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TREND OF PUBLIC MASS TRANSPORT INDICATORS
- AS A TOOL OF TRANSPORT MANAGEMENT AND

DEVELOPMENT OF REGIONS

Quantification of customer requirements is necessary for all managers that continually monitor changing transport market environment
and the quantification also introduces a fundamental tool that allows evaluations of current situation. On the basic assess of reached results
in last periods of time the quantification also contributes to create a quality proposal of future lead to entrepreneurship in transport. The article
deals with problems of possible application of appropriate methods of application that allow to reach the best quantification of next customer
requirements in transport, also contribute to realization of strategic objectives and development and improve decision making concerning next

trends in region.
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1. Introduction

Regional development is more dependent on and influenced
by articles and activities of managers in several regions for their
ability to learn and innovate in conditions of permanently realized
dynamical changes in regional macroenvironment and also in micro-
environment. With respect to these facts, greater resolution sets to
action and projects the character of future trend monitoring indi-
cators of development regional planning that will note the influence
of changed external environment, new globalization tendencies,
integration and increased pressure of competition.

The aim of regional management to create operational condi-
tions and development of territorial independently operating system
- region, impacted and developed in competitive environment, advo-
cacy of development concepts, generation of new project ideas and
also contribution to creation of conditions for successful position
of responsible region.

Also passenger transport influences the positive development.
It contributes to accommodate the everyday requirements of cus-
tomers to transport and contributes to physical achievement of
basic transport objective: free movement of people.

2. Importance of regional management
Spatial distribution of the Slovak territory was changed suc-

cessively from time perspective, by management, level of under-
standing, tool facility and also by influence of changed external
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conditions. Nowadays we can assess the trend of various parts of
territory in particular by dividing to regions ~ Bratislava, West Slo-
vakia, Central Slovakia and East Slovakia, but every region has
reached different results with respect to particularities of several
regions.

Regional management can be defined as a regional planning
tool, global attitude to existing and new planned tasks, new phi-
losophy of planning, new conception of leadership and realization
of intentions.

Regional management is able to:

- mobilize internal and external potential,

- provide current information for regional development and focus
on trend to future, possibilities of new technologies and innov-
ative applications,

- use of applications of specific plans, provisions and projects by
professional project management,

- sales and coordination of available regional resources from per-
sonnel skills and organizational point of view.

Regional marketing presents the key aspect of specific tech-
niques and procedures allowing a management application in real
conditions of the region. Regional marketing also includes the
procedures oriented to creation, preservation or change of attitudes
or behaviour to the region. The regional marketing offers methods
and tools to ensure the development given by the region and acquire-
ment of its prosperity. It defines products and development per-
spectives and introduces the conformity of region supply together
with market requirements and evaluation and optimal using of its
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resources and complete potential. The regional marketing leads to
satisfaction of regional requirements together with public interests.

3. Mass Public Transport in Regions and Possibilities
of Prediction

Mass public passenger transport presents an important social
and economic component of environment in its impact. It has the
character of a population service focusing on tasks consisting of
accommodating its everyday requirements for transport (travel to
work, schools, offices, health centres, etc.). This task is - in condi-
tions of the SR - dominant in participation of passenger bus and
railway transport and has unforgettable (non-representational) posi-
tion in suburban and railway transport and urban passenger trans-
port within transport services of urban agglomerations and cities.

(6]

Mass public transport is an important functional component

of a town and region and we can divide it to [5]:
a) mass public transport that ensures the transport serviceability
of a region:
e regular (periodic) bus transport :

® [ong-distance bus transport,

® suburban bus transport,
® railway public transport:

e realized on state-owned railways,

e realized on regional railways.
mass public transport that ensures transport serviceability of
a town:
® urban bus transport,
e trolley transport,
® tram transport,
® subway.

b)

Transport requirements of population present a significant
factor of life style and the function of public transport is providing
such transport connection so that it arises the requirement to be
satisfied in the utmost degree. And at the same time the transporta-
tion should be carried out the most efficiently due to the nature of
the region. [3]
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Quantification of customers’ requirements in transport process
can by transport indicators (number of passengers and transport
performance). The trend can be to define as progression of indi-
cators that are changed with respect to time function, dependence
on parameters and represents trend tendencies of movement.

The Slovak Republic can be divided to following regions:
= West Slovakia (Trnava, Trencin, Nitra districts),

= Central Slovakia (Banska Bystrica, Zilina districts),

= East Slovakia (Kosice, Presov districts),

= Bratislava district.

Trend of number of passengers in several regions of the Slovak
Republic is a process for period 2001 - 2008, sees Table 1. From
long-term perspective trend in number of passengers we can observe
that in each region there is a decrease every year. The greatest
decrease of number of passengers was in Central Slovakia. There
was a decrease in number of passengers in one year from 193,117
million of passengers to 112,720 million of passengers, which rep-
resents substantial decrease by 41.6 % between years the 2001 and
2008. Conversely, the lowest decrease in the number of passengers
was in Bratislava region, concretely 25.5 % from 22,743 million of
passengers in the year 2001 to 16,934 million of passengers in
year 2008. The average decrease of number of passengers in all the
regions during the period 2001-2008 is by 35.5 %: from 566,445
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Fig. 1 Trend in Number of Passengers in Enterprises which are
Specialized in Road Transport in Regions of Slovak Republic

Number of Passengers in the Enterprises which are Specialized in Road Transport (thousands of passengers) Table 1
Region Number of passengers (thousands of passengers)
2001 2002 2003 2004 2005 2006 2007 2008
Bratislava district 22743 22 549 20 220 19014 18229 17 658 17 094 16 934
West Slovakia 228 726 210 574 187 298 177 984 184 004 160 058 155 547 152 328
Central Slovakia 193 117 184 941 174 878 161323 149 186 130 528 122 413 112 720
East Slovakia 121 859 118 549 111310 103 451 98 037 95026 89 583 83537
Total 566 445 536 613 493 706 461772 449 456 403 270 384 637 365519

Source: The Statistical Office of the SR
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million of passengers in 2001 to 365,519 million of passengers in
2008 (Fig. 1).

To ensure the transport serviceability in regions, systems par-
ticipate with different capacity of the means of transport and with
different change of passengers. It is necessary to monitor also the
realized transport performance in millions of passengers per kilome-
tre except the number of passengers. There is a comparison of trans-
port performance and its trend during several years of monitoring
time in the table 2. The greatest decrease of transport performance
was in Central Slovakia. Decrease of transport performance per
year from 2 362 millions of passengerkilometres to 1 701 millions of
passengerkilometres presents substantial decrease by 28 % between
years the 2001 and 2008. The lowest decrease of transport per-
formance was in East Slovakia: only 16.2 %, from 2 288 million of
passengerkilometres to 1 917 million of passengerkilometres.

Figure 2 shows the processed trend of transport performance
in several regions of Slovak Republic in monitored time during
the years 2001 - 2008. While number of passenger in enterprises
specialized in road transport in several regions of Slovak republic
decreases, the transport performance in monitored time has also
moderately increasing tendency (for example years 2002, 2004,
2006). In 2008, the transport performance in several regions of
Slovak Republic was at a level of 78.1 % of transport performance
realized in 2001.
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Fig. 2 Trend of Transport Performance in Enterprise Specialized in
Road Transport in Regions of Slovak Republic
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Succession of steps that allow determining the forecast of
transport indicators trend to future is represented at Fig. 3. Input
information for choosing the appropriate model of trend and pre-
diction introduces quantified customer requirements of transport
process (indicators of performances MPT) take into consideration
spatial distribution of Slovakian territory and time aspect (time
period: years 2001-2008).

The corect identification of input information creates the basis
for modelling, which is a tool of systemic analysis of complicated
problem solving where it can include also the determination of
development of investigating indicators prediction. Model choice
is influenced by time series analysis of input information on basis
of decomposition. The main reason of decomposition is a revela-
tion of relations and trend tendencies; depurated from seasonality,
the forecast is better purposed. The main condition is to represent
every single value of time series that can be represented as a sum-
mation or product of its components by single models of time
variable.

View of Selected Prognostic Methods Table 3
Methods Form Characteristic
. = based on increase of observed
Exponential AR
smoothing vgl}le towards initial snuatlon.(con-
(Brown's T, x=Ay—A, k| dition), represents trend relation,
typical is increase growth rate of
model)
models parameters,
= using exponential smoothing,
Holt's appropriate to application if time
exponential | T, =A,,+A4,,-t series have evidently linear trend
smoothing and exponential smoothing takes
distorted value,
= not suitable method to application
Quadratic |7, =4, +A4,-t+ | of prognosis with remote time,
trends + 4, £ application in case if trend has
parabola shape.

Application of selected methods represents a choice of appro-
priate trend function for given time series on the basis of realized

Number of Transport Performance in the Enterprises Specialized in Road Transport (Millions of Passengerkilometres) Table 2
Resi Transport performance (millions of passengerkilometres)

egion

& 2001 2002 2003 2004 2005 2006 2007 2008
Bratislava district 566 820 483 511 469 479 478 449
West Slovakia 3037 3101 2888 2938 2 886 3009 3076 2379
Central Slovakia 2362 2125 2178 2022 2065 2050 2 145 1701
East Slovakia 2288 2190 2208 2411 2105 2127 1897 1917
Total 8 253 8236 71757 7 882 7525 7 665 7596 6 446
Source: The Statistical Office of SR
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Fig. 3 Succession of Steps for Determination of Trend Performance MPT

decomposition and estimated attributes of development with respect
to examined problems. From value time trend will be estimated
model parameters. In case that we initiate presumption parameters,
the complete condition of importance can be used to determina-
tion of forecast.

C’D
T e e, ~ e ~
["’ Methods of trend \1 | Verification of \I
| modelling | | suitability |
| = Linear regression I | |
I I |« Graphicanalysis |
| = Exponential I I |
| smoothing | | = Interpolation |
I I I criterions |
| * Holt's exponential | | |
| smoothing | |« Extrapolation |
\ F A\ criterions /
N e A L e e o s e !
- —

FORECAST VALUE OF
INDICATOR TREND

Fig. 4 Succession of Steps for the Forecast of the Indicator Trend

Verification of appropriateness of applied methods is realized
on basis of adjudication of selected criteria because of the reason
of measure precision; smoothing finding or average value residues
characteristics (variance of real trend value y, and smoothing ~ esti-
mated trend value y,) introduces value RMSE.

N

D R VAN
RMSE = NZ(y, ) (1

i=1

Consecutively after evaluation of reached results quantities,
value of future trend investigating indicators follows the period of
the year 2009.

Indicators of MPT of Bratislava Region at the Table 4

Period of Years 2001-2009

Value of MPT indicator Predictions of MPT indicator
Number of pas- Transport per- [ Number of | Transport per-
Year sengers fo.nflance passengers - | formance - by
(millions of by methods | methods Holt‘s
(thousands of passengerkilo- | exponential exponential
passengers) metres) smoothing smoothing
2001 22 743 566 22 571.1 -
2002 22 549 820 21 547.7 -
2003 20 220 483 20 570.6 508.87
2004 19014 511 19 637.8 491.09
2005 18 229 469 18 747.4 494.41
2006 17 658 479 17 897.3 475.61
2007 17 094 478 17 085.8 468.11
2008 16 934 449 16 311.0 465.13
2009 - - 15571.4 449.12

* Note. Prediction was evaluated from time series from years 2003 -
2008
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In monitored period of time 2001-2008, there was by indica-
tor transport performance one extreme value by indicator of trans-
port performance (in 2002 there was an increase of 44.86 %, but
in next years this difference wasn’t repeated any more). This value
was a negatively influenced and misrepresented quantification of
followed indicators forecast of MPT - transport performance, with
respect to application smoothing method. So it was necessary to
regulate the following time series and time series were applied for
the forecast of years 2003-2008. To initiate the regulated time
period, the service methods were used on basis of graphic analy-
sis adjudication Holt's exponential smoothing and methods of linear
trend and methods exponential smoothing. After the application of
time series, the verification of appropriateness single methods by
selected criterions followed. As the most appropriate methods that
describe in the best way the trend of time series methods, Holt's e
exponential smoothing has been evaluated because by determined
criterions, it has reached the lowest value of RMSE (value was
22,8061) and all model parameters were important. Other applied
methods had no important model parameters and so can’t recom-
mend the application these methods (methods of linear trend and
exponential smoothing). Number of passengers by using method
exponential smoothing reached the best results and the forecast
values for the year 2009 were quantities of 15 571,4 thousand of
passengers.

Indicators of MPT of West Slovakia Region at the
Period of Years 2001-2009

Table 5

Value of MPT indicator Predictions of MPT indicator
Number of pas- Transport per- | Number of Transport
Year sengers fo.m.mnce passengers - | performance -
(millions of by methods by methods
(thousands of passengerkilo- [ exponential exponential
passengers) metres) smoothing smoothing
2001 228 726 3037 220291 2910.31
2002 210 574 3101 208 061 2 940.86
2003 187298 2 888 196 509 2979.49
2004 177 984 2938 185599 2957.42
2005 184 004 2 886 175295 2952.74
2006 160 058 3009 165 563 2936.64
2007 155 547 3076 156 371 2954.09
2008 152 328 2379 147 689 2983.50
2009 - - 139 489 2 837.69

Values of transport performance time series reached relatively
periodic trend in monitored period of years 2001-2008, the only
exception created the year 2008, when there was a rapid decrease
by 20,70 % to value 1 701 millions of passengerkilometres. For
this trend, selected methods were applied - methods of exponen-
tial smoothing, Holt's e exponential smoothing and Brown's linear
exponential smoothing. On the basis of criterion of the lowest value
acquirement, RMSE can be considered as the most appropriate in
the method of exponential smoothing (value RMSE is 250.83).
But it is necessary to point out that prediction value to year 2009
will also be influenced by the rapid change of value transport per-
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formance which started the year before (in 2008) and its next trend.
The best way how the recommended application was considered
was by application recommended method. For the trend of indi-
cator number of passengers, the best method described was expo-
nential smoothing, Holt's e exponential smoothing, but the better
measure of smoothing precision (RMSE =7 622.89) was reached
by application method exponential smoothing.

Indicators of MPT of Central Slovakia Region at the Table 6

Period of Years 2001-2009

Value of MPT indicator Predictions of MPT indicator
Number of pas- Transport per- | Number of pas-| Transport per-
Year sengers fqnpance sengers - by | formance - by
(thousands of (millions Qf methods Hf)lt‘s methods Hf)lt‘s
passengerkilo- [ exponential exponential
passengers) metres) smoothing smoothing
2001 193 117 2362 194 569 2 366.55
2002 184 941 2125 181 833 232330
2003 174 878 2178 170 893 2 164.41
2004 161 323 2022 160 675 2100.44
2005 149 186 2065 149 465 1983.98
2006 130 528 2050 137 929 1949.94
2007 122 413 2145 123 305 1939.78
2008 112 720 1701 110 655 2007.53
2009 - - 99 175.7 1803.55

Trend of transport performance can describe in the best way by
methods of exponential smoothing and Holt's exponential smooth-
ing with respect to progress of time series of input information
from monitoring time. Considering the suitability model criterion
determined as the most appropriate methods Holt's exponential
smoothing and the followed indicator has decreased, value 99 175.7
thousand of passengers by RMSE = 3 829.37. On the basis of
initial adjudication of graphic representation of time series trend
of transport performance, these trend selected follow methods
were determined - exponential smoothing and Holt's exponential
smoothing. Both these methods can be applied with respect to
importance of model parameter, but by taking into consideration
of criterion RMSE. The best method is Holt's exponential smooth-
ing (RMSE has value 181.82 and method exponential smoothing
has reached the value RMSE = 189.31).

Parabolic trend of number of passengers had pointed out
appropriateness using of method quadratic trends but in following
period, there is a forecast of decrease of indicators to value 79 369.5
thousands of passengers. Time series of transport performance value
in monitored time was evaluated with respect to trends by methods
exponential smoothing, Holt's exponential smoothing and Brown's
linear exponential smoothing. Method of exponential smoothing after
application forecasted too high value of smoothing constant and
for that reason its application wasn’t good. Method Brown's linear
exponential smoothing has reached convenient results but RMSE
has higher value (162.61) in comparison with method Holt's expo-
nential smoothing that achieved value RMSE = 150.04 after appli-
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Indicators of MPT of East Slovakia Region at the
Period of Years 2001-2009

Table 7

Value of MPT indicator Predictions of MPT indicator
Number of pas- Transport per- [ Number of | Transport per-
Year sengers fo.rlflance passengers - | formance - by
(millions of by methods | methods Holt‘s
(thousands of passengerkilo- | exponential exponential
passengers) metres) smoothing smoothing
2001 121 859 2288 122 953 2272.36
2002 118 549 2190 116 694 2227.03
2003 111310 2208 110 667 2 164.24
2004 103 451 2411 104 872 2127.14
2005 98 037 2105 99 308,1 2179.29
2006 95 026 2127 93976.0 2127.61
2007 89 583 1897 88 875,6 2095.96
2008 83 537 1917 84 006,8 1993.55
2009 - - 79 369.5 1918.08

cation, with respect to these criterions of model appropriateness,
the use of mentioned method is recommended: Holt's exponential
smoothing.

4. Conclusion

Accomplishment of fundamental functions and operations of
populated regions and cities depends on mass passenger transport
that must ensure all necessary transport requirements. To forefront
extends distinctively strongly urgency of good coordination of all
operations in complete transport systems and in conditions of
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increasing transport requirements and demands there is a need of
development of regions and cities. [4]

The self-contained participants are essential in the process coor-
dination (municipalities, cities, interest groups, natural person, juris-
tic person, etc.) and put the emphasis on creativity, communication
ability, ideas richness, engagement, effort to solve problems, flex-
ibility, persuasion and natural authority. [1]

In regional management it is necessary to create a modern
and elementary procedure and structure of managerial work. Just
implementation of appropriate prognostic methods and planning
models those allows to determine the planned value of supply and
demand by evaluation of time series trend introducing the possi-
ble solution to reach stable and long time results of region and
transport enterprise activities and also the application of intelli-
gent transport systems, integrating transport systems, safety and
quality of services.

Regional management of the area can allow to Slovak regions
and municipalities fast adaptation to conditions of EU market as
innovation and integrated management tools. Regional manage-
ment can help to break through and assume to market with com-
petitive supply gives to Slovaks new human and financial capital
and so ensures a long-term perspective and permanent sustainable
development. [1]
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