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ABSTRACT

Relevance. The development of the railway industry has a significant positive im-
pact on socio-economic dynamics at both the state and regional levels, which has
been confirmed by numerous domestic and foreign studies. However, the issue of
mutual influence of such categories as regional labour productivity and rail freight
intensity has been little studied. At the same time, the most important task today is
to find effective incentives for the growth of regional labour productivity.
Research Objective. This study aims to econometric analysis of the relationship
between rail freight intensity and workforce productivity in the Ural Federal
District (UFD).

Data and Methods. The study uses official statistical data on Russian regions
provided by the Federal State Statistics Service. The methods of Vector Error
Correction Models (VECM) and pooled mean group estimates (PMG method)
formed the methodological basis of the study.

Results. The study has shown that there is a relationship between workforce
productivity and rail freight intensity. At that point, in a short-term period
growth of rail freight intensity leads to an increase in workforce productivity,
which in a long-term period itself becomes an incentive to increase the shipped
commodity mass and rail freight intensity.

Conclusions. The findings can be of interest to public authorities at the
national and regional levels, for heads of industrial structures and functional
institutions, representatives of business and scientific communities interested in
the development and modernization of transport infrastructure, being a basic
condition for the increased intensity of cargo transportation in the region.
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IIpUYUHHO-C/IEICTBEHHBI aHAIN3 B3aNMOBIUAHUSA
MPOU3BOAUTEIbHOCTH TPYAA 1 HHTEHCUBHOCTH 3K€JI€3HOZOP O3KHBIX
rpy30IliepeBO30K B peruoHax Ypajabckoro ¢pezgepajbHOro OKpyra
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AHHOTAIINA

AKTyanbHOCTD. Pa3BuTIIE SKENME3HOTOPOXKHOI OTPAC/IN OKA3BIBAET CYI[eCTBEH-
HOe TIOJIOKUTEIbHOE BIMSHIME Ha COLMANbHO-9KOHOMMYECKYIO JUHAMMKY Kak
Ha YpOBHE TOCYIapCTBa, TaK Y Ha YPOBHE PETMOHOB, YTO IOATBEP>KAEHO MHO-
TOYVC/IEHHBIMI OTEYeCTBEHHBIMU U 3apyOeXXHbIMHU nccnegoBanmsaMu. OfHaKo
MaJio M3y4eH BONPOC B3aMMOBJIMIHMS TAKMX KATETOPUIT KaK pervoHajbHas
[POM3BOANTENBHOCTD TPYAA U MHTEHCHBHOCTD TPY30BBIX [IePeBO30K. BmecTe ¢
TeM CETORHS B YC/IOBYSIX HEOOXOMMMOCTH HAPAIMBATh IIPOU3BOACTBEHHO-TEX-
HOJIOTMYECKIIT CYyBEPEHNTET BaXKHeTIIIIel! 3aadell sAB/sieTCsl OUCK 3¢ deKTuB-
HBIX CTUMYJIOB [IS1 POCTa PETMOHA/IbHOI IPOU3BOAUTENBHOCTH TPY/AA.

ITens uccregoBanus. Llenb [aHHOTO MCCIE[OBAaHNA — SKOHOMETPUYECKUIT aHa-
713 B3aMMOCBS3Y MEX/Y MHTEHCHBHOCTBIO TPAHCIIOPTHBIX JKe/Ie3HOJOPOXKHBIX
IPY30IIepeBO30K 1 IPOM3BOANUTENLHOCTBIO TPYAa B YpaibcKoM (eiepalbHOM
oxpyre (Yp®O).
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IJaHHbIe M MeTOABI. B 1ccieoBaHNM UCIIONB3YIOTCS OQUIaNbHbIe CTATUCTH-
YecKye [aHHbIe [0 POCCUIICKMM pernoHaM, IpepocTasneHHble DefepanbHO
CITy>K0011 TOCYApCTBEHHON CTATUCTUKI. MeTOROMOINIeCcKy0 OCHOBY MCCTIENO-
BaHMsI COCTaBI/IY METOMIbI BEKTOPHBIX Mofienett Koppekuuu omn6ok (VECM) u
00BbeIHEeHHBIX CPeIHNUX IPYIIIOBbIX OLleHOK (MeTon PMG).

Pesynbrarsl. VccnenoBaHue oKasanto Haludue B3aMOCBA3M MEX/Y IIPOU3BO-
JNTENbHOCTBIO TPY/A M MHTEHCHBHOCTBIO IPy30IiepeBo3ok. [Ipuyem B KpaTKo-
CPOYHOM Iepyofie POCT MHTEHCUBHOCTY IPY30II€PEBO3OK NMPUBOSUT K POCTY
[POM3BOANUTENBHOCTHU TPYAA, KOTOPasi B JOATOCPOYHOM IEPUOfie caMa CTaHO-
BUTCS CTYIMY/IOM K HapalyBaHNIO OTTPY>KAeMOIl TOBAPHOI MaCCHI 1 yBede-
HIIO MHTEHCUBHOCTH IPY30IEPEBO30OK.

Boisoppl. ITonydeHHbIe pe3y/IbTaThl MOTYT IPEACTAB/IATh MHTEPEC I OPraHOB
rOCYHapCTBEHHOII BIACTY Ha HAI[MOHAIbHOM VI PETMOHAIBHOM YPOBHE, IS Py-
KOBOJUTEJIel OTPAC/IeBBIX 1 PYHKIIVIOHATIBHBIX OPIaHOB, IIpefiCTaBuTeNelt Ous-
Heca J HayYHBIX COOOIIeCTB, 3aMHTEPECOBAHHBIX B PA3BUTHUI I MOIEPHM3ALIN
TPAHCIOPTHOI MHPPACTPYKTYPbL, KAaK 6a30BOMY YC/IOBUIO HapallMBaHMs VMH-
TEHCUBHOCTY TPy30IIepPeBO30K B PETHOHE.
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Introduction

Transport freight contributes significantly to
economic growth and thus to overall national and
socio-economic development objectives. Trans-
port freight can contribute to economic growth
both directly and indirectly: they increase over-
all productivity; encourage technology diffusion
between industries; and increase the profitability
of transport-related businesses, either by increas-
ing their sales volumes or by reducing production
and delivery costs.

Transport freight has been the subject of
detailed academic analysis, especially since the
seminal works (Aschauer, 1989; Eisner, 1991).
The central questions are whether the intensi-
ty of freight transport contributes to economic
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growth, whether economic growth increases the
intensity of transport use, whether they reinforce
each other, and whether they jointly influence
other related processes.

Among freight transport, rail freight is partic-
ularly noteworthy as it is an important and integral
part of the national economy and has a significant
impact on society as a whole. At the same time, the
share of rail transport in the total freight turnover
of the Russian Federation (RF) is about 46-47%!.
By comparison, the share of road transport in total
freight turnover is about 5%. As noted in the paper
(Petrov, et al, 2021) “the work of railway transport

! Transport in Russia. 2022: Statistical collection / Rosstat. -
Moscow, 2022. - 101 c. - URL: https://rosstat.gov.ru/folder/210/
document/13229.
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and the quality of transport services depends, first-
ly, on the investment attractiveness of territories
and the transport mobility of the population. Sec-
ondly, railway transport stimulates other sectors of
the economy through direct, indirect and induced
effects. Thirdly, railway transport contributes to
the formation of employment and income growth.
Fourthly, rail transport generates positive econo-
mies of scale, helping to increase competitiveness,
and finally, rail transport is an important factor for
the dissemination of technical knowledge”.

For a vast country such as Russia, the lack
of mobility of critical production resources can
be a major challenge and an obstacle to econom-
ic growth. Therefore, it is important to identify
both short-term and long-term causes of freight
demand response, depending on economic and
technological determinants at the national lev-
el. The most important such determinant is the
workforce productivity, which affects the growth
of the commodity mass shipped.

The aim of this study is an econometric anal-
ysis of the relationship between railway freight
transport intensity and workforce productivity
in the Urals Federal District (UFD). In order to
achieve the set goal, it is necessary to analyze the
cause-and-effect relationships between labour pro-
ductivity and intensity of transport railway freight
traffic in the Urals Federal District. This is the re-
search objective and scientific novelty of the work.

The choice of railway freight transporta-
tion in the Urals Federal District as an object of
study is interesting because part of the territory
of the Urals Federal District belongs to Siberia
and the Arctic and the Northern Sea Route pass-
es through this territory. The main objective of
developing the transport system of the UFD is to
form a unified transport space, the main tasks of
which include, among others, forming a unified
year-round accessible road network; renewing the
rolling stock fleet with new, modern vehicles; in-
creasing transport development of the Far North
regions. The relevance of analyzing freight traffic
intensity in the Urals Federal District is due to the
fact that, according to the most pessimistic sce-
narios of minimum 2% annual economic growth
in Russia, by 2030 the deficit of railway capacity
on the Siberia-Ural route will amount to about 70
million tons (Kolomak, 2020).

Among all the regions of the Urals Federal
District, two regions stand out — the Khanty-Man-
si Autonomous Area (KhMAO) and the Ya-
mal-Nenets Autonomous Area (YaNAO) - whose
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economies are based on oil and gas extraction.
These regions are among Russia’s leaders in terms
of hydrocarbon reserves. In addition, for example,
the Khanty-Mansi Autonomous Area ranks third
in the “rating of the socio-economic situation of
Russia’s regions” and second in terms of economic
size in Russia (second only to Moscow).

It should be noted that there are practically
no publications on the direct impact of workforce
productivity on the intensity of rail freight trans-
port.? The bulk of publications are devoted to the
analysis of the impact of railway transport infra-
structure on regional economic performance. For
example, A.N. Rahmangulov and O.A. Kopylova
(Rakhmangulov, Kopylova, 2014) proposed an
econometric model to assess the impact of these
factors on the logistics infrastructure facilities in
the regions. An interesting publication (Macheret,
2016) analyzes the dynamics of the main indicators
of the railway network of different countries over
a century period. The publication notes the posi-
tive results of economic reforms in railway trans-
port. It concludes that the development of market
mechanisms and their institutional framework (in
particular, the removal of restrictions on attracting
private capital into the development of the existing
railway infrastructure) is necessary to successfully
meet the challenges of developing the Russian rail-
way industry and the country’s entire economy.

A number of works are devoted to the appli-
cation of a vector error correction model to anal-
yses the causal relationship between transport
performance and economic growth. Pradhan, et
al (2013) found a bi-directional causal relationship
between road transport intensity and economic
growth. A unidirectional causal relationship was
found between economic growth and rail trans-
port. The authors believe that policies conducive
to transport infrastructure development in India
will contribute to sustainable economic growth in
this country. In terms of the reciprocal impact of
transport and economic growth, researchers from
China in VECM (Liu, et al, 2006) found a one-way
causal relationship between transport logistics and
economic growth in China. It should be noted that
there are very few studies related to the application
of VECM for causal analysis in the transport indus-
try. Meanwhile, this toolkit seems to be the most
effective for analyzing this type of problems.

The paper (Mak, et al., 2015) uses an autore-
gressive model and establishes a causal relation-

? Bibliometric analysis using the VOSviewer software
product was used in this paper.
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Table 1

Indicators used in modelling

(workforce productivity)

Indicator Designations (logarithms) Unit of measure
Rail freight intensity lintens tons/(km*person)
Real gross regional product (GRP) per capita employed vep Million rubles/person

Source: the authors’ developed.

ship between the following four variables: trans-
port intensity, urbanization scale, emissions and
economic growth in both the short and long term.
The main conclusion is that passenger transport
intensity in the G-20 countries should be in-
creased in order to stimulate economic growth.

It should be noted that the method based on
the estimation of Vector Error Correction Models
(VECM) is also applied in other areas of analysis.
For example, to study the financial sustainability
of anumber of countries (Canagarajah, et al, 2012;
Afonso, et al, 2015; Quintos, et al, 1995; Payne, et
al, 1997). Articles (Afonso, et al, 2016; Paniagua
et al, 2017; Feld, et al, 2020; Seo, et al, 2016) have
analyzed the fiscal sustainability of regions.

In addition to those mentioned above, var-
ious econometric methods have been used to
investigate the impact of various factors on
transport energy efficiency (Lv, et al, 2015;
Shi, et al, 2013). The impact of carbon dioxide
emissions has been analyzed in (Xu, et al, 2016;
Liang, et al 2017). The decomposition of var-
ious factors affecting energy consumption in
the transport sector is described in (Belloumi,
2016; Liu, et al, 2015; Yuan, et al, 2015).

Methods and data

Econometric modelling is one approach to
identify the interdependence and causality between
different types of indicators. Since the time series of
the indicators to be analyzed, as will be shown be-
low, are non-stationary, standard classical methods
such as the Ordinary Least Squares (OLS) method
are not applicable for the estimation of regression
parameters. Asymptotic distributions using classi-
cal model estimation methods such as OLS when
dealing with non-stationary time series can lead
to erroneous conclusions or false regressions. The
solution to these problems is to test the time series
of the variables under study for cointegration and to
estimate Vector Error Correction Models (VECM)
to distinguish short run and long run effects of in-
tervening variables. The basic idea behind cointe-
gration is that although each of two or more time
series of variables may be non-stationary, their lin-
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ear combination can have a stationary trend due to
the mutual elimination of stochastic trends in the
linear combination of variables. This linear combi-
nation between non-stationary variables is known
as a cointegrating vector (cointegrating relation-
ships). Thus, a cointegrating relationship between
non-stationary series can be seen as a long-term
steady state dynamic relationship, although there
may be small short-term variations around long-
term states. In order for the long-run relationship
between the variables to be maintained, the vari-
ables must be corrected for bias, which is done in a
vector error correction model.

Thus, at the first stage of the study the time
series are checked for nonstationarity. At the sec-
ond stage, the possibility of their cointegration is
checked. At the third stage, VECM is estimated
and causal relationships between the analyzed
variables are established.

The peculiarity of the study is that it is carried
out on panel data from six regions of the Ural Federal
District for the period from 2000 to 2020. The choice
of this rather compact data panel is due to the het-
erogeneity of empirical data describing the regions
of the Ural Federal District in terms of industry.?

The analyzed indicators (Table 1) are ob-
tained by calculation from the data available on
the official website of Rosstat. All the regions
of the Ural Federal District were studied: Kur-
gan and Sverdlovsk regions, the Khanty-Man-
si (KhMAO) and the Yamal-Nenets (YaNAO)
Autonomous Areas, Tyumen Region (without
KhMAO and YaNAO) and the Chelyabinsk
Region. The time series of indicators is annual
data. The sample period is from 2000 to 2020*.
Before the analysis, the time series of indicators
are transformed into a natural logarithmic form
(using the natural logarithm)’.

3 This choice is also due to the fact that in the absence of
spatial autocorrelation between the variables under study, spa-
tial econometric models cannot be applied.

¢ The use of annual data is due to the lack of official quar-
terly statistics for the indicators studied.

* Converting the data to logarithmic form is due to the
fact that using them in their original form leads to heterosce-
dasticity in the residuals of the estimated equations.
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Rail freight intensity was calculated as the ra-
tio of freight transported by rail per capita of the
employed population to the operational length of
public railway lines. Labour productivity was cal-
culated as real gross regional product (GRP) per
capita employed. Real GRP was determined in
constant prices of 2000.

Results

Table 2 shows the descriptive statistics of the
indicators under study. The analyzed variables have
positive asymmetry coefficient values, i.e., the statis-
tical distributions of all these variables are positively
skewed compared to the normal distribution. Thus,
the time series of these variables may have a stochas-
tic trend and be non-stationary. In order to verify

this statement, a visual analysis of the data should be
carried out and the time series under study should
be tested for the presence of a unit root.

Visual data analysis allows us to analyze the
validity of combining them into a panel and pre-
liminarily assess some relationships between the
studied variables. Figures 1 and 2 show the time
dependencies of rail freight intensity and work-
force productivity for individual regions of the
Ural Federal District. From the above figures we
see a rather uniform picture. On average, there are
some stationary values for each region relative to
which there are temporal fluctuations for the stud-
ied variables. This means that a panel model with
a regionally heterogeneous constant may turn out
to be quite adequate for the empirical data.

Table 2
Descriptive statistics of the variables studied

Statistics indicators lintens Ivrp
Average 1.171 368.108
Median 0.362 135.876
Maximum 21.218 1275.112
Minimum 0.084 41.997
Standard deviation 0.431 12.085
Asymmetry 2.180 1.141
Excess 2.483 2.475

Source: the authors’ calculations are based on “Regions of Russia. Main Characteristics of the Constituent Entities of the Russian
Federation. Retrieved from: https://rosstat.gov.ru/ (accessed 26.01.2023).
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Figure 1. Time dependence of the logarithm of the rail freight intensity for individual regions
of the Ural Federal District

Source: Compiled by the authors are based on “Regions of Russia. Main Characteristics of the Constituent Entities
of the Russian Federation. Retrieved from: https://rosstat.gov.ru/ (accessed 26.01.2023).
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The test (Pesaran, 2007) confirms the
cross-dependence of the studied series of panel
data®. The CD (cross-dependence) test statistic

¢ A cross-dependence test for time series of individual
variables showed that the time series under study are cross-de-

pendent.

315

is 2.624, the p-value is 0.0087 and the null hy-
pothesis H, is no cross-dependence. The average
value of the absolute correlation of the non-di-
agonal elements of the residual’s matrix is 0.561,
which confirms the specification of the fixed-ef-
fects model.
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It is noteworthy that rail freight intensity in
the Sverdlovsk Region remained virtually un-
changed over the study period (Figure 1), while
the time dependencies for the Kurgan and Tyu-
men Regions are characterized by some positive
jumps in intensity (especially for the Kurgan Re-
gion). It is precisely during these spikes that rel-
atively strong productivity growth occurred for
these regions (Figure 2).

Figure 3 shows the dependence of railway
freight traffic intensity on workforce productivi-
ty for individual Ural Federal District subjects in
the form of point diagrams. The diagrams show
that a pronounced positive dependence of inten-
sity on workforce productivity is observed for
the KhMAO, YaNAO, Tyumen and Chelyabinsk
regions. There is no such dependence for the
Sverdlovsk Region. Finally, a rather contradictory
picture is observed for the Kurgan Region, char-
acterized by a jump and a negative dependence.

Panel data were tested for unit root using
the Hadri and Pesaran tests (). The essence of the
Hadri test (Hadri, 2000) is to test the statistical
significance of model coefficients on time differ-
ences of the original time series data:

AY, =a;+ Y  +yit+s,, 1

The test involves testing the null hypothesis
that the process is stationary against the alterna-
tive hypothesis that it is non-stationary (the pres-
ence of unit roots). If for any number of cross sec-
tions is satisfied y, # 0 and S, <0, then the series
of first-order differences is stationary, and hence
the process is integrable of order I (1).

For the Hadri test, an estimated value of

the Z-statistic YT~
VA N(L]g%,u) — N(O,]),

is calculated using Lagrange multipliers:

(2T ]

LM:7 i=1 \ t=1

A 2)

2T

where 7, ==L _ average estimation of spectral
N

density of residuals of estimated model, N - the
number of observations, T - the number of time
periods, 1 =1/15, o’ =11/6300 ifthere isatrend
and ©=1/6, * =1/45 otherwise. The statistics
are counted in Neuve-West estimates.

The results of the Hadri test are presented
in Table 3. The Z-statistic and its corresponding
significance level for rejecting the null hypothe-
sis that the panel process is stationary are calcu-
lated for the test. In addition to the conventional
Hadri statistic, statistics with possible heterosce-
dasticity, performed in Neuve-West estimates,
are estimated.

The Pesaran test (Pesaran, 2007) is based on
the assumption of cross-sectional dependence
of series in a panel. In this case, a cross-sectional
dependence statistic (CD-statistic) is calculated.
Two model specifications were considered: with
constant; with constant and trend. The test re-
sults are shown in Table 4.

Table 3
Hadri panel test results for a single root
Model specification lintens Ivrp
With a constant
Z - statistics 6.293*** 4.772%%*
Z - statistics including possible heteroscedasticity 5.272%%* 4.3420%*
With constant and trend
Z - statistics 3.834%** 4.192%%*
Z - statistics including possible heteroscedasticity 3.542%%* 3.793%%*

Note. HO - the series is stationary (does not contain a unit root). * - the null hypothesis is rejected at 10%-level of significance;
** — the null hypothesis is rejected at 5%-level of significance; *** - the null hypothesis is rejected at 1%-level of significance.

Source: the authors’ calculations.
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Table 4
Pesaran panel test results for a single root
Model specification lintens Ivrp
Testing variables in levels
With a constant -1.342 -1.876
With constant and trend -2.232 -2.765%*
Testing variables in first differences
With a constant -4.1214%% -4.654**
With constant and trend -4.523*** -4.854***

Note. HO - the series contains a unit root. Selection of lag length for each individual test regression was performed automatically

based on the “general-to-specific” approach using the pooled F-test wi

th maximum lag length equal to 3; * - null hypothesis rejected at

10%-level of significance; ** - null hypothesis rejected at 5%-level of significance; *** — null hypothesis rejected at 1%-level of significance.

Source: the authors’ calculations.

Table 5

Results of Pedroni panel tests for cointegration

Alternative hypothesis: overall autoregressive coefficients (within-group significance)

Statistic p-value
Panel v-Statistic 1.694%** 0.001
Panel rho-Statistic 0.456 0.618
Panel PP-Statistic -3.216%** 0.005
Panel ADF-Statistic -3.714%%* 0.003

Alternative hypothesis: individual autoregres

sive coefficients (intergroup significance)

Statistic p-value
Group rho-Statistic 1.760 0.355
Group PP-Statistic -7. 39304 0.001
Group ADF-Statistic -8.5130** 0.001

Note. HO - no cointegration; The lag length is selected automatically using AIC criterion with maximum lag length equal to 3.
Model specification includes individual constants and trends; *** — null hypothesis rejected at 1% significance level.

Source: the authors’ calculations.

Thus, based on the results of the tests per-
formed, it is safe to conclude that all variables are
first-order integrated I (1), hence a long-run rela-
tionship can exist between them.

Testing the long-run relationship between the
variables under study is done for a regression equation:

. _ ~ 2
11ntensit I +bitrendt +,Blvrpit +E By N(0,67), (3)

where x,.b,— coeflicients reflect the presence of
spatial and temporal heterogeneity in the regions,
respectively; index i — the number of the region;
trend — the trend of traffic intensity; &,, — error
with zero mean and a finite constant variance.
Equation (4) assumes that workforce productivity
is the main factor affecting rail freight intensity.

R-ECONOMY 4
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Since the variables under study are logarithmic,
the coefficient estimate at the relevant variable
can be interpreted as the elasticity of rail freight
intensity at this indicator.

The cointegration of the variables in question
means that there is a long-run effect of workforce
productivity on regional rail freight intensity and
that an equilibrium trajectory exists in their dy-
namics. To assess the presence of cointegration we
will use the Pedroni panel test.

Table 5 presents the results of Pedroni’s panel
tests (Pedroni, 1999; Pedroni, 2004). Five tests out
of seven reject the lack of cointegration between
the variables. Thus, the results of the tests indicate
that the variables in question are cointegrated,
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hence the relationship between the variables un-
der investigation (equation 4) is characterized by
the presence of long-run equilibrium dynamics.

Further analysis was carried out within the
model described by Equation 4. The parameters
of this cointegration equation were estimated us-
ing the method of pooled mean group estimates
(PMG method).

PMG method (Pesaran, et al, 1999) allows
simultaneously testing the presence of cointegra-
tion among variables, estimating parameters of
their long-run relationship as well as the impact
of these variables on the dependent variable in
the short-run. It also allows for panel data to take
into account existing differences in long-run and
short-run dynamics between individual regions.

The initial model, as applied to our task in
the PMG test, is an autoregressive dynamic model
with a distributed lag ARDL(p, ql) :

lmtens =Y +b trend +J§1(p( )lmtens + Z 9 )lvrplt ] 1t, (4)
Where ¢, ¢* — the coefficients are at lag variables.
This model is reparametrlzed into an error correction

model (VECM):

Alintens ;,L + Z (p( )Ahntens e .+ Z (p(z)Alvrp1 . J
- 5)

ecm y: _ -
o (lmtensi, (—1 |3ivrpi,t _1 yitrendt _ 1) +es

where A— the operator of the first differences of
the variables; ¢°” — a coeflicient describing the
rate at which the system returns to an equilibri-
um state; the expression in brackets represents the
equilibrium adjustment mechanism; g, — the co-
efficient of the long-run relationship between the
variables; ¢ $© — parameters characterizing the

short-run dependencies of the regressors on the
dependent variable, which are expressed through
the coefficients ¢,§1) , ¢,(2) of equation (4).

In equation (5), all terms are stationary.
If cointegration is present, the coeflicient ¢
should have a statistically significant negative val-
ue. If the parameter ¢ ~0 and is insignificant,
then variable under study does not adjust to long-
run equilibrium.

In PMG estimation, short-term variation can
vary across panels. PMG estimation constrains
the long-run slope coeflicient £, so that it remains
homogeneous across Ranels while the free terms,
short-run coefficients ¢,"” ;- and error variances may
vary by region. In addition, consistency and effi-
ciency conditions are fulfilled when there is evi-
dence of a long-run relationship between covari-
ates. To do so, the covariates must be exogenous
(i.e. they must not be consistently correlated). To
satisfy these conditions, lags are included in both
dependent and independent variables. Thus, the
PMG method provides for uniform equilibrium
long-run dynamics of the variables.

To select the length of the lag in the model,
the information criteria AIC (Akaike criterion)
and SIC (Schwartz criterion) were used. Testing
using these criteria clearly led to the choice of the
ARDL model specification (1,1).

Table 6 shows the results of the estimation of
the long- and short-run relationship parameters
(equation 5) using the PMG method. The param-
eters were estimated by the maximum likelihood
method. The expression for the maximum likeli-
hood function is the product of the similar func-
tions for each panel.

Estimating the parameters of equation (5) by the PMG method foble
D.lIntens Coefficient statistical error p-value
ec
lvrp 1.781*** 0.097 0.000
trend 0.059** 0.023 0.039
SR
ecm -0.213* 0.128 0.008
D.lvrp 0.108 0.613 0.860
const -2.151%% 0.726 0.003

Note: The null hypothesis HO- parameter insignificance.

* — the null hypothesis is rejected at 10% significance level; ** - null hypoth-

esis rejected at 5% significance level; *** - null hypothesis rejected at 1% significance level. Model specification corresponds to ARDL (1,1)

Source: the authors’ calculations.
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For comparison, the parameters of the cointe-
gration equation 3 were also estimated using the
method of mean group estimates (MG method)
(Table 3). In this method, the short-run coefh-
cients and error variances are unweighted averag-
es of the individual values, i.e., in particular the

1
short-run coefficients ¢, = NZ ¢ . The validity

i=1
of either PMG or MG method can be determined
by using the Hausman test.

Given the strengths and weaknesses of the
models compared, the Hausman test is used to ex-
amine significant differences between these mod-
els. The test assumes that there is no significant
difference between PMG and MG in estimating
long-run relationships. The absence of a signifi-
cant difference indicates that the null hypothesis
is valid and thus PMG is used. However, the alter-
native indicates that there is a significant differ-
ence between PMG and MG and hence the pre-
ferred use of the MG method. This process is used
to test for differences between MG and PMG.

The Hausmann test indicates the preferred
use of the PMG method for estimating short- and
long-term relationships of the model 5 (statistic
value y> =1.166, Prob > 7° =0.688, the null hy-
pothesis of no significant difference between the
long-run relationship coeflicients is not rejected).

Table 6 shows that the long-run relationship
coeflicient £ is positive and statistically signifi-
cant. This means that in the long run an increase
in workforce productivity increases the intensi-
ty of trucking. (The intensity elasticity for this
indicator is respectively 1.781). Since the coet-
ficient ¢ =-0.213 and is statistically signifi-

cant, the railway transport intensity adjusts to
long-run equilibrium, which confirms the ex-
istence of cointegration between the variables
under study.

In the short run, the coefficient at the first
difference of the productivity variable is statisti-
cally insignificant (Table 6) and has no effect on
transport intensity.

It is of particular interest to compare the results
shown in Table 6 for the Ural Federal District pan-
el data with similar results for individual regions of
the district. Table 8 shows estimation of short-run
dependencies for individual regions by PMG meth-
od (the coeflicient for all regions is determined by
equation (3)). As can be seen from the table, the
long-run equilibrium adjustment indicator for all
regions is negative and statistically significant at
1% level, except for Kurgan Region, for which this
indicator is statistically insignificant. This means
that, in the long run, rail transport intensity in this
region does not adjust to a long-term equilibrium
condition in the event of any shocks. It should be
noted that the rate of adjustment to the long-term
equilibrium state of freight traffic intensity in the
Ural Federal District is the highest for the Tyumen
Region and relatively high for the YaNAO and the
Chelyabinsk Region. For the Khanty-Mansi Au-
tonomous Area and especially for the Sverdlovsk
Region, the equilibrium adjustment rate is much
lower. This result may indicate that the intensity of
freight traffic in the Tyumen Region, Yamal-Nenets
Autonomous Area and Chelyabinsk Region is clos-
est to the long-term equilibrium value typical of the
entire macro-region (the Urals Federal District).
The result for the Sverdlovsk Region correlates with

Table 7
Estimation of the parameters of equation (5) by the MG method
D.1lIntens Coefflicient statistical error p-value

ec

lvrp 1.772** 0.111 0.001
trend 0.053** 0.019 0.036
SR

ecm -0.277** 0.141 0.035
D.lvrp 0.257 0.538 0.629
const 7.14 6.126 0.287

Note: The null hypothesis HO - parameter insignificance. * — the null hypothesis is rejected at 10% significance level; ** - the null
hypothesis is rejected at 5% significance level; *** — the null hypothesis is rejected at 1% significance level. The model specification cor-

responds to ARDL (1,1)

Source: the authors’ calculations.
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Estimation of long-term and short-term dependencies for selected regions
of the Ural Federal District using the PMG method

Table 8

D.lIntens Coefficient statistical error p-value
ec
lvrp 1.781*** 0.067 0.000
Kurgan Region
ecm -0.099 0.093 0.198
D.vrp -2.509 1.185 0.34
const -1.560 1.391 0.262
Sverdlovsk Region
ecm -0.090*** 0.024 0.002
D.Ivrp 0.910%** 0.157 0.000
const -0.648** 0.330 0.050
KhMAO
ecm -0.172%** 0.015 0.000
D.Ivrp 1.046*** 0.136 0.000
const -0.900*** 0.339 0.000
YaNAO
ecm -0.342%** 0.054 0.000
D.Ivrp 0.580** 0.254 0.023
const -2.147** 0.985 0.023
Tyumen Region
ecm -0.853*** 0.115 0.000
Dlvrp. 0.098 0.082 0.198
const -5.317%%* 0.144 0.000
Chelyabinsk Region
ecm -0.297** 0.113 0.048
D.vrp 1.231%** 0.396 0.002
const -1.715 0.995 0.121

320

Note: The null hypothesis HO — parameter insignificance; * - the null hypothesis is rejected at 10% significance level; ** - the null
hypothesis is rejected at 5% significance level; *** — the null hypothesis is rejected at 1% significance level. Coefficient relationship for all

regions is defined by equation (6).
Source: the authors’ calculations.

the visualization shown in Figures 1 and 3, from
which it can be seen that the freight intensity and its
dependence on workforce productivity remained
virtually unchanged over the study period. In ad-
dition, in the period under study, the largest num-
ber of large investment projects was concentrated
in the YaNAO, Chelyabinsk and Tyumen Regions,
and was practically absent in the Kurgan Region

In the short run, changes in workforce pro-
ductivity in all regions except Kurgan and Tyumen
regions have a positive effect on changes in freight
intensity in the short run (at the 5% significance
level). For Kurgan and Tyumen regions, the indica-

R-ECONOMY 4

tor at this variable is statistically insignificant.

In equation 3 describing the long-run cointe-
gration relationship between the variables, it is as-
sumed that the regressor lvrp is exogenous and the
dependent variable lintens is endogenous. Since
the exogeneity of the variable lvrp is questionable,
it is necessary to test the lvrp and lintens variables
for long-run Granger causality (Granger,1969).
The test was conducted according to the authors
procedure (Dumitrescu, Hurlin, 2012), taking into
account the panel data structure. The results of the
Granger long-run causality test between the vari-
ables Ivrp and lintens are shown in Table 9.
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Table 9

Results of Granger long-term causality tests between the variables lvrp and lintens

lvrp — lintens

Optimal number of lags (BIC): 2 (tested number of lags: 1 to 4)

W-bar = 5.0287
Z-bar = 3.7094 (p-value = 0.0002)
Z-bar tilde = 2.2980 (p-value = 0.0216)

HO: Ivrp cannot be the cause of a Granger change in the variable lIntens.
H1: lvrp can be the cause of a Granger change in the /Intens variable for at least one panel

lintens — lvrp

Optimal number of lags (BIC): 1 (tested number of lags: 1 to 4)

W-bar =0.9705
Z-bar = -0.0511 (p-value = 0.9593)
Z-bar tilde = -0.2336 (p-value = 0.8153)

HO: lintens cannot cause Granger variable lvrp to change.
H1:lintens can cause Granger variable lvrp to change for at least one panel

Source: the authors’ calculations.

Table 10

Results of the Granger short-term causality test

D.lvrp Coefficient

statistical error p-value

SR

ecm -0.002

0.002 0.331

D.lintens 0.298**

0.128 0.021

const -0.339

0.320 0.345

The null hypothesis HO - parameter insignificance; * - null hypothesis rejected at 10% significance level; ** — null hypothesis reject-
ed at 5% significance level; *** - null hypothesis rejected at 1% significance level.

lintens -

lvrp

Figure 4. Granger long-term causality diagram between the indicators under study (equation 3).

The one-way arrows indicate a one-way relationship.
Source: Compiled by the authors.

The results of the tests in Table 9 clearly indi-
cate that variable lvrp in the long-run cointegra-
tion relation is exogenous and lintens is endoge-
nous. Figure 4 shows a diagram of the long-run
causal relationship between the variables under
investigation.

To analyze exogeneity and endogeneity of
variables with short-run Granger causality, it is
necessary to estimate VECM models with adjust-
ment mechanism whose equations are similar to
equation (5), but with variable lvrp as the depen-
dent variable besides lintens. Thus, the following
models are estimated:

R-ECONOMY 4

P
Alintens, = i, + Y 7, Alintens,, , +

q k= (6)
+ 27/12Alvrpi,t—k + ¢1V§;T1 Uy,
k=1 B
Alvrp,, = i, + zyzl,kAlvrpi,t—k +
)

P
. ecm
+ z ypAlintens,, , +@,v;" +u,,,,
=1

where y and ¢ — regression coefficients; u — er-

rors with zero mean and final variance; vec{" -

long-run equilibrium correction terms. '~
The test results for equation (6) are shown in

Table 10. The test results for equation (7) are pre-
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lvrp <

lintens

Figure 5. Granger short-term causality diagram between the indicators under study

the one-way arrows indicate a one-way relationship.
Source: Compiled by the authors.

sented in Table 10. The data in the table show that
in the short run, a change in rail freight intensity
affects the change in workforce productivity (at
5% level of significance).

The analysis of the results of Tables 6 and 10
can be presented as a Granger short-run causality
diagram between the indicators under investiga-
tion (Figure 5). The diagram shows that there is a
one-way causal relationship between the variables
lvrp and lintens.

Conclusion

Thus, in line with the task at hand and accord-
ing to the resulting estimates (Table 6), a 1% in-
crease in workforce productivity in the UFD leads
to a 1.781% increase in rail freight intensity in the
long run. At the same time, there is a one-way caus-
al relationship between rail freight intensity and
workforce productivity in the UFD in the long run,
as shown in Figure 4 (change in workforce produc-
tivity is the cause of change in rail freight intensity).

The error correction mechanism is as follows.
If the workforce productivity at time (#-1) increas-
es by 1% and the rail freight intensity increases by
more than 1.781%, there will be a positive shock,
which must be corrected for at time . According to
the two equations (6) — (7) of the error correction
model, the variable rail freight intensity is subject
to adjustment in the right direction at a rate char-
acterized by the coeflicient gl =—0.213 before
the cointegration relation in the model v,". The
higher the value of this coefficient, the higher the
speed of correction. The workforce productivity
indicator does not adjust to long-run equilibrium,
as the similar coefficient of the ¢, = —0.002 is sta-
tistically insignificant and negative. There is thus

a one-way long-term causal relationship between
these two indicators - changes in workforce pro-
ductivity affect changes in rail freight intensity,
but not vice versa.

In the short run, there is a one-way causality
between workforce productivity and rail freight
intensity (Tables 6 and 10, Figure 5), directed
in the opposite direction to that in the long run
(changes in rail freight intensity cause changes in
workforce productivity).

Another interesting result is that the speed of ad-
justment to the long-term equilibrium state of freight
intensity in the Ural Federal District is highest for
the Tyumen region and relatively high for the YaN-
AO and the Chelyabinsk Region. For the KhMAO
and especially for the Sverdlovsk Region, the rate of
equilibrium adjustment is much lower. This result
may indicate that the intensity of freight traffic in the
Tyumen region, YANAO and Chelyabinsk Region is
closest to the long-term equilibrium value character-
istic of the entire macroregion (UFD).

The economic sense of the obtained results in
terms of their possible use for decision-making on
freight traffic management, in particular by the au-
thorities, is that it is necessary to accelerate the de-
velopment of the railway transport network, which
will have to absorb additional freight flows, which
in the short term will lead to an increase in labour
productivity (Figure 5). In turn, an increase in pro-
ductivity will in the long run lead to an increase in
the amount of goods shipped and the intensity of
freight transport (Figure 4).

The model analyzed in this study indicates
the existence of a range of effective growth rates
for rail freight intensity and workforce productiv-
ity in the short and long term.
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