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Abstract. In the presented paper the dynamics of passenger haulage by public transport is considered and a forecast is
made.

In Lithuania the total volume of passenger transportation by public land transport considerably decreased in the period
from 1992 to 2001. In fact, the number of passengers carried by these transport facilities decreased by 3.1 times. The most
considerable decrease was found on the local (suburban) bus routes and on international railway routes — by 5.6 and by 5
times, respectively. Long-distance transportation by bus which decreased only by 1.6 times was the least affected. The
paper aims to identify major causes of transportation decrease common to road and railway transport (i.e. considerable
growth of tariffs, fast growth of the number of personal motor cars, wear of transport facilities, lack of comfort, low
prestige of public transport, etc.). The emphasis is placed on making a forecast of passenger traffic by using a multiple
regression. The calculations show that the national income is the most reliable parameter for making forecasts of land
transport development compared to a number of others, including national income, a gross national product, average
monthly payment, household income and expenditures, national wealth, the index of production and users’ cost, and the
variation of consumer goods and services. The forecasts show that passenger haulage by public transport will reach 575 m
by 2010, while by 2015 it will grow up to 893 m. This means that transportation will increase by 1,6 times and 2,3 times,
respectively, compared to passenger haulage in 2001. However, passenger transportation in 2015 will not achieve the
volume found in 2001.

The data of the considered forecast were used developing the strategies of national road and railway transport development.

Keywords: public transport; road and railway transport; forecast; multiple regression analysis; long-distance and inter-
national transportation; regression equation.

1. Introduction

The analysis and forecast of transportation is one
of the goals of National Programme of Transport Devel-
opment. This is a complicated problem which has not
however, been discussed much in the literature of our
country and abroad. Not a few authors handled the prob-
lems of planning but the works on forecasting in trans-
port are scarce. Therefore, the emphasis should be placed
on forecasts as a relevant problem of passenger trans-
portation development.

The use of two-dimensional regression and correla-
tion analysis is not sufficient for making forecasts [1, 2].
The criteria evaluating transport development should be
considered in a wider context of various economic indi-
ces and trends of economical and transport development
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in Lithuania [3—8]. General indices characterizing eco-
nomic development are gross national product, national
income, production capacities, etc. Therefore, in order to
obtain regression equations to be used in describing the
economic aspects of transport development (i.e. volumes
of freight and passenger transportation, turnover of freight
and passengers, etc. relating both to a transport system as
a whole and for its particular areas) multiple regression
and correlation analysis should be used. The tests per-
formed have shown that it is hardly expedient to use re-
gression equations with multiple parameters, because the
resulting equations (especially for a small number of ob-
servations) will show random deviations rather than a major
trend of development of a particular process.

2. Analysis of passenger transportation dynamics

The total number of passengers transported by pub-
lic land transport in 1992-2001 decreased by 3,1 times —
from 1103,2 m to 354,1 m people (Fig 1).
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Fig 1. Transportation by land transport (in block)

Passenger transportation on local (urban) routes.
The most widely used transport facilities in Lithuanian
towns are buses now used in 31 city, though in 1998 they
were available in 48 towns. In the period from 1992 to
2001 the number of passengers carried by bus on local
(urban) routes was constantly decreasing, and the total
number of routes decreased from 275 to 255 bus routes.
The total length of bus routes decreased from 3200 to
2900 km, while the number of the transported passen-
gers dropped from 474,7 to 141,1 m people, i.e. it de-
creased by as much as 3,2 times (Fig 2).

The cost of 1 km bus run on an urban bus route is
constantly increasing. For example, in 1998 in Kaunas it
was 2,20 Lt, while in 1999 it reached 2,32 Lt, and in 2000
the cost increased to 2,80 Lt.

Passenger transportation on local (urban) trolley-
bus routes also considerably decreased — in 1992-2001
the number of passengers dropped from 326,1 m to
164,3 m people (Fig 2).

Passenger transportation on local (suburban) bus
routes in the same period decreased, with the number of
suburban bus routes dropping from 1171 to 1151, their

route length decreasing from 44,2 thous. to 40,8 thous.
km and the number of the transported passengers decree-
sing from 123,9 m to 22,5 m, i.e. as much as by 5,6 times.

Various changes took place in 1992-2001 in pas-
senger transportation by publicly used buses on long-
distance routes. For example, the number of long-dis-
tance routes was constantly decreasing in 1992—-1996 (it
dropped from 435 to 389), the total route length also de-
creased (from 66,8 thous. to 61,0 thous. km), while the
total number of the transported passengers dropped from
43,4 m to 20,6 m people, i.c. decreased by 2,1 times. In
1997-2001, the number of routes slightly decreased —
from 400 to 389 routes, while their total length dropped
from 65,6 thous. to 64,8 thous. km, and the number of
transported passengers decreased from 18,7 mto 11,7 m
people, i.e. by 1,6 times (Fig 2).

In 1992-2001, the total length of international bus
routes considerably increased — from 9,9 thous. to
13,8 thous. km, though the number of passengers trans-
ported on international routes dropped from 4,3 m to
0,98 m, i.e. decreased by 4,3 times (Fig 3). An increase
was observed only in an average distance travelled by
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Fig 2. Transportation of passengers by city transport (bus, trolleybus) and suburban transportation by bus
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Fig 4. Passenger transportation by local and international rail road transport

passengers, which grew from 332 km to 1318 km.

The total number of passengers carried by railway
on the local (national) routes in 1992-2001 dropped from
14,8 m to 6,3 m people, decreasing by 2,3 times, while
on international routes it dropped from 7,0 m to 1,4 m

people, i.e. decreased by 5 times (Fig 4).

The investigation has shown [9] that the main causes
of a considerable decrease in the number of passengers
using road and railway transport are as follows:

1) a considerable rise in tariffs. For example, in
1994-1999 the tariffs on the local railway routes in-
creased from 2,5 to 10,0 ct/km, i.e. grew by 4 times;
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2) fast growth of the number of personal cars,
which grew from 129 to 304 thous. cars, i.c. by 2,4 times
in 1991-2001;

3) the number of so-called trade tourists going to
neighbouring countries sharply decreased in 1990-1992
on international routes;

4) other factors contributing to a decrease of trans-
portation are heavily worn road and railway transport
facilities, lack of comfort, low prestige of public trans-
port, etc.

3. Forecasting of passenger transportation development

Considering passenger traffic, a problem of fore-
casting the development of this transportation sector
closely related to other areas arises [10]. In developing
econometric models a researcher is usually faced with a
great number of variables and a small number of obser-
vations. If only some of them are considered, the ob-
tained data will not be correct. Therefore, one of the most
suitable approaches may be the application of multiple
regression analysis. In general, an assignment of fore-
casting is formulated as follows: let Y ={y(t; } — one-
dimensional time sequence of statistical observations
tj+1 Ttj =const in time moments, where i =1,...,n. The
task is to find the values for a certain period 7 in the
future, i.e. the values for the time moments tj , where
j=n+1...,n+T . In addition, keeping a general trend
unchanged in time the inertia of the investigated process
may be considered.

The equation of a time sequence for the time mo-
ment ¢ may be calculated as a sum of two components:

y=f(e,t)+(t), (1)

here, f(©,t)— a certain constant time function (trend);
g(t)— a random function taking into account the effect
of irregular factors; @ — the parameter vector to be eva-
luated; f(O,t)characterizes major trends of the process
considered, assessing their effect on the process. This
means that if we find f(©,t) which is a constant part of
the process, then £(t), the remaining part, would be a
random quality. Then, it will be proved that such a process
is stationary.

To determine f(©,1), the regression and correla-
tion analysis is used.

If there is a relationship between the variables ¢, x,
z, for example, ¢ — time periods, x — gross national prod-
uct (GNP), z — national income and y — number of pas-
sengers, then, if a relationship exists, we get:

y =at? +bt +cx? +dx+ez? + fz+g. )

When the regression parameters a, b, ¢, d, e, f and
g are calculated, a system of seven equations is solved.
The calculations show that national income is the
most suitable parameter for making passenger traffic

forecast, compared to other parameters including gross
national product, monthly work payment, household in-
come and expenditures, national wealth, production and
users’ cost index and variation of consumer goods and
services.

In all regression equations used in forecasting, t; is
time factor and X — national income factor.

The regression equation used in forecasting was of
the form

y = (~1,0509E - 7)i2 - 23,5586t +

(5,3104E - 7)%? +(2,9229E -16)x, +10,28, (3)

here, ¢ — time factor of transportation development trends;
X; — mnational income factor; (—1,0509E-7)=
-1,0509 [0~/ for this and all equations given below.

As shown in Fig 1, passenger traffic by land trans-
port will grow up to 525 m people by 2010, while by
2015 it will reach 893 m people, i.e. it will increase by
about 1,6 and 2,6 times, respectively, compared to pas-
senger traffic in 2001.

The following equation was used to make a fore-
cast for transportation by bus in the city:

y = (-88611E - 7)t? -11,76028; +

(2,222E - 7)x? +(41159E -16)x; +5,24.  (4)

The regression equation for a forecast of passenger
transportation by trolley-buses is as follows:

y = (-8,5873E -8)t? - 9,5879t; +

(2,4992E - 7)x? + (41149E -16)x; +38.  (5)

The regression equation used to make a forecast of
passenger suburban transportation by bus is expressed
in the following way:

y=(~7,4875E - 7)t? -1,7123; +

(3,2334E -8)x? +(4,8988E —16)x; +0,71.  (6)

As it can be seen in Fig 2, it is predicted that by
2010 urban passenger transportation by bus and by trol-
ley-bus will grow up to 32 m and 286 m passengers, re-
spectively (compared with the number of passengers
transported in 2001 it will grow by 1,4 and 1,6 times,
respectively), while by 2015 it will increase to 50 m and
443 m people (compared to the figures for 2001 it will
grow by 2,3 and by 2,4 times, respectively). Suburban
passenger transportation by bus should grow up to 220
m people by 2010, and up to 344 m people by 2015, im-
plying that it will grow by 1,5 and 2,3 times, respec-
tively, compared with the number of passengers trans-
ported in 2001. The equation used for making a forecast
of long-distance passenger transportation by bus is as
follows:
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y = (- 7,3627E -8)? - 0,8021t; +

(1L638E -8)x? +(4,972E-16)x +0,346.  (7)

The regression equation used to make a forecast for
international passenger transportation by bus is of the
form:

y =(~7,3163E -8)t? - 0,467t; +

(8,2324E -9)x? +(5,0011E -16)x; +0,21.  (8)

As it is shown in Fig 3, it is predicted that by 2010
long-distance and international passenger transportation
by bus will grow up to 16,9 m and 1,4 m people (com-
pared to the data on 2001 it will increase by 1,44 and
1,42 times, respectively), while by 2015 it will increase
to 26,4 m and 2,13 m people (compared to 2001 it will
grow by 2,3 and 2,2 times, respectively).

The following regression equation was used to fore-
cast passenger transportation by railway within the coun-

try:
y = —7,2648E —8t? —0,0914t; +

19871E - 9)(i2 +5,0336E -16x; +0,0204. ©)

For forecasting of international passengers transpor-
tations by rail road transport regression equations: 6,3;
1,4 were used.

y =(~7,2611E -8)? -0,0647t; +

(1,3253E - 9)x? + (5,0357E —16)x; +0,023. (10)

As shown in Fig 4, it is predicted that by 2010 na-
tional and international passenger transportation by rail-
way will grow up to 7,8 m and 2,1 m people (compared
to 2001 it will grow by 1,2 and 1,5 times, respectively),
while by 2015 it will reach 7,8 m and 2,1 m people (com-
pared to 2001 it will grow by 1,2 and 1,5 times, respec-
tively), and by 2015 it will reach 12,2 m and 3,2 m people
(compared to 2001 the increase will be by 1,9 and 2,3
times, respectively).

The above forecasts were used in working out the
strategies of national road and railway transportation
development.

4. Conclusions

1. Inthe period of 1992-2001 the total number of
passengers transported by public land transport decreased
from 1103,2 m to 354,1 m people, i.e. dropped by 3,1
times.

2. The highest decrease of the number of passen-
gers was observed on local (suburban) bus routes and on
international railway routes (by 5,6 and by 5 times, re-
spectively), while long-distance passenger transportation

by bus did not decrease much (dropping only by 1,6
times).

3. The main factors contributing to a decrease of
passenger traffic are the same for road and railway trans-
port. They are: a considerable increase of tariffs, fast
growth of the number of personal cars, heavy wear of
transport facilities, lack of comfort, low prestige of pub-
lic transport, etc.

4. When the econometric models are developed, a
small number of observations is available. Consideration
of only a few of these observations would not yield the
correct data. Therefore, multiple regression analysis was
used to forecast major trends of passenger transportation
development.

5. The calculations show that a national income
parameter is most suitable for making forecasts for land
transportation. It was better than other parameters, such
as national income, gross national product, monthly work
payment, household income and expenditures, national
wealth, production and users’ cost index, and the varia-
tion of consumer goods and services.

6. The forecast shows that by 2010 passenger
transportation by public land transport will grow up to
575 m people, while by 2015 it will increase to 893 m
people. However, the number of the transported passen-
gers will not reach that which was recorded in 2001.

7. It is predicted that by 2010 urban passenger
transportation by bus and by trolley-bus will grow up to
32 m and 286 m passengers, respectively (compared with
the number of passengers transported in 2001 it will grow
by 1,4 and 1,6 times, respectively), while by 2015 it will
increase to 50 m and 443 m people (compared to the fig-
ures for 2001 it will grow by 2,3 and by 2,4 times, re-
spectively). Suburban passenger transportation by bus
should grow up to 220 m people by 2010, and up to 344 m
people by 2015, implying that it will grow by 1,5 and 2,3
times, respectively, compared with the number of pas-
sengers transported in 2001. Long distance and interna-
tional passenger transportation by bus will grow up to
16,9 m and 1,4 m people (compared to the data on 2001
it will increase by 1,44 and 1,42 times, respectively),
while by 2015 it will increase to 26,4 m and 2,13 m people
(compared to 2001 it will grow by 2,3 and 2,2 times,
respectively). It is predicted that by 2010 national and
international passenger transportation by railway will
grow up to 7,8 m and 2,1 m people (compared to 2001 it
will grow by 1,2 and 1,5 times, respectively), while by
2015 it will reach 7,8 m and 2,1 m people (compared to
2001 it will grow by 1,2 and 1,5 times, respectively),
and by 2015 it will grow up to 12,2 m and 3,2 m people
(compared to 2001 the increase will be by 1,9 and 2,3
times, respectively).

8. The forecasts made were used working out the
strategies of national road and railway transportation
development.
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