11 
Standard 
deviation 0.203 0.378 0.591 0.841 0.906 0.964 1.040 1.105 0.894 0.723 0 .537 
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TABLE4 Percentage Error by Year and Month 

Year Jan. Feb. March April May 

1976 -1.40 -2.20 -1.82 - 1.37 -1.22 
1977 -3.67 -4.06 -3.24 -3.96 -3 .62 
1979 2.77 -0.01 -1.06 -1.46 -1.32 
1980 -1.21 -1.16 -2.43 -1.68 -1.32 
1981 3.78 1.20 1.04 1.05 0.46 
1982 -1.72 1.06 2.33 4.22 3.07 
1983 -0.65 1.68 2.74 2.14 2.21 
1984 2.10 3.48 2.44 1.06 I. 75 

Standard 
deviation 2.41 2.24 2.26 2.43 2.11 

95 percent 
interval 5.70 5.30 5.34 5.74 4.99 

and give a range in which the actual annual revenue 
will fall 95 percent of the time. Because the sample 
size is somewhat small (B years of data), the normal 
distribution was inappropriate. Instead, the Stu
dent's T-distribution was used. The Student's T-dis
tribution for 7 degrees of freedom (for B years of 
data) equals 2.365 Ill. The resulting equations are 

HI = QAVE + STUDT * QSSD 

and 

XLOW QAVE - STUDT * QSSD 

where 

STUDT 2.365, 
HI = the upper limit of the mean standard 

error, 
XLOW = the lower limit of the mean standard 

ror, and 
QSSD z the cumulative standard deviation. 

The limits of each revenue prediction are 

PRD2 = (DATA/HI) * 100 

and 
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June July Aug. Sept. Oct. Nov. 

-1.08 -1.03 -1.28 -0.70 -0.49 -0.45 
-3.29 -3.56 -3.32 -2.44 -1.91 -1.05 
-1.24 -1.02 -0.57 -0.67 -0.32 -0.09 
-1.20 -0.62 -0.51 -0.22 0.04 -0.30 

0.61 1.07 0.72 0.55 0.32 0.03 
2.54 I.89 1.33 1.12 0.84 0.60 
2.18 1.85 1.60 1.47 0.83 0.93 
1.48 1.43 2.02 0.88 0.70 0.32 

1.90 1.78 1.66 1.20 0.86 0.58 

4.49 4.2 1 3.93 2.84 2.03 1.37 

PRD3 = (DATA/XLOW) * 100 (3b) 

where DATA is the monthly revenue. 
By using the mean and standard deviation for each 

column given i n Tabl e 4 and applying Equations 2 and 
3, confidence intervals for the observed errors were 
computed. (These confidence intervals are given in 
Table 4.) These confidence intervals represent the 
expected range of the error of the predictions. For 
example, a prediction made using only information 
from January can be expected to be within 5.70 per
cent of the actual revenue 95 percent of the time. 

Because the concept of the 95 percent confidence 
interval does not automatically have a great deal of 
meaning to a nonstatistician, the average error was 
also computed by separating the predictions from each 
month's data into positive and negative variations 
and then averaging those categories. Figures 1, 2, 
and 3 show these average errors as well as the 
largest negative and positive variations found in 
the predictions for each month. From this line, the 
range and direction of the variations can be seen. 

It shoul~ be recognized that predicting revenues 
based on more limited data will reduce the accuracy 
of the results. Ideally, a prediction system such as 
this should be based on data from as many years as 
is feasible. By using the data in Table 3, the var
iation is shown to be much greater when a limited 
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FIGURE 3 Largest errors in revenue predictions in small cities. 

data base is used. For example, if a January predic
tion had been made in 1979 using only the 1976 and 
1977 data, the prediction would have been 5.4 percent 
above the actual revenue. In comparison, the maximum 
error for a January prediction throughout the entire 
8 years is only 3.78 percent. 

DATA ANALYSIS AND RESULTS 

Milwaukee 

Predicting total annual revenue on the basis of the 
revenue collected in the first few months of that 
year is applicable to the MCTS. The average and 
maximum error s in predicting these revenues shown in 

Figure 1 indicate an acceptable range of predictions. 
Table 4 indicates that the highest negative error is 
-4.06 percent in February 1977 and the highest posi
tive error is 4.22 percent in April 1982. These fig
ures are good indications that the prediction will 
stay in the range of -5 to +5 percent error because 
the highest and lowest errors in the actual data, 
which include 1984 predictions, do not exceed the 
95th percentile confidence interval. 

In general, the revenue in January is about the 
same as that in February . Conseguently, if the stan
dard deviation of the cumulative percentage for 
January and February is less than twice that for 
January alone, more accurate predictions can be made. 
Examination of the standard dev iation as given in 
Table 2 reveals that the cumulative percentage in 
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February is slightly more stable than that in Janu
ary, A February prediction should be slightly better 
than one using information only from January. How
ever, after April, the standard deviation is greater 
than fou r t imes that for January. The resulting pre
dictions in April are not as accurate as those in 
January, February, and March. 

Starting in May, the standard deviations have 
less-than-proportional increases from the previous 
monthsi consequently, the accuracy of the predictions 
starts to improve at that time. This indicates that 
no prediction should be made before April because 
the information during April is not sufficient to 
make the prediction. This can also be seen clearly 
by tracing the variation of error of the prediction 
shown in Figure 1. It appears that weather variations 
and the Easter holiday cause a significant amount of 
year-to-year variation (a high percent of Milwaukee's 
ridership is schoolchildren). 

As can be seen from these numbers and from Figure 
1, the bes t time (f rom a management s t andpoi nt ) to 
make the predict ion i s dur i ng May or J une. By t hat 
time, the 95th percentile error is within 5 percent. 
By then , the prediction is accurate and ther e is 
still time to r eact to it . This i ndicates t hat the 
me thod developed is highly applicable t o the MCTS . 

Madison 

Unfortunately , Madison was a n except i on to the rule 
of cons i s tent resul t s because the e rror range was 
wide . As can be seen from Figure 2, the a verage er
rors do not enter the 5 percent range until March, 
and the limits of the maximum error found do not 
ente r that range until July. 

One important observation of the Madison results 
here is that the minimum worst possible errors oc
curred between 1974 and 19791 the maximum worst pos
sible er r or occurred between 1981 and 1984. One rea 
oon for this is lhat changes in services must have 
occurred around 1980, such as adding new routes or 
increasing fares. Based on general information con
cerning the system, a large number of service and 
fare c hanges have occ urred during the s tudy period. 
Accor ding l y, no stable data were available for this 
analysis. One positive finding from the Madison re
sults is that transit operators could have predicted 
their total annual revenue with a percent error of 
less than 6 percent during all years except 1982. 

Small Cities 

The results from all of the small cities were similar 
to each other. The dotted lines in Figure 3 repre-

TABLE 5 Standard Deviation by City and Month 

Month 

City Jan. Feb. March April 

Madison 
Standard deviation 7.43 5.75 5.57 5.21 
95 percent interval 17. 57 13.60 13. 18 12.32 

Green Bay 
Standard deviation 4.73 4.71 4. 11 3.78 
95 percent interval 11.20 11.1 3 9.71 8.94 

Janesville 
Standard deviation 8.66 5.05 5.17 4.20 
95 percent interval 20.50 11.94 12.2 1 9.94 

Racine 
Standard deviation 4.27 3.20 2.43 2. 10 
95 percent interval 10.09 7.56 5.75 4.96 

Ke11o:sha 
Standard deviation 4.05 3.99 3.82 2.73 
95 percent interval 9.58 9.44 9.04 6.45 
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sent the highest errors f r om t he four cities for each 
month in question. The fluctuations of the graph are 
due to incr easing s e rvices or a raise in fares. For 
example, a sudden increase of the percent error of 
January 1982 in Janesville was due to a fare increase 
from $0. 35 to $0. 50. Another increase had also been 
instituted in February 1981 from $0.25 to $0.35. 

Another change that can cause variations is the 
addition of routes. This was the case for the Racine 
system, where two routes were added between June 1979 
and April 1980. Also, in October 1982, peak-hour 
service was improved on four routes, with headways 
reduced from 30 to 20 min. These changes will affect 
ridership and, consequently, the monthly revenues. 

With the exception of the first 4 months, the 
maximum errors stayed in the 5 percent range, which 
indicates that this model is applicable to Wiscon
sin's small cities. Also, with the exception of 
Janesville, the maximum and minimum worst errors for 
these cities varied between -6.73 in February 1979 
in Green Bay and 10.47 in January 1984 in Green Bay. 
Unlike other small cities, Janesville's percentage 
error ranged from 12.23 percent in January 1984 to 
-16.35 percent in January 1981. Also note that these 
Janesville errors dropped to about one-half their 
magnitude in February to 6.32 and -6.00, respec
tively. 

As was done for Milwaukee, the standard deviation 
and the 95th percentile confidence interval for the 
prediction errors were computed for Madison and each 
of the small cities. These are given in Table 5. Note 
that in Madison and Janesville, an error smaller than 
5 percent could not be expected until the end of 
August . However, acceptable results could be obtained 
in the othe r small cities during the summer months 
between May and July. At this time, adjustments for 
fall could still be made. None of these results was 
as consistent as those in Milwaukee. However, wider 
ridership fluctuations can be expected in smaller 
cities. Also, because the small cities have much 
smaller operating budgets, an erroneous prediction 
of 5 percent would not be as much in terms of dol
lars as would one in Milwaukee. 

USING THE FINDINGS 

To demonstrate how future predictions can be made, 
the following predictions were computed using the 
revenue data from January, February, and March of 
1985 obtained from the MCTS. The actual monthly 
revenues were $2,614,225 for January, $2,485,342 for 
February, and $2,637,972 for March. The calculations 
were done according to Equationo 1-3 ns follows: 

Average cumulative percentage of January (1976 to 
1984) : 8.3975, 

May June July Aug. Sept. Oct. Nov. 

4.61 4. 18 3.45 2.88 1.98 1.31 0.86 
10.90 9.89 8.16 6.81 4.68 3.10 2.04 

3.38 2.63 1.95 1.39 1.08 0.69 0.39 
8.00 6.22 4.61 3.29 2.55 1.63 0.75 

3.52 2.78 2.53 2.26 1.52 1.01 0.67 
8.32 6.58 5.98 5.35 3.59 2.39 1.58 

2.33 2.16 2. 19 2.01 1.88 1.44 0 .66 
5.5 I 5.10 5.17 4.76 4.45 3.40 1.56 

2.28 1.26 1.40 1.69 1.10 0.85 0.53 
5,39 2.98 3.31 4.00 2.60 2.01 1.25 
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Standard deviation= 0.2028, and 
Student's t-distribution * Mean standard error 

= 2.365 * 0.2028 = 0.4796. 

Annual projection = January revenue/Average cumula
tive percentage = 2,614,225/0.083975 
= $31, 130, 991. 

The lower bound of the 95 percent confidence interval 
January revenue/(Average cumulative percentage 

+ 0.004796) = 2,614,225/(0.083975 + 0.004796) 
$29,449,015. 

The upper bound of the 95 percent confidence 
interval = January revenue/(Average cumulative 
percentage - 0.004796) = 2,614,225/(0.083975 
- 0.004796) = $33,016,729. 

In the following table, the rest of the results are 
given (in dollars) for February and March. The pre
dictions are decreasing from the January predictions. 

Predictions 
Low 
Middle 
High 

January 
29,449,015 
31,130,991 
33,016,729 

February 
28,713,778 
30,032,785 
31,912,183 

March 
28,067,103 
29,580,575 
31,235,019 

Because the final 1985 revenues are not finalized, 
these predictions cannot be tested. However, if the 
trend has not varied much from the past 8 years, it 
is expected that starting in May, accurate predic
tions should be available. 

CONCLUSIONS 

Predicting total annual revenue based on partial-year 
revenue is an important mechanism that can be used 
by planning and budgeting personnel in the transit 
industry. Revenue collected from regular transit 
operations is often the largest component of overall 
system revenue. In addition, while other income is 
predetermined, the rider ship levels cannot be con
trolled. Thus, accurate predictions of annual revenue 
can be extremely valuable. A methodology to project 
transit revenues was developed based on the varia
tions of revenue of large, medium, and small Wiscon
sin cities. A prediction based on the cumulative 
percent average of each month was developed in addi
tion to two upper and lower limits for this predic
tion. 

Analyzing the results obtained from these cities 
indicated that this mechanism is applicable, and that 
accurate short-term predictions could be generated 
by using it. The results of the data analysis indi-
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cate that reliable estimates, with less than 5 per
cent error, of future revenue for the MCTS could be 
predicted as early as May with 95 percent confidence. 
Similarly, reasonably accurate forecasts were ob
tained for Wisconsin's small cities with errors not 
exceeding 5 percent. Less accurate estimates were 
made for Madison as a result of the inconsistency of 
some revenue data (year 1982), and an apparent system 
change in 1980. Therefore, a practical model cannot 
be developed for the Madison system until a stable 
data base is available. 

Applying this model will give budgeting personnel 
a clearer picture of their future revenue by giving 
them a clear date around when year-end shortfills or 
surpluses can be detected. In addition, the pos~ible 
error accompanying this projection can be estimated. 

Additional research should be conducted to improve 
the validity of the model by exploring the year-by
year fluctuation. The years with the greatest error 
are those that changed most from the previous year 
and if a version of the model can be developed that 
takes this variation into account, earlier and more 
accurate forecasts may be possible. This will en
courage more operators to consider using it as an 
ongoing management analysis tool. 
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