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TRANSPORT

By William W. Wilson, Wesley W. Wilson and
Won W. Koo*

Recent legislation in the United States affecting transport industries has tended
to rely more on the market place and less on the regulatory authority (the Inter-
state Commerce Commission) to establish modal rates and output levels. A
primary concern leading to the passage of the Railroad Revitalization and Regul-
atory Reform Act (4R Act) and the Staggers Rail Act in 1980 was that rail rates
were inflexible and incapable of responding to changing demand. Hence, a
principal intent of both acts was to allow greater flexibility in rail pricing. In this
new regulatory system, greater reliance has been placed upon the marketplace as
the regulator of rates. Transport modes competing with railroads in the shipment
of bulk commodities are truck and barge; both are exempt from regulation of
rates and service in the transport of agricultural commodities, and both readily
respond to market conditions. In practice, railroads have always been compar-
atively inflexible and slow to respond to changes in fundamental conditions, such
as increased demand and shortages of rail cars. Because of temporal rigidity in rail
rates, or stickiness due to the regulatory process, it was essentially the price and
output of competitive modes which equilibrated the system in the short run.

The purpose of this paper is to analyse theoretically and empirically the market
for transport services and the behaviour of modal rates, and to identify critical
parameters affecting the market power of the railroads. Modal demand and truck
supply functions are estimated in this study from time series data on grain trans-
port. A theoretical model is derived, assuming that railroads form consistent
conjectures of the market response of the competitive mode when they make
their profit-maximising pricing decisions. The main contributions of this paper
are a description of a market for transport services and an explicit model of
railroad pricing decisions.

Recent research in freight transport has focused on modal demand and supply
separately, rather than analysing the market for transport services, which would
mean incorporating both supply and demand functions into a system of
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behavioural equations. Supply analysis in the transport industry has traditionally
been based on the analysis of cost functions (Winston, 1985, pp. 61—-69),
focusing on the existence of economies of scale and/or density, with the usual
implication concerning regulation of a natural monopoly. As an example,
Friedlaender and Spady (1980b) estimated a marginal cost function and derived
modal supply functions by aggregating across firms. Data were aggregated by
commodity class and region for regulated carriers, excluding those for agricultural
shipments.

Alternatives for transport demand analysis have been thoroughly reviewed by
Winston (1983 and 1985), and only highlights are mentioned here. As stated by
Winston (1983), there is a dichotomy in the analysis of modal demands. Dis-
aggregate models have attempted to incorporate characteristics of the shipping
firm that influence mode choice (for example, decisions on behavioural and/or
firm production). Aggregate models include modal split models (for example,
Levin, 1978; Miklius et al, 1976; Logsdon et al, 1988; and Johnson, 1976)
which were later conceptually criticised by Oum (1979a).! More recently, models
have been derived of the shipping firm with a specific functional form. On the
assumption that there are dual relationships between production and cost
functions of shippers’ activities in distribution (that is, the shipping firm is being
modelled) and flexible forms of the cost function, modal factor shares are derived
and estimated. These procedures have been used in cross-sectional studies
(Friedlaender and Spady, 1980a, and Oum, 1979b) and with time series data
(Oum, 1978, and W. Wilson, 1984).

CONCEPTUAL MODEL

‘A theoretical model is formulated in this section for two closely related markets
(for example, truck and rail markets for transport). The demand side of each
market is characterised by a large number of price-taking firms. On the supply
side, one market consists of a large number of price-taking firms (in other regions
the relevant competitive fringe could be the barge industry, or truck-barge com-
bination, and similar techniques could be used to analyse pricing and the
effectiveness of competition). Supply in the other market consists of a single
(dominant) firm choosing a profit-maximising combination of price and output.
The dominant firm in the two markets is assumed in its profit-maximising
decisions to make rational conjectures on the response of the competitive market.

The basic elements of the theory originate with that of dominant firm price
leadership. In short, where products or services are homogeneous, an aggregate
demand function can be defined. The effective demand function facing the

! In addition to the analytical techniques discussed here, a number of studies have analysed
modal demands by some type of optimisation technique. See, for example, Fuller and
Shanmugham (1981) and Fuller et al. (1983). Distinguishing characteristics of these techniques
are: (1) modal rates are assumed exogenous; (2) modal supply functions are assumed perfectly
elastic up to the constraint, if one is imposed, where the supply functions become perfectly
inelastic; and (3) perfect substitutability is assumed between modes.
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dominant firm is derived as a residual in the traditional theory — the demand
unfulfilled at a given price by the competitive fringe. Consequently, the more
elastic the aggregate demand function and the supply function of the competitive
fringe, the more elastic is the demand function of the dominant firm. For further
discussion of this model see Scherer (1971), Worcester (1957), Raab (1980) and
Saving (1978).

The theoretical model can be viewed as a generalisation of the dominant-firm-
price-leadership model to the case of differentiated products (services). The
railroad is taken to be the dominant firm, and the price-taking motor carriers
who are “exempt” from regulation are taken to form the competitive fringe.
This implies that the transport market is represented by two highly interdependent
modal markets — one for rail transport and one for motor carrier transport. In
keeping with the transport demand literature, it would be inappropriate to retain
the homogeneity assumption which is inherent in the dominant-firm-price-
leadership market structure. Different modes have different service characteristics
(for example, speed of shipment, loss and damage, market acceptability) and can
influence marketing decisions.

One of the important structural relationships is the supply function for truck
service. Using the profit function for individual firms, we derive this through
Hotelling’s lemma. Aggregation across existing and potential trucking firms
yields the following market supply function for the competitive fringe:

TS =T5(%,") €))

where ¢ and T° are respectively the transport price and the quantity of service
provided by the firms in the competitive fringe.

When services are allowed to be heterogeneous, rail demand cannot be treated
as a residual, since an aggregate demand function cannot be defined. As an alter-
native, two demand functions are specified (one for services provided by each
mode) and are interrelated through the substitute price. Modal demand functions
are given by '

RP =RP(r, t,°) ' )
T°=TP (t,1,°) 3)

where RP? and TP are quantities demanded, and r and ¢ are prices of the
dominant and competitive modes, respectively. The main difference from the
traditional theory of dominant firm price leadership is that substitution is
imperfect and prices differ. Consequently, rail demand is a behavioural function,
and cannot be treated as a residual.

The dominant mode is modelled as choosing price to maximise profits. In its
decision framework the dominant mode is assumed to form conjectures of the
response of the trucking industry. In this model the dominant firm’s conjectural
variation is equated with the true reaction function of the competing market.?

2 A conjectural variation of a firm is consistent when it is equated with a “true” reaction
function of competing firms. In our case the railroad’s conjectural variation is equated with the
reaction function of the exempt motor carrier market (Bresnahan, 1982).
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Hence the desired rate level is chosen while incorporating price conjectures of the
competitive fringe.> Their decision process includes some conjecture on the
market response of the competitive mode price to changes in the dominant mode
price. That is, the demand curve relevant to the dominant mode’s decision process
is given by

RP =RP[r, 1(n)] @

An elasticity of the total effect of a change in rail rates can be derived by incor-
porating their conjectural variation of the competitive fringe. From equation (4)

at
dR=R,dr+R, — dr )
_ or
and
o __ 1w
R R,+R, or | (6

where R, and R, are partial derivatives of R? with reépect to rail and truck rates,
respectively. The inverse elasticity can be derived from (6) and transformed to
derive the following:
ot r
*=gR y ¢R . @)
E E cp ar t

where

E* is the total elasticity of the change in rail rates;

¢R is structural (own price) elasticity of demand;
is the rail cross-price elasticity; and

ot/dr is the conjectural variation.

Thus, because £* incorporates the conjectural variation, it differs in value from
the structural elasticity (that is, the conventional elasticity not incorporating
conjectural variations), depending on the sign of d¢/dr.

The sign of 0t/dr can be determmed by assuming equilibrium conditions in
the competitive fringe:

TP, r,)=T5(,") | (8)

The reaction of the competitive mode price to a change in the dominant mode’s
price can be implicitly defined from (8) as

TPdt + TPdr = TS d¢ )]

and

3 Price and quantity conjectures are equivalent only under certain conditions. For further
references see Kamien and Schwartz, 1981.
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o TS_TP >0 (10

where T2 and T2 are partial derivatives of T with respect to truck and rail rates,
respectively, and T¥ is the partial derivative of T with respect to truck rates.
Given the properties of the demand and supply functions (that is, T2 >0, T$>0,
and TR < 0), and given that the products are not complements, d¢/0r is un-
ambiguously non-negative. This, of course, is the intuitive case: the firms in the
dominant mode believe the competitive fringe price increases positively with their
price (that is, that it reflects their supply function).

Through manipulation equation (10) can be stated in elasticity form as*

ot r ¢T
o [ r__sep
o 1 B-8 ab

and by substitution into (7) as

£, 88, _EFER — eReh +Eh 88,
P g5

Given that $® <0 and that (8%, £7,)/(¢§ — £5) > 0, the value of £* is ambiguous.
However, from the properties of underlying shipper demand —§% ¢5, + £7,£%, <0
and thus £* is unambiguously negative.’

Changes in rail prices in the modal market assumed here cause a simultaneous
change in truck demand, equilibrium prices, and supply in that market; and,
because of the change in truck rates, the rail demand function shifts. The elasticity
of the structural rail demand function, (¢® ), captures the direct effects of a price
change. The effective elasticity £* represents the total effects of a change in rail
rates on rail demand, and is less in absolute value than §& . The total effect incorp-
orates the response in the trucking market to rail rates. The direct effect of an
increase in rail rates is a reduction in quantity demanded. However, it also results
in a simultaneous rightward shift in demand for truck service, truck rates, and
equilibrium output. The increase in truck rates results in a rightward shift in rail
demand and equilibrium output. Thus, the initial reduction in quantity demanded
is partially recouped by the effects of increased truck rates. The total effective
elasticity &* incorporates the conjectural variation in output response to rail
prices, because it includes the structural rail demand elasticity as well as the cross-
price supply and demand elasticities in the trucking market. Particular interest
attaches to ¢, which is crucial in assessing the value of §*. As £¥ increases, |£*|

£*=£R+

(12)

4 In the elasticity formulation superscript T refers to truck and R to rail, and subscripts S, D
and cp refer respectively to the price elasticity of supply and own-price and cross-price elasticity
of demand.

5 An underlying property of shipper demand functions is that the Hessian matrix is positive,
semi-definite ; this implies that
ERED - Eptlp > 0

(see Varian, 1978, p. 33).
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increases, and the competitive mode becomes relatively more effective as a
regulator of rail rates.

Hitherto the ability of the marketplace to regulate the rates of the dominant
firm (the railroad) has been cast in terms of elasticities. However, the effects of
market fundamentals on the structural equations are very important in an analysis
of the market for transport. Recent developments in transport demand suggest
that the availability of rail equipment is an important market fundamental.
Before the Staggers Act the industry experienced chronic equipment shortages;
after Staggers it experienced equipment surpluses. As rail equipment becomes
scarcer, demanders need to wait longer for the equipment; as a result, increased
inventory costs are associated with rail shipments. In the framework of the model
developed above, rail car shortages can be considered as impacting the marginal
cost function of the railroad, as well as the structural demand functions for rail
and truck. Other market fundamentals changing over the study period include
fuel prices and the state of trucking technology. Fuel prices increased in real
terms through most of the study period, and decreased one year after the passage
of the Staggers Act. Trucking technology has improved, primarily because of
improved fuel efficiency. Reduced rail fuel costs and improved technology shift
the supply function for trucking services to the right; this results in lower truck
rates, shifting rail demand leftward, and causing a decreased percentage markup
over marginal cost. This demonstrates that enhanced economic livelihood of
trucking restrains the degree of monopoly power of the railroad.

EMPIRICAL MODEL AND HYPOTHESIS FORMULATION

The theoretical model presented above of the determination of modal price and
output incorporates the conjectural variation in output response to rail prices by
including elasticities from market structural functions. The total effect of rail
price changes includes the response in the trucking market. Application of this
model requires estimates of market functions from which elasticities can be
derived. The purpose of the empirical model developed in this section is to
provide estimates of these elasticities which can be used to assess railroad market
power (equation 12) and the fundamentals of modal price and output deter-
mination. A specific market and region are chosen and described below, and
market level supply and demand functions are estimated directly. As Anas (1981)
indicated, the degree of aggregation and specification largely depends on the focus
of analysis. During the time period of the study, rail rates were determined at
market level through tariff changes applied to specific regions and commodities,
all subject to the regulatory process. Flag-outs (seasonal exemptions, etc.) were
used very rarely for special demand situations, but they were administered at
both regional and commodity levels.® An important feature of the empirical

6 Only recently (in a period after the study period) have individual shipper characteristics
been incorporated in pricing decisions through the use of contract rates, but even these are
normally negotiated relative to the tariff level.
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analysis is that the time series behaviour of modal rates is endogenised through
the market for transport services. In this sense the rate level for trucks, as an
example, is determined through the simultaneous solution of the supply and
demand function of that mode.

There are two main railroads operating in the study area that have historically
maintained at least a 50 per cent market share and are assumed to maximise
joint profits. The remaining movement is provided by 600 to 1,000 motor
carriers, which are exempt from economic regulation. Each of these carriers is
assumed to be a price-taking profit maximiser, each too small to exert a
perceptible influence on price.

The structural functions of the model include both modal demands, which
depend on rates, and the supply function of the competitive fringe, which
depends on truck rates. Each is specified as a market function, rather than for
individual shippers and transport firms. The effects of partial deregulation of rail
rates influence the flexibility of rail pricing, but not the structural functions of
the underlying model. In other words, none of the modal demand functions or
of the competitive fringe supply functions would shift as a result of the partial
deregulation of rail rates. The only change that might evolve would be related to
railroad pricing. A prohibitive aspect of the rate regulation is that rail rates are in
disequilibrium, and an adjustment process is needed to reach the optimum level
(that is, rate regulation results in sticky prices). Thus, with less regulation, the
adjustment to the optimum rate level would be faster, but the underlying
structural functions would be unchanged. The empirical model is developed to
account for these features of rail pricing, partial disequilibrium, and the under-
lying structural functions.

A recursive system is specified with two blocks: one describes rail pricing,
the other a system of structural equations and equilibrium conditions. Using
monthly data, rail rates are predetermined in time period ¢, largely because of
the regulatory lag and a lag associated with railroad decision making.” On the
other hand, truck rates are treated as endogenous (because they are exempt
from regulation) and adjust fairly rapidly to changes in fundamentals of the
transport market, so that the system is brought into equilibrium. Rail prices
are determined in the first block in a single equation, and are treated as pre-
determined in the second block. The second block includes structural equations
of intermodal competition, and simultaneously determines equilibrium values of
modal outputs and truck rates.

The purpose of specifying a rail price equation in the first block is to
endogenise rail prices to the equation system and to provide some explanation to
the dynamics of price changes. In addition, hypotheses can be posed in this
equation about specific impacts of deregulation on rail rate making. Theoretical
development of the “pricing equation” is normally attributed to Eckstein and

7 If annual data were used, rail rates would be simultaneously determined with the other
variables. The wide difference is due to the price setting behaviour of the railroads and the
regulatory lag. Data of shorter time frames are appropriately specified as recursive, whereas
models with longer time spans (for example, annual data) should be analysed simultaneously
(Pindyck and Rubinfeld, 1981, p. 324).
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Fromm (1968), and there have been numerous empirical applications to explain
industrial price behaviour (for recent examples see Dolan (1984), Dixon (1983),
and Wilder et al. (1977)). In this study the empirical model is specified with rail
prices proportional to their costs and also responsive to demand, which is
represented by the output of the competitive fringe.

PR.* = qo +q, Cost, +q,QT6, (13)
where
PR,* = desired rail rate;
Cost = index of rail costs;
QT6 = six-month average of truck output.

Use of the moving average reduces the influence of volatility in actual truck
shipments which is inherent in monthly data, and allows for a simple dynamic
response.®

The static rail pricing equation was expanded to account for potential dynamic
behaviour in rail pricing and for the effects of the deregulation. The dynamics are
based on a partial adjustment model. The principal effect of deregulation is
increased flexibility in railroad rates. Thus, though the theory is traditionally
developed in a non-regulated context, the effects of regulation are reflected in the
adjustment mechanism (that is, regulation (deregulation) simply increases
(decreases) the time period of adjustment from actual to desired rates). The effect
of the deregulation on rail pricing was accounted for by including dummy
variables, both as an intercept and as interaction terms with the other variables in
the dynamic partial adjustment model.

Given PR in ¢ as estimated in the first block, the structural model determines
equilibrium values of modal outputs and truck rates. The general model is
specified as

OTS; =f(QTS;_ ,, PTy, Fy, I, T, ey,) Truck supply (14)
QTD, = f{PR,, PT,, C;, U,, ey,) - Truck demand (15
QRDt =fé(PRt! PTtv Ct) Uty e3t) Rail demand (16)
Q. =0TD,+QRD, Identity an
where

Q0 =  aggregate shipments;

QTD = QTS = truck shipments;

QRD =  rail shipments;

PT = truck rates;

PR = rail rates;

F = fuel price index;

1 = input cost index;

8  Alternative lag lengths in the moving average were experimented with but the six-month
moving average was chosen. In addition, alternative variables for competitive output were
included (e.g. rail market shares, truck ouput without moving average, and different moving
average schemes); but QT6, yielded the best statistical results, and is used throughout in the
results reported here.
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T =  time trend;

C =  index of rail car availability;

U =  dummy variable equal to 1 after multicar shipments were intro-
duced; and

€t =  disturbance terms.

All shipments are measured in ton-miles, and rates are in ¢/ton-mile.

A dynamic. partial adjustment process is assumed for the supply response for
trucking services. The adjustment reflects the time necessary to expand and
contract supply, and is assumed to be relatively fast because of the ease of entry
and exit in the exempt trucking industry. Adjustment comprises the entry and

- exit of firms; beth seasonally and from other areas or routes: truckers from other
‘routes can easily enter in response to changes in relative profits. A time trend
was included to account for technological improvements, which gradually shift
the supply function rightward. The technological change of particular importance
to the trucking industry over the time period of this study is the gradual increase
in fuel efficiency (Robinson, Vogel and Ritchie, 1985; Roberts and Greene,
1983).

The modal demand functions were assumed to be static, because shippers can
readily ship by either mode; this implies an instantaneous adjustment. Non-price
variables in the demand equations include C;, an index of rail car availability, and
U, a dummy variable indicating the period after which multicar shipments were
introduced.® An index of rail car availability was used in this study to reflect
service quality. The availability of rail cars affects timeliness in receiving cars as
well as service; more cars imply better service, and vice versa. Multicar service is
the other non-price factor affecting competition in grain transport; it was intro-
duced in July 1981 for eastbound shipments from North Dakota. Previously rates
and service were based on single-car movements. In addition to the hypotheses
implied in the above model, two others were posed. First, seasonal dummy
variables were included to account for monthly shifts in the functions which
could be introduced in any one or all of the above structural equations. The
second set of hypotheses was the possible interaction between C, car availability,
and modal prices in the demand functions.

ESTIMATION PROCEDURES AND DATA SOURCES

Estimation procedures

The specified model is a block-recursive equation system, consisting of two blocks.
The first block contains one equation; the second contains three behavioural
equations. Values of PR, from the first block are used as input in the second
block; this enables us to determine the other endogenous variables. All equations

9 Service quality has been emphasised in recent transport demand studies (Johnson, 1976;
Oum, 1979b). In cross-sectional studies, variables such as service per week, and loss and damage,
are used to reflect service quality. However, most of these are constant through time and/or
are not documented for extended periods. -
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in the second block are over-identified. The rail pricing and truck supply functions
are first order difference equations in their dependent variables; this leads to
potential difficulties of estimation associated with autocorrelated residuals
(Fuller, 1976). For the pricing and truck supply equations the hypothesis of no
serial correlation could not be rejected, but the modal demand equations did have
autocorrelated residuals. Consequently OLS was used to estimate parameters in
the rail pricing equation. The second block of simultaneous equations was
estimated by an autoregressive three-stage least squares (A3SLS) procedure
developed by Wang and Fuller (1982), which is equivalent to full information
maximum likelihood. The three-stage least squares (3SLS) analogue of the like-
lihood ratio test developed by Gallant and Jorgensen (1979) was used for testing
hypotheses on seasonality and the interaction between C and modal prices in the
demand function.

Data sources

The equation system was estimated for wheat (hard red spring and durum) from
North Dakota to the main terminal markets of Minneapolis and Duluth. The time
period of the study was from July 1973 to June 1983, and monthly observations
were used. Shipment data cover wheat shipments from all licensed warehouses,
and are collected by the Upper Great Plains Transportation Institute. Quantities
shipped from each origin (that is, from each of the nine crop-reporting districts in
the state) were converted to ton-miles to represent a common unit of output
(G. W. Wilson, 1962) and then aggregated across the state. A central point was
chosen from each of the nine crop-reporting districts, and monthly rail rates were
collected from each. A monthly weighted average rail rate for the state was
derived by allocating a weight to each region according to its proportion of the
total shipments in ton-miles for the state for that time period. A weighted average
rate for the state for exempt motor carriers was calculated by the same procedure.
The rates so derived are shown in Figure 1 in nominal values. Because of the
weighting procedures the relative level of rates is less important than the temporal
variability. Rail rates generally changed more discretely. In the early and later
parts of the time period changes were more frequent, both increasing and de-
creasing. Truck rates were more variable and the apparent high rates in 1973 and
again in 1979 were coincident with reduced availability of rail cars.

Input indexes were taken from the US Department of Commerce, Bureau of
Economic Analysis, Survey of Current Business. The fuel price index used was
that of refined petroleum products, regular wholesale, February 1973 = 100. The
motor carrier cost index was for motor vehicles, transport cost, 1967 = 100.
Rail costs were represented by an index prepared by the Association of American
Railroads. The specific index used was that for material prices, wage rates, and
supplements combined (including fuel) for the Western District, 1977 = 100.
This is a quarterly index, and linear extrapolation was used to derive monthly
values. All monetary values and indexes were deflated to real terms, using the
WPI for all basic commodities. The index of rail car availability was developed
from mid-month shortage and surplus statistics made available by a major railroad
in the study region. These system-wide data are the best available proxy, and are
more indicative than dummy variables.
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FIGURE 1

Truck and Rail Rates for Wheat Shipménts to Minneapolis/Duluth from North Dakota

EMPIRICAL RESULTS
Rail pricing .
The regression results for the rail pricing equation are shown in Table 1. All the
signs of the coefficients are correct, and are significantly different from zero at
the 10 per cent level, with the exception of lagged truck shipments in the model
estimated over the entire sample period. Durbin’s & statistic was less than the
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TABLE 1

Regression Results for the Rail Pricing Equation

Variable Aggregate Pre-Staggers Post-Staggers Dummy
Variable Model

Intercept 0.087* -0.057 0.79* —0.057
(0.042) (0.046) (0.36) (0.057)
PR,_, 0.73* 0.65* 0.47* 0.65*
(0.054) (0.059) (0.15) (0.07)
Cost, 0.006* 0.012* 0.004 0.012*
(0.001) (0.0022) (0.004) (0.002)
0Té6, —0.00000018 —0.00000054 —0.0000036* —0.00000054
(0.000000047) (0.0000004) (0.000002) (0.00000052)
Dy 0.85*%
(0.26)
Dy'PR,_, —-0.17
(0.13)
Dy Cost, —0.008*
(0.003)
D, QT6, —0.0000031*
(0.000001)
R? 0.93 0.94 0.50 0.94
DW 2.08 1.75 2.14 1.97
h —0.52 0.209 0.259 0.21
MSE 0.005 0.003 0.009 0.004

Numbers in parentheses show absolute value of standard error.
* Significant at the 10 per cent level. ’
t D, equals 0 prior to the Staggers Act and equals 1 in the period following.
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critical value in each case, so the hypothesis of no serial correlation cannot be
rejected.

The effects of railroad deregulation were evaluated by estimating the same
model pre- and post-Staggers, and testing for the equality of coefficients obtained
for the two periods. The null hypothesis that there is no difference in the co-
efficients was rejected at the 5 per cent level of significance. To account for this
change in coefficients, intercept and slope dummy variables were included, and
the results are shown as the Dummy Variable Model. The coefficients associated
with the post-Staggers period (that is, D, ) are all significantly different from zero
at the 10 per cent level, with the exception of the partial adjustment slope inter-
cept, D, PR,_,.

These results indicate several important changes since deregulation in the
factors influencing railroad pricing. First, there has been a substantial decrease in
the influence of rail costs; under the previously administered regulatory scheme,
cost changes were more important in justifying rate changes. Second, the
influence of the output level of the competitive mode has increased. In addition,
the speed of adjustment to desired rail rates has increased; this reflects the
increased flexibility in pricing implied by deregulation, though because of its
significance level this should be treated tentatively.

Structural equations and elasticities

Results of the hypothesis tests shown in Table 2 indicate that there are seasonal
shifts in the truck supply and rail demand equations, but not in the truck demand
equation. Results of the second hypothesis indicated that the availability of rail
cars has a significant effect on the truck demand — shifting both the intercept and
slopes — but not on the rail demand function. The results of these hypothesis
tests were used to formulate the final model, which includes seasonal dummy
variables in the rail demand and truck supply functions, and interactions between
rail car availability and the price variables in the truck demand function.

The results of the second block of equations are shown in Table 3. The co-
efficients all have the correct sign, and in most cases are significant at the 10 per
cent level. The partial adjustment coefficient of the truck supply equation
indicates that about one-third of the adjustment process occurs in one month.
Truck supply is negatively related to input prices and positively related to truck
rates. That function has also been shifting rightwards as a result of technological
change, which in this case probably reflects improved fuel efficiency. The seasonal
coefficients indicate that the function is significantly greater from April through
August than in January. Seasonality in the supply function could be due to a
number of phenomena. The most likely causes would be entry/exit by both
seasonal operators and truckers from fringe areas or movements, backhauls,
weather and road restrictions.

Coefficients for modal rates in the rail demand function are significant, and
signs are correct. The coefficient for U indicates that introduction of multicar
shipments had a positive effect on rail demand, but was asymptotically insignif-
icant. The seasonal dummy variables indicate that demand from April through
November is greater than in the rest of the year, but coefficient values vary
throughout. This period coincides with harvest and the opening and closing of
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TABLE 2

Tests of Hypotheses of Seasonality and
Differentiated Demands in the Structural Equations

Test and Model Test Degrees Critical
Statistic Freedom Valuet

Seasonality

Unrestricted model versus:

S; = 0in truck demand 1.55 11 17.28

S§; = 0in rail demand 78.00* 11 17.28

S§; = 0 in truck supply 19.47* 11 . 17.28
Unrestricted model versus:

C’ =0 in both modal demands 14.78* 6 10.64

C’° =0 in rail demand 1.95 3 6.25

C’ = 0 in truck demand 9.467* 3 6.25

* Rejects Hy: at 5 per cent level of significance.
i A% at the 5 per cent level of significance.

the Great Lakes and the Upper Mississippi River system, which are primary destin-
ations or transit points.

Parameters of the truck demand equation indicate that introduction of multi-
car rail movements may have reduced truck demand, but its effect was not
statistically significant. The availability of rail cars has a direct effect on truck
demand, but also influences it indirectly through price. The total effect of rail
cars on truck demand is

0QTD/oC = 60.8 + 51PR — 865PT

Using mean values of modal rates, 9Q7D/dC < 0, as expected. The second order
effects measure the rate of change in truck demand to changes in C, as modal
rates change. In this case 92QTD/9C3PR > 0 and 92QTD/dCoPT < 0, with the
latter effect dominating. It”is of particular interest that the responsiveness of a
change in QTD to a change in C decreases as PT increases. As a rail car shortage
evolves, truck demand shifts rightwards, but the extent of the increase is moder-
ated by increases in truck rates.

The availability of rail cars also influences the impacts of price changes in the
truck demand function, as follows:

0QTD/oPT = 824,740 — 86.5C
0Q0TD/dPR = —476,319 + 51C
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TABLE 3

System Estimates for Structural Equations

Truck Supply Truck Demand Rail Demand
Intercept 956 —503,561 —-90,771
(285,485) (437,995) (81,357)
oT;_, 0.33*
' (0.08)
F —176*
. (54)
T 282*%
(80)°
I —290%°
(180)
PT 32,751* 824,740* 201,704*
(20,036) (259,359) (73,685)
PR —476,319* —117,540*
(221,550) (43,382)
U —1,660 27,582
(16,726) (18,343)
c 60.8
(48.7)
PR-C 51.0%
' (23.7)
PT-C —86.5*
. (31.2)
S, 3,304 17,604
(5,562) (20,485)
83 3,483 14,419
(5,756) (23,446)
A 9,266* 39,201*
(5,619) (23,670)
Ss 12,599* 43,569*
(5,773) (24,159)
Se 11,670* 77,988*
(5,986) (24,355)
S5 17,782* 104,160*
(6,054) (25,053)
Sg 8,452 141,939+
(5,879) (23,991)
Sy 10,673* 156,899*
, (5,736) (23,886)
Sio0 2,721 115,433*
(5,665) , (24,005)
Si1 1,209 87,082*
(5,782) (23,752)
Si2 - 602 19,661
(5,558) (20,399)
DwW - - ~
ot - 0.57 0.26

MSE for the nonlinear system is 1.045. Standard errors are shown in parentheses and are
asymptotic. .

* Coefficient is significant at the 10 per cent level.

1 First order autocorrelation coefficient used for general differencing.
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TABLE 4

Elasticities of Intermodal Competition

Mean Average Value Post-Staggers (N=34)

Fuel Input Rail Truck Fuel Input Rail Truck
Index Index  Rate Rate Index Index  Rate Rate

Elasticity of
Structural Equation
Truck supply:
Short run -0.60 -0.51 1.19 -1.02 -0.66 1.43
Long run -0.89 -0.76 1.77 -1.34 -0.87 1.88
Truck demand 0.70 -0.73 8.29 —-13.4
Rail demand —-1.18 2.30 —1.46 2.54

For normal values of C, dQTD/0PT < 0 and dQTD/dPR > 0. In other words,
the slope of the truck demand function rotates with the availability of rail cars;
increases in C make the truck demand function more own-price and cross-price
elastic.

Elasticities of the structural parameters (Table 4) are calculated at the average
values of the variables, as well as at the average values in the post-Staggers period.
The short-run truck supply elasticity with respect to price is 1.19, and increases to
1.77 in the long run. No other studies (to the knowledge of the authors) have
used an econometric approach to calculate market supply functions, so compar-
isons are precluded; but these estimates do appear reasonable, given the tech-
nology of the trucking industry. Input price elasticities in the truck supply
equations are negative and significant. -

Truck demand elasticities depend on the availability of rail cars. In the post-
Staggers period the index of rail car availability increased by 55 per cent, resulting
in a rotation of the truck demand function and greater own-rate elasticities. Rail
rate elasticities are greater than unity, and they also have increased in the period
of deregulation. Actual values of elasticities are dependent on the point of
measurement. Those presented in Table 4 are at mean values of the variables in
the respective periods. For purpose of comparison own-rate elasticities were
calculated at equilibrium values for June of each year from 1980 to 1983; this
corresponds with the deregulation period, and also demonstrates the influence of
the availability of rail cars on the truck demand function. In 1980 there was a
relative shortage of rail cars, and the own-rate elasticity of the truck demand
function was —4.57. The availability of rail cars increased by over 50 per cent in
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the ensuing two years, and the truck rate elasticity increased to —21 in the short
run and —24 in the long run. In 1983 truck and rail shipments increased, the
availability of rail cars decreased by 21 per cent, and the truck rate elasticity
decreased to —10.3. In the same years the rail own-rate elasticity of demand
ranged from —1.6 to —1.09.

The elasticities reported in Table 4 are those of the underlying structural
equation. Of greater interest for policy or pricing analysis is the total effect of a
change in rail rates on rail output, £*, which was developed in the theoretical
section as the total elasticity for rail demand, incorporating the railroad’s con-
jectural variation of response in the trucking market to changes in rail rates. The
values for £* were calculated from mean values in the periods before and after
deregulation: they were —0.54 before and —1.06 after. They reflect the total
effect of a change in rail rates after taking account of the interdependencies
in the system, specifically the conjectural variations of supply response and price
changes in the truck market. The total elasticity in the deregulation period is
nearly twice as great as in the regulation period; this reflects a combination of
the real increase in rail rates, increased availability of rail cars, and the reduced
fuel costs affecting the trucking supply function — all having the effect of moving
further into the elastic portion of the effective rail demand function.

Modal demand rate elasticities calculated in this study are larger than those
reported in previous studies. For example, rail own-price elasticities estimated by
Oum (1978) from a time series of Canadian data were —0.29 in 1974; those
by Friedlaender and Spady (1980c) ranged from —1.68 to —3.55, using a cross
section of data from manufacturing industries; and those by W. Wilson (1984)
were —0.30 to —0.40, using the same data as used in this study. Demand elastic-
ities are expected to vary by movement (for example, see Friedlaender and Spady,
1980a), primarily because competitive conditions differ regionally. Another
reason for the differences in these results is the model specification. In this study
the structural equations were derived by incorporating the characteristics of the
industry and by treating intermodal competition explicitly. Modal rates were
treated as endogenous to the system; thus intermodal competition was recognised.
Most other studies construct models of shippers’ behaviour, comprising either
explicit modal choice or a translog function of shippers’ distribution activities, as
opposed to the market for transport service. By not analysing the market they
ignore the responsiveness of the competitive mode to changes in rates, which is
very important and even crucial in the analysis of intermodal competition.

SUMMARY AND IMPLICATIONS

As a result of recent changes in the institutional environment affecting railroad
pricing in the United States, the analysis of the market for transport and modal
rate behaviour has become critically important for both public and private policy
analysis. A model was developed in this study to analyse the market for transport
services, modal rate behaviour, and determinants of railroad market power and
pricing decisions. The empirical model was estimated from time series data for the
time periods before and after partial deregulation of rail rates.
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Results of this study indicate that after deregulation rail rates were less
influenced by rail costs and more influenced by competitive conditions. The
theoretical and empirical model demonstrates the importance of the supply
elasticity for truck service. Estimated price elasticities for rail service are all
greater than one, and those for truck demand depend to a very large extent on the
availability of rail cars. Own-price and cross-price elasticities for both modes
increased in the deregulation period. The more recent decrease in real fuel prices
and improved technology have produced rightward shifts in the truck supply
function and, through equilibrium, a leftward shift in the railroad demand
function. The effect of this was to move the railroads into the more elastic
portion of their demand function in the deregulation period.

The trend toward deregulation in recent years has instilled greater dependence
on competitive pressures to regulate rail rates and service quality. Results of this
study are useful in analysing factors affecting intermodal competition. A key
parameter in analysing the effectiveness of competition is the slope of the
competitive fringe supply function. Increases in rail rates result in rightward
shifts in the truck demand function, increased truck rates, and movements along
the truck supply function. In this case, the truck supply function is elastic and
the rail demand function is relatively elastic — both limiting upward movements
in rail rates. In addition, the viability of the truck industry as a competitor in the
future depends on fuel prices and improvements in technology on the supply side,
and on the availability of rail cars on the demand side.
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