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Abstract
Cost Characteristics of the Korean and

Japanese Urban Rail Transit Industry:
An Application of Stochastic
Multi—Product Cost Frontier Models

Cho, Hwangyoung
Department of Environmental Planning
Graduate School of Environmental Studies

Seoul National University

This study estimated variable cost functions and analyzed cost
characteristics of urban rail transit industries in Korea and Japan by
using the stochastic frontier approach from the data of 2016
cross—sections of 64 urban rail transit operators in Korea and Japan.
This study considered labor, power, and maintenance as variable
factors of production, and considered track length, a semi—fixed
element as a proxy variable of capital. It is assumed that the urban
rail transit operator produces car—-km output by inputting the above
factors. The outputs of the urban rail transit operators were divided
into two types such as the heavy rail output and the light rail and
monorail output. In addition, the state and ownership structure of the

urban rail transit operators was considered.
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The variable cost function of the urban rail transit operator in the
form of a translog function was constructed using the production
factor variables, the output variables and the characteristic variables
of the operator as independent variables and the variable cost as the
dependent variable. For coefficient estimation of cost function, this
study used the iterative seemingly unrelated regression which
estimates the translog cost function and cost share equation as
system of equations. This study also estimated the variable cost
function using the stochastic frontier approach.

From the estimated cost function, this study analyzed the cost
characteristics such as the partial substitution elasticity of production
factor and price elasticity of production factor demand, and economies
of density, economies of scale, and economies of scope of urban rail
transit operators. The efficiency of the input of production factor was
identified through the partial substitution elasticity and price elasticity
of production factor, and the cross—partial substitution elasticity and
the cross—price elasticity were analyzed to identify the complementary
or substitutional relations between the factors of production. In
addition, this study analyzed the existence of economies of scope in
case of simultaneous operation of heavy rail and light rail or monorail
type urban rail transit services. Also, the adequacy in terms of the
operating frequency and the scale of the operator was analyzed by
analyzing the economies of density and economies of scale of the
urban rail transit operator. The analysis results are summarized as
follows.

First, as a result of estimating the variable cost function, the
coefficient was estimated reasonably, and in particular, as the
significance of the quadratic coefficient estimate is estimated to be

high, assumptions about homotheticity, homogeneity, and
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Cobb-Douglas production technology could all be rejected. The
ownership structure and state-specific variables representing the
characteristics of the urban rail transit operator were also estimated
to be statistically significant.

Second, economies of density and economies of scale were found to
exist throughout the urban rail transit industries in Korea and Japan.
By type of output, in the case of producing heavy rail, light rail and
monorail, and both outputs, as the economies of density indexes are
estimated to be 1.067, 1.253, and 1.255, respectively, so there is an
economy of density, and as the economies of scale indexes are 1.069,
1.195, and 1.272, respectively, so there is an economy of scale.

Third, it 1s found that there is a diseconomy of scope throughout
the urban rail transit industries in Korea and Japan. The economies
of scope indexes are proportional to the ratio of heavy rail output,
and the economy of scope exists in the case of producing both
outputs with the ratio of heavy rail output more than 96%. However,
it is found that when the ratio of heavy railway output is low, there
1s a diseconomy of scope.

From the above estimation results, this study derives the following
policy implications on the organizational form and privatization of the
urban rail transit operator, the main i1ssue of the urban rail transit
industry in Korea.

First, if assumed that no changes in output, wages and working
conditions will occur due to the consolidation of the two urban rail
transit operators, the consolidation of Seoul’s two urban rail transit
operators 1s not justified in terms of cost. In the results of examining
the feasibility of consolidating Seoul’s two wurban rail transit
operators, it cannot be said that as the consolidated operators have

diseconomies of density and scale and the scale i1s larger than the
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optimal scale, the mean variable cost is minimized.

Second, for Korea’s three urban rail transit operators that produce
both outputs, in the results of looking at the variable cost changes
according to the separation of the two sectors, if operators are
separated by output, the variable cost is estimated to decrease by
10.65% to 24.10%. As the economy of scope effects exist bigger than
the economic of density and scale effects, rather than producing two
outputs at the same time, it can be said that in terms of cost, it is
reasonable to operate the institutions divided in two by output
separately. But if the two urban rail transit operators are actually
separated by output, because of the additional costs incurred,
decisions will need to be carefully considered.

Third, In the case of deriving cost changes using the stochastic
frontier approach, it is found that the overall average variable cost of
the urban rail transit transport industry was reduced by 15.629,
suggesting that there is a need to improve the production efficiency
of urban rail transit operators. In the case of Korean urban rail
transit operators, labor productivity was found to be very low
compared to that of Japan. There is a need to reduce manpower to
improve production efficiency. In particular, labor productivity should
be improved through restructuring in station service and maintenance.
In case of station service, despite the 10096 station automation service
facility of urban rail transit in Korea, labor productivity is found to
be low, so the necessity of manpower reduction is very high.

Lastly, from the results of analyzing variable cost changes by
assuming privatization of Seoul Metro and Gwangju Metropolitan
Rapid Transit Corporation, if the two operators operate privately, it is
found that they can save about 21% of the current variable cost.

However, when the urban rail transit is operated by the private
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sector, the financial transparency is low, and if subsidies exist under
the contract, rather, the privatization will need to be carefully
reviewed as production efficiency may be lower than that of public
administration. In addition, as there is a possibility that additional
costs will be incurred due to additional governance costs such as
hedging costs and transaction costs, privatization would be considered
only if the savings are greater than this.

This study is significant in that it analyzes the economies of scope
by estimating the multi-product variable cost function in urban rail
transit industry unlike the previously performed studies. It 1s also
significant that the ownership structure 1s divided into public,
semi—public and private sectors. For several years recently, as the
urban rail transit industry market has diversified in terms of vehicle
systems and ownership structure, this study is meaningful in that it

can provide implications for coping with these changes.

keywords : Urban rail transit industry, Variable cost, Translog
cost function, Multi-product cost function, Stochastic

frontier approach, Economies of scope
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