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Abstract

The paper focuses on efficiency evaluation of a sample of Bus Transport Undertakings
(BTUs) in the Sovak Republic. The data were collected for 15 BTUs for the year 2014.
Technical efficiency of BTUs was measured by Data Envelopment Analysis (DEA) with the
use of two inputs and one output variable. Number of bus drivers and fleet size were
considered as inputs and passenger kilometers as an output. The tobit model applied in the
second stage was used in an effort to identify effects of various exogenous variables on
technical efficiency of BTUs.

Key words: efficiency, data envelopment analysis, tobit regression, public bus transport.

1.
2. Introduction

The issue of the public transportation efficien@s ttontinuously interested economists.
Many academics and policy makers draw their attento the comparative studies on the
relative technical efficiency of transport compani€echnical efficiency reflects an ability of
a firm to produce maximum outputs from a givendeinputs. There are a wide variety of
approaches how efficiency can be measured. Onbeofost popular methods which has
become increasingly used in applications whereethee multiple inputs and outputs is Data
Envelopment Analysis (DEA). Due to the public-pteranature of transport system and a
relatively specific set of inputs and outputs, adIwDEA has found its application for the
technical efficiency assessment in the transpoctoseas well (see e.g. Agarwal, 2009;
Barnum et al., 2008; Sampaio et al., 2008; KerstE936).

Having measured the technical efficiency, it i9oa$ significant interest to investigate the
determinants of technical efficiency. In such casetvo-stage procedure is usually used. In
the first stage, technical efficiency is evaluatesing selected DEA model whilst in the
second stage, the DEA efficiency scores are exgiaby relevant exogenous influences not
directly included in the DEA evaluation. Exogenousfluences usually are called
environmental influences or contextual influenddarGum, 2008). The Tobit model (Tobin,
1958) is widely used as an appropriate multivargtgistical model in the second stage to
consider the characteristics of the efficiency measglistribution. Many authors use this two-
stage procedure for measuring technical efficiencyransportation (see e.g. Barnum et al.,
2008; Fethi et al., 2000; Kerstens, 1996; Oum and, X994).
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This paper focuses on the efficiency evaluationaosample of the Bus Transport
Undertakings (BTUSs) in the Slovak republic. Sectibdiscusses the two-step methodology to
measure technical efficiency of the BTUs and inoaae the determinants of efficiency. The
characteristics of the BTUs included in the analyaie briefly described in Section 4. The
empirical results are reported in Section 5. Finalection 6 concludes.

3. Methodology

In our analysis, the two-stage method is usedéatity exogenous influences beyond the
control of the BTUs. With this procedure, a DEAfiist employed using only traditional
inputs and outputs. In the second stage, the DERescare adjusted by relevant exogenous
variables of interest. The regression results aeduto identify exogenous factors that
influence the first-stage DEA scores to a statdliycsignificant degree (Barnum et al., 2008).

2.1First Stage: Technical Efficiency Measurement

The idea of measuring technical efficiency wasiatlit proposed by Farrell (1957) who
used the non-parametric frontier approach to measfficiency as a relative distance from
the Production Possibility Frontier (PPF). This sparametric technique for technical
efficiency measurement, known as DEA, was lateere@d by many researchers, especially
Charnes et al. (1978). DEA determines technicatieficy without having to specify either
the production function or the weights for the itgpouwsed and outputs produced in the
production process. DEA quantifies relative efficig by estimating an empirical PPF,
employing the actual input and output data. DEAedaines the technical efficiency score of
individual Decision Making Unit (DMU) based on idéstance from the constructed PPF and
for each inefficient DMU projects the exact amowfitinputs that could be saved (input
excesses), and the exact amount of additional tatfhat could be achieved (output
shortfalls) in order to achieve the PPF.

2.1.1 First Step: Inputs and Outputs Selection

The basis for the application of DEA in the BTUdi@éncy measurement is the
assumption that each BTU is seen as a DMU, whantsforms a set of inputs (e.g. number of
busses, transport capacity of busses, number afections, transport distance, number of
employees, number of bus drivers, operating cests) into a set of desirable outputs (e.g.
number of passengers transported, transport peafurenin kilometres driven, passenger
kilometres, seat kilometres, etc.), as well as smdble outputs (e.g. noise, emissions, dust,
liquid waste, etc.).

In selecting an appropriate combination of inputd autputs for DEA it is necessary to
adhere at least the following four requirements):suitability of variables with respect to the
economic purport of technical efficiency, (2) aadility of the data required, (3) meeting the
initial condition regarding the number of inputsdaoutputs in relation to the number of
DMUs, and (4) uniqueness of information containednputs and in outputs as well as high
information value of the nexus between input anighats.

In evaluation of technical efficiency of the BTUs the Slovak republic, we considered
two inputs, viz., Bus drivers and Fleet size and ouatput, Passenger kilometers. Bus drivers
referring to the average number of bus drivers wdrik a BTU is representative of the labor
input. Fleet Size comprising the average numbdiugks on-road in a BTU is representative
of the capital input. Passenger-kilometers repteentransport of one passenger by a bus
transport over one kilometer.
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2.1.2 Second Step: DEA Model Selection

In the DEA model selection it is required to chodise orientation of the model (input,
output or base oriented models), the form of efficy to identify (radial, non-radial and
hybrid models) and the assumption on the charadfteeturns to scale (constant returns to
scale, CRS; variable returns to scale, VRS; noreamsing returns to scale, NIRS; or non-
decreasing returns to scale, NDRS). The ultimateicehof DEA model should result
especially from weighing the specifics of the pesblthat exhibit themselves in the goal of
the analysis, in the nature of the inputs and dstpansidered and in the nature of the DMUs
evaluated (Rohk#@va, 2015).

The selection of the model orientation principalBpends on the extent to which inputs or
outputs are controllable. In the context of the lmassport it appears that input oriented
models are definitely valid (Holvad, 2010). Inputemted model compares the actual input
level for a given DMU to the best practice inputde holding the outputs constant, i.e. it
quantifies the input reduction required for the quation of the given level of output to
become technical efficient. Due to the nature pluis and outputs considered in this study,
input-oriented model has been employed, i.e. howehmmputs can be reduced without
changing the outputs produced to make BTUs effici€he reason for this choice is that the
output is less likely to be under the control af thdividual BTUs than their choice of inputs.
In the Slovak republic, the performance of the BTitglivided into two main areas. The
performance in the public interest is realized Hyan public transport (UPT) and regular bus
transport (RBT), and the performance in the priviaterest is covered by long-distance
transport (LDT), international transport (IT) amdegular bus transport (IBT). In this paper,
the main attention is given to the activities of 8TUs in UPT and RBT. UPT and RBT are
ordered and financed by municipalities and selfegning regions known as higher territorial
units (HTUs). Municipalities and HTUs conclude witle BTUs a public service performance
agreement (PSPA) covering the transport servicéschamwould, especially for economic
disadvantage, not be provided in the desired extgmility and affordable price. From
foregoing it follows that the current setting ofrisport network system supported by
professional public transport timetables of UPT &HRIT is, in the short term, beyond the
control of BTUs. Passenger kilometres depends edjyeon vehicle kilometres driven which
represent the result of the contractually agreetbpeance embodied in individual PSPAS,
I.e. they have been fixed in a contract with thbliguauthority. An input-oriented DEA model
provides the recommendations for improving efficenof BTUs in the form of the
determination of the efficient number of busses buod drivers in relation to the achieved
transport performance.

In the next step it is required to decide whetlaghal or non-radial DEA model will be
used. This decision depends particularly on theradtarization of input or output items.
While radial inputs (outputs) can be changed priogaally (radially), non-radial inputs
(outputs) can be changed un-proportionally (nonathd. These differences should be
reflected in the evaluation of efficiency. The wddapproach is represented by Charnes-
Cooper-Rhodes (CCR) model (Charnes et al., 197Bpoker-Charnes-Cooper (BCC) model
(Banker et al., 1984). Its shortcoming is thataglects the non-radial input/output slacks. The
non-radial approach, e.g. the additive model of rGés et al. (1985) or the Slacks-Based
Measure (SBM) model of Tone (2001), deals with lsdadirectly, but it neglects the radial
characteristics of inputs and/or outputs. If theadanputs (outputs) involves both radial and
non-radial variables, the hybrid measure needsetagplied. Since we consider two inputs
(Bus drivers and Fleet size), which are not siritithtked to each other, i.e. they are non-
radial, a non-radial DEA model has been appliedunanalysis.
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Finally, the character of returns to scale needsetselected. Overall technical inefficiency
that a DMU might have could be caused by an inefficoperation of a DMU itself, i.e. pure
technical inefficiency or by the disadvantageousditions under which a DMU is operating,
I.e. scale inefficiency. The DEA method can es#ibthe direction of scale inefficiency, i.e.
too high scale (Decreasing Returns to Scale, DRSpm low scale (Increasing Returns to
Scale, IRS). If a DMU operates according to CRSs itleclared scale efficient. While the
pure technical efficiency measure reveals an gholita DMU to achieve the PPF in the short
term, the scale efficiency measure indicates ahtyaloif a DMU to adjust the scale of its
operations in the long term (to increase for IRSpadecrease for DRS). From the foregoing,
if only pure technical inefficiency needs to be leated, the VRS assumption should be
selected, and if overall technical efficiency netmbe evaluated, the CRS assumption should
be preferred. Since, the BTUs in the Slovak repwdiry considerably in size and we want to
take into account possible differences in the sohlgperations of BTUs, the variable returns
to scale hypothesis has been embodied in the asalys

In order to meet all aforementioned requirememis,input oriented SBM model under the
VRS assumption will beapplied in our analysis. To describe DEA efficigrevaluation,
assume that the performance of the homogeneous setDMUs, each usingm inputs for
producing s outputs. For each DMJJ o=1,...,n input and output vectors are denoted by
x, OR! andy_ OR;, respectively. The input matrix is defined &s= (x,,...,x,) 0 R™"
and the output matrix is defined as=(y,,...,y,)OR". The input oriented SBM model
under VRS (SBM-I-V) can be presented as follows:

S, =X, ~ XA 20,
s . Yh-y, 20,
min p=1-—) — subject Yo 20 (1)
So ok mi=r X, A= O,
er=1.

where & is a vector of non-negative weightg,= (x,,...,x,) 0 R™" is a matrix of inputs,
Y =(y,,....y,) OR™ is a matrix of outputse OR'" is a row vector in which each element is
equal to 1,5, is a vector of potential disproportional slacksted inputs ( i.e. input excesses)
and p is a SBM-I-V efficiency score taking the valuestire interval (0,1]. Let an optimal
solution for program (1) bép",s.",1"). The DMU (x,,y,) is SBM-I-V efficient if and only

if o' =1,i.e.s =0, and that the DMU that does not qualify this reguient may be termed
as SBM-I-V inefficient.

2.2 Second Stage: Investigation into the Determinantsf &fficiency

Another important issue for the analysis is thednéske into account the fact that
efficiency of BTUs can be highly dependent on tbheditions in which transport takes place.
It is necessary to identify environmental influesiae order to explain variations in efficiency
caused by factors external to the BTUs. It is inguar for correctly evaluation of the
endogenous efficiency of individual BTUs. Endogenetficiency often is called managerial
efficiency or true efficiency, because it represethie efficiency under the agency’s control
(Barnum et al., 2008).

In the second stage, the DEA efficiency scoresuassl as dependent variables which are
explained by relevant variables not directly in@ddn the DEA analysis in the first stage. To
investigate the determinants of efficiency, the iTamodel (also known as censored
regression model) is employed in this study to auoodate the censored DEA efficiency
scores. Following Fethi et al. (2000), there wdogda concentration of variables at unity. For
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this purpose, censoring at zero was suggestedefbinerusing the formula in (2), the DEA
efficiency scoresp , i =1...,n computed by the SBM-I-V model (1) are transfornaeui
thus censoring point is concentrated at zero #avist

ol =Wp)-1. (2)

The best practising BTUs with an efficiency scofed@% is transformed to zero. Under
this transformation, BTUs having efficiency scotess than 100% will take any positive
value. Thus, transformation bounds the DEA efficieacore in one direction and censors the
distribution at zero value.

The standard Tobit model is defined as follows:

# :{ﬂTXi +&, B'X;+eg >0

, 3
- 0, ATX +g<0 ®)

where ¢;,~N (0,62)is an disturbance termX; is a vectorof explanatory variables anflis a
vector of unknown parameters to be estimated.

When the DEA efficiency scores were transformee, tbefficient of the Tobit model
indicates the expected proportionate change of rakpe variable with respect to one unit
change in independent varialdeholding other factors constant.

4. Empirical Results and Discussion

4.1.Data and the Specification of Variables

The attention is given to the technical efficieragsessment of 15 BTUs (see Table 1) in
the Slovak republic in the year 2014. Since BTUs public utility service with a social
objective, it is essential to regularly monitor ithperformance (Agarwal, 2010). The main
aim of this paper is in the first stage to evaluathnical efficiency of the BTUs in the Slovak
republic using the DEA method and in the secondesta investigate the determinants of
efficiency by using censored regression techniques.

Table 1 BTUs considered in the analysis

No. BTU No. BTU
1 Slovak Lines Inc. 9 ARRIVA Liorbus Inc.
2 SBT Tresin Inc. 10 SBT PreSov Inc.
3 SBT Zilina Inc. 11  SBT Humenné Inc.
4 SBT Prievidza Inc. 12 ARRIVA Michalovce Inc.
5 ARRIVA Nové Zamky Inc. 13 Eurobus Inc.
6 SBT Dunajské& Streda Inc. 14 CTC Povazska Bystric.
7 SBT Luenec Inc. 15 CTC Zilina Inc.
8 SBT Poprad Inc.

CTC — City Transport Company; SBT — Slovak Bus Spamt

Source: the authors

To evaluate the technical efficiency of the BTUso tinputs, viz., Bus driversx) and
Fleet size &,) and one output, namely, Passenger kilometgjsafe considered. The dataset
summarized in Table 2 was obtained from the anrajairts of the BTUS.
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Table 2: Summary statistics of considered input@urtgut data for BTUs

Units Max Min Mean S.D.
Inputs
%, Bus drivers Number 503 43 271.2 125.8
X, Fleet size Number of buses 335 25 208.6 89.4
Outputs
Yy Passenger kilometers “Y®km 42329 3.81 157.08 127.38

Source: the authors

The BTUs carry out UPT and RBT operations in tHeedent areas of the Slovak republic.
The regional distribution of the BTUs  operatioms the Slovak republic is graphically
illustrated by Figure 1.

Figure 1: Regional distribution of the BTUs opewas in the Slovak Republic

Source: the authors

To further investigate the effects of exogenousatdes on the efficiency of these BTUs,
we follow with a Tobit regression. Using the DEAfigiency scoresp; obtained from
SBM-I-V evaluations and transformed according tarfola (2) as the dependent variable, we
estimate the following regression model

pi = Bo + BLANMEE; + B,PD; +¢, (4)

where variablesANMEE and PD represent aspects of the BTU’s environments thay m
influence efficiency, but which are out of managameontrol. We consider the effects of
average nominal monthly earning of employee in RAMMEE) and population density in
persons/krh (PD) in the regions where the BTUs operate. Both Wéem may have a
considerable influence on efficiency when compai®idJs in different regions, and there is
little management can do to affect this difference.

The level ofANMEE in the region can have an impact on the frequentlye use of public
transport. The effect, however, may be ambiguousth® one hand, higher wages may cause
a preference for relatively more expensive, butenammfortable, individual transport, but on
the other hand, higher wages are typical for tlrems@nced regions in which regular transfers
to work and schools is, due to the congested roattict preferable to carry out by public
transport. While in the first case, the high wagesanteract the public transport activities
(adverse effect on the BTUs™ efficiency), in thems® case, the high wages support the
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public transport activities (favorable impact ore tBTUs” efficiency). In terms of thED
variable, it is assumed that higher population dgmts in favor of the BTUs” activities. The
higher population density, the better conditions riealization of public bus transport. As
shown in Figure 2, there are relative differenceswken BTUs in terms of monitored
exogenous variables.

Figure 2: Exogenous variables according to regidrsatibution of the BTUs

ANMEE (in Eur) PD (in persons/kin

[ 100-200
[ 200 - 300
[ 300-400
B more than 400

[ 900 - 1000

Source: the authors

4.2.Efficiency Estimation

Following the methodology described in Section 2, evaluate the efficiency of all 15
BTUs by running the SBM-I-V DEA model. Table 4 suemies the efficiency scores.

Table 3: The results of SBM-I-V model

DEA efficiency score Excesses (in %)
No. of BTU . Rank , .
(p) Bus drivers(x,) Fleet size(X,)
1 0.6626 6 19.53 47.95
2 0.8335 3 16.29 17.01
3 1.0000 1 0.00 0.00
4 0.4607 13 50.82 57.03
5 0.6406 8 31.36 40.51
6 0.3859 15 59.86 62.96
7 0.5307 9 40.90 52.95
8 0.4453 14 47.74 63.20
9 0.6561 7 24.63 44.15
10 0.5185 10 42.17 54.14
11 0.4782 12 46.08 58.28
12 0.5093 11 47.08 51.05
13 0.6932 5 22.31 39.05
14 1.0000 1 0.00 0.00
15 0.7065 4 23.46 35.24

Source: the authors

The results in Table 4 show that Slovak public traasport industry displays significant
variations in efficiency levels. The overall efBacy has a mean score of 63.5% for all BTUs
in 2014 and only two BTUs (No. 3 and 14) achieveVsBV efficiency. The remaining 13
BTUs exhibit varying degrees of inefficiencies, athimplies that some resources are still not
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being fully utilized. These BTUs need to rearramgguts (the number of bus drivers and
number of busses) to improve their efficiency. FeBM-I-V efficiency is attainable by a
reduction in the number of redundant bus driverd®y9 — 50.82 % and by a reduction in
the number of unused or deprecated busses by 68220 %.

4.3.Explaining the Determinants of Efficiency

To incorporate the differences among the BTUs, wé&mate the Tobit regression
described in equation (4) by data of 2014. Theltesd the Tobit regression are summarized
in Table 4. Tobit model was estimated in R withdiion censReg, which is available in the
censReg package (Henningsen, 2011).

Table 4: The results of Tobit model

Total Left-censored Uncensored Right-censored

15 2 13 0
Variables Coefficient t-statistic p-value
Intercept 6.004203 3.765 0.000166
ANMEE -0.007368 -3.178 0.001485

PD -0.005219 -1.810 0.07092
logSigma -1.007751 -4.934 8.06e-07

Log-likelihood -7.764966 on 4 Df

Source: the authors

It is important to note, that the dependent vagablthe model is the inefficiency, which
were obtained by transformation of the DEA effidgnscores. Thus the sign of the
coefficients is reversed and it implies that a fwsicoefficient means an association with
inefficiency increase (or efficiency decrease) aedative coefficient means an association
with inefficiency decrease (or efficiency increadedr easy interpretation (for easy use) we
will use the sign of estimated coefficient in actamce with the original forms, i.e. efficiency
scores.

It is noted that average nominal monthly earningeofployee in Eur ANMEE) has a
statistically significant positive coefficient. theans that this environmental variable has
positive influence on technical efficiency leveldis result is in accordance with the second
mentioned possible effect of wages on the BTUsCieficy, i.e. higher wages tend to attain a
higher efficiency. The environmental variable p@tian density PD) has a positive sign but
it is statistically significant only at 10% levehé higher. This low statistically significance
may be, in this case, caused by a relatively lownler of observations in the sample.
Population density suggest that the bigger the taywen certain resources, the greater the
efficiency expected in the performance services.

The statistical significance of the environmentariables beyond managerial control
implies that these variables can affect the DEAckifficy score. We computed the new
efficiency indicators using the Tobit regressiondelopresented in Table 4 (Tobit efficiency
scoresp”) and compared them with the DEA efficiency scofé® results are presented in
Table 5.
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Table 5: The comparison of efficiency scores

DEA Tobit
No. BTUs efllggrr:acy Rank efllggrr:acy Rank Srh;mn
(p) (5”)
1 Slovak Lines Inc. 0.6626 6 0.6178 8 -2
2 SBT Trewin Inc. 0.8335 3 0.7263 2 1
3 SBT Zilina Inc. 1.0000 1 0.6705 5 -4
4 SBT Prievidza Inc. 0.4607 13 0.5575 10 3
5 ARRIVA Nové Zamky Inc. 0.6406 8 0.6835 4 4
6 SBT Dunajska Streda Inc. 0.3859 15 0.5008 12 3
7 SBT Luenec Inc. 0.5307 9 0.4767 13 -4
8 SBT Poprad Inc. 0.4453 14 0.5242 11 3
9 ARRIVA Liorbus Inc. 0.6561 7 0.6666 6 1
10 SBT PreSov Inc. 0.5185 10 0.4524 14 -4
11  SBT Humenné Inc. 0.4782 12 0.4521 15 -3
12  ARRIVA Michalovce Inc. 0.5093 11 0.5850 9 2
13  Eurobus Inc. 0.6932 5 0.7030 3 2
14  CTC Povazska Bystrica Inc. 1.0000 1 0.6544 7 -6
15 CTC Zilina Inc. 0.7065 4 1.0000 1 3

Source: the authors

We believe that the DEA efficiency score does efiect true managerial and operational
efficiency. The results will be closer to the redl efficiency only after the effects of
environmental variables are taken into considematio the efficiency evaluation. Table 5
shows that in some BTUs a significant change irréind is observed. For example BTUs No.
3 and 14 were most efficient within the first stagfeDEA efficiency evaluation, but in the
second stage after including environmental vargbito analysis, these BTUs were classified
as "mid-range" performers. A total of 6 BTUs hadrsemed their rank. On the other hand, 9
BTUs had improved their ranking. After includingveonmental variables, BTU No. 15 is
only one efficient performer.

5. Conclusion

This paper attempts to identify the effect of eomimental variables on technical
efficiency. We focused on the efficiency assessméab BTUs in the Slovak republic in the
year 2014. We followed the two stage procedure eotionally used in the cases when
external factors are considered in the efficienoglgsis. In the first stage, we measured
technical efficiency of transport companies using SBM-1-V DEA model with using two
input (number of bus drivers and fleet size) and output (humber of passenger kilometers)
variables. To take into consideration the effeai@terminants that are beyond the managerial
control, we followed with the second stage, wheobiTregression model was employed. In
the Tobit model, two explanatory variables wereomorated, namely average nominal
monthly earning of employee and population density.

The empirical results show that a BTU which opeyatea region with higher wages and
higher population density tends to achieve higliciency. It should be noted, that we are
aware of the fact, that other important externatdes that may affect the BTUs activities are
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left out in our analysis, such as ownership (pevas. public), subsidy policies, type of the
prevailing transport (UPT vs. RBT), etc. Thesedestwvere missed out in our analysis due to
lack of data. The omission of these variables in analysis makes it difficult to interpret
Tobit efficiency score as an indicator for true mg@rial and operational efficiency.

Based on our empirical results it can be concludéen efficiency of companies is
evaluated than it is necessary to take into corsiid® the impact of different environment in
which the companies operate.
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