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PRODUCTIVITY IN U.S. RAILROADS, 1951-1974

* *
Douglas W. Caves, Laurits R. Christensen, and Joseph A. Swansonf

1. Introduction

Based on conventional methodology, postwar productivity growth in
the U.S. rallroad industry has exceeded that of most other U.S. industries.
This is true for both the Bureau of Labor Statistics' (1977) estimates of
output per hour worked and for Kendrick's (1973) estimates of total factor
productivity using output and an index of labor and capital input. Recently
Meyer and Morton (1975), drawing on research performed for the Task Force
on Railroad Productivity (1973), have questioned the validity of estimates
of U.S. rail productivity based on conventional measurement techniques.
Meyer and Morton suggested some important improvements which could be made
in the measurement of rail productivity. They showed that implementation
of these improvements would result in substantia} downward revisions in
the estimated growth of U.S. railroad productivity. Unfortunately, however,
their implementation employed index number procedures which severely mis-
represented the structure of production in the railroad industry. The

result was productivity estimates which remained seriously flawed.
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The purpose of this paper is to provide new estimates of growth in
U.S. railroad productivity. Our estimates reflect: (1) the improvements
suggested by Meyer and Morton, (2) a disaggregated treatment of inputs,
including a correction for the '"betterment" accounting techniques used by
railroads in reporting to the Interstate Commerce Commission (ICC), and
(3) indexing procedures which are consistent with the structure of pro-
duction in the railroad industry. We employ a data base which is consider-
ably more comprehensive than those used in previous railroad productivity
studies. We make use of detailed cost data from a large sample of Class I
railroads to obtain information on the structure of cost and production in
this industry.

Index number procedures represent production processes.l Hence 1t is
desirable to choose a procedure which is capable of representing a diversity
of possible production structures, i.e., one which is free of a priori
restrictions. We use recent developments in duality theory to derive a
procedure which avo1dg_5ggs;igtigg_ggggggﬁigg&_}mp1icit in several widely-
used indexing procedures. These assumptions include constant returns to
scale, separability of outputs and inputs, predetermined elasticities of
substitution and transformation, homogeneity or homotheticity of the input
structure, and Hicks neutral technical change. Our approach begins with a
general transformation function and its corresponding multiproduct cost
function. Total differentiation of the cost function leads to an index of

productivity which i1s a function of the rates of growth of the individual

1For discussion see Samuelson and Swamy (1974) and Diewert (1976).



outputs and inputs. The weights for the input growth rates are the elasti-
cities of total cost with respect to the corresponding input prices. The
weights for the output growth rates are the elasticities of total cost with
respect to the output levels.

Cost elasticities with respect to input prices and output levels are
not directly observable. Nevertheless, since markets for railroad inputs
are unregulated, and there 1s no binding rate of return regulation, input
cost shares provide defensible estimates of the input weights. The relative
prices for all outputs reflected their relative marginal costs of production,
and if constant returns to scale prevailed for U.S. railroads, then revenue
shares would provide defensible estimates of the output weights. However,
all indications are that rate regulation has resulted in the cross-subsidi-
zation of passenger service by freight service. Furthermore, it is not clear
that the relationship between long and short haul rates reflects their
relative marginal costs. Therefore, it is necessary to obtain alternative
estimates of the output cost elasticities to use as weights for the output
growth rates. We obtain estimates of the cost elasticities from three cross-
sectional cost function regressions using data from Class I U.S. railroads.

Our estimates of growth in U.S. railroad productivity differ sub-
stantially from estimates obtained using conventional methods. When con-
ventional methods are applied to our data set, rallroad productivity is
estimated to have grown at the average rate of 3.6% per year, 1951-1974.
Our methodology reveals that this high rate of growth of productivity is
illusory. We find that railroad productivity increased at the substantially

lower rate of 1.7% per year. The impact of our methodological improvements



is even more dramatic for the recent peak-to-peak growth cycle, 1966-1973.
Conventional methods indicate that rail productivity grew at the average
annual rate of 3.3%. Our estimate of productivity growth for this same
period is only 0.87 per year.

Meyer and Morton implicitly assume that the structure of railroad
production exhibits constant returns to scale, as well as separability
of outputs and inputs. Furthermore their indexing procedures specify
a priori that the elasticity of transformation between passenger and freight
service is infinite, and that the elasticity of substitution between any
pair of inputs is unity. These specifications do not realistically reflect
the structure of production for railroad services, and consequently result
in errors in measured railroad productivity. We provide some 1llustrative
estimates of railroad productivity using their procedures to demonstrate the

importance of these unrealistic specifications,

2. Methodology

The efficient transformation of a vector of inputs X into a vector

of outputs Y can be represented by an implicit function:
@) f(Yl,Yz,...,Ym; xl,xz,...,xn; T) =0

where T 1s time, representing shifts in the function due to changes in
productivity. McFadden (1970) has shown that if the transformation
function has a strictly convex input structure, then there exists a

unique cost function which is dual to (1). The dual cost function can

be written:



(2) C= g(Yl,Yz,...,Ym; wl,wz,....wn; T) ,

where the Wi's are the prices at which the Xi's can be purchased, and C is

total cost:

n
(3) C= I WX, .
4y T B

The cost function (2) is homogeneous of degree plus one, nondecreasing, and

concave in the factor prices (Wi). The first partial derivatives of the

cost function with respect to the Wi's are equal to the cost minimizing

input levels. This convenient property of the cost function is known as

Shepherd's (1953) lemma,2 which can be written in logarithmic form as

W, X
3 fn g 11
) atnwi' c "S5

where Si 1s the share of factor 1 in total cost.

Total differentiation of the log of the cost function with respect to

time yilelds:

dfnc_ T sdng 8% 8 4 g sk W £n g
G) 1 R / T Y vhw, @t
il n Yi ] n v, T T

g; g can be interpreted as the rate of growth of total

The total derivative d

cost. The right hand side of (5) shows how the rate of growth of cost can
be allocated among changes in output levels, changes in factor prices, and

shifts in the cost function (changes in productivity).

Further discussion of the properties of the multiproduct cost
funetion can be found in Hall (1973).



Total differentiation of (3) with respect to time yields

d Ln C i
(6) —ar ar T ar

n denw d &n xi
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Expressions (4) and (6) can be substituted into (5) to obtain:

LI diny n dénx

3 &n g g 1 i
(7) - - z = E S .
aT qmy 0 AR Yy dT jup ¥ dT

3 &n
The 5—ZE—€: are the cost elasticities of the outputs. If the outputs are
priced at marginal cost, and if the production structure exhibits constant
returns to scale, then the cost elasticities are equal to the shares of the

outputs in total revenue R, = PiYi/ZPiYi. In this case (7) becomes:

d £nY n d £n X
_ 3 4&n o i i
(8) __5T_§ w I Ri = - ¥ Si s

Expression (8) is the Divisia Index of productivity discussed by Jorgenson

and Griliches (1967).

Since output prices in the U.S. railroad industry are regulated by
the ICC, these prices do not necessarily reflect marginal costs. Further-
more, it 1s not desirable to assume a priori that the railroad industry

exhibits constant returns to scale. Therefore, rather than use (8), we

use the concept of productivity defined by (7), which does not require

/

competitive output pricing or constant returns to scale. This entaills the



use of cost elasticities with respect to outputs, rather than revenue shares,
to weight the output growth rates. However, cost shares provide satisfactory
estimates of cost elasticities with respect to factor prices, since railroads
purchase inputs in unregulated factor markets.

The index of productivity (7) is defined in continuous time. Empirical
implementation requires a discrete approximation to (7). We use first
differences in natural logarithms to approximate the logarithmic derivatives,
and we use arithmetic averages of the weights at the beginning and end of the
period to approximate the instantaneous weights:

m
- _ - 1(3 ¢n g 1[a £n _
9) @n & £n gT_l) 151{2 [3 7 Yi]T % [‘T‘&a . ]T_l}{m Yi,T 2n Y:L,T-l

n
1 1
121{_2- S0t 2 Si,T-lHU‘ X g~ X o }

.

All the variables in (9) are observable except for the elasticities of cost
with respect to the outputs; we estimate these from cross-section cost
function regressions on a representative sample of railroads.

Diewert (1976) has criticized the use of formulas such as (9) for pro-
ductivity measurement on the grounds that they result from separable trans-
formation functions in which only neutral shifts in the functions are permitted,
He proceeded to recommend an alternative measurement procedure based on a

transformation function in which the outputs are treated asymmetrically

(10) Y1 = h(Yz,...,Ym; xl,xz,...,xn; T).

Diewert acknowledged that his recommended procedure suffered from two



disadvantages: (i) the procedure is computationally more difficult, and
(11) the first output, Yl, is asymetrically singled out.

The motivation for Diewert's procedure was to obtain a method of pro-
ductivity measurement which did not require the separability of outputs
and inputs. The fact that (9) approximates (7), which was derived from
(1), reveals that it does not require separability of outputs and inputs,
nor does it require that shifts in the transformation function be neutral.
These specifications are required only if one wishes to interpret the two
terms on the right hand side of (9) as "aggregate output" and "aggregate

input,”" in which case (1) must be rewritten as:

(11) f£QY(Y .,Ym),x(x Xn),T) = 0.

1" 12e %

3. Data

The Data Appendix provides a detailed description of the sources and
methods used in the construction of our data set. In this section we pro-
vide a brief description of the data set, along with tables of the most

important variables. Our principal data source is Transport Statistics of

the United States. The most recent edition contains data for 1974.3 Years

prior to 1951 are excluded due to difficulties of data comparability., Our
coverage is restricted to Class I railroads, which produced over 997% of
U.S. railroad revenue ton-miles and passenger-miles in recent years.

In principle it would be desirable to treat as distinct outputs all

railroad services which have different cost elasticities. In practice,

3Interstat:e Commerce Commission, Bureau of Accounts, Transport Statistics
in the United States, Government Printing Office, Washington, D.C.




however, it is not possible to distinguish more than a few relatively
homogeneous output categories. The most important distinction is between
freight and passenger services. It is also important to recognize that

the cost of providing freight and passenger services depends on the distance
over which service is provided. It would also be desirable to allow for
different cost levels associated with hauling different commodities. Un-
fortunately, it is not possible to do so with any assurance based on avail-
able data.4 Thus we limit our output categories to freight and passenger
services distinguished by length of haul.

There are two possible ways to account for length of haul. One way
would be to decide upon discrete mileage bands, such as zero to two hundred,
two hundred to four hundred, etc., and treat ton-miles or passenger-miles
falling within the various bands as distinct outputs. The other way would
be to allow for a continuous relationship between distance and cost. We
adopt the latter approach for three reasons: First, data are readily
available to estimate average length of haul. Second, it avoids the arbi-
trary selection of mileage bands. Third, it 1s a more workable approach,
since the number of output cost elasticities to be estimated is much smaller.

The four output indexes which we employ are presented in Table 1:

(1) Revenue freight ton-miles; (2) average length of freight haul, computed
as the ratio of revenue ton-miles to revenue tons; (3) revenue passenger-
miles; and (4) average length of passenger trip, computed as the ratio of

revenue passenger-miles to revenue passengers.

4'1'he only data which could be used to address this issue are the
Carload Waybill Statistics collected by the ICC until 1966 and by the
U.S. Department of Transportation since 1969. We have been informed by
industry sources that these statistics are not reliable. This has been
confirmed by our detailed study of the waybills of a major Class I railroad.
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We distinguish five categories of inputs, which are constructed from
much finer input classifications. The input indexes are: (1) labor,

(2) way and structures, (3) equipment, (4) fuel, and (5) materials. These
indexes are also presented in Table 1.

The labor quantity index is based on data from the annual A-300 reports
of rail carriers to the ICC. It 1s computed as a log-change index of
straight- and over-time hours, using the adjacent year average of com-
pensation shares for seven occupational groups. The quantity indexes for
structures and equipment are based on capital stock estimates derived by
the perpetual inventory method. Our structures estimate capitalizes track
and track materials, rather than expensing them (a procedure mandated by the
ICC and followed by most U.S. railroads). The quantity index for fuel
reflects BTU's of energy consumed. Finally, the materials quantity index is
computed by deflating the remainder of operating expenses by a price index
for railroad materials and supplies.

The most dramatic figures in Table 1 are the sharp declines in fuel
usage in the early 1950's and the decline in passenger output throughout
the period. The sharp reductions in fuel consumption reflect the rapid
replacement of steam locomotives by more fuel efficient diesel locomotives.
In 1951 54% of the locomotives in service were steam-driven; by 1954 this
figure had fallen to 26%. During this three year period the BTU's used to
produce steam fell from 1532 to just 391. Meanwhile BTU's consumed by all

5
other locomotives only increased from 321 to 439. The decline in

12
5These BTU data, expressed in trillions (107"), are computed from
Assoclation of American Railroads, Statistics of Railroads of Class I,
Washington, D.C., selected years.
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passenger miles is principally due to lower demand for service. The large
drop in 1971 reflects the formation of Amtrak. All but three railroads
opted to have Amtrak take over their passenger service, which resulted in
the elimination of a substantial amount of existing passenger service.

Annual estimates of total cost for Class I railroads are presented in
Table 2, along with the shares of cost accounted for by the five inputs which
we distinguish. The cost estimates for labor, fuel, and materials are closely
related to the accounting costs reported to the ICC. The annual costs of
using structures and equipment in the rail industry were imputed using

procedures similar to those proposed by Christensen and Jorgenson (1969).

4., Estimation of the Elasticities of Cost with Respect to the Output Indexes

The use of (9) to estimate productivity growth requires estimates of
the output cost elasticities. Our procedure for obtaining these elasticities
is to estimate the structure of cost for the U.S. railroad industry with a
cross section regression technique. This ylelds estimates of the elasticities
of cost with respect to the four output indexes for individual railroads.
Industry average cost elasticities can then be computed as weighted averages
of the individual railroad elasticities.

It would be possible to estimate cost elasticities for each year in
our sample, but this would require an enormous data development effort.
We have chosen to estimate cost functions for three years in the postwar

period: 1955, 1963, and 1974. The number of firms included in our samples
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for these years were 58, 56, and 40, respectively.6 The methodology used
to construct data for the individual railroads followed closely our
methodology for the full industry, as described in the Data Appendix.

We have used the generalized translog multiproduct cost function,
proposed by Caves, Christensen, and Tretheway (1978), to estimate cost
elasticities. This cost function has the same form as the translog except
for output levels, where the Box-Cox metric is substituted for the natural
log metric.7 This generalization permits the inclusion of firms with zero
output levels for some products. In the current application it permits the
inclusion in the sample of firms with no passenger output.

We use yy to denote the output indexes, and Y, to denote the Box-Cox

i
transformations of y,: Y, = (yi - 1)/A. With this convention the generalized

translog multiproduct cost function can be written:

m n lmm lnn ‘e
(12) I,nc=a+>:aiyi+z 81£"w1+722613Y1Y3+522713 1’.nwi nwj
1 i i) i)
mn
+ZZIp,,Y £nw, ,
19 111 3

where C is total cost, the W, ('s are the prices of the input indexes, and

i

§,, =26 g0 Y Y Any cost function must be homogeneous of degree one

13 7 3t Tgg T "3t

To arrive at a relatively homogeneous sample, some Class I railroads
were excluded in each year. First, we excluded some Eastern railroads
which exhibited very heavy commutation passenger traffic relative to other .
passenger and freight traffic. Second, we excluded several small carriers
which primarily haul raw materials to the steel industry, and which are

wholly-owned by steel producers. Missing data resulted in the exclusion
of a third group of firms.

7The translog multiproduct cost function is discussed in Burgess (1974)
and Brown, Caves, and Christensen (1979).
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in factor prices; this requires that 281 =1, % Yij =0 (i=1,...,n), and
E Yij =0 (j=1,...,n).

The estimation of (12) with pooled data from 1955, 1963, and 1974
would be undesirable because it would not allow for differences among the
years in the structure of cost. We overcome this problem by introducing
dummy variables for 1955 and 1974 (e.g. D55 = 1 in 1955, zero elsewhere)
which allow the structure of cost to be different from that of 1963. These
dummy variables are allowed to interact with the output indexes and the

input prices. The cost function augmented by these dummy variables can be

written:
(13 06 =8 % UeDyy B Bopllyy, + B0V, + DT, Oes ¥ Bopi Tl
+ 2‘.81 in W, o+ 28551 n W P55 + 8741 n W P74
z ZGiJYiYJ + = 1 ij Zn Wy £n wj +IZp jY £n wj

For (13) to be homogeneous of degree one in factor prices the following
additional parameter restrictions must hold: zBSSi = 0, 26741

Given the large number of parameters in (13) to be estimated, it is
desirable to make use of the following cost share equations implied by

Shepherd's Lemma:

+ B +ZY,, nw, +I p,,Y

() Sy = By * Posy ¥ Bpag ¥ 5 ey U H T Pary

We treat (13) and (14) as a multivariate regression system and proceed to

obtain efficient estimates of the unknown parameters using a modification



16

of the technique proposed by Zellner (1962).8 The estimated parameters
for the generalized translog multiproduct cost function are presented in
Table 3, along with their standard errors.9

The theory of cost and production requires that the estimated cost
structure satisfy certain regularity conditions. These conditions are
that the own-price elasticities of demand for each input be negative and
that the Hessian matrix, [azc/awiawj], be negative semi-definite. A limitation
of flexible functional forms is that these requirements cannot be satisfied
globally.lo We have computed the own price demand elasticities and the
Hessian matrix of the cost function at each point in our sample, and we
find that the estimated cost structure satisfies the regularity conditions
at most of the sample points. However, the range of input prices and
output levels in the sample is so large that the regularity conditions
cannot be satisfied for all firms. The estimated cost function is well-

behaved in the neighborhood of the average firm. It is this behavior which

we use to représent the structure of cost for the industry.

8Zellner's technique cannot be applied to (13) and (l4) because the

contemporaneous covariance matrix is singular. Our modification is to
delete one of the share equations prior to carrying out the second stage
of Zellner's technique. It can be shown that the resulting estimates are
asymptotically equivalent to maximum likelihood estimates, as well as being
invariant to which equation is deleted at the second stage. The procedure
could be iterated to actually obtain maximum likelihood estimates, but the
large increase in computer expenses cannot be justified by any improvement
in the properties of the estimates.

9The Yy and Wi were normalized such that the mean of the 1963 values

is equal to unity.

10See Caves and Christensen (1978) for discussion of the global properties
of flexible functional forms.
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We now proceed to derive the elasticities of cost with respect to the

output price indexes from the estimated cost functions. Since 3 £n C/3 £Ln ¥; =

Y
9 &n C i d4n C
~— Y, = —=3— Vy,, we can write the cost elasticities as:
d Zn Y1 Byi i 3Yi i?
(15) aK”C—=y(a +0. . D+0 D, +Z6 .Y +Zp, Lnw)
3 In N 14 55155 741774 1 137] 1 1] o i

These elasticities can be evaluated for each railroad in each of the three
cross section years. We obtain the industry averages as cost-weighted
averages over the individual railroads:

C
9 &n C 4

(16) i) [ ] .
; 9 Ln Yy 3 ZCj

where the subscript j indicates the individual railroads. Finally, these
industry average elasticities for 1955, 1963, and 1974 are interpolated and
extrapolated to the remaining sample yearé.ll The annual estimates of the
cost elasticities are presented in Table 4.

Meyer and Morton (1975) conjectured that the ratio of passenger to
freight marginal cost was within the range of "five to nine." We can assess
the validity of their conjecture by computing the ratios of marginal costs
which are implicit in our estimated cost elasticities. We take the annual
ratios of the passenger and ton-mile cost elasticities in Table 4; multi-
plying these ratios by the annual ratios of industry ton-miles to industry
passenger-miles yields the annual marginal cost ratios. We present these

ratios in Table 4. These figures indicate that the Meyer-Morton conjecture

11The elasticity for each year is taken to be the point on the quadratic
function determined by the 1955, 1963, and 1974 elasticities.
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was valid through 1966, but that the ratio of passenger to freight marginal

cost has exceeded nine since 1967.

5. Productivity Estimates

The estimation of productivity growth requires computation of the
log-differences of the five input and four output indexes. When multiplied
by one hundred, these differences can be interpreted as percentage growth
rates. In Table 5 we present yearly log-differences times one hundred for
each input and output. Using the figures in Tables 2, 4, and 5 to compute
(9) yields annual estimates of the rate of productivity change in the U.S.
railroad industry. With 1967 as the basis for comparison, these annual rates
of change can be used to construct an index of productivity. The index of
‘;g;lroad productivity and its annual rate of change are presented in Table
6.} Table 7 contains average annual growth rates, average cost shares and
output elasticities, and the average annual growth of productivity.

In productivity analysis it is common practice to specify a structure
of production in which inputs and outputs are separable and technical change
is Hicks neutral. Under this specification there exist consistent aggregate
indexes of total input and total output; thus, the first and second lines
of the right hand side of (9) can be interpreted respectively as aggregate
output and aggregate input.12 The implied indexes and their rates of growth
are presented in Table 8. The average annual rates of growth of input and

output are -1.77% and +0.0% respectively.

12Note that this interpretation of (9) does not result in a different
estimate of productivity growth. See Berndt and Christensen (1973) for a
discussion of consistent aggregate indexes.
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Table 7

AVERAGE ANNUAL RATES OF GROWTH OF INDEXES OF INPUTS,
OUTPUTS, AND PRODUCTIVITY; AVERAGE COST SHARES
AND OUTPUT COST ELASTICITIES

(1951-74)
Way Aver- Passen- Aver-
Labor and Struc- Equipment Fuel Materials Ton- age ger age Produc-
tures Miles Haul Miles Trip tivity
Average Annual % Rate of Growth
-3.9 -0.5 2.8 -5.1 0.6 1.2 1.3 -5.3 -2.8 1.7
Average Cost Shares Ave. Output Cost Elasticities
.468 .184 .164 .041 .144 .780 -.031 .195 -.051

6. Comparisons

We proceed to compare our estimates of productivity growth with those
obtained using conventional measurement techniques. The alternatives ex-
plored are (a) specification of constant returns to scale (CRTS), (b) CRTS
and zero length of haul and trip elasticities, (c) CRTS and revenue shares as
output weights, (d) use of national income input weights for shares of labor and
capital, and (e) the use of index number procedures which place unwarranted
a priori restrictions on the structure of production.

The cost elasticities in Table 5 sum to less than unity in every year.
This reflects scale economies in the structure of production of railroad
services. Using unity minus the sum of the cost elasticities to indicate

the degree of scale economies yields .096, .114, and .088 respectively for
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Table 8

INDEXES OF AGGREGATE INPUT AND OUTPUT UNDER ASSUMPTIONS OF
INPUT-OUTPUT SEPARABILITY AND HICKS NEUTRAL
TECHNICAL CHANGE

Aggregate Input Aggregate Output

Year Index % Annual Index % Annual
Growth Rate Growth Rate

19%51 14470 1.079
1952 1,406 —~4 4 4 1,03% -l 2
1953 1,379 “1 WY 1.008 =247
1954 1,255 -9.4 P21 -92.0
1955 1.284 2,3 1,005 8.7
19856 1276 ~eb 1.030 2.5
1957 1,223 R ] 978 =8 2
1958 1.116 ~9e2 876 =110
1959 1.109 ay-) + 893 149
19260 1,081 -246 +880 =15
1961 1.032 ~4.6 861 ~8s3
1962 1,020 =3l 892 3.6
1963 1.014 —b 916 2.6
1964 1,022 .8 + 9058 4.4
1965 1.010 =ls2 993 3.6
1946 1.016 o6 1.036 4.3
1967 1,000 -1.6 1,000 ~3.6
1968 1.001 o1 1,009 o9
1969 1.004 o4 1,026 1.7
1970 1.016 1.2 1.008 ~1.8
1971 994 -2,2 SPH2 ~S.6
1972 P64 =%l P92 4.1
1973 1,000 3.6 1,079 B4

1974 1.000 + 0 1.088 .8
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1955, 1963, and 1974.13 Constant returns to scale can be imposed on our
methodology by restricting the output weights to sum to unity. We accomplish
this by dividing the elasticities in Table 5 by their sum. The resulting
productivity index is presented in Table 6. It is very similar to our pre-
ferred index. The revised index increases at an average annual rate which

is slightly higher than that of the preferred index. However, to one decimal
place the growth rate is the same as that of the preferred index, 1.7%.

Thus our results are not sensitive to the imposition of constant returns to

scale.l4

Most rail productivity studies do not attempt to adjust for scale
economies or distinguish ton-miles and passenger-miles by length of haul.

The effect of this specification can be seen by recomputing productivity

13Christensen and Greene (1976) proposed unity minus the cost elasticity

as the measure of scale economies in the single output case., Brown, Caves,
and Christensen (1976) generalized this measure to the multiple output case.
Panzar and Willig (1977) have proposed a very similar measure -- unity
divided by the sum of the cost elasticities. Both the Panzar and Willig
measure and that of Brown, Caves and Christensen are based upon the dis-
crepancy between costs and revenues arising from marginal cost pricing.

ll"Our use of the sum of all four cost elasticities as a measure of scale
economies implies that cost increases are proportional to increases in ton-
miles and passenger-miles which stem entirely from increases in average length
of haul and average length of trip. This concept of scale economies is parti-
cularly relevant, since the output growth pattern of the industry has been
dominated by changes in length of haul and length of trip. (See Table 1).
As an alternative, however, we could consider a measure of scale economies
which implies that cost increases are proportional to increase in ton-miles
and passenger-miles holding length of haul and length of trip fixed. Imposing
constant returns to scale in this case would require that only the ton-mile
and passenger-mile elasticities be normalized to sum to one. Imposing constant
returns to scale in this fashion has less of an impact since the sum of the
ton-mile and passenger mile elasticities 1s closer to one than is the sum of
all four elasticities.
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growth with the following restrictions: (1) Set the cost elasticities
which are specific to length of haul and length of trip equal to zero.
(2) Normalize the ton-miles and passenger miles elasticities to sum to
unity. The resulting productivity index is presented in Table 6. Its
average annual rate of growth is 1.6%. Thus our results would be little
changed by not considering length of haul.

Following Bureau of Labor Statistics practice, Kendrick (1973, p. 187)
weighted freight ton-miles and passenger-miles by '". . . their proportionate

shares in total operating revenues . . ."

We present the share of freight
revenues in total operating revenue in Table 5, for comparison with the
freight and passenger output elasticities. The freight revenue share is
substantially greater than the sum of the freight cost elasticities for all
years in the sample. Conversely, the passenger revenue share is substantially
smaller than the sum of the passenger cost elasticities for all years. We
use Kendrick's procedure on our data set by setting the length of haul and
trip cost elasticities to zero and substituting the passenger and freight
revenue shares for the passenger-mile and ton-mile cost elasticities. The
resulting index is shown in Table 6. This adjustment increases the average
annual rate of productivity change from 1.7% to 2.5%.15

Kendrick's (1973) productivity estimates used labor and capital shares

in "national income originating in the railroad industry'" as weights for

15Because the average haul and average trip elasticities are so close
to zero, the increase in measured productivity from 1.7 to 2.5 percent per
year arises almost entirely from the use of revenue share output weights --
not from the setting of the average haul and average trip elasticities to
zero.
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labor and capital inputs. These weights provide poor estimates of the relative
cost shares of labor and capital. National income attributable to capital
includes only profits and net interest paid. It markedly understates the

full cost to railroad firms of utilizing capital in the production of rail
services. Depreciation charges and property taxes are omitted. In addition
the opportunity cost of capital 1s understated due to low railroad profitability.
The share of labor compensation in national income originating in the rail
industry is presented in the first column of Table 2. We have recomputed

rail productivity with the labor and capital portions of national income
substituted for labor and capital costs.16 This adjustment results in an
increase in the average annual rate of growth of productivity from 1.7% to
2.8%. The revised productivity index 1s presented in Table 6.

Next, we demonstrate the impact on the productivity index of using both
conventional output weights and conventional input weights. The resulting
index increases at an average annual rate of 3.6%, as opposed to 1.7% for
the preferred index. It is clear that substituting conventional weights
substantially changes our perception of productivity in the railroad industry.
The impact of using such weights is even more dramatic for recent years than
for the full sample period. During the peak-to-peak growth cycle of 1966-

1973 our preferred productivity index grows at the average annual rate of

0.8%, while the "conventional" index grows at the average annual rate of 3.37%.

16We allocated the capital portion of national income between equip-
ment and structures such that their relative shares were the same as the
relative cost shares.
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Finally, we assess the sensitivity of our estimates to the use of the
indexing procedures followed by Meyer and Morton (MM). They used two
different indexing procedures for inputs and outputs, which we discuss in
turn. The MM input index is a weighted average of the rates of growth of
the inputs, the weights being fixed cost shares. The difference from our
procedure is only in the fixity of the weights, but this is an important
difference. Fixed cost shares rule out non-unitary elasticities of
substitution and non-neutral technical change. The dramatic shifts in
cost shares during the postwar period (Table 2 above) reveal that this
assumption 1is not tenable. The choice of period in which to fix the weights
is arbitrary, but the most common practice is to use the initial period
weights. Use of the 1951 cost shares from Table 2 results in an index of
aggregate input which grows at the average annual rate of -2.1%. The com-
parable rate of growth for the input index from Table 8 is -1.7%.

The MM output index is based on the assumption that passenger and
freight outputs are perfect substitutes in production, with a rate of
transformation of one passenger-mile per five freight ton-miles. Our
estimates of the relative marginal cost of freight and passenger output
are at odds with the assumption of perfect substitution. The rate of
transformation implied by our estimates varies with the relative output
levels from a low of 6.8 ton-miles per passenger mile in 1954 to a high
of 13.9 in 1971. Fixing the rates of transformation among all four output
indexes at their 1951 estimates results in an index of aggregate output
which grows at the rate of 0.2% per year. The comparable rate of growth

for the output index from Table 8 is +0.07%.
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The use of the 1951 cost shares and the 1951 rate of output trans-
formation for all years result in errors which are cumulative rather than
offsetting. The productivity index derived from this approach is presented
in Table 6. It grows at an average rate of 2.4% per year, substantially
above the estimate of 1.7% per year derived from an unrestricted structure

of production.

6. Concluding Remarks

We have developed estimates of U.S. railroad productivity using methods
based on the neoclassical theory of production. This theory implies that
elasticities of total cost with respect to outputs and factor prices are
the appropriate weights for combining rates of growth of outputs and inputs,
respectively, to obtain an estimate of productivity growth. Our estimates
indicate that railroad productivity, grew at the average rate of 1.72 per
year during the 1951-1974 period. This rate is substantially lower than
most previous estimates of growth in rail productivity. For comparison we
have also obtained estimates of productivity growth using conventional input
and output weights. The resulting productivity index grows considerably
faster, 3.67% per year.

Approximately half of the discrepancy between the growth rates of the
productivity indexes is attributable to the difference in output weights.

The conventional procedure is to use shares in total revenue. The revenue

share frém passenger service greatly understates its cost elasticity.
Similarly the revenue share from freight service greatly overstates its cost

elasticity.
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The remainder of the discrepancy between the growth rate of the pro-
ductivity indexes 1s attributable to differences in input weights. The
conventional procedure is to use labor and capital shares in national income
to represent their relative weights in the productivity index. These shares
substantially understate the importance of capital and overstate the impor-
tance of labor in the production of railroad services.

Use of appropriate input and output weights is.important, but it is
also important to use annual estimates for the weights rather than fixing
them in the base period. Meyer and Morton's approach of fixing the cost
shares and the rate of output transformation in a base period can lead to
substantial errors in productivity estimates. Using the 1951 rate of trans-
formation between passenger and freight output and the 1951 cost shares has
the effect of increasing estimated annual rail productivity growth from 1.7%

to 2.4%.
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A-1

DATA APPENDIX

This appendix provides a detailed description of the primary data
sources and methods used to develop our estimates of U.S. railroad inputs,
outputs, and productivity. Most of our data were taken from Transport

Statistics of the U.S., an annual compilation of data submitted to the

Interstate Commerce Commission (ICC) by the railroads.1 The format of

Transport Statistics has changed over time; unless otherwise noted, specific

table numbers refer to the 1970 edition.

I. Inputs
A. Labor

There are extensive data on employment and earnings for the

railroad industry. The basic source is Wage Statistics of Class I

Railroads in the United States, published by the ICC. It provides data

on hours worked and compensation for the following seven labor
classifications:

(1) Executives, officials and staff

(2) Professional, clerical, and general

(3) Maintenance of way and structures

(4) Maintenance of equipment and stores

(5) Transportation -- control functions

(6) Transportation -- yard and terminals

(7) Transportation -- train and engine.

llntetstate Commerce Commission, Bureau of Accounts. Prior to 1953
Transport Statistics was published as Statistics of Railways of the U.S.
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Some of the labor reported in the above categories is not viewed by
the railways as a current expense, but is capitalized. The component of
labor compensation which is viewed as a current expense is referred to as

|

"employee compensation chargeable to operating expenses," and is reported

in the railroad expense accounts (Transport Statistics, Table 161, line

456A). We use the ratio of operating labor compensation to total labor
compensation to adjust the hours worked and compensation of each labor
category. In addition to the labor capitalized by the railroads, there is
labor in category (3) which should be capitalized because it represents
investment in way and structures. An estimate of the additional amount of
compensation which should be capitalized is given by the account "track

laying and surfacing."

We remove this amount from the compensation of
labor in category (3) and reduce the hours worked in category (3) by the
same proportion.

The compensation figures reported by the ICC do not include the full
cost of labor to the railroads. Therefore, we add the following costs
which are directly attributable to the employment of labor services:
employees' health and welfare benefits, payments to the Railroad Retirement

Plan, and unemployment insurance taxes. Data on these items are available

in Transport Statistics, Tables 159 and 161. We allocate these costs to

the seven employee classifications in proportion to wages and salaries.
Having adjusted the seven categories of hours worked and compensation,

we proceed to compute an index of real labor input. In Wage Statistics

hours and compensation are given separately for straight-time and over-time

work. This permits us to consider fourteen types of labor input. We



combine the fourteen types using the weighted log-change index number
ptocedure.2 We compute the index of the price of labor services as the
ratio of total compensation to the index of real labor input. This index

is shown in Table Al.

B. Fuel

Table 72 of Transport Statistics contains data on fuel used in the

provision of motive power. Eight types of fuel are included. They are
listed below along with the factors which we used to convert usage to

British Thermal Units (BTU's):

BTU's
1 ton anthracite coal 25,400,000
1 ton bituminous coal 26,200,000
1 cord hard wood 24,025,400
1 cord soft wood 20,522,460
1 gallon fuel oil 149,690
1 gallon diesel oil 138,000
1 gallon gasoline 125,000
1 kwh electricity 3,413

We add BTU's from all types of fuel to obtain an index of fuel consumed.
Our fuel index includes line haul, switching, and work train
operations. A portion of work train operations is devoted to track laying
and surfacing. In principle the fuel used for these operations should be
n
z
i=1

n
wij - Pijxij/kE1 ijxkj.

2 LB g o
2n (Xl/Xo) LA Zn (xillxio), where W (wil + in)/z’ and
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Table Al

INPUT PRICE INDEXES FOR LABOR, FUEL AND MATERIALS

Year Labor Fuel Materials
1951 467 +430 . . 710
1952 +A497 491 + 734
1953 511 + 569 + 756
1954 936 1692 774
1955 + 541 .717 791
1956 + 589 +814 +846
1957 1634 941 + 892
1958 1686 967 907
1959 .716 1.010 1926
1960 + 740 970 + 941
1961 + 760 996 .942
1962 799 . 983 936
1963 +807 + 984 <934
1964 +833 .240 .942
1965 1892 955 + 949
1966 931 1962 + 965
1967 1.000 1.000 1.000
19648 1,089 1,036 1.026
1969 1.130 1.07% 1.05%9
1970 1.210 1.130 1.094
1971 1.354 1.177 1.135
1972 1,521 1,129 1.187
1973 1.710 1,443 1.229

1974 1.864 2.763 1.421



capitalized along with the labor compensation discussed above. However,
total work train fuel is less than one-half of one percent of total fuel
for all years since 1961. Since no data are available on fuel used in
track laying and surfacing, we have not attempted to make this minor
adjustment in fuel.

Expenditures on fuel are reported in Transport Statistics, Table 161.

The figures reported include fuel used in line haul and switching opera-
tions but exclude work train operations. To obtain total fuel expendi-
tures we multiply the reported figures by the ratio of total BTU's to BTU's
net of work train operations. The price index of fuel, given in Table Al,

is obtained as the ratio of fuel expenditures to total BTU's consumed.

C. Capital

The ICC estimated stocks of equipment and way and structures for
Class I railroads for the period 1914-63. The estimates are available in

unpublished ICC working documents known as Elements of Value of Class 1

Line Haul Railways.3 The ICC's asset accounting approach was the perpetual

inventory method. However, the ICC periodically adjusted their estimates
based upon field inspections of the actual physical stocks of the railroads.
For most railroads the last of these inspections was conducted in the late
1940s.

We have used the Elements of Value for January 1, 1951 as an initial

observation to construct our own perpetual inventory estimates of railroad

3A description of the ICC estimates is contained in Conference on
Income and Wealth (1964).



capital stocks for the full 1951-1975 period.4 Our methodology can be

represented by the formula

(A1) K,, =

Thal "h (1'61)K

i,t-1°

is the quantity of

where Kit is the end of year real capital stock, I

it
real investment occurring during the year, and 61 is the rate of replace-
ment, all for the tgh type of capital good. We estimate separate stocks
of (1) equipment and (2) way and structures (hereafter referred to as
structures).

Investment expenditures, as defined by the ICC, are published in

Table 138 of Transport Statistics. Minor amounts of investment are not

directly identified as equipment or structures. We have allocated these
expenditures proportionately to equipment and structure investment. We
augment the total of structures investment by the addition of the follow-
ing items from the maintenance expense accounts: (1) ties, (2) rails,
(3) other track material, (4) ballast, and (5) labor engaged in track
laying and surfacing.

The Bureau of Economic Analysis (BEA), U.S. Department of Commerce,
estimates price indexes for investment in rail equipment and structures.
The equipment price index is published in the July issue of the Survey of

Current Business. The structures index is unpublished. It was provided

to us by the BEA staff. Table A2 contains the BEA investment price indexes

aWe have not used any of the Elements of Value estimates after 1951
because they were not validuted by field inspections and because the ICC's
definition of investment used in constructing the Elements of Value excludes
large amounts of investment which were expensed under ICC accounting
conventions.




Table A2

PRICE AND QUANTITY INDEXES OF INVESTMENT EXPENDITURES

Quantity Index

Price Indexes (billions of 1967 dollars)

ICC
Year Way and Equipment Way and Way and
Structures Structures Structures | Equipment

1951 .734 +784 1.30 +41 1.34
1952 . 763 .788 1,36 +48 1.20
1953 793 +826 1.36 46 1,05
1954 793 819 1:15 42 65
1955 +814 +831 1,10 +38 .71
1956 +875 213 1.11 +45 20
1957 + 9213 969 1.05 +41 1.06
1958 + 935 998 76 .28 ¢S50
1959 +958 1,021 +71 + 23 97
1960 + 9260 1.016 71 27 62
1961 + 954 1,012 61 22 +44
1962 ¢ 955 1,012 62 22 « 60
1963 + 952 1.005 61 + 19 75
1964 + 9258 . 998 .70 25 1.11
1965 1969 1.000 71 26 1,31
1966 . 982 1,000 80 32 1.59
1967 1.000 1,000 .78 32 1.19
1968 1,050 1,029 +86 + 34 +80
1969 1:115 1,083 .87 + 35 1.02
1970 1.211 1.149 80 + 28 .91
1971 1.312 1.206 87 W29 79
1972 1,397 1.275 +81 + 24 69
1973 1.485 1.348 82 29 " 2

1974 1.801 1.475 + 80 24 81



and estimates of real investment for Class I railroads. For structures
investment we show the ICC estimates in addition to our revised estimates.
The final items needed to construct railroad capital stocks are
estimates of the rates of replacement, 61, for equipment and structures.
We have used .03 for structures and .06 for equipment. Our estimate of
.06 for equipment is taken from Swanson (1968), who derived it from the

Elements of Value equipment series.5 Swanson's procedure would under-

estimate the structures replacement rate, since a substantial amount of
actual investment is excluded under ICC accounting conventions. We have
obtained information which indicates that .03 is a good estimate for the
replacement rate of atructutea.6 The stocks resulting from application of
the perpetual inventory formula (Al) are presented in the first two columns
of Table A3.

Estimation of railroad productivity requires estimates of shares in
total cost for all inputs. Thus it is necessary to compute the annual cost
attributable to the use of railroad stocks of equipment and structures.

We follow the approach of Christensen and Jorgenson (1969) to impute
annual costs for owned capital stocks. We use their formula, given on

p. 304, for the annual cost per unit of stock for equipment and structures:

5For a sample of 38 railroads, Swanson computed the rate of replace-
ment which would yield the 1963 equipment stock given the 1945 stock and
intervening investments.

6Arthur Andersen & Co. has studied structures service lives for
railroads which are replacing the old accounting system with standard
depreciation accounting rules. Accountants from this firm confirmed that
service lives for rails and track materials are consistent with our estimate.



Table A3

CAPITAL STOCKS AND CAPITAL SERVICE PRICES

Railroad Owned Imputed Price of Rented Capital
Capital Stocks Capital Services Stocks
s (billions of 1967 §) Per Unit of Stock (billions of 1967 $)
Structures I Equipment Structures Equipment Structures ! Equipment
1951 29.37 8,22 036 098 3,08 162
1952 29.79 9.06 037 ¢ 100 3025 1.45
1953 30,26 P72 . 038 1097 1.80 1.97
1954 30.71 . 10.18 035 098 1,50 2.14
1955 30.94 10,22 035 087 1,39 2.41
19564 31,11 10.32 041 084 1.13 2.50
19%7 31.28 10.60 051 092 81 2.49
1968 31.39 11.02 055 . 100 6% 2.59
1959 3121 10.85 05 .100 b1 2.82
1960 30.98 10.77 1064 .108 A7 2,97
1961 30.76 1075 080 134 « 29 257
1962 30445 10.54 082 - 131 32 2667
1963 30.16 10,51 083 .134 « 30 2.81
1964 29.86 10.63 087 137 .28 2.85
1965 29.67 11,10 JOB6 136 37 3,26
1966 29,49 11.74 091 -143 o224 3.43
1947 29.40 12.63 0?26 +153 28 3,49
1968 29,30 13,06 098 164 28 S 7
19469 2929 13.08 101 169 ¢ 20 3,93
1970 29.28 13.31 106 L1695 20 4.45
1971 29.20 13.42 . 08Y 166 .10 4,93
1972 29.19 13.41 072 o 145 07 He7G
1973 2912 13,29 073 1A% -1 4 6.83
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1- vz, - k + ykuzi
Py '[ 1= ][“1,:-1” P oy - (“1"‘1,:—1)] +qT
is either equipment or structures,
is the annual cost per unit of stock,
1s the replacement cost per unit of stock,
18 the rate of corporate income taxation,

is the present value of depreciation (per dollar of investment)
which is deductible from corporate income for tax purposes,

is the opportunity cost of capital,

is the rate of economic depreciation,

is the rate of property taxation,

is the rate of investment tax credit, and

i8 a binary variable which is unity in 1962-3 and zero in all
other years.

All values are for the current year except those subscripted with t-1, which

are lagged one period. Following is a brief summary of our treatment of

each of these variables:

q - The BEA investment price indexes.

z

u - The statutory rate of federal corporate income taxation.

i

- Formulas for z, are given in Christensen and Jorgenson (1969).

Prior to 1954 straight line depreciation was required. Begin-
ning in 1954 railroade could choose among several accelerated
depreciation formulas. We have used the double declining
balance formula (with switchover to straight line at the optimal
point) to represent depreclation practices from 1954 to 1975.

We have used Moody's composite average of yields on railroad



A-11

bonds to discount future depreciation allowances.

For the 1951-1961 period service lives used in deprecia-
tion accounting were established by agreements between the IRS
and individual firms. Over this period the average service
life for capital equipment was 28 years: the average for
structures was 60 years.6 In 1962 tax lifetimes were reduced
to 14 years for equipment and 30 years to structures, and in
1971 a further reduction resulted in lifetimes of 11 and 24
years. Two corrections to the general computation of the zy

were required: (1) Expensed investment was assigned a zy of

unity. (2) Defense related investment in the early 1950s
qualified for five year straight line depreciation. The zy for
these special cases were averaged in with those arising from
the standard depreciation practices.

r - Moody's composite average of ylelds on railroad bonds.

8§, - The perpetual inventory formulas for equipment and structures
are based on geometric decline in efficiency. For this case
the rate of depreciation is equal to the rate of replacement.
Thus we have used .03 for structures and .06 for equipment.

T - We have estimated the effective property tax rate as the ratio
of non-federal taxes to the value of the stocks of equipment
and structures.

k - Most of railroad capital expenditures, including expenditures

for those items referred to as structures under ICC accounting

6Reported in Transport Statistics, Table 96, 1951-1961.
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conventions, are eligible for the investment tax credit. We
therefore utilize the same tax credit rate in computing the
service prices of equipment and structures. This rate is
computed as the ratio of actual tax credits claimed (provided
to us by the Association of American Railroads) to investment
expenditures.
y - This variable reflects the fact that in 1962-3 tax credits had
to be excluded from the depreciation base.
qi-qi,t-l"some of the year to year differences in the qy are extremely
volatile. They did not appear to provide a good measure of the
railroads' perceived revaluation of their assets. We have
substituted a five year trailing average of the rate of capital
gains to better represent expected asset price changes.
Our estimates of the imputed prices of equipment and structures owned by
Class I railroads are presented in the third and fourth columns of Table A3.
The capital stocks in Table A3 do not represent the full amount of
capital used by railroads. In addition to the capital which they own, the
railroads rent and lease substantial amounts of capital. Rental receipts

and expenditures are presented in Table 159 of Transport Statistics. The

net expenditures indicate payments for use of capital not owned by Class I
railroads. By far the largest item is for freight car rentals, but other
categories are substantial as well. Unfortunately no further information
is available on price or quantity indexes of leased equipment and

structures.
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It is reasonable to presume that the cost of leasing equipment is
similar to the imputed cost of owning equipment. Thus we use the price
indexes of services from railroad owned capital to deflate net rental pay-
ments for capital. The resulting estimates of rented capital stock are
presented in the fifth and sixth columns of Table A3. The total capital
stock of equipment and structu_es can be computed by summing the railroad

owned and rented capital stocks.

D. Materials
All rail inputs not classified as capital, labor or fuel are
included under the broad heading of materials. Expenditures for materials
are computed as the difference between Grand Total Operating Expenses

(Transport Statistics, Table 161, line 452) and those items in the expense

accounts which are included in our estimates of capital, labor, or fuel.

In Indexes of Railroad Materials Prices and Wage Rates (Series QMPW), the

Association of American Railroads publishes several price indexes. We use
the index for "other materials and supplies' to deflate materials expendi-

tures to 1967 dollars. This index is presented in Table Al.

IT. Outputs
A. Freight Service

We use total freight revenue ton-miles, reported in Table 162 of

Transport Statistics, as our quantity index of ton-miles. Dividing freight

revenue ton-miles by freight revenue tons, taken from the same table,

produces average length of haul.
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B. Passenger Service

The Association of American Railroads annually reports total
revenue passengers and total revenue passenger miles.7 We divide revenue
passenger miles by revenue passengers to produce average length of

passenger trip.

7Association of American Railroads, Statistics of Railroads of Class I,
Washington, D.C.
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