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ABSTRACT 
This research examines the cost-efficiencies of heavy rail and bus systems with regard to their per-vehicle and per-
passenger-mile operating costs. By looking at how these costs differ between the modes and how they changed 
during the 1997-2006 period, both nationally and by region of the country, we seek to determine which mode is 
more economical on an operational basis. Overall, the study found that rail systems cost more to operate than bus 
systems on a per-vehicle basis, but cost less than bus systems when considering cost per-passenger-mile, a result 
explained by the higher carrying capacity of railcars as opposed to buses. Furthermore, using theoretical occupancy 
levels, a threshold occupancy was calculated for rail, beyond which it becomes the more cost-efficient of the two 
modes. 
 
INTRODUCTION 
As communities grow, the regional public transportation system must grow along with it in order to continue to 
successfully serve its clientele, and it is likely that a point will eventually be reached where a significant overhaul of 
the system is required. Many factors influence the final decision regarding how best to meet the needs of transit 
passengers in systems with high ridership. Perhaps most importantly from the perspective of the operating agency—
how much more will it cost on a daily operational basis to furnish one type of system versus the other? How have 
the operational costs changed for rail and bus systems over the last decade? 
 
Because public transportation systems are intricately interwoven with the fiber of the community, particularly in 
communities with high transit ridership, making decisions about system expansion is never a straightforward task. 
Political pressures can have a large effect on the type of system implemented, and practical issues such as land use 
considerations, demographics, socio-economics, and logistics are only a few of the issues facing planners. Perhaps 
most importantly, funding for and expenses associated with expanded systems must enter into the decision. In an era 
when high gasoline prices are leading to deficits in the Highway Trust Fund, funding for expanded transit systems is 
becoming ever scarcer (Conkey, 2008), so it is imperative to use available financing options in the most responsible 
ways possible. 
 
Funding issues tend to focus on the initial capital outlay to implement a transit system. Rail systems require 
substantially more capital investment than bus systems, necessitating special infrastructure to operate. It has been 
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postulated that by contracting out service, smaller transit agencies can avoid the substantial costs associated with 
start-up of service (Iseki, 2008). Once a system is in place, operational costs accrue; however, the capital costs 
associated with constructing a rail project can still far outstrip the operational costs, even over the lifetime of the rail 
system (Gardner, 1995). 
 
Once the question of costs has been entertained in the comparison of bus and rail systems, the variables normally 
considered are the operational features of the options. Flexibility, capacity, and speed are aspects easily quantified 
for comparative purposes. 
 
Bus systems, particularly those sharing right-of-way with other vehicular traffic, are vastly more flexible in their 
service than rail systems, which are fixed in place. Adapting bus systems to changing land use patterns is easily 
achieved by re-routing buses along alternative streets. Rail systems, however, require extensive planning and travel 
forecasting to assure that routes are laid in the best configuration to meet current and future demand. 
 
Capacity concerns, however, tend to favor rail systems, although research shows that this bias may not be justified. 
Where a single bus can comfortably accommodate 50 passengers, a single rail car can carry well over 100 people 
(Grava, 2003; TCRP, 2003). In comparable systems operating on equivalent headways during peak hours, a train of 
five cars carries 10 times the number of passengers as a bus. However, studies around the world have shown that 
only the most populous cities (Mexico City, Sao Paulo, and Hong Kong) produce passenger flows that heavy rail 
systems alone are capable of handling, and for light rail systems to reach their theoretical capacities, they must have 
fully exclusive rights-of-way and short headways—characteristics difficult to attain in most cities. Bus systems, 
particularly those with separated operating rights-of-way, appear well-suited to serve most passenger flows 
(Gardner, 1995). 
 
Operating speeds are assumed to be higher on rail systems. While this assumption may hold for heavy rail systems, 
field studies have indicated that after controlling for the number of stops along a line and spacing of those stops, 
light rail system operation speeds are not significantly higher than bus speeds (Gardner, 1995). 
 
Other intangible benefits may be attributed to rail modes versus bus modes, including community pride and other 
types of visual and emotional appeal. There tends to be a perceived preference for rail among travelers in many 
cities; however, a recent evaluation of the Washington, DC area bus and rail systems showed that, given similar 
service characteristics, passengers were attracted equally to bus and rail systems (Ben-Akiva and Morikawa, 2002). 
The study concluded that “high performance bus service can well be a substitutive for rail service.” The research 
team equated high-performance heavy rail systems with express bus service running in bus or HOV lanes, and low-
performance light rail systems with regular local bus service. Per this study, the selection of rail or bus service was 
less important than the advice that whatever system was implemented be planned in such a way as to minimize the 
inconvenience to patrons. 
 
Another issue facing transit operators resides in economies of scale. Numerous studies have been conducted in an 
effort to determine the existence of economies of scale, wherein the cost per unit of service decreases with the size 
of the fleet (or other measure of system size), or diseconomies of scale, in which cost per service unit increases as 
system size increases. These studies have resulted in mixed conclusions, and no overall consensus has been reached. 
Taking a role in these inconsistencies are the functional form and type of modeling used to explain the relationships 
in play, as well as the disaggregation of data. 
 
In the face of so many considerations when planning a transit system to accommodate great numbers of passengers, 
there is no unequivocally “correct” answer. Among all the issues, operating cost efficiency of one system versus the 
other remains an additional concern. This paper investigates the operational cost efficiency of existing heavy rail and 
bus systems using real operational data from 1997 through 2006 and evaluates the data based on how agencies are 
appropriating their available operating funds to provide the service utilized by their constituents. 
 
DATA 
Data used in this study came from the National Transit Database (NTD) and included operational statistics for the 
10-year period between 1997 and 2006. The number of systems in the database varied minimally over this period, 
with the 2006 dataset covering 541 bus systems and 15 heavy rail systems. The primary variables considered here 
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include passenger-miles, the number of vehicles operated in maximum service (VOMS), and system operating costs, 
which include vehicle operations, vehicle maintenance, non-vehicle maintenance, and administrative costs. 
 
In all comparisons, the New York City MTA data were omitted, due to their extreme magnitude when compared to 
any other transit system in operation in the US. In the regional comparisons for bus systems, when a single system 
existed as an extreme outlier, this system was omitted (but included in the aggregate national analyses). In addition 
to the aforementioned NYC MTA, these regional exclusions included the Massachusetts Bay Transportation 
Authority (directly-operated (DO) service), New Jersey Transit Corporation (DO), Chicago Transit Authority (DO), 
and the Los Angeles County MTA (DO). Regions of the US were defined as in the NTD data, corresponding to the 
agencies’ identification number. 
 
Regional comparisons for heavy rail systems were infeasible due to the limited sample size. 
 
ANALYSIS 
The analysis of this research progresses as follows: (1) (a) national temporal trends in per-vehicle operating expense 
for (i) heavy rail systems and (ii) bus systems, (b) regional temporal trends in the same for bus systems; (2) national 
temporal patterns for per-passenger-mile operating expense for (i) heavy rail systems and (ii) bus systems, (b) 
regional temporal trends in the same for bus systems; (3) passenger-miles served per vehicle in maximum operation 
for (a) heavy rail and (b) bus systems; and (4) exploration of vehicle occupancy limits based on cost concerns, using 
the analysis from part (1). 
 
Part 1: Operating Expense on per-Vehicle Basis 
In the first part of the analysis, total operating expenses were plotted against the number of vehicles in maximum 
service (which also serves as a proxy for system or fleet size). Table 1(a) presents the national results for 10 years of 
these data. In the quadratic results, operating expenses were input in thousands of dollars, whereas for the linear 
forms, single dollar amounts were used for clarity. The suitability of varying functional forms of modeled 
relationships between transit characteristics is at issue in the literature; these tabulated results indicate that the more 
complex quadratic form serves to explain only a few percentage points more of the observed variation—the 
maximum difference between the forms is 10 percent in this case, in the 2002 data (as indicated by the R2 values). 
 
The coefficients in the equations represent the operating cost per vehicle in that particular year. What is most 
interesting about these results is that, by observing these values, particularly in the linear case, we see that the cost 
per vehicle rose consistently during the 10-year analysis period. Between 1997 and 2006, the per-vehicle operating 
cost rose by 57 percent. These changes are attributable primarily to greater operating expenditures, since few 
systems decreased their fleet size during that period. 
 
By taking the first derivative of the quadratic cases and setting these equal to zero, we can determine that for rail 
systems, the maximum cost per vehicle hovers around 900 vehicles. In fleets smaller than 900 vehicles (rail cars), 
we can observe diseconomies of scale; for systems of more than 900 vehicles, economies of scale come into effect. 
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Quadratic ($000s) R 2 Max. Linear ($1) R 2

1997 -0.3745x2 + 714.44x - 10976 0.9602 954 391037x + 2E+07 0.8949
1998 -0.4241x2 + 772.53x - 15193 0.9429 911 403044x + 2E+07 0.8669
1999 -0.4501x2 + 793.77x - 14178 0.9338 882 410767x + 2E+07 0.8578
2000 -0.4901x2 + 853.66x - 20273 0.9152 871 438111x + 2E+07 0.8424
2001 -0.5366x2 + 934.78x - 27165 0.8871 871 440898x + 3E+07 0.7846
2002 -0.5682x2 + 986.69x - 28874 0.9277 868 458599x + 3E+07 0.8262
2003 -0.5819x2 + 1006.7x - 28858 0.9173 865 457002x + 3E+07 0.8082
2004 -0.5192x2 + 998.48x - 28715 0.9302 962 504330x + 3E+07 0.8616
2005 -0.5414x2 + 1060.6x - 25713 0.9329 979 553880x + 3E+07 0.8726
2006 -0.5388x2 + 1120.5x - 29604 0.9291 1040 615657x + 2E+07 0.8805

*NYC MTA omitted

RAIL: Operating Expenses vs. VOMS

 
TABLE 1(a) Transit System Operating Expenses versus Vehicles Operated in Maximum Service (VOMS), US 
Heavy Rail Systems, 1997-2006. 
 
In regarding the bus system data in Table 1(b), we again see a growth trend in per-vehicle operating costs for both 
the quadratic and linear functional forms. The linear forms indicate that these costs rose by 39 percent between 1997 
and 2006. The quadratic relationships indicate diseconomies of scale for bus systems; all calculated equations are 
ever-increasing in the feasible range. 
 
Comparing the tabulated linear relationships for rail (Table 1(a)) with those for bus (Table 1(b)), we can see that the 
per-vehicle operational costs for bus are, in each year, roughly two-thirds those of heavy rail systems. Some of this 
difference can be attributed to maintenance cost differences; bus systems run on public-domain roadways that 
require little expenditure from the agencies themselves to maintain, whereas the rail systems must pay to maintain 
their rail guideways.  
 

Quadratic ($000s) R 2 Linear ($1) R 2

1997 0.0882x2 + 166.85x - 180.58 0.9594 263149x - 5E+06 0.9314
1998 0.0756x2 + 177x - 534.1 0.9631 262260x - 5E+06 0.9403
1999 0.0801x2 + 180.64x - 465.79 0.9557 271780x - 5E+06 0.9313
2000 0.0544x2 + 209.68x - 1248.8 0.9633 274524x - 5E+06 0.9506
2001 0.0402x2 + 231.92x - 1805.2 0.9576 280365x - 4E+06 0.9507
2002 0.0522x2 + 231.29x - 1538.4 0.9593 295859x - 5E+06 0.9487
2003 0.045x2 + 254.14x - 1934.8 0.9608 311619x - 5E+06 0.9530
2004 0.0459x2 + 256.32x - 1665.8 0.9583 314923x - 5E+06 0.9506
2005 0.0434x2 + 278.7x - 2263.5 0.9625 336115x - 5E+06 0.9558
2006 0.052x2 + 296.15x - 2332.7 0.9697 364873x - 6E+06 0.9614

*NYC MTA omitted

BUS: Operating Expenses vs. VOMS

 
TABLE 1(b) Transit System Operating Expenses versus Vehicles Operated in Maximum Service (VOMS), 
US Bus Systems, 1997-2006. 
 
Regional Analysis, Bus Systems: Operating Expense per Vehicle Operated in Maximum Service This sub-section 
investigates the regional differences in the temporal nature of the per-vehicle operating expense relationships for bus 
systems. The 10 regions are defined as in the NTD, according to transit agency identification number. If a single 
extreme point was present in the regional dataset, it has been omitted to the benefit of better measuring the 
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relationship within smaller (and more typical) systems, although doing so tended to decrease the R2 value. Any 
omissions are noted at the top of the tables. 
 
The quadratic and linear functional forms are essentially equivalent in their suitability for these regional 
relationships; in many cases, the linear forms explain the same percentage of variability among the data as the more 
complex quadratic forms. When the R2 values between forms differ, the quadratic forms explain only about two 
percent more of the variation. Furthermore, all R2 values are extremely high—many are greater than 0.9, and several 
exceed 0.95. 
 
Perusal of Tables 2(a-j) reveals that per-vehicle operating costs generally concur in magnitude with the national bus 
system results. All regions show growth in per-vehicle costs during the analysis period. The slowest growth in costs 
occurred in the Pacific Northwest (36.6 percent increase between 1997 and 2006), the South Central region (36.6 
percent), and Southeast (39.5 percent). The greatest growth in costs was found in New England (65.3 percent) and 
the Mid-west (69.4 percent). Other regions experienced roughly 50 percent increases in per-vehicle operating costs.  
 
In the New England and Northeast regions, costs are somewhat less than the national figures—this may be due to 
greater acceptance of transit as a viable option in these areas. The Mid-west and Mountain West regions also show 
lower-than-average per-vehicle costs, while costs in the West region are slightly higher than the national average. 
 
With the exceptions of the Pacific Northwest and South Central regions, all systems show diseconomies of scale in 
the quadratic forms of the relationships. For the Pacific Northwest and South Central regions, setting first 
derivatives of the quadratic equations equal to zero reveals a maximum fleet size of about 2000 vehicles in 
maximum service (varying by roughly 500 vehicles between years), implying that fleets smaller than this breakpoint 
experience economies of scale, while larger systems are subject to diseconomies of scale. 
 

Quadratic R 2 Linear R 2

1997 -0.0002x2 + 231.95x - 2189.6 0.9956 231792x - 2E+06 0.9956
1998 0.0138x2 + 222.05x - 1554.9 0.9951 234125x - 2E+06 0.9950
1999 0.0042x2 + 249.72x - 2379.5 0.9940 253503x - 3E+06 0.9940
2000 0.0205x2 + 246.28x - 2337.7 0.9946 264100x - 3E+06 0.9943
2001 -0.02x2 + 283.64x - 3378.5 0.9937 265376x - 2E+06 0.9933
2002 -0.077x2 + 333.27x - 4954.4 0.9932 247926x - 142728 0.9846
2003 -0.066x2 + 332.46x - 4825.1 0.9948 259129x - 252546 0.9889
2004 -0.0943x2 + 372.14x - 5434.4 0.9930 261957x + 996225 0.9799
2005 -0.1532x2 + 438.62x - 7138 0.9908 270133x + 3E+06 0.9616
2006 -0.1273x2 + 443.54x - 6667.4 0.9937 316619x + 589776 0.9811

1997-2006 change = 36.6 %

Operating Expenses ($000) vs. VOMS
PACIFIC NORTHWEST

 
TABLE 2(a). Regional Analysis: Operating Expenses vs. VOMS, Pacific Northwest 
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Quadratic R 2 Linear R 2

1997 0.2652x2 + 117.88x + 810.19 0.8546 163669x - 16324 0.8483
1998 0.3026x2 + 121.44x + 662.42 0.8609 173393x - 306688 0.8535
1999 0.3954x2 + 103.49x + 1144.6 0.8194 171577x - 108119 0.8074
2000 0.4135x2 + 97.434x + 1290.9 0.7933 170132x - 75576 0.7806
2001 0.6384x2 + 87.32x + 1531.4 0.8383 197685x - 499382 0.8132
2002 0.6682x2 + 90.351x + 1254.9 0.8585 209187x - 1E+06 0.8361
2003 0.8116x2 + 72.997x + 1763.3 0.8833 225239x - 1E+06 0.8504
2004 0.4405x2 + 132.29x + 851.23 0.8197 218036x - 693459 0.8109
2005 0.7646x2 + 103.78x + 1653 0.9119 250932x - 1E+06 0.8870
2006 0.8596x2 + 110.23x + 1389.9 0.9044 270515x - 2E+06 0.8742

1997-2006 change = 65.3 %

Operating Expenses ($000) vs. VOMS
NEW ENGLAND (Massachusetts Bay Transportation Auth. DO omitted)

 
TABLE 2(b). Regional Analysis: Operating Expenses vs. VOMS, New England 
 

Quadratic R 2 Linear R 2

1997 0.1011x2 + 152.25x + 2550.3 0.7805 195083x + 644478 0.7746
1998 0.1297x2 + 156.69x + 1206.8 0.8077 210100x - 1E+06 0.7964
1999 0.2002x2 + 133.08x + 2506.3 0.8245 217822x - 935032 0.7983
2000 0.1671x2 + 153.4x + 2214.7 0.8275 227475x - 820188 0.8087
2001 0.2494x2 + 131.23x + 3068.6 0.8218 239135x - 1E+06 0.7874
2002 0.2393x2 + 144.94x + 2704.8 0.8247 247897x - 1E+06 0.7934
2003 0.2146x2 + 167.88x + 2303.9 0.8024 257167x - 969806 0.7815
2004 0.3231x2 + 143.59x + 3295.6 0.7996 266672x - 912953 0.7672
2005 0.4343x2 + 115.51x + 1763.4 0.7908 226900x - 759864 0.7784
2006 0.7502x2 + 92.618x + 1970.7 0.8980 284134x - 2E+06 0.8721

1997-2006 change = 45.7 %

Operating Expenses ($000) vs. VOMS
NORTHEAST (NYC MTA, New Jersey Transit Corp. DO omitted)

 
TABLE 3(c). Regional Analysis: Operating Expenses vs. VOMS, Northeast 
 

Quadratic R 2 Linear R 2

1997 0.1071x2 + 133.96x - 299.27 0.9884 243569x - 4E+06 0.9783
1998 0.1092x2 + 134.57x - 323.06 0.9942 245361x - 4E+06 0.9845
1999 0.1278x2 + 124.46x + 128.89 0.9912 254377x - 5E+06 0.9788
2000 0.1029x2 + 149.84x - 341.6 0.9895 258337x - 4E+06 0.9798
2001 0.0992x2 + 174.91x - 1076.3 0.9867 279726x - 5E+06 0.9783
2002 0.0842x2 + 200.44x - 2045.9 0.9815 290458x - 6E+06 0.9752
2003 0.0798x2 + 209.91x - 2110.1 0.9840 297108x - 6E+06 0.9782
2004 0.1401x2 + 146.11x + 541.4 0.9796 301588x - 6E+06 0.9654
2005 0.1307x2 + 177.94x - 232.53 0.9779 323293x - 6E+06 0.9667
2006 0.1222x2 + 230.46x - 1774.9 0.9966 363704x - 7E+06 0.9869

1997-2006 change = 49.3 %

Operating Expenses ($000) vs. VOMS
MID-ATLANTIC

 
TABLE 2(d). Regional Analysis: Operating Expenses vs. VOMS, Mid-Atlantic 
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Quadratic R 2 Linear R 2

1997 0.2154x2 + 156.47x - 779.18 0.9861 258246x - 4E+06 0.9638
1998 0.1857x2 + 166.02x - 1019.7 0.9870 255192x - 4E+06 0.9691
1999 0.2013x2 + 170.16x - 1110.9 0.9889 268450x - 4E+06 0.9688
2000 0.197x2 + 183.65x - 1230.7 0.9909 278139x - 4E+06 0.9733
2001 0.1849x2 + 189.81x - 1169.8 0.9889 281466x - 4E+06 0.9727
2002 0.1514x2 + 200.23x - 1394.9 0.9824 274290x - 4E+06 0.9711
2003 0.2529x2 + 226.36x - 2010 0.9565 339206x - 6E+06 0.9390
2004 0.1323x2 + 239.42x - 1651 0.9785 311601x - 4E+06 0.9704
2005 0.1107x2 + 275.16x - 2511.7 0.9837 338695x - 5E+06 0.9768
2006 0.1191x2 + 284.93x - 2294.4 0.9864 360341x - 5E+06 0.9774

1997-2006 change = 39.5 %

Operating Expenses ($000) vs. VOMS
SOUTHEAST

 
TABLE 2(e). Regional Analysis: Operating Expenses vs. VOMS, Southeast 
 

Quadratic R 2 Linear R 2

1997 -0.006x2 + 209.11x - 2010.3 0.9240 205751x - 2E+06 0.9239
1998 0.0494x2 + 184.87x - 1536.9 0.9415 213281x - 2E+06 0.9393
1999 0.0391x2 + 192.65x - 1640 0.9177 215842x - 2E+06 0.9164
2000 0.0341x2 + 212.26x - 1825.3 0.9263 232131x - 2E+06 0.9253
2001 0.0251x2 + 236.26x - 2441.8 0.9128 250883x - 3E+06 0.9123
2002 0.0325x2 + 224.55x - 2032.1 0.9506 244458x - 3E+06 0.9497
2003 0.028x2 + 249.35x - 2325 0.9310 265174x - 3E+06 0.9305
2004 0.0369x2 + 254.79x - 2173.4 0.9190 274564x - 3E+06 0.9183
2005 0.0695x2 + 255.19x - 1841.5 0.9402 291570x - 3E+06 0.9383
2006 0.1287x2 + 220.26x - 647.76 0.9565 288369x - 3E+06 0.9505

1997-2006 change = 40.2 %

Operating Expenses ($000) vs. VOMS
NORTH CENTRAL (Chicago Transit Auth. DO omitted)

 
TABLE 2(f). Regional Analysis: Operating Expenses vs. VOMS, North Central 
 

Quadratic R 2 Linear R 2

1997 -0.0141x2 + 214.25x - 1664.2 0.9443 203657x - 1E+06 0.9439
1998 -0.0327x2 + 219.28x - 1542.7 0.9293 194753x - 599331 0.9269
1999 -0.0499x2 + 242.52x - 2151.8 0.9295 204207x - 561329 0.9241
2000 -0.0473x2 + 244.23x - 2698.2 0.9483 204663x - 861165 0.9425
2001 -0.0943x2 + 265.36x - 3115.9 0.9130 184798x + 526842 0.8839
2002 -0.0568x2 + 263.07x - 2979.4 0.9201 215069x - 884146 0.9119
2003 -0.0607x2 + 281.17x - 3400.3 0.9327 231275x - 1E+06 0.925
2004 -0.0708x2 + 290.06x - 4028.7 0.9245 230609x - 1E+06 0.9152
2005 -0.0833x2 + 328.75x - 3817.8 0.9668 261257x - 1E+06 0.9592
2006 -0.0996x2 + 353.05x - 3001.5 0.9531 278283x - 528818 0.9443

1997-2006 change = 36.6 %

Operating Expenses ($000) vs. VOMS
SOUTH CENTRAL

 
TABLE 2(g). Regional Analysis: Operating Expenses vs. VOMS, South Central 
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Quadratic R 2 Linear R 2

1997 0.0459x2 + 161.94x - 969.11 0.9901 184988x - 2E+06 0.9890
1998 0.0509x2 + 166.11x - 979.79 0.9944 191183x - 2E+06 0.9932
1999 0.1088x2 + 154.32x - 888.94 0.9933 206112x - 2E+06 0.9885
2000 0.1063x2 + 168.82x - 1114.2 0.9920 218938x - 2E+06 0.9878
2001 0.2363x2 + 136.69x - 393.49 0.9949 238376x - 3E+06 0.9798
2002 0.4721x2 + 107.32x + 143.23 0.9969 269769x - 4E+06 0.9659
2003 0.7945x2 - 5.0126x + 2572.1 0.9860 256675x - 3E+06 0.9209
2004 0.8725x2 - 8.3245x + 2601.5 0.9851 271124x - 4E+06 0.9186
2005 0.6879x2 + 83.692x + 987.42 0.9963 295242x - 4E+06 0.9559
2006 0.6112x2 + 120.65x + 519.31 0.9961 313347x - 4E+06 0.9661

1997-2006 change = 69.4 %

Operating Expenses ($000) vs. VOMS
MID-WEST

 
TABLE 2(h). Regional Analysis: Operating Expenses vs. VOMS, Mid-west 
 

Quadratic R 2 Linear R 2

1997 -0.1674x2 + 259.64x - 2442.2 0.8689 167516x - 561391 0.8631
1998 0.2286x2 + 59.673x + 2581.6 0.8796 185796x - 89165 0.8734
1999 0.2528x2 + 25.8x + 2523.4 0.9365 179299x - 1E+06 0.9130
2000 0.41x2 - 46.184x + 3184.2 0.9142 206915x - 2E+06 0.8843
2001 0.4255x2 - 14.993x + 2445.8 0.9509 223284x - 2E+06 0.9145
2002 0.487x2 - 9.2513x + 2226.4 0.9938 241864x - 3E+06 0.9462
2003 0.3453x2 + 76.295x + 889.94 0.9969 253476x - 3E+06 0.9662
2004 0.3303x2 + 95.34x + 704.12 0.9990 258365x - 2E+06 0.9762
2005 0.7803x2 - 101.75x + 3493.6 0.9792 262364x - 2E+06 0.9331
2006 0.5708x2 + 6.2519x + 2404.7 0.9915 277918x - 2E+06 0.9580

1997-2006 change = 65.9 %

Operating Expenses ($000) vs. VOMS
MOUNTAIN WEST

 
TABLE 2(i). Regional Analysis: Operating Expenses vs. VOMS, Mountain West 
 

Quadratic R 2 Linear R 2

1997 0.133x2 + 206.73x - 1628.2 0.9383 260611x - 3E+06 0.9319
1998 0.191x2 + 186.02x - 1129 0.9375 263425x - 4E+06 0.9253
1999 0.1856x2 + 196.9x - 1170.8 0.9104 273904x - 4E+06 0.9003
2000 0.1602x2 + 233.1x - 2209.7 0.9242 302404x - 5E+06 0.9166
2001 0.1247x2 + 260.12x - 2728.3 0.9191 316778x - 5E+06 0.9140
2002 0.1497x2 + 267.89x - 2711.1 0.9002 335845x - 5E+06 0.8939
2003 0.1739x2 + 275.2x - 2532.7 0.9154 355378x - 6E+06 0.9078
2004 0.1428x2 + 283.5x - 2215.3 0.9194 346836x - 5E+06 0.9146
2005 0.3641x2 + 230.9x - 645.66 0.9233 375990x - 6E+06 0.9062
2006 0.3835x2 + 239.73x - 511.4 0.9174 394422x - 6E+06 0.8997

1997-2006 change = 51.4 %

Operating Expenses ($000) vs. VOMS
WEST (Los Angeles County MTA DO omitted)

 
TABLE 2(j). Regional Analysis: Operating Expenses vs. VOMS, West 
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Part 2: Operating Cost per Passenger-mile 
In this section of the analysis, we rely primarily of the linear functional forms of the relationships; when calculating 
the maximum point for the calculated quadratic forms, the point at which diseconomies of scale are achieved falls at 
an unreasonable level of passenger-miles (more than 2 billion passenger-miles annually; for comparative purposes, 
the NYC MTA carries 8 million passenger-miles annually). Moreover, the R2 values, indicating goodness-of-fit for 
the two functional forms, are essentially equal in all evaluated cases, and therefore we select the simpler linear form. 
See Tables 3(a-b). All systems but NYC MTA were included in these calculations. 
 
Similarly to Part 1, where operating costs per vehicle were analyzed, the coefficients on x in the linear forms in this 
section represent the operating cost (single dollar amounts) per thousand passenger-miles. In 2006, these values 
reached maxima of $372.31 per thousand passenger-miles for heavy rail and $697.11 per thousand passenger-miles 
for bus systems. Further examination reveals that these costs grew consistently over the 10-year analysis period. 
Between 1997 and 2006, operating cost per thousand passenger-miles rose by 30 percent in heavy rail systems and 
by 34 percent for bus systems. 
 
In Part 1, operating expenses per vehicle for heavy rail systems were about 1.5 times those for bus systems. 
Conversely, when examining operating costs per passenger-mile, heavy rail per-passenger-mile costs are generally 
half those for bus systems. This seeming inconsistency is likely due to vehicle capacities—a typical rail car can 
carry three to four times as many passengers as a standard bus, and thus a single rail vehicle, operating at a higher 
per-vehicle cost, has a greater capability for serving passenger-miles at a lower relative cost to bus by dispersing that 
higher per-vehicle cost over many more passenger-miles (see Part 3 of Analysis). 
 

Quadratic ($000s) R 2 Linear ($1) R 2

1997 1E-08x2 + 0.2721x + 16996 0.9263 286.32x + 2E+07 0.9262
1998 4E-08x2 + 0.2716x + 16679 0.9515 309.54x + 1E+07 0.9506
1999 2E-09x2 + 0.3033x + 15155 0.9426 304.95x + 1E+07 0.9426
2000 -2E-08x2 + 0.3194x + 14222 0.9512 290.98x + 2E+07 0.9506
2001 -2E-08x2 + 0.315x + 15241 0.9580 292.78x + 2E+07 0.9577
2002 -4E-09x2 + 0.3035x + 21080 0.9485 297.88x + 2E+07 0.9485
2003 1E-08x2 + 0.2859x + 26378 0.9614 303.88x + 2E+07 0.9611
2004 1E-08x2 + 0.3106x + 20717 0.9686 325.44x + 2E+07 0.9685
2005 4E-08x2 + 0.3099x + 25437 0.9636 359.73x + 2E+07 0.9625
2006 3E-08x2 + 0.3298x + 20820 0.9631 372.31x + 1E+07 0.9623

*NYC MTA omitted

RAIL: Operating Expenses vs. Passenger-mile (000s)

 
TABLE 3(a) System Operating Expenses versus Passenger-miles (000s), US Heavy Rail Systems, 1997-2006. 
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Quadratic ($000s) R 2 Linear ($1) R 2

1997 -3E-08x2 + 0.541x - 241.87 0.9443 518.65x + 232320 0.9437
1998 -4E-08x2 + 0.5476x - 181.66 0.9361 514x + 529545 0.9348
1999 5E-08x2 + 0.5227x + 314.72 0.9444 557.01x - 402173 0.9432
2000 -4E-08x2 + 0.5847x + 31.636 0.9409 552.52x + 712114 0.9398
2001 -1E-07x2 + 0.6281x - 61.79 0.9189 552.53x + 2E+06 0.9132
2002 -1E-07x2 + 0.6822x - 418.03 0.9306 579.06x + 2E+06 0.9204
2003 -2E-07x2 + 0.747x - 713.73 0.9330 617.14x + 2E+06 0.9191
2004 -1E-07x2 + 0.7496x - 265.63 0.9317 657.19x + 2E+06 0.9261
2005 -2E-07x2 + 0.797x - 739.89 0.9313 666.7x + 2E+06 0.9201
2006 -2E-07x2 + 0.8326x - 911.85 0.9070 697.11x + 2E+06 0.8953

*NYC MTA omitted

BUS: Operating Expenses vs. Passenger-mile (000s)

 
TABLE 3(b) System Operating Expenses versus Passenger-miles (000s), US Bus Systems, 1997-2006. 
 
 
Regional Analysis, Bus Systems: Operating Expense per Passenger-mile Bus systems were further separated based 
on their regions and evaluated for the regional per-passenger-mile operating cost. As in the aggregated national case, 
there exists little difference in the R2 values for quadratic versus linear functional forms, and thus we choose to work 
primarily with the simpler linear format. Again, singular outliers were omitted when necessary, as noted at the top of 
Tables 4(a-j). 
 
The Mid-Atlantic and Mid-west regions show greater per-passenger-mile costs than the national average; other 
systems fall in ranges comparable with the national values. One caveat should be noted: the Northeast systems 
exhibited an interesting phenomenon in each year of analysis—there appear to be two distinct trends on these data, 
the cause of which warrants further investigation (see Figure 1 for the representative 2006 case). Because of this 
anomalous trend, the R2 values for these data are quite low compared to other modeled relationships, and the 
calculated overall growth in cost for this region between 1997 and 2006 is also very low. 
 
Excepting the anomalous Northeast case, most regions experienced per-passenger-mile growth on the order of 50 
percent. The Southeast, North Central, and Mountain West saw slower rises in these costs, at 38.5, 35.9, and 28.6 
percent, respectively. 
 

Quadratic R 2 Linear R 2

1997 -2E-07x2 + 0.5267x + 795.16 0.9840 460.93x + 2E+06 0.9826
1998 2E-07x2 + 0.449x + 2697.7 0.9847 527.75x + 1E+06 0.9832
1999 -2E-07x2 + 0.6446x - 316.67 0.9799 558.98x + 2E+06 0.9781
2000 -3E-07x2 + 0.6879x - 960.05 0.9731 548.88x + 2E+06 0.9682
2001 -2E-07x2 + 0.6853x + 108.48 0.9746 582.5x + 2E+06 0.9721
2002 -1E-09x2 + 0.657x + 1116.8 0.9838 656.54x + 1E+06 0.9838
2003 1E-07x2 + 0.6372x + 2031.9 0.9824 677.17x + 1E+06 0.9822
2004 -2E-07x2 + 0.7503x + 645.16 0.9883 685.66x + 2E+06 0.9876
2005 8E-08x2 + 0.676x + 3506.6 0.9619 704.48x + 3E+06 0.9618
2006 1E-07x2 + 0.6761x + 4360.4 0.9652 719.97x + 4E+06 0.9649

1997-2006 change = 56.2 %

Operating Expenses vs. Passenger-mile (000s)
PACIFIC NORTHWEST

 
TABLE 4(a). Regional Analysis: Operating Expenses vs. VOMS, Pacific Northwest 
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Quadratic R 2 Linear R 2

1997 8E-06x2 + 0.2246x + 2164.9 0.8008 547.81x + 989431 0.7731
1998 1E-06x2 + 0.4641x + 1428.4 0.7728 528.81x + 1E+06 0.7711
1999 -5E-06x2 + 0.6868x + 792.78 0.6316 405x + 2E+06 0.6092
2000 -3E-06x2 + 0.5984x + 1365.1 0.6210 457.17x + 2E+06 0.6153
2001 5E-07x2 + 0.589x + 1296.3 0.7146 615.34x + 1E+06 0.7144
2002 4E-06x2 + 0.418x + 1743.5 0.8767 657.07x + 761001 0.8661
2003 7E-06x2 + 0.348x + 2216.1 0.9386 755.88x + 517186 0.9117
2004 5E-06x2 + 0.4954x + 1703.1 0.9554 791.87x + 520778 0.9397
2005 2E-06x2 + 0.6645x + 1499.6 0.9496 787.83x + 920468 0.9467
2006 3E-06x2 + 0.6391x + 1587.3 0.9491 838.02x + 691851 0.9432

1997-2006 change = 53.0 %

Operating Expenses vs. Passenger-mile (000s)
NEW ENGLAND (Massachusetts Bay Transportation Auth. DO omitted)

 
TABLE 4(b). Regional Analysis: Operating Expenses vs. VOMS, New England 
 

Quadratic R 2 Linear R 2

1997 -8E-07x2 + 0.4566x + 4628.8 0.5108 300.94x + 7E+06 0.4972
1998 -1E-06x2 + 0.5349x + 1713.5 0.4702 296.31x + 5E+06 0.4439
1999 -9E-07x2 + 0.4686x + 2420.8 0.4673 313.83x + 5E+06 0.4582
2000 -7E-07x2 + 0.4761x + 2889.8 0.4688 341.67x + 5E+06 0.4625
2001 -6E-07x2 + 0.4566x + 3353.3 0.4456 339.21x + 5E+06 0.4407
2002 -4E-07x2 + 0.4245x + 3595.5 0.4286 348.78x + 5E+06 0.4262
2003 -3E-09x2 + 0.3955x + 4244.7 0.4768 394.96x + 4E+06 0.4768
2004 -6E-07x2 + 0.5049x + 3732.2 0.4499 394.01x + 5E+06 0.4456
2005 -3E-06x2 + 0.7343x + 188.81 0.5469 273.75x + 6E+06 0.3813
2006 -3E-06x2 + 0.8058x - 640.48 0.5770 315x + 6E+06 0.4279

1997-2006 change = 4.7 %

Operating Expenses vs. Passenger-mile (000s)
NORTHEAST (NYC MTA, New Jersey Transit Corp. DO omitted)

 
TABLE 4(c). Regional Analysis: Operating Expenses vs. VOMS, Northeast 
 

Quadratic R 2 Linear R 2

1997 2E-07x2 + 0.562x - 312.7 0.9969 632.37x - 1E+06 0.9961
1998 8E-07x2 + 0.4196x + 714.03 0.9924 690.68x - 2E+06 0.9850
1999 8E-08x2 + 0.5982x - 513.14 0.9938 632.73x - 886411 0.9937
2000 3E-07x2 + 0.5213x + 547.89 0.9973 658.83x - 958386 0.9947
2001 7E-07x2 + 0.4275x + 1559.7 0.9967 705.4x - 1E+06 0.9886
2002 5E-07x2 + 0.5342x + 961.35 0.9968 750.67x - 1E+06 0.9919
2003 4E-07x2 + 0.6148x + 406.24 0.9961 784.35x - 1E+06 0.9930
2004 5E-08x2 + 0.768x - 973.17 0.9785 790.03x - 1E+06 0.9785
2005 4E-08x2 + 0.819x - 1513.4 0.9831 835.65x - 2E+06 0.9831
2006 5E-07x2 + 0.7386x - 628.67 0.9775 958.08x - 3E+06 0.9731

1997-2006 change = 51.5 %

Operating Expenses vs. Passenger-mile (000s)
MID-ATLANTIC

 
TABLE 4(d). Regional Analysis: Operating Expenses vs. VOMS, Mid-Atlantic 
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Quadratic R 2 Linear R 2

1997 7E-07x2 + 0.3673x + 1244.8 0.9868 534.32x - 218176 0.9755
1998 4E-07x2 + 0.4399x + 1116.9 0.9787 523.82x + 382168 0.9758
1999 3E-07x2 + 0.4263x + 1227.1 0.9877 509.22x + 435986 0.9848
2000 6E-07x2 + 0.4244x + 1395.6 0.9822 561.18x + 120876 0.9750
2001 5E-07x2 + 0.447x + 1733.6 0.9840 565.68x + 591058 0.9788
2002 8E-08x2 + 0.5316x + 1234.4 0.9854 551.27x + 1E+06 0.9852
2003 1E-06x2 + 0.4519x + 2059.7 0.9817 682.39x - 47012 0.9666
2004 7E-07x2 + 0.4763x + 1973.5 0.9713 647.3x + 234128 0.9617
2005 9E-07x2 + 0.4847x + 2120.6 0.9763 708.86x - 186244 0.9612
2006 1E-06x2 + 0.45x + 2789.4 0.9676 740.26x - 373612 0.9452

1997-2006 change = 38.5 %

Operating Expenses vs. Passenger-mile (000s)
SOUTHEAST

 
TABLE 4(e). Regional Analysis: Operating Expenses vs. VOMS, Southeast 
 

Quadratic R 2 Linear R 2

1997 -2E-07x2 + 0.5896x + 621.63 0.9599 557.75x + 835443 0.9596
1998 6E-07x2 + 0.4586x + 1491.1 0.9604 587.48x + 655019 0.9574
1999 -4E-08x2 + 0.6149x + 769.65 0.9498 605.84x + 838974 0.9498
2000 -4E-07x2 + 0.6892x + 666.38 0.9451 601.77x + 1E+06 0.9430
2001 -7E-07x2 + 0.8294x + 77.871 0.9195 660.5x + 1E+06 0.9116
2002 -3E-07x2 + 0.7474x + 834.53 0.9494 687.96x + 1E+06 0.9486
2003 -5E-07x2 + 0.8219x + 734.02 0.9509 722.38x + 2E+06 0.9490
2004 -5E-08x2 + 0.7985x + 1137.7 0.9221 789.15x + 1E+06 0.9221
2005 -4E-07x2 + 0.828x + 1024.8 0.9431 746.16x + 2E+06 0.9423
2006 -9E-08x2 + 0.7762x + 1120.2 0.9636 758.12x + 1E+06 0.9636

1997-2006 change = 35.9 %

Operating Expenses vs. Passenger-mile (000s)
NORTH CENTRAL (Chicago Transit Auth. DO omitted)

 
TABLE 4(f). Regional Analysis: Operating Expenses vs. VOMS, North Central 
 

Quadratic R 2 Linear R 2

1997 -4E-07x2 + 0.6142x - 1389.3 0.9239 475.59x + 656145 0.9117
1998 -5E-07x2 + 0.5858x - 617.17 0.9094 412.37x + 2E+06 0.8854
1999 -4E-07x2 + 0.584x - 592.58 0.9171 428.21x + 2E+06 0.8980
2000 -4E-07x2 + 0.6025x - 1161.7 0.9459 440.76x + 2E+06 0.9265
2001 -6E-07x2 + 0.6272x - 961.18 0.9497 390.23x + 3E+06 0.8995
2002 -5E-07x2 + 0.6814x - 606.59 0.9076 504.66x + 2E+06 0.8897
2003 -5E-07x2 + 0.7492x - 956.58 0.9278 566.9x + 2E+06 0.9118
2004 -9E-07x2 + 0.8677x - 1111.4 0.9473 573.54x + 3E+06 0.9134
2005 -3E-07x2 + 0.734x + 309.86 0.9601 633.5x + 1E+06 0.9576
2006 -7E-07x2 + 0.8367x + 191.18 0.9511 611.68x + 3E+06 0.9358

1997-2006 change = 28.6 %

Operating Expenses vs. Passenger-mile (000s)
SOUTH CENTRAL

 
TABLE 4(g). Regional Analysis: Operating Expenses vs. VOMS, South Central 
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Quadratic R 2 Linear R 2

1997 4E-07x2 + 0.5845x + 34.378 0.9779 639.29x - 268902 0.9774
1998 -1E-07x2 + 0.6738x - 87.992 0.9985 658.31x - 17871 0.9985
1999 -2E-07x2 + 0.7007x - 263.83 0.9948 665.99x - 75848 0.9946
2000 -3E-07x2 + 0.7644x - 177.73 0.9939 727.46x + 7429 0.9938
2001 -1E-07x2 + 0.8805x - 301.97 0.9979 863.03x - 218928 0.9978
2002 -1E-06x2 + 0.9661x - 91.472 0.9942 825.31x + 531609 0.9924
2003 -7E-07x2 + 0.9706x - 216.94 0.9966 884.88x + 180500 0.9960
2004 -1E-06x2 + 1.049x - 388.92 0.9955 928.87x + 154731 0.9944
2005 -3E-06x2 + 1.1648x - 528.51 0.9946 850.93x + 938973 0.9862
2006 -2E-06x2 + 1.165x - 355.4 0.9922 947.97x + 621163 0.9887

1997-2006 change = 48.3 %

Operating Expenses vs. Passenger-mile (000s)
MID-WEST

 
TABLE 4(h). Regional Analysis: Operating Expenses vs. VOMS, Mid-west 
 

Quadratic R 2 Linear R 2

1997 -7E-07x2 + 0.654x - 184.54 0.9985 492.31x + 1E+06 0.9910
1998 -4E-07x2 + 0.6219x + 1018.1 0.9737 521.14x + 2E+06 0.9714
1999 -1E-06x2 + 0.7827x - 354.67 0.9869 511.13x + 2E+06 0.9713
2000 -1E-06x2 + 0.907x - 747.05 0.9784 606.36x + 1E+06 0.9661
2001 -6E-07x2 + 0.8329x - 206.54 0.9782 688.6x + 807399 0.9747
2002 -8E-07x2 + 0.8661x + 137.15 0.9642 690.92x + 1E+06 0.9590
2003 1E-07x2 + 0.6962x + 480.2 0.9776 722.36x + 324905 0.9775
2004 -1E-06x2 + 0.9174x + 1190.5 0.9355 681.5x + 3E+06 0.9265
2005 -1E-06x2 + 0.9113x + 464.41 0.9642 666.26x + 2E+06 0.9531
2006 5E-07x2 + 0.5426x + 1083.3 0.9992 645.12x + 490076 0.9972

1997-2006 change = 31.0 %

Operating Expenses vs. Passenger-mile (000s)
MOUNTAIN WEST

 
TABLE 4(i). Regional Analysis: Operating Expenses vs. VOMS, Mountain West 
 

Quadratic R 2 Linear R 2

1997 -7E-07x2 + 0.6173x - 2175.1 0.8483 452.69x + 415378 0.8275
1998 -8E-07x2 + 0.6286x - 2296 0.8298 446.16x + 724088 0.8006
1999 -9E-07x2 + 0.6947x - 3227.7 0.7993 486.65x + 142944 0.7710
2000 -8E-07x2 + 0.7181x - 2554.7 0.7967 546.6x + 17453 0.7845
2001 -1E-06x2 + 0.8372x - 3820.6 0.8052 554.97x + 952354 0.7693
2002 -1E-06x2 + 0.9074x - 3741.8 0.7969 638.11x + 297636 0.7751
2003 -2E-06x2 + 1.0691x - 5188 0.7918 689.58x + 881038 0.7540
2004 -1E-06x2 + 0.9598x - 2999.2 0.8460 701.9x + 976133 0.8310
2005 -2E-06x2 + 1.105x - 4070.7 0.8521 712.27x + 2E+06 0.8165
2006 -2E-06x2 + 1.1441x - 3620.2 0.8403 709.54x + 3E+06 0.7983

1997-2006 change = 56.7 %

Operating Expenses vs. Passenger-mile (000s)
WEST (Los Angeles County MTA DO omitted)

 
TABLE 4(j). Regional Analysis: Operating Expenses vs. VOMS, West 
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FIGURE 1 Two distinct trends apparent in Northeast Bus System data 
 
 
Part 3: Passenger-miles Served per Vehicle 
As mentioned previously, heavy rail systems exhibit per-vehicle costs that exceed comparable bus costs by 1.5 
times, but demonstrate per-passenger-mile costs that are half those of bus systems. The cause of these differing 
magnitudes is apparent when examining the annual carrying capacity of rail vehicles (railcars) compared to bus 
vehicles. 
 
In Tables 5(a-b), the coefficient on x in the linear forms for the heavy rail and bus systems represents the number of 
thousands of passenger-miles served by a single vehicle each year. The relationships tabulated here indicate that, as 
expected from the single vehicle capacities, each heavy rail car serves three times as many passenger-miles in a year 
as a bus vehicle. Moreover, we can see that between 1997 and 2006, the number of passenger-miles served by a 
heavy rail vehicle grew by 27 percent, while remaining constant for bus systems. Because transit ridership has 
grown nationwide during the analysis period, these results imply that railcars are operating at higher capacities each 
subsequent year, while bus systems are able to manage ridership growth by adding vehicles to their fleets and 
maintaining fairly stable occupancy levels. 
 
The form of the quadratic functional form in the heavy rail cases allows for calculating maxima in each year’s 
model. These maxima, on the order of 850 vehicles in maximum service, indicate the fleet size at which economies 
of scale occur with regard to a vehicle’s servicing of passenger-miles. What this means in practical terms is that, for 
the systems analyzed, infinitely increasing the number of vehicles in service does not necessarily assure than 
passenger-mile will increase. It should be noted, however, that (as indicated previously), the NYC MTA data have 
been omitted from this analysis and, at more than 3000 VOMS in the system, does not support these quadratic 
findings. 
 
In the bus cases, the functional form of the quadratic models indicate an ever-increasing relationship between 
passenger-miles and VOMS, although such a relationship cannot be achieved in reality; due to practical time and 
capacity constraints, there must be some point at which a vehicle cannot accommodate another passenger-mile; 
however, this point is not represented by the model derived in this analysis. 
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Quadratic R 2 Max. Linear R 2

1997 -1.5157x2 + 2542.4x - 75696 0.8828 839 1233.4x + 57762 0.7881
1998 -1.464x2 + 2502.5x - 77373 0.9012 855 1227x + 52097 0.8098
1999 -1.499x2 + 2557x - 80055 0.9068 853 1281.5x + 47587 0.8236
2000 -1.6261x2 + 2823x - 109580 0.8868 868 1444.3x + 33701 0.8155
2001 -1.9872x2 + 3247.1x - 147478 0.8522 817 1417.9x + 59880 0.7263
2002 -2.1366x2 + 3410.3x - 162710 0.8802 798 1424.7x + 57443 0.7459
2003 -1.8446x2 + 3185.8x - 149194 0.8800 864 1443.5x + 45991 0.7747
2004 -1.8227x2 + 3210.2x - 147734 0.8988 881 1475.3x + 42882 0.8063
2005 -1.5886x2 + 2971.8x - 117142 0.9131 935 1484.9x + 34271 0.8432
2006 -1.8383x2 + 3287.4x - 132213 0.9013 894 1565.1x + 42329 0.8196

*NYC MTA omitted

Annual Passenger-miles (000s) vs. VOMS

RAIL

 
TABLE 5(a) Annual Passenger-miles served vs. Vehicles Operated in Maximum Service (VOMS), Heavy 
Rail, 1997-2006. 
 

Quadratic R 2 Linear R 2

1997 0.1574x2 + 311.62x + 696.85 0.9215 483.45x - 7634.4 0.8961
1998 0.1583x2 + 302.41x + 1167.9 0.9216 480.86x - 7579.6 0.8934
1999 0.1265x2 + 326.74x + 470.27 0.9388 470.69x - 6765.7 0.9188
2000 0.1316x2 + 317.64x + 541.19 0.9466 474.54x - 7523.8 0.9227
2001 0.1231x2 + 329.03x - 106.9 0.9426 477.32x - 7873.6 0.9212
2002 0.1542x2 + 286.05x + 1464.8 0.9317 476.87x - 8523.7 0.8979
2003 0.1412x2 + 292.71x + 1036.8 0.9413 472.96x - 8568.1 0.9097
2004 0.1186x2 + 303.51x + 557.6 0.9488 454.84x - 7531.6 0.9247
2005 0.1281x2 + 303.82x + 750.92 0.9440 473.36x - 8086.9 0.9158
2006 0.111x2 + 336.86x - 181.81 0.9370 483.56x - 7640.9 0.9165

*NYC MTA omitted

Annual Passenger-miles (000s) vs. VOMS
BUS

 
TABLE 5(b) Annual Passenger-miles served vs. Vehicles Operated in Maximum Service (VOMS), Bus, 1997-
2006. 
 
 
Part 4: Exploration of Bus and Rail System Operational Costs on an Occupancy Basis 
Returning to Tables 1(a-b) and the corresponding per-vehicle costs in 2006 determined from the linear least-squares 
fitting ($364,900/vehicle/year for bus and $615,700/railcar/year for heavy rail), values of operating cost per 
passenger, based on assumed vehicle occupancies, were calculated. 
 
Bus occupancies greater than 50 passengers per vehicle require that an additional vehicle be placed in service. Doing 
so incurs an additional $364,900/year, which, when averaged over the new vehicle occupancy, produces a spike in 
the data that disperses as occupancy grows to 100 total passengers (distributed between two buses). Using this same 
logic for demand up to 350 passengers, adding an additional bus vehicle in service each time 50 passengers per bus 
is attained, produces the black line in the partial plot in Figure 2. A similar logic with railcar occupancies of 150 
passengers per railcar is followed to derive the grey line in the figure, representing heavy rail occupancy costs. 
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The cost of the first vehicle in service drops quickly as demand increases, and as additional vehicles are added to 
service, small spikes representing the addition of a vehicle to service are diminished as demand grows. These plots 
are theoretically discontinuous in the upward-sloping sections of the spikes. Eventually, the cost function becomes 
essentially asymptotic, leveling out at $7297 per passenger per year for bus and $4104 per passenger per year for 
heavy rail for the given vehicle occupancy thresholds. These are, of course, average values across the samples used. 
 

 
FIGURE 2  Partial Plot of Annual Per-Passenger Cost versus Passenger Demand. 
 
If a bus occupancy at a “comfortable” level of 50 passengers per bus is assumed (a bus operating near capacity but 
below the “crush capacity” (TCRP, 2003)), the per-passenger operating cost per year is $7297 ($364,900 divided by 
50). This cost is represented by the black dashed horizontal line in Figures 2 and 3, which shows an enlarged view of 
the graph where the lines intersect. 
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FIGURE 3  Enlarged plot of Annual Per-Passenger Cost versus Passenger Demand. 
 
In Figure 3, Point A, located along the bus cost function, corresponds to the “comfortable” bus occupancy of 50 
passengers per bus, and the cost of $7297 per person, per year, prior to the addition of a second bus. Point B 
indicates the intersection of the heavy rail cost function and the $7297 cost level, which represents the occupancy at 
which rail systems are as cost-efficient in terms of operating costs, although a rail car can satisfy still greater 
demand at this cost. This occupancy level, Point B, occurs for rail at 84.4 passengers per rail vehicle. In comparison, 
at 84.4 passengers demanding bus service, a second bus vehicle should be added to service since accommodating 84 
passengers on a bus is both impractical and unreasonable. Adding the secondary vehicle induces higher annual 
operating costs, compared to one vehicle and compared to the rail system, for the same demand. 
 
A second point along the rail cost function meets the $7297 cost threshold. This occupancy, located at Point C, is 
168.7 passengers demanding service, equivalent to twice the demand at Point B, but spread between two railcars, 
and thus still equal to 84.4 passengers per railcar. Beyond Point C, the per-passenger cost will always be lower than 
the $7297 threshold, regardless of the number of vehicles added to service. It would require three or more buses to 
accommodate the demand at Point C. Above a demand of 84 passengers per railcar, rail service will always be more 
cost-efficient than bus. 
 
By extending these assumptions beyond the “comfortable” capacity of a rail car (about 150 passengers/vehicle), 
such that an additional car must be added to the train, and adding an extra bus to service each time the 50-passenger 
threshold is reached, it can be seen that once demand has exceeded the capacity of a single bus, no higher demand 
exists that reduces the cost of bus operations to a level comparable with heavy rail. In addition, a minimum 
achievable per capita cost exists for bus systems, regardless of the capacity level considered. 
 
Under this logic, frequency is not at issue. These thresholds are unrelated to service frequency; if buses are operating 
on 10-minute headways at 50-passenger occupancy levels, introducing an extra bus to service still serves to reduce 
the average occupancy level and thus raise operating costs. If those same buses with 50-passenger occupancies are 
instead operating on 30-minute headways, an additional bus will still reduce occupancy levels and increase costs. 
Similarly, adding extra vehicles to rail service reduces average occupancy levels and increases costs, regardless of 
whether those vehicles are added to existing trains or assembled as an additional separate train. 
 
The significance of these occupancy levels lies in its ability to suggest the appropriateness of one mode over the 
other. In consideration of upgrading a high-demand bus corridor to rail service, the occupancy levels of existing bus 
service could be used in conjunction with anticipated rail demand to determine the suitability of rail in place of bus. 
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This analysis, however, does not incorporate capital costs for either type of system; while the theoretical operating 
costs calculated here may be lower for rail systems than for bus systems, capital costs for rail systems are many 
times greater than those for bus systems, and will likely be of greater concern from an implementation standpoint. 
 
 
CONCLUSIONS 
This research has explored the per-vehicle and per-passenger-mile operating costs for heavy rail and bus systems in 
the US. The analysis found that costs grew nationwide between 1997 and 2006 on both bases. Furthermore, heavy 
rail systems exhibit per-vehicle costs that exceed comparable bus costs by 1.5 times, but demonstrate per-passenger-
mile costs that are half those of bus systems. The difference can be attributed to the respective carrying capacities of 
railcars compared to buses. This research showed that the number of annual passenger-miles served by a rail vehicle 
is roughly three times that of a bus. 
 
In analyzing the data, we also found that when evaluated regionally, all regions of the country have seen growth in 
per-vehicle and per-passenger-mile operating costs, although some regions have experienced greater growth than 
others. 
 
Calculating both quadratic and linear functional forms of the analyzed relationships showed that in most cases, the 
added complexity of the quadratic form serves to explain only a few percentage points more variability in the data. 
Using the quadratic form for the heavy rail systems in the per-vehicle cost analysis, however, we were able to 
calculate breakpoints before which economies of scale play a part and after which diseconomies of scale take effect; 
this breakpoint falls around 900 vehicles. 
 
The analysis also looked at the relationships between annual passenger-miles served and vehicles in maximum 
service and found that, as expected based on vehicle capacities, heavy rail vehicles serve three times as many 
passenger-miles in a year as a bus. Moreover, heavy rail systems have seen growing passenger-mile per vehicle 
ratios, while these have remained fairly constant for bus systems. 
 
Lastly, this research explored the cost efficiencies of rail and bus systems with regard to theoretical vehicle 
occupancies. We found that if maximum occupancies of 50 passengers per bus and 150 passengers per railcar are 
assumed, the theoretical minimum achievable operating costs per passenger per year are $7297 for bus and $4104 
for heavy rail. These are average values across the samples used. Additionally, at 84 passengers per rail car, costs for 
rail drop below the minimum achievable cost for bus and rail becomes more cost-efficient than bus. 
 
The question of light rail, a mode which may be a more natural “next-step” upgrade to bus than heavy rail, was not 
directly addressed in this study; its applicability to this study can be addressed by recognizing that light rail systems 
in the US serve varying and disparate purposes. While some operate as seemingly tourist attractions, others function 
in a manner similar to heavy rail, with extensive route coverage, generally exclusive right-of-way, and few 
intermediate stops. An example of such a high-performance system is the Dallas Area Rapid Transit (DART) light 
rail system. Light rail data were not included in this analysis because of their strong operational differences and 
resulting weak modal trends, investigated prior to this research. It is suggested that, for the basis of comparison 
regarding the issues addressed herein, any light rail system considered in the way proposed by the conclusions of 
this paper be such that it operates similarly to a heavy rail system, as in the suggested example of the Dallas light rail 
system. 
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