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Abstract

In this article we estimate external costs for four representative types of freight trains. For each type of
freight train, we estimate three general types of external costs and compare them with the private costs
experienced by railroad companies. The general types of external costs include: accidents (fatalities, injuries,
and property damage); emissions (air pollution and greenhouse gases); and noise. Resulting private and
external costs are compared with those of freight trucking, estimated in an earlier article. Rail external costs
are 0.24 cent to 0.25 cent (US) per ton-mile, well less than the 1.11 cent for freight trucking, but external
costs for rail generally constitute a larger amount relative to private costs, 9.3-22.6%, than is the case for
trucking, 13.2%. © 2001 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Freight transportation is a vital element in the economies of nations, regions, and cities. Low-
cost, dependable movement of freight helps a business to be competitive. In the same vein, it is
good public policy for society to try to minimize its total transportation cost, while ensuring that
people and goods are moved effectively. For total societal cost to be minimized, policy makers
must understand the full social costs of different modes of transportation. Policies then can be
adopted that encourage transportation users to consider these costs when making travel or
shipping decisions.

Ideally, each unit of transportation service used (e.g., a person-trip or a ton-mile of freight)
would be assigned a price that would reflect the full incremental cost to society of that service.

*Tel.: +1-319-335-6800; fax: +1-319-335-6801.
E-mail address: david-forkenbrock@uiowa.edu (D.J. Forkenbrock).

0965-8564/01/$ - see front matter © 2001 Elsevier Science Ltd. All rights reserved.
PII: S0965-8564(99)00061-0



322 D.J. Forkenbrock | Transportation Research Part A 35 (2001) 321-337

Charging the full cost of transportation would establish a market in which transportation users
could decide whether the benefits to them of consuming a particular unit of transportation service
would exceed the costs these users face. Such a pricing approach would mean that society would
not absorb the costs of one mode or type of service to a greater extent than another.

In a previous article published in this journal, Forkenbrock (1999) estimates the external costs
per ton-mile of freight shipped by truck, including accidents (fatalities, injuries, and property
damage); emissions (air pollution and greenhouse gases); noise; and unrecovered costs associated
with the provision, operation, and maintenance of public roads and bridges. That analysis focused
on intercity movements because social costs are much more consistent in rural areas than in
metropolitan areas. The estimates are intended to serve as a lower-bound benchmark against
which area-specific cost estimates can be compared.

In this article, we estimate external costs for four representative types of freight trains. The
objective is to provide external cost estimates for rail freight transportation between cities, making
these estimates as comparable as possible with those for trucks in the previous article. After
presenting the several types of external costs for freight rail, we compare them with the external
costs arising from transporting freight by truck.

2. Modal competition and social costs

Under full cost pricing of freight transportation modes, the true costs to society would be
reflected in the prices paid by users, and therefore the modes would compete on an equal basis.
How the inclusion of external costs would affect modal competition between rail and trucking
would depend on a number of factors, including relative service quality and the extent to which
the two modes were able to serve the same markets. In general, rail and trucking compete in
markets involving distances that are relatively short for rail yet relatively long for trucking. Most
often, the value (dollars per ton) of freight shipped by truck is higher than that shipped by rail.
One must recognize that our general unit of analysis, the ton-mile, includes an extremely wide
array of goods. For example, according to the 1993 US Commodity Flow Survey, the value of
“non-metallic materials” averaged about $11 per ton, and “apparel” averaged $19249 per ton
(Bureau of the Census, 1996, Table 5(a)).

Fig. 1 indicates the amount of freight (measured in ton-miles) shipped in the United States by
long-haul truck and freight rail in 1994. Of particular interest are the shaded portions of both pie
charts: 41% of long-haul truck ton-miles are competitive with rail, and 33% of rail ton-miles are
competitive with truck (Abacus Technology Corp., 1991, Exhibit 5-1). In total, about 768.5
billion ton-miles shipped annually are modally competitive. !

If full social cost pricing were to become policy, the extent of any resulting shift in modally
competitive freight in a given market would depend on several factors, including: the magnitude
of change in relative prices for various types of shippers, the difference in quality of service
provided by competing modes, and specific requirements on the part of shippers.

! Modally-competitive freight shipments are those which fall within the normal distance and service characteristics of
both truck and rail.
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Fig. 1. Competitive freight service for truck and rail, 1994. Sources: Bureau of Transportation Statistics (1996a, pp. 41,
53). Percentage modal competitive estimates are for 1987 from Abacus Technology Corporation (1991, Exhibit 5-1).
Freight rail ton-miles are for Class I railroads.

Aggregate estimates of these factors would be difficult to make. Thus, the change in modal
shares if full social cost pricing were in effect can only be speculated on, even if the magnitudes of
price changes were known. Our interest in this article is to estimate the size of external costs and
the extent to which full social cost pricing would exceed current operating costs faced by freight
rail and trucking carriers. It is not our objective to argue for greater use of one mode or another.

In estimating social costs, ideally we would examine the marginal cost to society of one more
unit of freight transportation service. If a freight carrier pays marginal user charges that equal the
marginal social cost of the unit of freight, the provider of transportation service is paying ap-
propriately, from a societal perspective. As the Transportation Research Board observes (TRB,
1996, p. 2), a marginal cost perspective is quite different from that used in highway (and other)
cost allocation studies. Such studies are intended to determine how the costs of providing gov-
ernment facilities and services should be distributed equitably among different vehicle classes. In
contrast, a marginal cost perspective is concerned only with whether the social costs of road use
are fully assigned to those generating them. Marginal social cost pricing may be equal to, higher
than, or less than the budgetary cost of government for providing facilities and services.

As a practical matter, it is difficult to develop accurate estimates of the marginal social costs of
freight transportation. For example, good data are available on the number of fatalities and
personal injuries associated with freight rail operations nationally, enabling the average accident
cost per ton-mile to be derived. The marginal accident cost of one more ton-mile transported by
freight rail is much more difficult to estimate. Trip-specific considerations such as topography,
condition of the trackage, weather conditions, and factors peculiar to the train and its operator all
enter the picture. Thus, estimates of marginal social costs are most valid when they pertain to very
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specific circumstances. In its report on marginal social costs of freight transportation, TRB (1996)
used four specific case studies and stressed the limitations of these studies in making general
conclusions about marginal social costs. TRB recommended (p. 125) an expanded array of case
studies to increase what is known about the social costs of freight transportation.

In this analysis we use average costs largely derived from aggregate data. While our estimates
lack the precision of a more specific case study, these estimates provide an overall sense of the
magnitude of various types of external costs generated by freight rail and trucks relative to av-
erage private costs nationally. If public policies were formulated to internalize these external costs
in an aggregate sense, some carriers of either mode would overpay, while others would underpay.
The amount of overpayment or underpayment would depend on the difference between average
costs in the aggregate and the marginal costs in a particular circumstance.

In short, unless one is able to accurately estimate the marginal social costs of each unit of
transportation (e.g., each ton-mile) in widely varying circumstances, two choices are possible. One
is to ignore external costs and estimate user charges and taxes solely on the basis of public facility
use or other services provided by the public sector; the other is to add some uniform charge to
reflect external costs and accept a degree of cross-subsidization within each transportation mode.
The analysis in this article tends toward the second option and develops conservative estimates of
average costs in rural areas where the variation in such costs is likely to be much less than is the
case among different metropolitan areas.

3. Rail and truck operating costs

If external costs were included in the prices paid by users of rail and truck freight service, these
prices would increase by some fractional amount. To estimate these fractional price increases, it is
necessary to estimate both the private and external costs of the two freight modes. Private costs
are the direct expenses incurred by providers of freight transportation; these expenses include
operating costs, as well as investments in capital facilities and rolling stock. It is operating costs
that are most closely tied to the amount of service provided, including fuel, wages, maintenance,
user charges, depreciation, and insurance.

Because external costs also result from routine operations, operating costs are the most ap-
propriate basis for comparisons with external costs. When added together, private operating costs
and external costs can give shippers and carriers a clear indication of the true cost of a unit of
service. Essentially all data on production costs for rail and truck freight transportation are av-
erages. Average cost data differ from the cost at the margin by the magnitude of any remaining
long-term economies of scale. In estimating average costs per ton-mile, we consider the extent to
which economies of scale exist in freight trucking and rail.

3.1. Private operating costs of trucking

An analysis of private costs of truckload (TL) trucking firms is presented in Forkenbrock
(1999, Table 1). The analysis is limited to TL firms (distinguished from less-than-truckload firms
which operate terminals and provide pick up and delivery service) because this category is by far
the larger in terms of ton-miles of freight transported, accounting for over 90% (TRB 1989,
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pp. 70-71). Within the TL category, there are six types of carriers: general freight, automobile
transport, refrigerated, bulk commodity, tank truck, and other specialized. General freight car-
riers account for the sizable majority of TL ton-miles. To avoid unnecessary aggregation, oper-
ating expenses for general freight TL carriers were the focus of Forkenbrock’s analysis. Overall, in
1994 general freight TL trucking had a per-mile operating cost of $1.25, a cost per ton-mile of 8.42
cents, and an average load of 14.80 tons.

Regarding economies of scale, Button (1993, pp. 74-75) contends that significant increases in
returns to scale do not exist in TL trucking, citing evidence that large TL trucking companies
compete with one-or-two-vehicle firms. McMullen and Stanley (1988) likewise doubt that econ-
omies of scale have been significant since deregulation of the trucking industry in 1980. Based on
these authors’ conclusions, average operating cost data probably are a reasonable approximation
of the marginal cost of one more ton-mile of service.

3.2. Private operating costs of rail

Estimating private costs of freight rail service is inherently more complex than estimating
similar costs for trucking. Among the complicating factors are joint production among rail
companies (e.g., sharing trackage or rolling stock), economies of scale and density, and a lack of
data on specific expenditures pertaining to individual freight movements. To cope with these
complexities, a number of researchers have developed econometric cost estimation models.

Most econometric models are intended to measure changes in rail productivity over time, as
well as estimate the effects of mergers. Examples include Caves et al. (1980, 1981a,b,c) and
Bereskin (1996). Models that estimate the nature of economies of scale or density have been
constructed by Spady (1979); Spady and Friedlaender (1976); Friedlaender and Spady (1980);
Bereskin (1983); Barbera et al. (1987), and Lee and Baumel (1987). > These authors generally
conclude that the rail industry has become more productive over time. Of particular importance
to our work, these modeling efforts have shown that rail costs are not linear in nature.

In a review of previous studies, Keaton (1990) reveals significant economies of density in the
general or mixed freight rail sector, and he conjectures that similar economies of density may not
exist in the case of unit trains (long trains carrying bulk cargo, such as grain). Keaton further
suggests that some economies of density are likely for intermodal trains. Several points are clear:
the literature suggests that economies of scale and density exist in freight rail, and that these
economies probably vary considerably among different types of rail operations.

3.3. Four rail scenarios

Because freight rail operations vary widely, a single aggregate value for private cost per ton-
mile would have little meaning. To estimate private rail operating costs for representative oper-
ational scenarios, we have developed cost models for four very different types of freight trains.

2 Economies of scale result if unit costs are lower for larger railroad firms. Grimm and Harris (1983, p. 275) point out
that such economies are likely to be associated with the administrative rather than the operating functions of the firm.
Economies of density result from more frequent service on a given length of route or from operating longer trains.
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(a) Heavy unit train. This train has 100 lightweight cars of 26 tons, and each car carries 105 tons
of cargo. The trip is 1000 miles in length, with a 100% empty return. Power for the train consists
of four 3000 brake horsepower (BHP) locomotives.

(b) Mixed freight train. Mixed cargo is carried in 90 cars averaging 32 tons. The cargo averages
70 tons per car, and the trip length is 500 miles, with a 45% empty return rate. Power for the train
is provided by three 3000 BHP locomotives.

(c) Intermodal train. This train consists of 120 truck trailers riding on 120 articulated spine cars.
Trailers average 28 tons, including cargo, and spine cars weigh 14 tons. The trip length is 1750
miles, and a 5% empty return rate is assumed. Power is supplied by three 3000 BHP locomotives.

(d) Double-stack container train. This train consists of lightweight, five-well platform cars, with
an average weight of 16 tons per well (80 tons per car). Each well carries two containers with an
average weight of 28 tons, or 56 tons per well. There are 24 cars in the train (120 wells) carrying a
total of 240 containers. A 10% empty return rate occurs. Power consists of four 3000 BHP lo-
comotives.

The four trains vary substantially in terms of basic configuration, power, trailing tons of cargo,
trip length, and empty return rates. While we assume the same accident rates and noise impacts
for all four types of trains, we vary emissions costs per ton-mile. Most important, the private costs
per ton-mile vary among the four scenarios. Our objective is to present realistic and representative
estimates of the private costs experienced by railroad companies operating different types of
freight trains in order to provide bases with which external costs can be compared.

As part of our research, we modeled operating costs of Class I railroads (those with annual
gross operating revenues in excess of $50 million in 1978 dollars). * To model these operating
costs, we used a translog function (see Bereskin, 1998). The function has four input prices: labor,
materials and supplies, fuel, and other factors (using the Association of American Railroads index
for other expenses). We also incorporated four output measures: gross ton-miles, car-miles, train-
miles, and locomotive-horsepower-miles. Data are for a 17-year period, 1978-1995. A total of 36
firms are included in the analysis, but through mergers and bankruptcies only 11 firms remained
in 1995. Dummy variables are used as proxies for changes in the number of firms as the railroad
industry has restructured.

Cost estimates are developed for each of the four stereotypical train types listed above. These
trains have very different operating parameters; our intent is to estimate the costs of operating
hypothetical but realistic train configurations. We have developed two cost estimates for each
train scenario, one in which the operating parameters are averaged and one in which the pa-
rameters are weighted by the gross ton-miles of each included railroad firm. Comparing results of
the two approaches enable us to examine costs as total traffic and route density increase with both
railroad firm size and volume. We observed sizable economies of size and density.

It is important to stress that our operating cost estimates pertain to the line-haul portion of rail
service. We do not include local freight movements to and from actual traffic generators, nor do
we consider drayage in the case of intermodal rail. By focusing on line-haul shipments, we fa-
cilitate the most reasonable comparison with TL trucking, which generally operates between

3 Class 11 railroads are those with annual gross operating revenues of between $10 and $50 million in 1978 dollars;
Class III railroads have annual gross operating revenues of less than $10 million in 1978 dollars.



D.J. Forkenbrock | Transportation Research Part A 35 (2001) 321-337 327

Table 1
Private operating costs of four railroad freight scenarios, 1994*
Railroad scenario Power Cargo Distance Average cost per ton-mile
(tons) (miles) (1994 cents)
Heavy unit train 4 — 3000 BHP locomotives 10500 1000 1.19
Mixed freight train 3 — 3000 BHP locomotives 6300 500 1.20
Intermodal train 3 — 3000 BHP locomotives 3360 1750 2.68
Double-stack train 4 — 3000 BHP locomotives 6720 1750 1.06

# Source: Research by Bereskin (1998).

single points of origin and destination. As a practical matter, local freight shipments to rail yards
vary in many ways, so that including this cost component would be highly problematic. It is likely
that by excluding local freight movements, we are slightly underestimating ton-mile rail costs,
especially for mixed freight and intermodal trains.

Our ton-mile operating cost estimates use averaged operating parameters for the four rail
scenarios and are presented in Table 1. Both the heavy unit train and the mixed freight train
scenarios result in ton-mile costs of approximately 1.2 cent. The intermodal train cost per ton-mile
1s 2.68 cents, and the double-stack train costs 1.06 cent.

4. Non-market costs of freight rail

To charge the full cost of transportation services, it is necessary to estimate as accurately as
possible the magnitude of external costs. Few of these costs can be assigned dollar amounts that
are likely to be widely embraced, largely because there are limits to the extent to which we un-
derstand the effects of different transportation modes on the environment, infrastructure, and the
health, safety, and welfare of the general population. Given these limitations, we use the cate-
gories of external costs in Forkenbrock (1999) and provide the best possible estimates of their
magnitudes. Each category is discussed in turn.

4.1. Accidents

Vickery (1968) in a seminal piece concludes that when assigning accident costs to a particular
transportation mode, fault is not at issue. He leads one to the conclusion that the social cost
brought about by an accident would not have arisen had the particular transportation service not
been provided. A fatality or injury to a railroad employee thus imposes the same cost on society as
would the misfortune of a person being struck by a train, for example. To generate comparable
external cost estimates of accidents involving freight trains or trucks, then, we multiply the
numbers of fatal, personal injury, and property damage accidents by the appropriate per-event
cost and subtract the amount of compensation paid by the particular mode. Dividing the resulting
external cost by the number of ton-miles allows us to estimate the per-ton-mile external cost for
each mode.
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Table 2

Cost of accidents (1994 dollars)?
Accident type Per person Per accident
Fatal 2903782 3304027
Personal injury 56255 84 455
Property damage 2110 5448

# Source: Miller et al. (1991), inflated to 1994 dollars.

Table 3

Costs of accidents involving Class I freight rail, 1994
Accident type Amount (dollars)
Fatal 2761497000
Personal injury 543930000
Property damage to other vehicles 18 553000
Total 3323980000

The most widely applied estimates of the dollar value to society of reducing fatal, personal
injury, and property damage accidents were developed for the Federal Highway Administration
by the Urban Institute (Miller et al., 1991). These estimates, updated to 1994 dollars, appear in
Table 2. We use these values in our analysis.

Accidents involving freight trains fall into three primary categories: collisions at highway-rail
grade crossings, persons struck by a train at other locations, and mishaps involving the train
alone. The most frequent type of fatal accident is collisions at highway-rail grade crossings. Trains
striking persons at locations other than grade crossings is another major cause of fatal accidents. *
No distinction is made here between trespassers and non-trespassers, though it should be noted
that when all railroads are taken together, trespassers account for the larger share of fatalities
(55.9%). Most injuries, however, involve railroad employees on duty (81.6%) (Federal Railroad
Administration, 1995, Table 14). In total there were 951 fatalities and 9669 personal injury ca-
sualties in 1994 arising from the operations of Class I freight railroads (Federal Railroad Ad-
ministration, 1995, Tables 38 and 39). °

Using the Miller et al. (1991) values expressed in 1994 dollars, the costs to society of these fatal
and personal injury casualties are $2761497000 and $543 930000, respectively (see Table 3).
Property damage resulting from train accidents is difficult to estimate. One estimate of the value of
property damage to other vehicles involved in crashes with trains at highway-rail grade crossings
is provided by the Bureau of Transportation Statistics (1997, Table 3-2), based on Federal

* For all freight railroads in 1994, highway-rail grade crossing crashes accounted for 50.4% of freight rail-related
fatalities and 11.7% of personal injuries. Persons struck by a train at other locations accounted for 42.6% of the
fatalities and 10.7% of the personal injuries. Train accidents, per se, only accounted for 7.0% of the fatalities but fully
77.6% of the personal injuries (Federal Railroad Administration, 1995, Tables 13 and 14).

5 Both figures exclude Amtrak, a Class I passenger railroad, and other passenger fatalities and injuries.
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Table 4

Compensation for accident costs paid by Class I freight railroads, 1994*
Source Amount (dollars)
FELA (railroad employees) 1113000 000
Claims for rail crossing accidents 97000000
Claims for other accidents 53000000
Total 1263000 000

# Source: Correspondence from the Association of American Railroads Law Department dated March 29, 1996.

Railroad Administration data. For 1994, the estimate is $18 553000. © We assume that property
damage for non-crossing rail accidents (other than to trains) is comparatively minor and ignore
the costs of such damage. The total societal cost of railroad accidents in 1994 dollars was about
$3323 980 000.

To estimate compensation made by Class I railroads to victims of accidents involving trains, a
different method is required than that used in Forkenbrock (1999) for motor carriers. Railroad
employees are compensated for on-the-job injuries through a federally mandated process based on
tort claims in lieu of workers’ compensation. Also, railroads mainly self-insure for personal lia-
bility and property damage. Specifically, they purchase insurance with a high deductible amount,
$25 million or more. Thus, in cases involving fatalities, injuries to non-employees, and property
damage related to rail operations, most payments are made directly by the railroad through
claims and suits.

When injured on the job, railroad workers (in contrast to employees of firms that provide
transportation services using other modes) seek compensation under the Federal Employers’
Liability Act of 1908 (FELA). To collect, a worker must demonstrate negligence on the part of the
employer, and awards are based on the degree of employee negligence. In general, the FELA
process results in more sizable benefits to injured workers than does workers’ compensation
(TRB, 1994, p. 3). 7 The amount injured workers will be compensated remains less certain,
however, and legal fees and other transactions costs still constitute a larger portion of FELA
settlements than is the case with workers’ compensation (TRB, 1994, pp. 4-5). According to the
Association of American Railroads (nd), legal and administrative costs constitute, on average,
31% of FELA payments. As Table 4 shows, FELA compensation to injured railroad workers
totaled $1.113 billion in 1994.

Railroads report two general categories of claims: rail crossing accidents and other incidents. In
each case, the amount paid may be the result of negotiation or litigation. In 1994, Class I railroads
paid $97 million in claims for accidents at rail crossings and another $53 million in other accident
claims (see Table 4). Adding together rail liability, property damage claims, and FELA judg-
ments, Class I railroads paid a total of $1.263 billion in compensation in 1994 for accidents

® It is not possible to determine precisely what portion of this amount arose from operations of Class I railroads, but
we estimate the portion to be upwards of 90%.

7 According to the Transportation Research Board (1994, p. 9), the rail industry would be more competitive with
other modes if a system like workers’ compensation were adopted, but the effect would probably be modest.
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involving freight trains. 3 Although we are able to include the payout level for property damage as
a result of train accidents at rail crossings, there are no similar data on payment levels for other
accidents such as train derailments. Still, it is doubtful that the amount paid out for property
damage resulting from other accidents is large relative to the accident compensation paid by
Class I railroads.

In summary, Class I freight railroads were involved in accidents that cost society a total of
$3323980000 in 1994, and they paid a total of $1263 000000 in various kinds of compensation
for accidents. The net uncompensated accident cost of freight rail operations in 1994 was
therefore $2 060 980 000. Dividing this figure by the 1200701 000 000 Class I rail ton-miles in 1994
(Bureau of Transportation Statistics, 1997, Tables 1-9) results in an uncompensated cost of 0.17
cent per ton-mile.

4.2. Emissions

Air pollution generated by freight trains and trucks negatively affects other people than those
who produce it, making it an external cost. We estimate the external costs associated with two
general categories of emissions: air pollution and greenhouse gases. Assigning dollar values to the
emissions generated per ton-mile of freight transportation is inherently difficult. For one thing, the
amount of emissions associated with a unit of transportation varies with the specific type of train
or truck and the conditions under which it is operating. Additionally, the value of damage to
human health and other things of value-animals, crop yields, building and structures, and scenic
views-is bound to be subjective.

Most cost estimates of air pollution and greenhouse gases have been made for very specific
circumstances, usually a particular city with an air quality problem (see, for example, Small and
Kazimi, 1995, who studied Los Angeles). Because this analysis focuses on freight movement
between cities, the appropriate unit cost of air pollution should be comparatively low because the
ambient pollution levels in rural areas are appreciably lower than those in the urban areas where
higher cost estimates have been used. Our cost estimates are based on the work of Haling and
Cohen (1995), who use results of work by National Economic Research Associates (NERA, 1993)
to assign costs of air pollution in 2233 rural US counties in various states (there are 3048 rural
counties in the US). * Table 5 shows their estimated costs per ton for four key types of air pol-
lutants: volatile organic compounds (VOC), nitrogen oxides (NO,), sulfur oxides (SO,), and
particulate matter under 10 um in aerodynamic diameter (PM,).

In Table 6 we present estimates of emission rates per ton-mile of cargo for the four general
types of freight trains discussed earlier. With emission rates adapted from Barth and Tadi (1996),
the table presents VOC, NO,, and PM;, emissions per ton-mile for the four types of trains. 10

8 One could argue that not all of the worker injury costs uncompensated by FELA are truly external costs. Labor
economics would suggest that if workers are rational, they take the risk of injury into account when deciding whether to
accept a job paying a certain wage rate. Competing employers presumably must compensate workers for these risks.

® As discussed in Forkenbrock (1999), the NERA study is the most salient estimate of air pollution costs our literature
review uncovered.

19 Barth and Tadi (1996) do not include SO,. Freight rail is an inconsequential source of this pollutant.
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Table 5

Average air pollutant costs for 2233 rural counties (1994 dollars)®
Pollutant Cost per ton
vocC 385
NO, 213
SO, 263
PM;, 3943

# Source: Forkenbrock (1999), derived from Haling and Cohen (1995).

Table 6

Emission rates for four types of freight trains (grams per ton-mile)*
Type of train vVOC NO, PM,,
Heavy unit train 0.003 0.257 0.006
Mixed freight train 0.004 0.322 0.008
Intermodal train 0.007 0.603 0.015
Double-stack train 0.005 0.400 0.010

#In each scenario the average train speed is 45 mph, and the throttle setting is notch 8 (full power). Source: Adapted
from Barth and Tadi (1996, Table 1).

Table 7

Emission costs of four types of freight trains (1994 cents per ton-mile)
Type of train vVOC NO, PM,, Total
Heavy unit train 0.0001 0.006 0.003 0.009
Mixed freight train 0.0002 0.008 0.003 0.011
Intermodal train 0.0003 0.014 0.006 0.020
Double-stack train 0.0002 0.009 0.004 0.013

Because the four scenarios vary considerably in terms of locomotive power and trailing tonnage of
cargo, the emissions rates also vary among the scenarios.

In Table 7, we apply the estimated emission costs per ton from Table 5 to calculate the air
pollution cost per ton-mile of the four general types of freight trains. On a ton-mile basis, the total
costs of air pollution for any of the general types of freight trains are very small, not more than
0.02 cent. From this analysis, it is fair to conclude that the external costs of air pollution generated
by freight rail operating in rural areas are very small. A higher estimate of these costs is made by
the European Commission (1996, Table A.6) which estimates air pollution costs associated with
shipping 1000 tons one kilometer to be 1.8 European currency units (ECU). Converting this figure
to US dollars per ton-mile yields an estimate of 0.22 cent. It is unclear what type of freight train,
trailing tonnage, or speed were used in the analysis. Applying emission rates from Blevins and
Gibson (1991, Table 7) results in estimates very close to those in Table 7. While these authors’ rail
scenarios differ somewhat from ours, they arrive at similar emission rates for VOC, NO,, and
PM.
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Table 8
Rates and external costs of carbon dioxide emissions, truck and rail, 1994*
Freight mode Emission rate per ton-mile (g) Cost per ton-mile (1994 cents)
Mixed freight rail 18.6 0.02
Intermodal rail 17.0 0.02
Double-stack rail 154 0.02

4 Source: Blevins and Gibson (1991, Table 7).

Turning to greenhouse gases, while they are not technically air pollution, these emissions
constitute a threat to society by contributing to global climate change. Carbon dioxide (CQ,) is by
far the most prominent greenhouse gas released by human activity, accounting for about 85% of
total emissions weighted by global warming potential (Bureau of Transportation Statistics, 1996b,
p. 144). The amount of CO, released per unit of transportation service (i.e., per ton-mile) is di-
rectly related to the energy efficiency of the mode providing that service. One gallon of diesel fuel
releases 22.8 pounds of CO, (FHWA, 1997b, p. I-5).

Researchers have yet to reach anything close to a consensus regarding the cost to society of
releasing CO; into the atmosphere. A National Research Council study (NRC, 1991) suggests
costs in the range of $10 to $20 per ton of CO, emitted. In our analysis, we use the lower figure of
$10. '' Because the amount of CO, emitted is directly proportional to the quantity of diesel fuel
burned, one can estimate CO, emissions and apply the cost of $10 per ton. CO, emissions per ton-
mile for three train configurations (mixed freight, intermodal, and double-stack) are estimated by
Blevins and Gibson (1991, Table 7). Using their estimated emission rates, the societal cost of CO,
emissions per ton-mile shipped is 0.02 cent per ton-mile for all three train configurations (see
Table 8). Because of the consistency of the cost estimates, it seems reasonable to use the same CO,
cost per ton-mile for our fourth type of train as well.

Although we have disaggregated freight trains as much as possible, there is by necessity con-
siderable averaging in the estimates contained in this analysis. Per ton-mile pollution levels will be
higher in hilly terrain or when freight trains are transporting fewer net tons per mile of travel, for
example.

4.3. Noise

Even in rural areas where fewer people live and work, noise (defined as unwanted or detri-
mental sound) is bothersome. Even where noise levels generally are quite low, intermittent noise
can adversely affect people, especially when they need to concentrate, rest, or maintain tranquility.
While the psychological effects of noise are very difficult to monetize, noise tends to have an
adverse impact on residential property values (see Hokanson et al., 1981). It is this impact that has
been the basis for dollar costs of truck and rail noise. Because of the generally sparse settlement
patterns in rural areas, few housing units are effected by passing trains or highway traffic.

"1 1t should be noted that the uncertainties about climate change, and the possible long-term need to reduce carbon
emissions substantially, suggest that this cost may rise to a considerably higher level in the future.



D.J. Forkenbrock | Transportation Research Part A 35 (2001) 321-337 333

Far less has been written about noise generated by freight rail operating in rural areas than
about heavy trucks. '> Most of the limited literature pertains to high-speed passenger rail in
Europe, rather than to slower moving freight trains. Fath et al. (1974) have measured noise levels
at 450 feet from track centerline for trains of varying length and trailing weight. Noise levels
ranged from 70 to 90 dBA. '* Hanson et al. (1991) have estimated the incremental change in
freight rail noise with different types and conditions of track and train wheels. Among the limited
noise cost estimates available for freight rail are Planco (1990), who places the cost at 0.22 cent per
ton-mile (adjusted to 1994 dollars), and Diekmann (1990), whose figure is 0.20 cent per ton-mile
(also in 1994 dollars). Both authors studied conditions in Germany, where rural development is
generally denser than in the US, so their estimates are likely to be relatively high compared to
ours.

In general, the literature suggests that a given level of noise produced by a freight train is
usually perceived as less annoying than noise produced by vehicle traffic on a highway. The
so-called “Green Book™ of the Commission of the European Communities (OECD, 1992)
implies that the cost of road traffic noise is over six times greater than noise from freight rail.
Similar results are reported by Rothengatter (1989), who found that the ratio of people
“annoyed” by road noise compared to rail noise is 3.4-1; the ratio of people “highly an-
noyed” is 6.4-1.

One cannot be certain what factors entered into the annoyance ratios estimated by European
researchers. Level and mix of highway traffic, distance to highways and railroads, length and
frequency of train passages, and numerous other characteristics probably influence these ratios.
Lacking definitive research on circumstances and perceptions in the United States, it is imprudent
to assign an arbitrary ratio of how objectionable truck noise on highways is relative to freight rail
noise. It probably is the case that particularly in sparsely settled rural areas, exposure to rail noise
is not very different than to trucks operating on highways (both are very limited). Accordingly, we
use the same value for noise impacts of 0.04 cent per ton-mile as applied for trucks in Forken-
brock (1999). In the case of either mode, the social cost of noise per ton-mile of transportation
service in rural areas is very small.

5. Comparison of rail and truck external costs

In Table 9 we summarize our estimates of the external costs of three representative types of
freight rail operating between urban areas in the United States. We also present the comparable
estimates for general freight TL trucks from Forkenbrock (1999). The total external cost for these
trucks is 0.86 cent per ton-mile. For freight rail the per-ton-mile external cost totals 0.24-0.25
cent. When comparing these external costs, it is very important to keep in mind the highly dif-
ferent natures of these two modes’ operations.

12 A good discussion of the technical aspects of train noise is found in Nelson (1987, Section 1.4.2).
13 Decibles of sound adjusted to approximate human perception are called “A-weighted levels” (dBA). The
A-weighted decibel scale is logarithmic. See Forkenbrock (1999).
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Table 9
Summary of external costs of truck and rail freight (1994 cents per ton-mile)?
Accidents Air pollution Greenhouse gases Noise Total

General freight truck 0.59 0.08 0.15 0.04 0.86
Heavy unit train 0.17 0.01 0.02 0.04 0.24
Mixed freight train 0.17 0.01 0.02 0.04 0.24
Intermodal train 0.17 0.02 0.02 0.04 0.25
Double-stack train 0.17 0.01 0.02 0.04 0.24

& Source: Truck costs are from Forkenbrock (1999).

Table 10
Private and external costs of truck and rail freight (1994 cents per ton-mile)*
Private External User charge (2) 4+ (3) as percent
cost (1) cost (2) underpayment (3) of (1)
General freight truck 8.42 0.86 0.25 13.2
Heavy unit train 1.19 0.24 20.2
Mixed freight train 1.20 0.24 20.0
Intermodal train 2.68 0.25 9.3
Double-stack train 1.06 0.24 22.6

4 Source: Truck costs are from Forkenbrock (1999).

The most meaningful comparisons are between the external costs and the private costs of each
of the modes. These comparisons are presented in Table 10. '* One feature of the table should be
explained: the user charge underpayment for trucks is based on results of the 1997 Federal
Highway Cost Allocation Study (FHWA, 1997a). That study concluded that semi-trailer trucks
significantly underpay for their use of public roads. The figure, derived in Forkenbrock (1999), is a
weighted average for general freight TL carriers. Because railroad companies operate on their own
trackage, no comparable entry is made in Table 10.

For freight trucks, the total external cost and user charge underpayment is 1.11 cent per ton-
mile. For freight rail, external costs are substantially smaller: 0.24-0.25 cent per ton-mile. Because
the average private cost is so much less for rail than for trucking, however, external costs for rail
generally are larger relative to private costs. In any event, the external costs of intercity freight
transportation are considerable, when compared to the private costs that are a basis for current
freight rates. Even using the conservative values contained in this analysis, the costs of freight
shipments would increase by between 9.3 and 22.6% if all external costs were included in the costs
faced by rail and truck freight providers.

6. Conclusions

The purpose of this article is to combine the best available sources of information pertaining to
private and external costs that arise from intercity freight railroad operations. We compare the

14 It also would facilitate comparisons if data were available on the relative number of ton-miles accounted for by each
of the four types of trains. Unfortunately, these data are not available.
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results of this analysis with those of Forkenbrock (1999), which is a parallel analysis of private
and external costs associated with general freight truckload (TL) trucking. On a per-ton-mile
basis, trucking generates over three times the external costs of any of the four types of freight
trains considered in the analysis.

Our estimates of external costs for intercity general freight TL trucking and rail freight
transportation imply that these costs are substantial. For general freight TL trucking, the external
cost is 1.11 cent per ton-mile. This figure is equal to 13.2% of the private operating cost of that
transportation mode. Because the private cost (direct cost to the transportation provider) is much
lower for rail (1.06-2.68 cents per ton-mile), rail external costs often constitute larger amounts
relative to private costs than is the case with trucking. The range of freight rail external costs
compared to private costs is 9.3-22.6%.

The conclusion of our research is that even when using conservative values for external costs,
these costs are sizable enough to warrant concern. External costs affect the well-being of society
and should be fully considered when transportation policy is formulated. Our research has sought
to provide reasonable estimates of the amounts by which intercity truck and rail transportation
costs should be increased to include external costs. We hope that these estimates will help facilitate
enlightened public and private sector decision making.
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