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Abstract
In this paper we analyze the cost structure of Hellenic Railways (OSE) over the period
2000-2006 using plant-level data. Our estimates provide marginal costs, which are
essential for rational pricing policies in view of Article 7 in the Commission Directive
2001/14/EC. We find cost efficiency close to 64% in rail circulation and 84% in
maintenance. Technical progress has been substantial in maintenance of rail track but
almost zero in rail circulation. Policy measures and recommendations are provided
based on our empirical results.
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1. Introduction
Empirical research and cost estimation in railways has been an active issue of research for
many years. Existing research has focused on estimation of scale economies, efficiency,
technical change and productivity. This has been facilitated by the prolific research and
implementation on flexible functional forms such as the translog cost function. However,
few studies have been concerned with the problem of pricing and financial sustainability of
the railways, and none has been concerned with how and to what extent technical
inefficiency affects the financial sustainability of the enterprise.
Of the few studies that take up the issue of pricing, all of them focus on estimating
marginal costs. The reason is that, despite the fact that marginal cost pricing is not followed
by all EU railways; the marginal cost still provides guidance to optimal pricing that can be
valuable for management. In this paper, we estimate a cost function to derive marginal
costs. Marginal cost is simply the derivative of the cost function with respect to output. For
a thorough literature review with an emphasis on empirical estimates of marginal costs and
the role of utilization rate, the reader is directed to Thomas (2002). The data required to
implement this kind of analysis typically differ considerably relative to studies that focus
on productivity and efficiency. In the latter case, one often has input prices and outputs in
real terms (such as passengers and freight), but the data are aggregated and annual. In the
former case, one has data disaggregated by line of operation (or similar divisions) on an
annual basis but does not have data on input prices, and often one does not have data on
outputs in real terms.
One major goal of the European Union (EU) within the ongoing deregulation
programme is the liberalization of the European railway sector. This market has been
dominated by national natural monopolies that were under public control. However, due to
a sub-additive cost structure with respect to the track infrastructure, a competitive system in
this sector cannot be established easily. Therefore the EU has decided that monopoly in the
provision of the track infrastructure will be maintained, under regulatory restrictions,
securing a high standard of efficiency.
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In order to secure use of non-discriminatory access to the rail infrastructure, the
infrastructure businesses must establish an appropriate set of charges for infrastructure use.
Commission directives require that responsibility for access charge regimes be independent
of any train operator, which they promote efficient use of infrastructure and they do not
discriminate among operators wishing to make use of the infrastructure.
The economic principles behind an appropriate access regime are well established.
Access charges should reflect the marginal cost that each user imposes on the infrastructure
provider. To these marginal costs should be added the external costs (pollution, accidents,
congestion, etc.) that each user generates. This is social marginal cost pricing and, if
implemented correctly, will result in the most efficient use of the rail infrastructure.
Article 7 of the Directive 2001/14/EC imposes the requirements of marginal cost
pricing. Two alternative approaches, used by a number of EU member states and
considered to be best practice in terms of consistency with the provisions of the Directive
2001/14/EC are:


an econometric approach which estimates a total cost function and then takes the
first derivative of total cost with respect to gross tonne km to derive the marginal
cost (seen in Finland, Sweden and Austria); and



an approach which allocates total variable cost across all the different vehicles
running on the network, using detailed causation engineering relationships (used in
Britain).
However, each country appears to treat wear and tear differently and there are

different definitions and ways of accounting for operating, maintenance and renewal costs.
As a result, each country arrives at very different figures for marginal cost. The differences
may partly reflect the overall cost levels in the different countries and the different levels of
efficiency with which rail infrastructure is constructed and maintained. They also reflect
differences in local circumstances and different objectives concerning the government
contribution to infrastructure costs. Differences in the level of charges can also reflect
excess costs for some railways when the network is over-dimensioned for current demand.
But it is important that in any approach, full account be taken of operating, maintenance
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and renewal costs if charges are to reflect the total marginal costs of operating a train
service.
From January 1, 2006, Hellenic Railways (OSE) is a holding company with the
mother company having the dominant role. This type of splitting into two entities
(infrastructure and operation) is an outcome of the harmonization of the Greek legislation
with that of the EU Directives. The new group structure will provide a major benefit. It will
ensure that infrastructure expenditure will be transparent. Additionally, it will ensure that
no indirect subsidization of the rail operations takes place, as happens with all the other
public means of transportation. Furthermore, each subsidiary will focus on a specific area
of OSE’s current operations and the main task will be the maximization of returns of
investment.
Another main management priority is the improvement of the company’s finances
resulting in diminishing its needs for borrowing funds and decreasing its dependence on
state subsidies for its operation. This will be beneficial to both OSE’s customers and to the
taxpayer who pays the deficits. The restructuring is also expected to improve quality
services. Over the last years, the amount for works and studies reached nearly 1 billion
Euros, of which national and EU funding was about 30%, while 70% came from resources
of OSE. OSE is also interested in joint ventures and in strategic partnerships. In the
framework of the restructuring of the Greek railway transport system and the reorganization
of OSE, an appropriate legal framework is being established which will facilitate joint
ventures and strategic partnerships with OSE. Participation of the private sector in the
development of the Greek railways is of particular importance.
Empirical research in railways has concentrated on various aspects such as technical
efficiency (Perelman and Pestieau, 1988, and Gathon, 1989) and the measurement of
productivity growth. Total factor productivity (TFP) measurement is undoubtedly an issue
that has received much econometric interest in the past forty years. Typically, the
researcher estimates a cost or production function, and derives a TFP index using estimated
parameter values. TFP indices are used for productivity comparisons across countries, or
across time for the same country. See for instance Baltagi and Griffin (1988), Baltagi,
Griffin and Rich (1995), Berndt and Khaled (1979), Caves and Christensen (1988), Caves,
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Christensen and Tretheway (1980), and Hulten (1992), to name but a few. Studies more
specific to the railways include Caves, Christensen and Swanson (1981a, b), Kumbhakar
and Bhattacharyya (1996), Gathon and Perelman (1992), Oum and Yu (1994), and
Perelman and Pestieau (1989) to name again only few. For a recent survey of empirical
research see Oum and Waters (1997).
The purpose of this paper is to analyse the cost structure, efficiency and productivity
in Hellenic Railways, in view of recent EU policies at maintaining high standards of
efficiency and financial sustainability. To this end, OSE’s management is promoting the
signing of public service obligations contracts between the Greek State and OSE, through
which the State will subsidize itineraries that are unprofitable for the organization but at the
same time are considered vital from a social point of view.
In this paper, we use econometric estimation of cost functions estimated separately
for traffic and maintenance in OSE (the Greek railways) during 2000-2006. We use CobbDouglas and translog cost functions to describe the technology and estimation techniques
that allow for stochastic frontier analysis. The remainder of the paper is organized as
follows. The econometric methodology is presented in section 2. The results are discussed
in section 3.

The final section concludes with a summary of the paper and policy

recommendations.
2. Econometric model
The purpose of this section is to present the econometric model. We consider a cost
function of the form C = C ( Q, t ) , where C is total cost, Q is quantity and t is a time trend.
The usual form of the cost function is C = C ( Q, w, t ) , where w represents the vector of
input prices. Since we plan to use line-by-line data, observations on prices are not available.
However, we do not have reason to believe that prices vary substantially across lines or
plants.
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The translog functional form has been found adequate in many empirical studies
because of its transparency and flexibility. The translog form can approximate to second
order any unknown functional form. For econometric purposes, the model is:

log C = α + β1 log Q + 12 β 2 ( log Q ) + β 3t + 12 β 4t 2 + β 5 log Q.t + v + u ,
2

(1)

where v is a two-sided error term representing random shocks in production beyond the
control of the firm, and u ≥ 0 is a nonnegative error representing technical inefficiency.
This term captures technical and allocative inefficiency distortions that are important in
analyzing the production structure of a public enterprise. The stochastic assumptions are
v ~ IN ( 0, σ v2 ) and independently u ~ IN ( 0, σ u2 ) subject to u ≥ 0 , the well-known half
normal distribution. The error terms are also assumed to be independent of Q and t. Under
these assumptions, the probability density is given by

p ( log C | log Q,τ ) =

2 ⎛ε ⎞ ⎛ ε ⎞
,
ϕ
Φ λ
σ ⎜⎝ σ ⎟⎠ ⎜⎝ σ ⎟⎠

(2)

where σ 2 = σ v2 + σ u2 , λ = σ u / σ v , the composed error:

ε = log C − α − β1 log Q − 12 β 2 ( log Q ) − β 3t − 12 β 4t 2 − β 5 log Q ⋅ t ,
2

and φ and Φ represent the density and distribution function of the standard normal
distribution. The model can be estimated using the method of maximum likelihood. Given a
balanced panel, with n cross sections and T time periods, the log likelihood function is:

log L = nT log (σ ) + ∑ log ϕ ( ε it / σ ) + ∑ log Φ ( λε it / σ ) ,
i ,t

i ,t

(3)
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where ε it = log Cit − α − β1 log Qit − 12 β 2 ( log Qit ) − β 3tit − 12 β 4tit2 − β 5 log Qit ⋅ tit .
2

For Hellenic Railways, estimation of the marginal cost is essential for more rational
pricing decisions. Marginal cost can be estimated easily. Given the cost elasticity:

ηit = β1 + β 2 log Qit + β5tit ,

(4)

marginal cost is MCit = ηit ( Cit / Qit ) , where Cit / Qit is average cost. Of course, it is a
regularity condition for cost functions that all cost elasticities be positive.
Technical change shows whether or not structural measures in the past, have
produced visible results. The technical change index is:

ψ it = β3 + β5 log Qit + β 4tit .

(5)

Finally, estimation of technical efficiency is critical. The maximum likelihood
estimator of cost inefficiency, is uˆit = max ( 0, εˆit ) , where εˆit is the cost function residual
evaluated at the maximum likelihood parameter estimates. Cost inefficiency contains
technical and allocative components. Technical components are due to technical
inefficiency in the production function. Allocative components are due to input prices being
higher or lower compared to those under “ideal conditions”. The point is that if observed
prices are w , the management allocates resources by assuming that prices are w* ≠ w . There
are several reasons why this may be so. When the management has perfect knowledge of
prices, but still there are constraints in the operation of the firm, this is equivalent to
assuming no restrictions at all coupled with an appropriate different price vector w* .
Comparison of costs corresponding to w and w* provides a concise idea about the extent
of input misallocations in the firm.
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3. Estimation results

The first results were disappointing in the sense that most observations violate the
regularity conditions. It turned out, however, that maximizing the penalized likelihood
below is rather easy. The penalized log likelihood is log L − λ ∑ηit2 ⋅ I (ηit < 0 ) , where I is
i ,t

an indicator function, and λ > 0 is the penalty parameter. This log likelihood penalizes
parameter estimates that violate the regularity condition, namely that cost elasticity should
be positive.
In Table 1, reported are empirical results for the operation lines of OSE. There are
60 observations. The penalized ML estimates reported here are reasonable, given previous
experience with similar data from OSE (internal report, 2006). From the empirical results, it
turns out that cost elasticity is about 0.712, suggesting increasing returns to scale. These
estimates range from 0.00 to 1.25. The technical regress is fairly high (1.9%) and ranges
from 6.2% to -10%, suggesting that certain lines have benefited from the structural
changes, but others have not. The distribution of the technical change measure (bottom left
panel in Figure 1) is about uniform.
Efficiency is only 60.4%, and ranges from 7.8% to 100% across lines of operation.
This, of course, suggests that there is considerable room for improvement that can result in
large cost savings. Given the many constraints of a public enterprise, this may only be
suggestive and it may not be possible to reduce costs. However, it gives an overall idea
about the distortions introduced in production by outside and inside constraints. Finally,
marginal costs average 5.11 and range from almost zero to 45.88. Finally, histograms of
basic estimated measures are presented in Figure 1.
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Table 1: Empirical results for operation
η

MC

AC

ψ

efficiency

mean

0.7128

5.111 13.90

0.01977

0.6043

s.d.

0.3011

7.371

34.98

0.05385

0.2321

min

0.000

0.000

2.040

-0.06279

0.07830

max

1.249

205.4

0.1025

45.88

1.000

Notes: η is cost elasticity, MC is marginal cost, AC is average cost, ψ is the index of
technical change and “efficiency” stands for the maximum likelihood estimate of cost
efficiency. The penalty parameter is set to 105.
Figure 1: Histograms of estimated measures (operation)

Next, we turn attention to maintenance. We have 42 observations, but fitting a
translog using all of them did not produce reasonable results in terms of regularity
conditions. It was found necessary to use penalized ML with a penalty parameter equal to

9

λ=105. This is not surprising, given the fact that certain lines have large maintenance
expenses that will distort the overall picture. The empirical results are presented in Table 2
and Figure 2.
The cost elasticity is on the average 0.54 and no lines seem to have elasticities in
excess of unity, so maintenance operates also under increasing returns. Marginal costs
average 6.2 and range from 1.2 to about 18.6. There is dramatic technical progress at a rate
of 12.53% per year, ranging from 2.7% to over 22%. For all lines, there is, indeed,
impressive technical progress. Contrary to operation, the distribution of the technical
change measure is far from uniform, suggesting concentration of most plants around the
mean (see bottom left panel in Figure 2).
This is, indeed, a significant result showing that, in the period 2000-2006, the
implemented structural changes affected mainly the maintenance part where the efforts of
the management were mostly concentrated on cutting costs and increasing efficiency and
productivity. Efficiency was at 85.01%, much higher than efficiency in operation, and
ranged from 30.37% to 100%.
Table 2: Empirical results for maintenance
η

MC

AC

ψ

efficiency

mean 0.5432

6.238

11.18

-0.1253

0.8501

s.d.

0.09298

3.764

6.083

0.04855

0.1969

min

0.3705

1.246

2.917

-0.2205

0.3037

max 0.7184

18.60

34.08

-0.02764

1.000

Notes: η is cost elasticity, MC is marginal cost, AC is average cost, ψ is the index of
technical change and “efficiency” stands for the maximum likelihood estimate of cost
efficiency. The penalty parameter was set to 102.
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Figure 2: Histograms of estimated measures (maintenance)

Attempting to provide an overall analysis, we combine the operation and
maintenance lines, and estimate an overall cost function, under the assumption that the
technology in operation and maintenance is the same. The results are provided in Figure 3.
Under the assumption that technology is the same, efficiency averages 60.6%, cost
elasticity is 1.043, marginal cost is 12.24 (compared to 29.07 for average costs) and
technical change averages -3.4%, ranging from -16.5% to 9.8%. Marginal costs range from
2.5 to 115.0. Of course, the question is whether technology is the same and we can use
indeed a common cost function.
The maximum likelihood parameter estimates for the frontier cost functions in
operation and maintenance are presented in Table 3. Parameter estimates are not very
different (judging from 95% confidence intervals), but the characteristics of the frontier is,
viz. the parameters σ v and σ u . Therefore, we can argue that technology is about the same
but the efficiency properties of the two plants are quite different. This fact is also evident
from reported histograms of technical efficiency in the bottom right panels of Figures 1 and
2.
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Figure 3: Histograms of estimated measures (overall)

Table 3: Maximum likelihood parameter estimates

Operation

Maintenance

estimate

std. error

estimate

std. error

α

1.1144

0.1949

2.5907

0.3053

β1

0.2006

0.2023

0.7336

0.4367

β2

0.2450

0.1126

0.0894

0.6984

β3

0.1263

0.1065

-0.0528

0.2058

β4

-0.0315

0.0372

-0.0188

0.0593

β5

0.0075

0.0496

0.1047

0.0815

σv

0.1560

0.0820

0.4908

0.0497

σu

0.7687

0.1363

0.0030

0.0117

Notes: standard errors are computed using the QML technique.
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From the same parameter estimates, we see that σ u is negligible relative to σ v in
maintenance but not in operation. Thus the statistically important cost reductions through
more efficient operation can, to great extent, come only from the operation side of the
network. In fact, the estimates of σ v and σ u , show an important fact: The error term is
almost purely inefficient in operation and almost pure noise in maintenance. The
conclusion is that management should concentrate its efforts on operation in order to secure
efficient functioning of the organization.
Estimates of β5 provide the effect of scale of operation on technical progress. These
parameters are positive, but not statistically significant; suggesting that expanding the scale
induces technical regress or has no effect at all. This is the well-known non-neutral effect,
which seems to be present in OSE, given our parameter estimates. The implication is that,
in terms of overall capacity, the enterprise has reached a limit and further expansion of
scale can only increase average and marginal costs. Expansion of operation can become
feasible only after modernization is completed and new more productive equipment has
been installed.
Marginal costs are related to the cost elasticity:

ηit = β1 + β 2 log Qit + β5tit

(6).

Therefore, β 2 shows the effect of scale and β 5 is the neutral effect on marginal costs. The
neutral effect is positive (but significant only in operation) and so marginal costs tend to
increase over time in operation, but probably not in maintenance.
The effect of scale is positive in operation and negative in maintenance, suggesting
that lowering marginal cost will require increased maintenance and less traffic. This is not
unreasonable, given that operation has a tremendous effect of maintaining and servicing the
lines, especially in view of the fact that modernization has not been fully completed in
OSE.
Indeed, OSE is currently carrying out numerous track-maintenance projects, as well
as projects of infrastructure renovation, improvement of lines, train-station refurbishments
and improvement of safety, etc. In addition, OSE upgrades gradually its rolling stock,
using the method of auctions monitored by a particular committee, with participation from
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all the political parties. With the completion of the infrastructure works, the renewal of the
rolling stock and the organizational restructuring, OSE strengthens its position towards
meeting the standards of a big, modern, railway operator.
4. Concluding remarks and recommendation

The purpose of this paper has been to analyze the cost structure, efficiency and productivity
for the Greek railway system, in view of recent EU policies at maintaining high standards
of efficiency and financial sustainability. The empirical results indicate that technical
progress is fairly high and ranges from 6.2 to -10%, suggesting that certain lines have
benefited from the structural changes but others have not. Over the period 2000-2006, the
implemented structural changes affected mainly the maintenance part, where the efforts of
the management were mostly concentrated on cutting costs and increasing efficiency and
productivity.

Technology in operation and maintenance is about the same, but the

efficiency properties of the two plants are quite different.
These results provide clear policy recommendations. First, efficiency can be
improved a great deal, especially in operation where it is only 60%, compared to about 85%
in maintenance. Second, the scale of operation can be profitably reduced, if lowering
marginal costs were essential. Otherwise, modernization of lines and more efficient
maintenance are necessary, along with installation of new more productive transportation
equipment. Third, the structural measures adopted in OSE yielded impressive results in cost
reductions over time in maintenance, but not in operation. There is impressive technical
progress in maintenance, but this is not the case in operation, where installation of new
equipment and modernization of plants is necessary. Therefore, the structural measures
need to be continued further to increase productivity and lower marginal costs.
As for financial sustainability, our estimates suggest that marginal costs are on the
average 11.3 euros (5.1 in operation and 6.2 in maintenance) per train-km. At this level, the
enterprise is not sustainable. Assuming full efficiency, average costs would have to be
10.94, and marginal costs would stay the same. Internal reports from OSE show that to
break even, the enterprise would need marginal costs close to 4 euros per train-km. There
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are engineering-based reasons to believe that an estimate of 10.94 euros is quite high and
must be deflated to allow for the poor condition of lines, the fact that latest technologies are
not used, etc. This estimate, using engineering adjustments, turns out to be about half our
own estimate. It is not our purpose here to discuss whether or not such adjustments must be
made. The fact is that marginal costs are too high and measures must be taken to reduce
them in the medium run.
It should not be forgotten that inefficiency is 40% in operation and 15% in
maintenance. Therefore, huge cost savings can be realized in monetary terms under full
efficiency. If plant i has total cost Ci , then total cost savings (or current waste) would be
S = ∑ Ci ui for a typical year. This yields total cost savings of 25.7% for the typical year,
i

and this is not at all negligible! As a matter of fact, it would represent definite progress and
it would change the financial status of the organization to a great extent. Given that
maintenance seems to be relatively efficient, these total savings reduce to about 11%.
Alternatively, if management concentrates on operation and succeeds in securing
efficiency, total costs would reduce by about 11%.
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