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Abstract  
 
This article presents an econometric analysis of the maintenance costs for the Austrian railway system. The data 
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cost determinants. Furthermore, we observe that total costs as well as marginal costs increase with (i) a high pro-
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than for main lines. 
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1.  Introduction 
 

One major goal of the European Union within the ongoing deregulation program is 
the liberalization of the European railway sector. Competition in the provision of 
railroad transportation services requires of course free market access of private 
companies. Presently, this market is dominated by national monopolies under pub-
lic control. However due to a sub-additive cost structure (natural monopoly) with 
respect to the track infrastructure, a competitive system in this sector cannot be 
established easily.1 Therefore the European Union has decided that monopoly in 
the provision of the track infrastructure will be maintained, yet under regulatory 
restrictions securing a high standard of efficiency. In the corresponding directive2 
Dir. 01/14 the regulation scheme is set out in full detail. The following analysis is 
motivated especially by article 7 of the directive, which imposes the requirement of 
marginal cost pricing. Allowances for external effects and “non-disturbing” fixed 
costs are permitted. However these peculiar exemptions from the principal rule 
will not be considered by our analysis since neither appropriate market prices nor 
reliable estimates are available. 

It is worth mentioning that the regulation approach chosen by the European Union 
is not necessarily optimal. Economic theory provides a considerable number of al-
ternative methods and mechanisms to implement a regulatory framework. For an 
overview the reader is referred to Train (1994); for the regulation of railroads in 
particular see Levin (1981b) as well as Kessides and Willing (1995). These methods 
differ in the objective they optimize and in their incentive structure. Demanding 
for prices corresponding to marginal costs results in a first best solution. Further-
more, a fast penetration of the markets can be expected in such a regime. However, 
a major problem arises if the cost function of the regulated business is sub-
additive. Without cross-subsidies from other sectors the regulated firm will gener-
ate losses. This loss has to be compensated by a proper subsidy, which implies 
agency-problems e.g. due to false reporting. In practice therefore the outcome can 
be inefficient. 

Another way to tackle the pricing problem is to impose average cost pricing. This 
scheme suffers from the disadvantage that a lower degree of competition is ex-
pected since the usage charges would be much higher compared to marginal cost 
pricing. In the case of Austria for instance our econometric analysis will show that 
marginal costs cover only between 20% and 30% of the average maintenance costs. 
This result is corroborated by Swedish data in the work of Johansson and Nilsson 

                                                 
1 For a definition and the welfare-theoretic implications of a natural monopoly the reader is referred to standard 
microeconomic literature, e.g. Gravelle and Rees (1992) or Mas-Colell et al. (1995). 
2 This directive (EU(2001)) of the European Union will abbreviated by Dir. 01/14. Articles are denoted by paren-
theses. 
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(1999). Therefore, average cost charges would be far above marginal cost fees. 
Hence significantly weaker competition could be expected. Last but not least, 
agency problems due to false reporting activities do not disappear in this regime.  

Since the European Union has chosen a regulation framework with the require-
ment of marginal cost pricing for the practical implementation it is necessary to 
determine empirically a reliable estimate of marginal costs. The following 
investigation tackles this problem for the case of Austria. A few similar studies can 
be found in the recent literature: For the US, Levin (1981a) investigated the 
railroad cost structure. A more detailed study on railway maintenance costs is 
given by the work of Johansson and Nilsson (1999), focussing on the Swedish 
railways. Given data from 1994 to 1996 (with some 170 observations per year), the 
authors use an augmented Cobb-Douglas specification for maintenance costs. In 
their specification the track length, gross-tons, the distinction between main lines 
and secondary lines, track quality, the number of switches, the number of bridges 
and the number of tunnels are used as explanatory variables. The authors identify 
the first four variables as the most significant ones. The estimated marginal costs 
are in the range of 12 to 28% of average costs. 

This article is organized as follows. Section 2 describes the data used in our 
econometric approach, while section 3 illustrates the estimation methodology. Sec-
tion 4 deals with the model specification and presents the estimation results. It 
turns out that the most significant cost factors are track length and gross-tons. 
Furthermore, we observe that total costs and marginal costs increase if (i) a higher 
percentage of the track length can be attributed to stations, (ii) more switches are 
within a track, (iii) the radiuses of the bends are small, and (iv) considerable slopes 
are present. Moreover, a significant impact can be attributed to the difference be-
tween main lines and secondary lines. 

2. The Data 
The data have been provided by the Austrian Railways and consist of observations 
of 220 tracks per year from the years 1998 to 2000. Two tracks had to be excluded 
from this data due to coding errors. In 1998 and 2000 the data for three of the re-
maining 218 tracks were missing. The cost data are denominated in Austrian 
Schilling (ATS). Although the econometric analysis is performed with the original 
data, we present the main results in EUR.  

All (nominal) data have been deflated with respect to the base year 2000. The in-
flation factor for each year has been calculated from the construction cost index 
(1.11 and 1.08 for 1998 and 1999 respectively). After stacking the tracks there are 
up to 648 observations available. For each track, the following information is 
given:  
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Table 1: Information per track 

Abbreviation Description 
ID Track number 
HN 0… for main lines (tracks of national or international importance) 

1… for secondary lines (tracks of regional importance) 
K Track maintenance costs 
tkm Gross-ton-kilometers 
km Track length (for double-railed tracks, the double of the distance) 
t1 Length of single-railed tunnels in meters 
t2 Length of double-railed tunnels in meters 
r250 Bends with radius < 250 meters (as percentage of track length) 
r500 Bends with radius < 500 meters (as percentage of track length) 
s1 Slopes of 10‰ to 20‰  (as percentage of track length) 
s2 Slopes steeper than 20‰ (as percentage of track length) 
w_l Length of the switches in meters 
bh_proz Station rails (as percentage of track length) 
as5_15 Rails with age from 5 to 15 years (as percentage of track length) 
as_15_25 Rails with age from 15 to 25 years (as percentage of track length) 
as_25 Rails older than 25 years (as percentage of track length) 
 

Given the data base as described in Table 1, the following further variables were 
calculated: Gross-tons, length of the station rails in km, slopes steeper than 10‰ 
(as percentage of track length) and length of tunnels (as percentage of track 
length). 

Table 2: Additionally calculated variables  

ton Gross-tons (tkm /t ) 
bh_km Length of station rails in km (bh_proz * km / 100) 
steig10 Slopes steeper than 10‰ (s1 + s2 ) 
tunnel Tunnels ((t1 + 2*t2 ) / km) 
 

In order to get a first impression we present some descriptive statistics. Table 3 
gives an overview of the average, the median, the maximum, the minimum, the 
total and the standard deviation of the most important variables used in the fur-
ther analysis. 

Table 3: Summary statistics of the most important variables 

 K 
(Mill. EUR) 

tkm 
(Mill.) 

km 
 

ton 
(Mill.) 

bh_km 
 

w_l 
 

r500 
 

steig10 
 

 Mean 9.46 311 32.79 9.23 14.54 1,766 16.50 17.87 
 Median 6.47 82.92 25.24 6.02 6.22 1,013 11.31 0.00 
 Maximum 57.02 3,620 185.00 179 417.38 15,821 100.00 100.00 
 Minimum 0.003 0.06 0.40 0.03 0.00 0.00 0.00 0.00 
 Std. Dev. 10.07 533 31.56 12.01 31.77 2,269 18.26 27.05 
 Total 6,130  202,000 21,246.99 5,980   1,144,565     
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Before we proceed with our analysis it seems necessary to address a problem pecu-
liar to any empirical analysis of cost data, namely the task of separating inefficien-
cies from technically efficient production. As long as markets are competitive, the 
firms are forced to minimize costs continuously. If only one supplier is present 
however, this incentive structure disappears. With regard to our empirical analysis 
the question arises what degree of inefficiency is within the available data for 
maintenance costs since these have been generated by a national monopoly. For 
Belgian railroads, De Borger (1993) investigated allocative and technical efficiency. 
The estimated degrees of inefficiency are in the range of 15-25% and  for allocative 
efficiency and 2% for technical efficiency, respectively. A major part of allocative 
inefficiency is caused by an inefficient use of electric energy. The author concludes 
that inefficiencies cause an increase in costs of 1-5%. 

In our econometric analysis we proceed as follows: We use all the data available to 
estimate the cost function and identify outliers, by looking for tracks with costs far 
above or below the regression line. A strong indicator for inefficient production are 
tracks with costs far above the regression line (positive residuals). Surprisingly, all 
of the outliers in our analysis are tracks where the costs are far below the regres-
sion line (residuals are negative). Hence we conclude that no tracks, which are ex-
tremely less efficient than the mean, are in the data. However this procedure does 
not tell us whether the underlying production technology is efficient, since the 
whole track maintenance might be inefficient. Furthermore an international com-
parison of marginal costs is not helpful either because at present the number of 
railroad companies which provide information on marginal costs is still small and 
in addition the geographic differences between the railroads are large.  

3. Estimation Methodology 
The goal of our analysis is the estimation of the cost function and the determina-
tion of statistically significant cost driving variables. Therefore, let us start with a 
cost function ( )K K y= , where 1( ,..., )ny y y=  is the vector of prediction variables; 

the response variable is the track maintenance costs K. Marginal costs MC, with 
respect to gross-ton-kilometers (tkm), are defined as:  

K
MC

tkm
∂

≡
∂

. 

The choice of gross-ton-kilometers as the relevant output variable for the calcula-
tion of marginal costs has been motivated by the information that in Austria (as 
well as in other European countries) this variable will constitute the basis for the 
charges. However that does not necessarily mean that it represents the appropri-
ate output variable in the cost function. In the case of a cost function which is lin-
ear in tkm this implies not only that gross tons ton and track length km have the 
same cost effect but also that the isolated effects interact multiplicatively. Similar 
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restrictions follow also for alternative functional forms, e.g. given a log-linear cost 
function equal elasticities for ton and km would be implied.  

We claim that this approach is too restrictive a priori. The econometric analysis in 
section 4 will confirm this proposition. Therefore, the variable tkm has to be sepa-
rated into km and ton to account for this problem. However to derive the marginal 
costs with respect to tkm in this setup, it is worth noting that the track length km 
represents a constant for a particular track, i.e. although tkm increases if an extra 
train passes the track between point A and point B, the distance between these 
points remains the same. Therefore ( )tkm ton km∂ = ∂ ∗  and we obtain  

 
1K K

MC
tkm ton km
∂ ∂

= =
∂ ∂

. (1) 

The empirical calculation of the marginal costs requires several steps with some 
methodological complications. In the following we will explain this procedure given 
a log-linear cost function since this specification will be used for the derivation of 
our main results and conclusions.  

Let us consider the following cost function:   

 0 1

1 1

log( ) log( ) ... log( )

log( ) ... log( )
i i k ki

k i i k l i li i

K ton x

ton z ton z

α α α

α α ε+ +

= + + + +

+ + +
  (2) 

where iK  are the costs of track i, 1( ,..., )i i kix x x= , 1i ix ton= , ( )1 ,...,i i li iz z z x= ⊂  

are the explanatory variables and iε  is an iid normally distributed residual. The 

variables ( )1 ,...,i liz z  which  form a subset of ix  may have an impact on the coeffi-

cient of log( )ton . Estimates of model parameters are denoted by the symbol ∧, the 

tracks are indexed by 1, ,= …i n . 

To obtain a single estimate for marginal costs (“mean marginal costs”) we proceed 
as follows: In the first step we derive the marginal costs for the individual tracks. 
Secondly, we calculate average marginal costs by some proper averaging. 

From the estimated cost function we obtain the expression for the elasticity of the 
maintenance costs with respect to gross-tons:  

 1 1 1

ˆ
ˆ ˆ ˆ...ˆ

i i
k i k l li

i i

K ton
z z

ton K
α α α+ +

∂
= + + +

∂
. (3) 

This elasticity together with (1) leads to an estimate of the marginal costs with re-
spect to tkm for a particular track i:  

( )1 1 1

ˆ ˆ ˆ ˆ ˆ1 ˆ ˆ ˆ...ˆ
i i i i i i

i k i k l li
i i i i i ii

K K K ton K KMC z z
tkm ton km ton tkm tkmK

α α α+ +

 ∂ ∂ ∂= = = = + + +  ∂ ∂ ∂ 
. (4) 
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Examining (2) it is easy to see that the costs separate into a systematic component 
ˆ

iK explained by the prediction variables ix  and iz , and a non-systematic stochas-

tic component iε . In order to estimate ˆ
iK , we recall that the distribution of ˆlog iK  

is normal with 2ˆlog log ,i i iK N K seε − ∼ , where se  is the estimated standard 

deviation of the residuals. Consequently the distribution of ˆ
iK  is log-normal. 

Therefore, the estimate of ˆ
iK  (expected value of iK ) is given by 

 ( )2ˆ ˆexp log( ) 0.5( )i i iK K seε= − + , 

which is simply the Laplace-transform of a normal random variable (see e.g, Mood 
et al, 1974, p. 117). This completes the calculation of the marginal costs for indi-
vidual tracks. 

Mean marginal costs can be now obtained by a weighted sum of marginal costs 
with the distribution of gross-ton-kilometers determining the weights:  

 
( )1 1 1

ˆˆ ˆ ˆ...
.k i k l li ii

i
ii

z z Ktkm
MC MC

tkm tkm
α α α+ ++ + +

= = ∑∑ ∑ ∑
 (5) 

To account for the difference between main and secondary lines we define a 
dummy variable (indicator function) HN with 0=iHN  if track i  is on a main line 

and 1=iHN  for tracks on secondary lines. The calculation of the respective mean 

marginal costs is straightforward. For the main lines it is given by:  

 (1 )i i iMCm MC HN= −  

 (1 )
,

(1 )
i i

i
i i

tkm HN
MCm MCm

tkm HN
−

=
−∑ ∑

 

while for secondary lines it becomes 

 i i iMCs MC HN=  

 .i i
i

i i

tkm HN
MCs MCs

tkm HN
= ∑ ∑

 

Since the estimates of mean marginal costs are random variables in a finite sam-
ple, not only the expectation but also the standard deviation of the estimated mar-
ginal costs has to be estimated in order to investigate the statistical significance. 
Because the estimated mean marginal costs are a continuous function of the esti-
mated parameters ˆ( )MC f α=  we can make use of the following theorem which 

states that ˆ( )f α  is normally distributed, such that estimates of the first two mo-

ments provide us with a sufficient statistic; i.e. the distribution of the marginal 
costs is fully described by these estimates.  
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Theorem [Greene (2000), p. 118]: Let α̂  be the OLS-estimate of the vector of pa-
rameters α , and ˆ( )f α  is a continuous transformation. Let the asymptotic distribu-

tion of α̂ be given by: [ ]ˆ ,Nα α Σ∼ . Furthermore, define 
( )f α
α

∂
Γ =

′∂
 and ˆ( )

ˆ
fC α

α
∂=

′∂
. 

Then the asymptotic distribution  of ˆ( )f α  is [ ]( ), .N f α ′ΓΣΓ  

In practical applications the covariance matrix is estimated by means of  

[ ] ˆˆ( )Var f C Cα ′= Σ , where Σ̂  is the estimate of the covariance matrix of the regres-

sion coefficients. In our case we start from the continuous transformation:   

 ( ) ( )1 1 1
ˆˆ ˆ ˆ...

ˆ k i k l li i

i

z z K
f MC

tkm

α α α
α + ++ + +

= = ∑
∑

 

and the components of the gradient vector 

 
0

,...,
ˆ ˆk l

f f
γ

α α +

 ∂ ∂′ =  ∂ ∂ 
 

are derived from: 

 
( )1 1 1

1

ˆ ˆˆ ˆ ˆ... log( )

ˆ
i k i k l li i i

i

K z z K tonf
tkm

α α α

α
+ +

 + + + +∂  =
∂

∑
∑

 (6) 

 
( )1 1 1

ˆˆ ˆ ˆ... log( )

ˆ
k i k l li i ji

j i

z z K xf
tkm

α α α

α
+ +

 + + +∂  =
∂

∑
∑

     for j = 2,...,k (7)  

 
( )1 1 1

ˆ ˆˆ ˆ ˆ... log( )

ˆ
i ji k i k l li i ji

k j i

K z z z K ton zf
tkm

α α α

α
+ +

+

 + + + +∂  =
∂

∑
∑

 for j =1,...,l. (8) 

By using the indicator function HN  the gradient vector for the mean marginal 
costs of the main lines is given by:  

 
( )1 1 1

0

ˆˆ ˆ ˆ... (1 )

ˆ (1 )
k i k l li iz z K HNf

tkm HN

α α α

α
+ ++ + + −∂ =

∂ −
∑

∑
 

( )1 1 1

1

ˆ ˆˆ ˆ ˆ(1 ) ... log( )(1 )

ˆ (1 )
i k i k l li iK HN z z K ton HNf

tkm HN

α α α

α
+ +

 − + + + + −∂  =
∂ −

∑
∑

 

 
( )1 1 1

ˆˆ ˆ ˆ... log( )(1 )

ˆ (1 )
k i k l li i ji

j

z z K x HNf
tkm HN

α α α

α
+ +

 + + + −∂  =
∂ −

∑
∑

   j = 2,...,k 

( )1 1 1
ˆ ˆˆ ˆ ˆ(1 ) ... log( ) (1 )

ˆ (1 )
i ji k i k l li i ji

k j

K z HN z z K ton z HNf
tkm HN

α α α

α
+ +

+

 − + + + + −∂  =
∂ −

∑
∑

j = 1,...,l 
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For the secondary lines the appropriate expressions can be calculated analogously. 

Last but not least we test for structural stability. In particular we address the 
question whether the parameters are stable over the three years considered. This 
will be accomplished by running a Chow-test (see e.g. Greene (2000), p. 287). The 
test statistic T is derived from:  

 * * 8 8 9 9 0 0

8 8 9 9 0 0

( ' ' ' ' )/(2 )
( ' ' ' )/( 3 )

e e e e e e e e k
T

e e e e e e n k
− − −

=
+ + −

, (9) 

where * *'e e  is the sum of squared residuals over all years, while 8 8 9 9 0 0' , ' , 'e e e e e e  

are the corresponding sums from the years 1998, 1999 and 2000 respectively. k is 
the number of parameters to be estimated and n is the number of observations 
over all years. Under the null hypothesis that no structural break is present, the 
distribution of T is (2 , 3 )F k n k− . 

4. Die Model-Selection and Estimation Results 
In this section we proceed with the estimation of the cost function. A list of the ex-
planatory variables 1( ,..., )i i kix x x=  is given by: 

ton   Gross-tons, 
km    Track length, 
HN    Main lines 0HN =  vs. secondary lines 1HN = , 

_bh km  Length of station rails, 

500r   Bends with radius < 500 meters (as percentage of track length), 
10steig  Slopes steeper than 10‰ (as percentage of track length), 

tunnel  Length of tunnels (as percentage of track length), 
_w l   Length of switches in meters, 

alt   Rails older than 15 years (as percentage of track length). 

To begin with we have to decide which functional form is appropriate given our 
data. We restrict ourselves to the linear and the log-linear specification, since 
these functional forms are most commonly used in the empirical literature. One 
way to discriminate between these specifications is to estimate the corresponding 
average cost functions, keeping in mind, that average costs for log-linear total costs 
are again log-linear, whereas for linear total costs the average cost function is hy-
perbolic. We get the following OLS-estimates: 

 / 0.073 156808.0 (1/ )
(2.87) (13.7)

i i iK tkm ton= + ⋅  

 log( / ) 0.26 0.86 log( )
(29.6) ( 37.9)

i i iK tkm ton= − ⋅
−  

where the terms in parentheses are the corresponding t-values. In both cases the 
regression parameters are highly significant at a 5% significance level. However, 
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the coefficient of determination for the log-linear model is 0.69 compared to 0.23 
for the linear model. Furthermore, a White-test on heteroscedasticity and a Ram-
sey-RESET-test on mis-specification are performed. Applying the White-test  the 
squares residuals are regressed on ton and 2ton  (see Greene (2000), p. 503), while 

the Ramsey-Reset-test includes the squared forecasts 2K̂  to the set of prediction 
variables (see Davidson and MacKinnon (1993), p. 195). For the log-linear model 
the F-statistics are 0.96 for the White test and 2.58 for the Ramsey test, i.e. the 
null hypotheses that the residuals are homoscedastic and that the model is prop-
erly specified cannot be rejected on a 5% significance level. With respect to the lin-
ear model these statistics are 11.8 and 61.2, indicating that both null hypotheses 
have to be rejected on a 5% level. We can therefore conclude that the log-linear 
specification outperforms the linear one. Consequently we restrict ourselves to the 
log-linear cost function. 

To account for further cost driving factors, the following augmented log-linear 
specification will be investigated: 

0 1 2 3 4

5 6 7 8

9 10 11

12 13

log( ) log( ) log( ) log( _ ) 500

log( _ )

log( )log( _ ) log( ) 500 log( )

log( ) log( )log( _

i i i i i

i i i i

i i i i i i

i i i i

K ton km bh km r

steig10 tunnel w l alter

ton bh km ton r ton steig10

ton tunnel ton w l

α α α α α

α α α α

α α α

α α

= + + + + +

+ + + +

+ + +

+ 14

15 16 17

) log( )

log( ) log( ) .

i i

i i i i i i

ton alter

HN ton HN km HN

α

α α α ε

+ +

+ + +

(10) 

Starting with this general specification we first address the question whether the 
variable tkm should be included instead of ton and km – an issue already dis-
cussed in section 3. For this reason we perform an F-test for the restrictions 

1 2α α=  and 16 17α α= . The corresponding F-statistic is 23.72, which implies that 

the null hypothesis can be rejected at a 5% level. This result exhibits an interest-
ing implication from an economic point of view. Since the data support a separate 
treatment of ton and km, a growth of one percent in the gross-tons has a signifi-
cantly different effect on costs than an increase of the track length. The estimated 
coefficients given in Table 4 show that the effect of km is approximately six times 
higher than the effect of ton. 

Next we proceed with model selection (exclusion of variables) by applying the 
Akaike and Schwartz information criteria. We finally arrive at the following par-
simonious specification:  

 

0 1 2 3 4

5 6 7

8 9

log( ) log( ) log( ) log( _ ) 500

log( _ ) log( )log( _ ) log( )

log( ) log( ) .

i i i i i

i i i i i

i i i i i

K ton km bh km r

w l ton bh km ton steig10

ton tunnel km HN

α α α α α

α α α

α α ε

= + + + + +

+ + +

+ +

 (11) 
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Compared to equation (10) either the direct effects on total costs of the variables 
alter, HN, tunnel, r500, steig and w_l or the cross-effects with ton have been elimi-
nated. 

The estimation results are presented in Table 4. This table reads as follows: The 
bold numbers are statistically significant parameter estimates at a 10% signifi-
cance level, terms in parentheses are the corresponding t-values. In addition for 
the implied estimates of mean marginal costs the (95%) confidence intervals are 
given in square brackets. 
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Table 4: Estimation results, equation (11) 

Variable All years 2000 1999 1998 

constant 
10.7620 
(17.47) 

10.8052 
(11.20) 

10.6772 
(10.56) 

10.4857 
(9.84) 

log(ton) 
0.1049 
(2.88) 

0.0883 
(1.47) 

0.1037 
(1.84) 

0.1456 
(2.49) 

log(km) 
0.6170 
(17.33) 

0.5919 
(9.00) 

0.6479 
(12.20) 

0.6175 
(9.53) 

log(bh_km) 
–0.3049 
(–1.42) 

–0.6695 
(–1.94) 

–0.2984 
(–0.75) 

0.2373 
(0.78) 

r500 
0.0083 
(5.20) 

0.0091 
(3.01) 

0.0082 
(3.12) 

0.0079 
(2.56) 

log(w_l ) 
0.0803 
(2.27) 

0.1284 
(2.44) 

0.0777 
(1.21) 

0.0291 
(0.49) 

log(ton)log(bh_km) 
0.0358 
(2.58) 

0.0555 
(2.60) 

0.0349 
(1.38) 

0.0050 
(0.24) 

log(ton)steig10 
0.0003 
(3.40) 

0.0003 
(2.07) 

0.0003 
(2.01) 

0.0003 
(1.90) 

log(ton)tunnel 
–0.0004 
(–1.80) 

–0.0005 
(–1.73) 

–0.0002 
(–0.90) 

–0.0004 
(–0.84) 

log(km)HN 
0.073 
(2.54) 

0.0459 
(0.86) 

0.0915 
(2.09) 

0.0802 
(1.71) 

R2 (adjusted) 
Akaike 

0.80 
2.038 

0.81 
– 

0.79 
– 

0.81 
– 

S.E. 0.67 0.65 0.71 0.63 
                 MC  
 

[conf. interval] 

0.0076 
(6.06) 
[0.0051, 0.0101] 

0.0081 
(4.18) 
[0.0043, 0.0119] 

0.0076 
(3.50) 
[0.0033, 0.0119] 

0.0065 
(2.81) 
[0.0019, 0.0111] 

                 MCm  
 

[conf. interval] 

0.0066 
(5.90) 
[0.0044, 0.0088] 

0.0072 
(4.20) 
[0.0038, 0.0106] 

0.0065 
(3.32) 
[0.0027, 0.0104] 

0.0053 
(2.66) 
[0.0014, 0.0093] 

                 MCs 
  

[conf. interval] 

0.0425 
(5.28) 
[0.0267, 0.0583] 

0.0378 
(3.12) 
[0.0139, 0.0617] 

0.0458 
(3.44) 
[0.0196, 0.0721] 

0.0450 
(3.04) 
[0.0158, 0.0741] 

 

The elasticity with respect to the track length is 0.62 while it is only 0.10 with re-
spect to the gross-tons. This corroborates our presumption that km and ton do not 
exert equal effects. The estimate of mean marginal costs for all tracks amounts to 
ATS 0.0076 with the 95% confidence interval given by [0.0051, 0.0101]. For the 
main lines we derive an estimate of 0.0066, while for secondary lines a value of 
0.0425 has been estimated. Our estimates imply e.g. that a train with 1300 tons 
passing a track of a length of 300 km has to be charged 2500 ATS ( ≈ 182 EUR) if 
marginal cost pricing (with equal charges for all lines) is applied.  
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Furthermore, to check for structural stability we apply a Chow-Test. The F-
statistic takes the value 1.32, i.e. the null hypothesis that no breaks are present 
cannot be rejected at a 5% level. With respect to mis-specification the Ramsey-
Reset test yields a F-statistic of 0.12 with a prob-value of 0.73, such that no mis-
specification can be detected.  

With respect to the assumption of homoscedasticity we encountered a problem 
since the White test indicated possible heteroscedasticity. Therefore we applied as 
an alternative estimation method WLS (weighted least squares (see Greene (2000), 
pp. 514-515). This method has the disadvantage that one has to choose some pre-
diction variables for the estimation of the scedastic function. Since the final results 
turned out to be very sensitive with respect to this choice we dismissed this 
method. Instead we adhered to the original estimation method but calculated the t-
values by the Newey-West method (see Greene (2000), p. 464), which is robust with 
respect to a rather general class of error processes. 

Next we investigated the distribution of the residuals. A Jarque-Bera test (see 
Greene (2000), p. 398) strongly rejected the null hypothesis that the residuals are 
normally distributed. As an illustration Figure 1 presents a QQ-plot3 of the residu-
als against the normal distribution. The convex deviation from the ideal straight 
line is clearly visible. A closer inspection leads to the conjecture that only a few 
observations might be responsible for the apparent non-normality. We tried to 
identify those points by defining all tracks as outliers whose estimated residuals 
are larger than three times the standard deviation, i.e. | | 3i seε > . Thereby we iso-

lated 10 tracks as outliers and reestimated the cost equation without these obser-
vations. The distribution of the resulting residuals were now significantly closer to 
normality as shown by the QQ-plot in Figure 2. The implied estimates of marginal 
costs however were not significantly different from the original results. Conse-
quently we concluded that non-normality is not an essential problem in our analy-
sis and we again decided to adhere to the results summarized in Table 4. 

 

                                                 
3 A QQ-plot compares two distributions by plotting the quantiles of the one series against the quantiles of another 
series or a theoretical distribution. If the two distributions are the same, the plot should lie on a straight line. 
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Figure 1  QQ-plot of standardized residuals of (11) 
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Figure 2.  QQ-plot of standardized residuals, outlier adjusted 

Finally a few graphical representations should provide the reader with some intui-
tion, how the regression model is able to identify the variables which mainly influ-
ence the cost function. First we focus on the difference between tracks on main 
lines versus tracks on secondary lines. In Figure 3 the estimated marginal costs 
(for individual tracks) and in Figure 4 the (observed) average costs have been plot-
ted against gross-ton-kilometers. Tracks on main lines are denoted by the symbol 
o , while for those on secondary lines the symbol •  is used. The falling pattern in 
both diagrams is clearly visible, which indicates strong economies of scale. In ac-
cordance with this first diagnosis we see in both cases a concentration of scatter 
points for secondary lines in the upper left region, whereas points for main lines 
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are concentrated in the lower right part. Of course this is a reflection of the higher 
utilization of main lines. 

Similar scatter plots which are not presented for the sake of brevity show that sig-
nificant “length of station rails” is concentrated in the lower cloud of the scatter 
points and that the cost driving characteristics “narrow bends” and “steep slopes” 
are chiefly restricted to tracks on secondary lines. 
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Figure 3: Estimated marginal costs as a function of  tkm on a logarithmic scale; 
o  denotes main lines (HN = 0), the symbol •  secondary lines (HN = 1). 
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Figure 4: Average costs as a function of  tkm on a logarithmic scale; 
  o  denotes main lines (HN = 0), the symbol •  secondary lines (HN = 1). 
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Finally we derive from the estimation results and expression (5) a function with 
mean marginal costs dependent on tkm and all other variables fixed at their mean 
values (“mean marginal cost function”): 

2( ) ( , ,..., )kMC tkm f tkm x x= , 

using the reformulated cost function: 

0 1 2 1log( ) log( ) ( )log( ) ...K tkm kmα α α α= + + − + , 

and analogously we calculate an “average cost function”. Due to our specification 
(11) these functions are linear on a logarithmic scale. Figure 5 confronts the mean 
marginal cost function to the estimated mean marginal costs for individual tracks.  

Figure 6 on the other hand compares both functions. The difference between these 
functions reflects once again the presence of economies of scale. 
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Figure 5: Mean marginal cost function (V ) and estimated marginal costs (o ) (logarithmic scale).  
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Figure 6: Average cost function (o ) and mean marginal cost function (V ) (logarithmic scale). 
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5. Conclusions 
This paper dealt with an econometric investigation of the maintenance costs of  the 
Austrian railways with the primary objective to obtain estimates of marginal costs 
which could form the basis of infrastructure charges. The analysis is based on data 
from 1998 to 2000. In particular observations with respect to gross-ton-kilometers, 
track length, main versus secondary lines, stations, bends, slopes, tunnels, age of 
rails and switches for about 200 tracks have been used. 

By applying standard econometric tools, we found that a log-linear specification 
conforms best to the data. We identified track length and gross-tons as the domi-
nant cost factors. Furthermore we derived the result that total costs as well as 
marginal costs increase with (i) the length of station rails, (ii) the length of 
switches, (iii) narrow bends, and (iv) considerable slopes. A significant influence 
can be attributed to the difference between main lines and secondary lines. In ad-
dition we argued that the inclusion of the variable gross-ton-kilometers in the 
specified cost function is not appropriate, since the effects of the track length and 
of gross-tons are clearly asymmetric. Moreover, the negative slopes of average 
costs and of estimated marginal costs support the conjecture that the Austrian 
railway infrastructure has to be regarded as a natural monopoly with pronounced 
economies of scale. 

Summing up, the following table compares our estimates of (mean) marginal costs 
per gross-ton-kilometers with those presented by Johansson and Nilsson (1999) for 
the Swedish railways. All numbers are in EUR and in constant prices with respect 
to the base year 2000. 

 Marginal Costs 
95%-confidence 

interval 

Johansson and  

Nilsson (1999) 

All lines 0.00055 [0.00033 – 0.00074] 0.00043 
Main lines 0.00048 [0.00028 – 0.00065] 0.00027 

Secondary lines 0.00309 [0.00182 – 0.00413] 0.00207 

 

We see that for Austria marginal costs per gross-ton-kilometer (EUR 0.00055), are 
about 25% higher than the Swedish estimates. However, the Swedish results are 
still in the 95%-confidence interval of the Austrian result. The available data do 
not permit to analyze whether this discrepancy is caused by differences in the 
tracks, higher labor costs or by inefficiencies in the maintenance.  

Since mean average costs amount to EUR 0.0020 per gross-ton-kilometer mean 
marginal costs cover approximately 27 percents of the mean average costs. There-
fore marginal cost pricing would imply drastically lower charges compared to fees 
based on average costs. Insofar, marginal cost pricing seems to be more appropri-
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ate to meet the goal of the European Union to enhance efficiency and competition 
in the railway sector. Last but not least the obvious difference between main and 
secondary lines should be accounted for in any practical implementation of infra-
structure charges. 
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