A MULTINOMIAL PROBIT PREDICTION OF
THE DEMAND FOR DOMESTIC OCEAN
CONTAINER SERVICE

By Clifford Winston*

Recent advances in the modelling of qualitative choice behaviour have enabled
economists to consider a variety of questions which require an analysis of the
determinants of a discrete decision. Traditionally, conditional logit or probit models
have been estimated with the intention of drawing on the results to address some
structural issues which relate to the behaviour under examination. These issues have
ranged from the impact of an increase in bus frequency on modal choice to the effect
of an increase in the price of electricity on the choice of appliance.! Statistical choice
models can also be used to predict the market demand for a new alternative in the
choice set. This feature of stochastic choice models has received attention mainly in
the area of urban transport.

With the possible exception of McFadden, Talvitie and Associates (1977),2 most of
the predictions have been used to compare the explanatory power of rival econometric
specifications or to demonstrate the improvements associated with an alternative
statistical model (Hausman and Wise, 1978). In general, the actual predictions have
been of only casual interest.

In this paper our primary objective is to offer predictions of the market demand for
a new mode of freight transport, ocean container service. The analysis will attempt to
serve as an introduction to a potentially important mode of freight transport as well as
to demonstrate the usefulness and limitations of predictions that can be obtained from
statistical choice models. The paper will proceed as follows. In the next section we
provide some institutional background on ocean container shipping. The third section
develops the methodology for obtaining the predictions. The empirical results and
their limitations are here discussed. The paper concludes with a short summary.

OCEAN CONTAINER SHIPPING

In terms of freight volume, measured in tons or ton-miles, it is well known that
international ocean shipping represents the largest transport activity in the world. In
contrast, United States domestic ocean shipping presently accounts for only a small
share of national freight transport.

* Massachusetts Institute of Technology. I am grateful to J. Calfee for comments on an earlier draft,
and to H. Mahmassani and an anonymous referee for valuable suggestions.

! For a comprehensive survey of various applications of discrete choice models see McFadden
(1976). '

? The objective of that research was to predict the demand for a new transport alternative in the San
Francisco Bay Area, rapid rail transit (BART).
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The domestic ocean shipping industry experienced a severe decline during World
War II, when the threat of submarine attacks led shippers to look for a less risky form
of freight transport. In the post-war period interest in ocean shipping was not revived;
instead the trucking industry underwent tremendous growth, and became the
dominant industry in the United States freight transport system.

Economic regulation has also been a substantial constraint on the development of
the domestic shipping industry. Shipping firms are subject to the regulation and legal
requirements of two separate statutes, the Jones Act and the Interstate Commerce
Act. The Jones Act requires vessels which trade between United States ports to be
built in the United States and operated by United States citizens without subsidy. As
for the surface modes, the Interstate Commerce Act requires a firm to obtain
operating authority and file its tariffs with the Interstate Commerce Commission. The
two Acts have retarded entry into the industry by excluding all United States flag
subsidised carriers and by confronting other potential entrants with a long and costly
application process, which does not always result in the receipt of operating
authority.® Given the large capital requirements involved in setting up a shipping
business, the presence of potentially insurmountable barriers to entry is sufficient to
discourage all but a handful of firms from attempting to enter the industry.

Until recently, regulatory constraints and the likelihood of overwhelming
competition from other modes have virtually ruled out the possibility that domestic
ocean shipping might develop into a significant component of the United States freight
transport system. However, with the spur of the recent boom in container leasing in
international ocean shipping,* the possibility of a profitable domestic ocean container
service has become less remote.

The primary advantages of ocean container service vis-a-vis surface transport are
its enormous capacity, efficiency in the use of energy, flexibility in providing feeder
service, and rate structure. Container ships can carry approximately 750 twenty-foot
equivalents (TEU’s) of 40,000 pounds each. In addition, they are not bound by
over-the-road weight restrictions as are motor carriers.

When one considers the magnitude of the tonnage that can be carried and the
technology that is employed, it can be easily inferred that ocean container ships are
relatively more efficient in their use of energy than other modes of freight transport.
At the very least, this advantage enables the container ships to serve as a viable
alternative for shippers during shortages of energy.

In terms of service quality, the ease of transporting freight containers suggests that
domestic ocean service could naturally complement international carriers by the
provision of feeder service. Furthermore, containerisation has improved the potential
transit time for domestic shippers. In general, the service appears to be faster than
current rail times, though not so fast as trucking service.

The significant difference between the rate structures for ocean and surface
movements has led to another advantage for ocean shipping. That is, the rate
structure of the surface modes has been generally thought to be based on
value-of-service considerations. Although this is probably not an accurate description

3 The only firm with operating authority on the West Coast had to wait for more than two years to
obtain its authority.
4 See “Behind the Boom in Container Leasing”, Business Week, 6 April 1974.
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of the present tariffs, it remains generally true that surface rates are substantially
above long-run marginal costs.’ Ocean shipping rates, called FAK (Freight All Kind)
rates, are primarily based on the weight of the shipment, and thus bear a closer
relation to costs than surface rates. In essence, the introduction of containerisation
has enabled ocean shipping to realise some potentially significant advantages, and thus
has generated considerable optimism on its viability in the market for freight
transport.

The primary focus of this analysis is directed toward the West Coast shipping
market. Until very recently, there has been no provision of complete service along the
entire coast. A few firms have provided some service between selected ports, but their

-market share is negligible. Hence, the question to be posed is: given that
comprehensive service is now available, how much traffic will be captured from the
surface modes? The methodology that is used to consider this question is discussed in
the next section.

METHODOLOGY

The predictions of the market demand for ocean container service are based on a
disaggregate freight demand model (Winston, 1979a), which we need only briefly
discuss here. The theory underlying the model, which follows the Lancaster approach
to consumer behaviour (Lancaster, 1966), is that the shipper attempts to maximise
expected utility in his choice of transport subject to a constraint on the daily quantity
of output that is shipped. Using this theory we can graphically simulate the effect
which the introduction of a new mode can have on shipper behaviour.

In Figure 1, the Zs represent the attributes, for example, cost® and reliability, of the
various modes. For the initial three-mode case, where ocean service is not available,
expected utility is maximised at the point where the indifference curve, EU,, is tangent
to the initial output constraint. The tangency occurs at M; thus the chosen mode is
regulated truck. With the introduction of a new mode, ocean container ship, the
output constraint shifts out. The resulting optimum, M!, indicates that the new
alternative will be selected.

The multinomial probit model can be used to estimate the probability that an
individual shipper will switch to ocean container service. The expression of the choice
probabilities is given by

Vi—v; Vi—¥,
Pi= [ ... [ n(r0,2)dr,...dr ¢))

B=—c0 n=—00
where n (r; 0, 2) is the multivariate normal frequency function with mean vector 0
and covariance matrix £ evaluated at argument r.” As can be seen from the
expression, the selection probabilities depend on the estimated difference between the

5 See Winston (1979b) for evidence supporting this claim.

¢ In the figure, cost is expressed as 1/cost; this enables the Zs to bear a positive relation to expected
utility.

7 A complete derivation of this expression is contained in Domencich and McFadden (1975).
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observed utility of the ith mode, ¥;, and the observed utilities of the remaining J — 1
modes, and on the estimated covariance matrix. The specification of the utilities and
the covariance matrix is also discussed in Winston (1979a). In essence, the relevant
variables in the utility function are the attributes of the mode, attributes of the
shipment, and characteristics of the firm. The theoretical specification of the
covariance matrix is based on the hypothesis that taste variation and unobserved
effects could lead to correlated errors.® Considerations of identification indicate,
however, that for the size of the choice set specified here only the terms which control
for dependence through random parameters are estimable.’
The market demand for mode i can be expressed as

Di = Z WijPiJ' (2)
J

where j is an index which refers to the observations where mode i is available and W;
is a weight, defined as the product of a sampling weight and the quantity shipped for
the jth observation. If the data are drawn from a random sample, the sampling weight
is equal to one; if the data are generated from a choice-based sample, the sampling
weight is defined as the ratio of mode i’s aggregate share in the population to its share
in the sample (see Lerman et al., 1976).

The data used in this analysis are a choice-based sample of shipments with origins
and destinations located on the West Coast. The surface modes considered are private
carriage, regulated motor freight and rail. The data for the characteristics of the firms
and shipments and the attributes of the surface modes are described in Winston
(1979a). The data for the attributes of ocean container service were provided by

8 For a discussion of these problems see Hausman and Wise (1978) and Daganzo, Bouthelier, and
Sheffi (1977).

91t is well known that there are identification problems in estimating fixed covariance parameters in
probit models. For a complete discussion of this problem see Daganzo (1979b).
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American Pacific Container Line. This firm is the sole holder of ICC operating
authority, which enables it to provide comprehensive service along the West Coast.1?
The data used to construct the sampling weights are drawn from the Southern Pacific
Modal Measurement System. A summary of the origin—destination pairs and the
commodities in the data set is provided in the Appendix.

THE EMPIRICAL RESULTS

The parameters of the disaggregated freight demand model for the surface mode
system (regulated and unregulated motor freight, and rail) were estimated to provide a
basis for obtaining demand predictions for all the modes. From the parameter
estimates the aggregate shares of the surface modes were calculated. Ocean container
service was then introduced into the system, and the parameters of the demand model
were used to re-calculate the aggregate shares and provide a prediction of the demand
for the new mode.

The theory of freight demand proposed here suggests that the expected utility of the
ith mode is influenced by the attributes of the mode, attributes of the commodity and
characteristics of the firm. The specific variables used for the specification include the
value of the commodity, shipment size,!! freight charges, mean and standard deviation
of transit time, reliability, shipping firm location and sales. The functional form of V,
the mean utility of a mode, is assumed to be linear for all results reported here.

The parameter estimates for the surface mode system are presented in Table 1.12
The probit model used in the initial estimations attempted to control for dependence
through random parameters.'* The parameters for freight charges, mean and standard
deviation of transit time, and reliability were treated as random. The Wald test was
used to test this model against a model offering a simpler stochastic specification,
independent probit.!* The null hypothesis that the random parameter variances are
equal to zero was rejected at the 5% level; this provided statistical support for the use
of the dependent probit model in the predictions.*®

The estimated parameters can provide some insight into the West Coast shipping
market. First, it should be noted that freight charges and the transit-time parameters
are statistically significant, indicating that shippers place some value on tangible and
intangible monetary attributes.

In order to ascertain the full value of service quality, the parameters can be used to
estimate the value of transit time. Controlling for the effect of each variable through
reliability, the values of mean and standard deviation of transit time as a percentage of

10 | am grateful to J. Koster and J. Moehale for kindly providing me with these data.

11 Shipment size is assumed to be exogenous in this model. Given that the shipper is responsible for
the choice of mode in the data base used here, this assumption is reasonable, since the shipper is obliged
to send the quantity that is specified in the receiver’s purchase order.

12 Given that the sample is choice-based, the weighted exogenous sample maximum likelihood
estimator (WESML) was used in the estimations (see Manski and Lerman, 1977). The estimation
program was written by C. Daganzo and L. Schoenfeld.

13 In the estimation, a general covariance matrix was used for the taste variation.

14 See Madalla (1977) page 180 for a derivation of this test.

15 For this test the Wald test statistic is 15.27 and the 0.05 chi-square critical value is 9.49.
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TABLE 1

Parameter Estimates: Surface Mode System

(Standard Errors)
Dependent Probit Independent Probit
Shipment size (10,000 pounds): rail alternative 445 3.69
(1.61) (1.73)
Commodity value: ($/pound): rail alternative 8.31 6.96
(1.74) (5.43)
Freight charges ($1,000) -3.98 —2.84
(0.95) (0.70)
Mean transit time (days) —-2.14 —1.61
(0.85) (0.44)
Standard deviation of transit time (days) —~3.12 —2.27
(1.94) (0.87)
Reliability (a/x) 2.17 1.63
(1.14) (0.59)
Location (miles from a rail siding, shipping firm): —21.65 —23.89
rail alternative 4.9) (3.84)
Sales ($ billions, shipping firm) private truck —0.53 —0.42
alternative (1.05) (0.88)
Covariance Parameters
Freight charges 5.9 — }
Mean transit time 0.7 —
(1.1
Standard deviation of transit time 2.1 —
(1.8)
Reliability 0.43 —
09D

mean freight charges were 85% and 90%, respectively.!® This suggests that the modal
attributes considered here have approximately the same importance in shipping
decisions.

The estimated parameters under the dependent probit specification were used to
calculate the market demand. The demand for mode i can be written explicitly as

Vij=Viy Viy=Viy 1
D=3 W, f
A N 02
where the a; are the appropriate elements in the covariance matrix and 4 the

determinant. The predicted aggregate shares based on this equation are presented in
Table 2 with a 95% confidence interval. The derivation of the confidence interval is

exp {—%la, x2 + a, y* + 2a, xyl} dx dy,

16 The units for the value of time calculations are in dollars per day. If the units were changed to
dollars per shipment, the importance of service quality would increase. In addition, it should be stressed
that the results are based on an aggregation of the commodity groups in the sample.
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TABLE 2
Aggregate Shares (%) in West Coast Corridor

95% Confidence
Actual Predicted Interval
Regulated motor freight 44 46 40, 52
Rail 32 28 19, 37
Private carriage 24 26 19, 33

TABLE 3

Aggregate Shares (%) in West Coast Corridor
95% Confidence Interval in Parentheses

Regulated motor freight 45 (38, 52)
Rail 24 (14, 34)
Private carriage 21(13,29)
Ocean container 10( 3,17)

contained in Daganzo (1979a). As can be seen from the table, the predicted aggregate
shares are fairly close to the actual shares.

We now introduce ocean container service into the system. The demand for the ith
surface mode, given the presence of a new mode, is simply

Viy=Vis Viy—=V1y Viy=Vmy 1
D=3 W, —_—
. 372 172
) PR

+ 2a,xy + 2a5xz + 2a4yz1} dx dy dz.

exp{—tla, x? + a,* + a, 22

This expression is relevant for the demand for ocean container service, subject to
the modification that the correct weight is W, not W;;. That is, since we have no data
on ocean container shipments, it is appropriate to use the weight associated with the
chosen alternative for each observation in the sample.

The predictions are presented in Table 3. As can be seen, the predictions indicate
that ocean container ships will take considerably more traffic from rail and private
carriage than from regulated motor freight.”” Given that the container ship’s
attraction in quality of service and price will primarily appeal to firms who make at
least truckload shipments, as opposed to less-than-truckload shipments which are
generally shipped by regulated motor freight, this result is not surprising.

The specific results indicate that ocean container’s share is approximately 10% of
the traffic, which in absolute tonnage represents a substantial amount of business. It is
important, however, to clarify how this result should be interpreted and verified.

TThis result is consistent with the rejection of the diagonal covariance structure required by the
independent probit model.
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The parameter estimates that were used for the predictions are based on a surface
mode system that is implicitly assumed to be in long-run equilibrium. Clearly, the
introduction of a new mode will have several results which will disturb this equilibrium.
First, the presence of a new competitor will not go unnoticed by those modes whose
shares may be eroded. In all likelihood, rail will make some changes in its rates or
service, as it has done in previous instances of potential competition from ocean
carriers.'® Second, the use of ocean container ships as a primary source of feeder
service could significantly affect the current shipping network by altering domestic
and international shipping flows and routes. Finally, in the process of acquiring
information about a new mode, decision-makers could change their previous
valuations of specific attributes. For example, the fact that ocean rates are generally
lower than surface rates could lead shippers to re-evaluate and actually change their
perceptions of the importance of tangible shipping costs. In short, the introduction of
new information could result in unstable parameters as shippers attempt to adjust to a
new environment.

The upshot of this discussion is that the introduction of a new mode signals the
beginning of an involved equilibration process which results in new equilibrium
modal shares. It should be stressed that these shares are the only ones that one can
attempt to predict. Therefore, they should be used in evaluating the accuracy of
predictions such as those offered in Table 3.

It is of interest then to report any preliminary evidence which relates to the
performance of the new mode considered here. At the time when this paper was
completed, ocean container service had only been operating for two months and, as
was to be expected, had acquired a fairly negligible percentage of the West Coast
traffic. More time is needed before long-run equilibrium can be reached in this market
and before the steady-state share of ocean containers can be known.

As a retrospective study, it will be useful to track the share of ocean containers as it
stabilises, at a time when the accuracy of the predictions can be evaluated. In
addition, an estimate of the duration of the equilibrium process initiated by the
introduction of a new mode will then be possible. For practical purposes, this estimate
could serve as a proxy for the dissemination rate of and adjustment to new
information which was generated by the presence of a new alternative.

SUMMARY

This paper has attempted to demonstrate the usefulness and limitations of the
prediction capabilities of statistical choice models in analysing actual instances of a
new alternative. The market potential for ocean container service was estimated by a
multinomial probit model which allows for correlated errors. The central prediction is
that container ships could obtain a significant share of the existing traffic, and that the
bulk of its market penetration will be at the expense of private carriage and rail
movements. Verification of this prediction, however, requires that the system reach
long-run equilibrium.

18 See American Pacific Container Line’s “Declaration Concerning Competition” for a summary of
competitive responses by the railroads.
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APPENDIX

Summary of the data

The sample contains representative West Coast shipments for the 1977 period. The
commodity groups and city pairs included in the sample are listed in Table A1.

TABLE Al

Commodity Groups City Pairs
Electrical machinery Los Angeles—Seattle
Fabricated metal San Francisco—Los Angeles
Food and kindred products San Diego—Los Angeles
Chemicals Portland—Los Angeles
Textiles Seattle—Portland
Stone, clay and glass products Portland—San Francisco
Paper and allied products Seattle-San Francisco
Transportation equipment San Diego—Seattle
Lumber/wood products San Diego—San Francisco

Number of observations: 110
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