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FORECASTING CARGO DEPARTURE
BY RAILWAY TRANSPORT TAKING INTO ACCOUNT ECONOMIC CHANGES IN
UKRAINE

Abstract. The article analyzes the forecast of transportation of coal by rail (as a cargo with
the most specific weight in the structure of transportation) with the help of the proposed
autoregressive model of growth, taking into account economic changes in Ukraine. It was also
proved that the volumes of transportation of goods by rail are closely related to the volumes of
production of industrial goods and agricultural products. The volume of goods shipment by rail is
characterized by close relationship with the output of production of industrial and agricultural
goods. The forecast of departure of coal by rail was developed in the article (as cargo with the
highest share in the overall cargo turnover) on the basis of autoregressive model of growth
considering economical changes in Ukraine. Taking into account the experience of international
countries, ensuring the efficient operation of the rail transport operation is possible only on the basis
of developing a forecast of its activities. This will allow to find a reserve for its transportation and
throughput. Informational and methodological basis for the article is publications of scientists doing
research in the field in question, materials of periodicals and Internet sources. Taking into account
the country’s production potential for the study of economic development of both rail transport as a
whole and its separate lines, including those with low activity, the authors developed a model of
economic growth for both the gross domestic product as a whole and for individual branches the
current economic structure of Ukraine, especially for rail transport. The quality of available
statistical information influences significantly not only the process of parameterization, but also the
quality of the model and the results of the whole modelling process. The information on the
dynamics of economic features is used. It is represented in the form of time series of indicators.
Time series of this economic variable is a sequence of values, measured at regular time intervals
during the analyzed period. According to the results, the turnover of Ukrainian railways (including
low-intensity lines) will decrease in subsequent years. This is due to a decrease in production in
many sectors of the economy. At the same time, the achieved results should be taken into account in
the operational model of railways in the future.

Keywords: railway transport, structure of cargo, autocorrelation function, forecast,
economic development.

JEL Classification: C46, .92

Formulas: 3; fig.: 7; tabl.: 4; bibl.: 10.

313



Kupunenxo O. M.

0.e.H., 0oyeHm,

Hayionanvnuti asiayitinuii ynieepcumem, Ykpaina;

e-mail: ons@ua.fm; ORCID ID: 0000-0003-2406-7050
Pazymosa K. M.

0.e.H., 0oyenm,

Hayionanvrnuii asiayitinuii ynieepcumem, Ykpaiuna;

e-mail: krazum@ukr.net; ORCID ID: 0000-0001-6385-2823
Hoesak B. O.

K.e.H., npogecop,

Hayionanvnuii asiayitinuii ynieepcumem, Ykpaina;

e-mail: novak.nau@mail.ru; ORCID ID: 0000-0001-6899-2016
Pazanoecvka B. B.

acucmenm,

Hayionanvrnuii asiayitinuii ynieepcumem, Ykpaiuna;

e-mail: ryazanovskaya@ukr.net; ORCID ID: 0000-0003-2680-3306

MMPOTHO3YBAHHS NEPEBE3EHb BAHTAXKIB
3AJIIBHUYHUM TPAHCIIOPTOM
3 YPAXYBAHHAM EKOHOMIYHUX 3MIH B YKPAIHI

AHoTauisi. Po3po6neHo mporHo3 mepeBe3eHb BYTULIA 3alli3HUYHHM TPAHCIOPTOM  (SIK
BaHTaXXy 3 HAUOUIBIIOO MUTOMOIO Baroko B CTPYKTYPi MepeBe3eHb) 3a TOTIOMOTOI0 3apOIIOHOBAHOT
aBTOKOPEJSIIIHOT MOJeNi 3pOCTaHHs, 3 ypaxXyBaHHSIM EKOHOMIYHUX 3MiH B Ykpaini. Takox
JOBEJICHO, IO OOCATH IEpeBe3eHb BAaHTAXKIB 3AII3HUYHUM TPAHCIIOPTOM TICHO MOB’S3aHi 3
o0csiraMy BUITYCKY ITPOMHCIIOBUX TOBApIB 1 CUIBCHKOTOCIIONAPCHKOT MPOAYKIIiil. ¥ cTarTi 3pobineHo
MPOTHO3 TMEPEeBE3eHb BYriUUIA 3aII3HUYHUM TPAHCHOPTOM (SK BaHTaXy 3 HAWOUIBIIOI MUTOMOIO
Barol0 B CTPYKTypi IepeBe3eHb) 3a JONOMOIOI0 3alpPONOHOBAaHOI aBTOKOPEILIMHOT Moneni
3pOCTaHHs, 3 YpaxyBaHHSM EKOHOMIYHMX 3MiH B YkKpaiHi. BpaxoBywouu I0CBiI MDKHapOTHHX
KpaiH, 3a0e3nedeHHsi epeKTUBHOrO (PYHKIIOHYBaHHS pPOOOTH 3ali3HUYHOTO TPAHCIOPTY MOYKIJIMBE
JIMIIE HA OCHOBI pO3pOOKH MPOTHO3Y HOoro NisuibHOCTI. Lle JacTh MOKIHMBICTH BUSBUTH PE3EpB HOTO
MEPEBI3HOI Ta MPOIMYCKHOT MOTYKHOCTI. [HQOopMaIiiiHo-MeTOI0I0TTYHOI0 OCHOBOKO JIAHOT CTATTi €
myOJTiKanii BYCHHX, IO MPOBOIATH JOCHIIKCHHS B JaHINA Traiysi, MaTepialu MepioAnYHUX BUAAHb
Ta prepena [HrepHery. BpaxoByroun BUpoOHWYHI TTOTEHITIa KpaiHU JJIsl BUBYCHHS €KOHOMIYHOTO
PO3BUTKY SIK 3aJII3HUYHOTO TPAHCIIOPTY B IIIIOMY, TaK 1 OKpEMUX HOTO JiHIH, B TOMY YHCII, THX, IO
MarOTh HU3bKHI PIBEHb aKTUBHOCTI, aBTOpaMH po3poliieHa MOJEIb €KOHOMIYHOTO 3POCTaHHS SIK
JUIL BaJIOBOTO BHYTPIIIHBOTO TMPOIYKTY B LIUIOMY, TaKk 1 JUIS OKPEMHX Tajiy3edl MOTOYHOI
EeKOHOMIYHO1 CTPYKTYpH YKpaiHu, OCOOJMBO AJIS 3aJi3HUYHOTO TPAHCHOPTY. SIKiCTh MOCTYMHOT
CTaTUCTUYHOI iH(OopMalii 3HaYHO BIJIMBAE HE TUIBKM Ha MpOIleC MapaMeTpu3allii, aje i Ha AKIiCTh
MOJIeN Ta pe3yNbTaTH BChOTO MPOIECY MOJETIOBaHHS. B cTaTTi BUKOPUCTOBYETHCS iH(OpMaIis
Ipo IUHAMIKY EKOHOMIYHMX XapaKTepHUCTHK, IO MPEJACTAaBICHA Yy BHUIJLIII YacOBUX DAMIIB
MoKa3HUKIB. YacoBi psau 1i€l eKOHOMIYHOI 3MIiHHOT € IOCHIZOBHICTIO 3HA4Y€Hb, BUMIPSHHUX 3a
PEryJsIpHI 4acoBi IHTEpPBAIM MPOTITOM aHaIli30BaHOTO TEpPioAy. 3TiAHO OTPUMAHUX PE3YNbTaTiB,
BaHTAX0O0O0Ir YKpAiHCBKUX 3ali3HUX J0pir (BK/IIOYArOYM JIiHIT 3 HHU3BKOK IHTCHCHUBHICTIO) B
HACTYITHI POKU CKOPOTHTHCS. lle 3yMOBIEHO 3MEHIICHHSM BHPOOHUITBA y OaraThbOX ramy3sx
eKOHOMIKH. OJTHOYACHO JOCATHYT1 pe3yJbTaTH CJIiJl BpaXOBYBAaTH B MAKeT1 ONepamiiHoi AisIbHOCTI
3aJi3HUIL Y MalilOyTHHOMY.

Karo4oBi cji0Ba: 3a/1i3HUYHAA TPAHCTIOPT, CTPYKTYpa BaHTAXIB, aBTOKOPEIAIIITHA MOJIEIb,
MPOTHO3, EKOHOMIYHE 3POCTAHHSL.

®opwmyit: 3; puc.: 7, Tadmn.: 4, 6i6m.: 10.
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MNPOTHO3UPOBAHHUE INEPEBO3OK I'PY30B
HA KEJIE3HOJAOPOKHOM TPAHCIIOPTE
C YYETOM SKOHOMMUWYECKHWX N3MEHEHHU B YKPAUHE

AHHoTanus. PazpaboTan nmporHo3 MepeBO30K I >KeJIe3HOIOPOKHBIM TPAHCIOPTOM (Kak
rpy3a ¢ HauOOJBIIMM YJCIbHBIM BECOM B CTPYKTYpE NEPEBO30K) C MOMOIIBIO MPEII0KEHHOM
ABTOKOPPEISIIMOHHON MOJEIN POCTa, C YYETOM SKOHOMHYECKHX H3MEHCHUN B YKpauwHe. Takxke
JIOKa3aHoO, 4TO OOBEMBI MEPEBO30K TPY30B JKEIE3HOJOPOKHBIM TPAHCIIOPTOM TECHO CBSI3aHBI C
0o0beMaMH BBIITYCKa TPOMBIIUICHHBIX TOBAPOB U CEIIBCKOXO3SMCTBEHHOW MpOAyKIuu. B crarbe
cieniaH MPOTHO3 TMEPEBO30K YIS KEIE3HOJAOPOKHBIM TPAHCIIOPTOM (KaK Ipy3a C HauOOIbIIUM
yIEeTbHBIM BECOM B CTPYKTYpE MEPEBO30K) C IMOMOIIBI0 MPEIOKEHHOW aBTOKOPPEISIIMOHHON
MOJIEIA pOCTa, C YyYETOM DKOHOMHYECKHX HW3MEHEHWH B VYKpaWHe. YUUTHIBas OIBIT
MEXKIYHApOOHBIX  CcTpaH, oOecrneyeHne  3()(ekTHBHOTO  (QYHKIMOHUPOBAHHS  PaOOTHI
JKEJIE3HOJOPOKHOTO TPAHCIIOPTAa BO3MOXKHO TOJIBKO HAa OCHOBE pa3pabOTKH MPOTHO3a €ro
JEeSITETFHOCTH. DTO TO3BOJIUT BBISIBUTH PE3EPB €r0 MEPEeBO30YHONW M TPOMYCKHON MOITHOCTH.
WNubopManimoHHO-METOA0IOTHYECKOW OCHOBOW NAaHHOW CTaThU SBIISIOTCS IMyOJHMKAIIMH YYCHBIX,
MPOBOISANINX UCCIEIOBAHUS B TAHHOW 00JIaCTH, MaTepUAITBI IEPUOIMUSCKUX U3TAHUIA U UCTOYHUKH
WNuTtepHera. YunThiBas MpOW3BOACTBEHHBIA MOTEHITMAT CTPaHbI JUIS M3Y4CHHUS 3KOHOMHUYECKOTO
Pa3BUTHS KaK XKEJIe3HOIOPOKHOTO TPAHCTIOPTA B IIETIOM, TaK M OT/ACTbHBIX €r0 JIMHHM, B TOM YHUCIIE,
MMEIOIINX HU3KUH YpOBEHb aKTUBHOCTH, aBTOpaMu pa3zpaboTaHa MOJENTh SKOHOMHUYECKOTO POCTa
KaK JJIs BaJIOBOTO BHYTPEHHETO MPOJYKTa B IEJOM, TaK W JUISl OTIENBHBIX OTpAcCiei TeKymeh
HKOHOMHUYECKOH CTPYKTYpBI YKpauHbI, 0OCOOCHHO JUIS KEJIE3HOA0POKHOTO TPAHCIIOPTA.

KuroueBbie cJioBa: KEIIE3HOJOPOKHBIN TPaHCIIOPT, CTpYKTypa TPY30B,
aBTOKOPPEISIIIMOHHAS MO/IEINb, TIPOTHO3, SKOHOMHUYECKUH POCT.

®opwmyit: 3; puc.: 7; tadi.: 4; 6ubmn.: 10.

Introduction. Railways are the priority kind of transport in the transport system of Ukraine.
However, its current state does not meet the required standards. It is characterized by imbalance of
various activities, lack of efficiency in economic activity and significant level of fixed assets
depreciation. At present, the question arises concerning its reorganization especially taking into
account the strategic importance of this sector for economic development of the country.

Decision-making on strategic development requires understanding the factors influencing
trends and their changes. The profit from economic activity of railway transport is generated
through cargo shipments. The main task impacting its further development is the identification of
key cargo areas of transportation and possible changes in these flows.
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Changes in GDP cause changes in cargo turnover on transport which should be taken into
account.

Actual scientific researches and issues analysis. Informational and methodological basis
for the article is publications of scientists doing research in the field in question, materials of
periodicals and Internet sources. The most important apparatus for forecasting cargo departure and
its turnover on the railway transport is described in the scientific works of E. Aksenov [2012], O.
Gnenniy [2013], O. Kyrylenko [2014], K. Razumova [2015].

The research objective. To study (investigate) the structure of the main cargo departures
with the aim of forecasting the volumes of transportation service of railway transport, to carry out
the forecast of cargos shipment taking into account the turbulent state of the national economy of
Ukraine.

The quality of available statistical information influences significantly not only the process
of parameterization, but also the quality of the model and the results of the whole modelling
process. Realizing the process of forecasting, the information on the dynamics of economic features
is used. It is represented in the form of time series of indicators. Time series of this economic
variable is a sequence of values, measured at regular time intervals during the analyzed period.
Railway transport is a leading transport mode at the market of Ukraine.

Taking into account the production potential for study of economic development, as for
railway transport in general, as for separate lines, including those which have low level of activity,
there was developed the model of economic growth by the authors, as for gross domestic product in
general, as for separate sectors of current economic structure of Ukraine, especially for railway
infrastructure.

The statement of basic materials. In terms of turnover, the segment of rail transport in 2017
was 56 %, or 191,9 bin ton kilometers [1]. The overall structure of cargo transported by rail is
presented in Figure 1. The authors performed the forecast for all types of products, that are
transported, but in this article we opt to present only an example of a calculation method using the
data on the cargo with the highest rate of transportation — that is coal (26,8%).

The authors investigated the main characteristics of national economy of Ukraine, with an
annual statistical reporting during 2003-2016 years (GDP, 2016).

30,00%
25,00% /ﬂ\ /
20,00%

15,00% f /\

10,00%

5,00% v \__/‘\\j

0,00%

Fig.1. Structure of cargo that was transported by the railway transport in 2016
[Statistical information, 2016]

The volume shipment of goods by rail is characterized by a close relationship between
volumes of production of goods in the industry and production of agriculture in Ukraine. The
information concerning the volumes of production of the main types of products of national
industry and agro — industrial complex is formed on the base of State Statistics Service of Ukraine
data (GDP, 2016).

Data about volumes of cargo departure and volumes of production of main types of
industrial products and agriculture are given in table 1.
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Table 1.

Dynamics of cargo departure and production of main types of goods of industry
and agro-industrial complex

Year Departure of cargo, Production, Coefficient of Base index, times
thousand tons thousand tons transportation Departure Arrival
2003 363364,8 415881 0,874 1 1
2004 388295,3 457713 0,848 1,069 1,101
2005 379926,7 455430 0,834 1,046 1,095
2006 398148,3 474233 0,840 1,096 1,140
2007 415910,6 477133 0,872 1,145 1,147
2008 399679,7 465451 0,859 1,100 1,119
2009 322221,8 408761 0,788 0,887 0,983
2010 357969,1 431856 0,829 0,985 1,038
2011 388715,5 486874 0,798 1,070 1,171
2012 378102,2 468424 0,807 1,041 1,126
2013 377318,2 475318 0,794 1,038 1,143
2014 325100,0 424734 0,765 0,895 1,021
2015 315342 403277 0,782 0,861 1,011
2016 323474 422378 0,765 0,832 0,987

[systematized by authors]

It is understood from the table 1, that there is a strong interconnection between the volumes
of departure of cargo and the volumes of production of main types of industry products and agro-
industrial complex, which also shows coefficient of correlation of these indexes, which is equal

0,8415.

Thus, the forecasted volumes of departure of cargo, as author thinks, can be defines as the
product of forecasted general volumes of production of the main types of goods of industry and
agro-industrial complex and forecasted coefficients of transportation. To identify trends in time
series of coefficients of transportation the autocorrelation functions of output series dynamics and
dynamics of growth series are used (figure. 2). Autocorrelation — is a statistical interconnection
between sequences of values of one series, taken with a shift, for example, for a random process —
with a shift of time.

Coefficient of auto correlation

Shift

Fig. 2. Auto correlative functions of transportation coefficients*
*[Developed by authors]

From the Figure 2. it is understood, that for forecasting it is advisable to use autoregressive
model of growth with shift on 5 years. Using a standard procedures of regressive analysis it is set
the parameters of the model

where:

x,=0,5902+0,3981-x, ,
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Forecasted coefficients of transportation are identified in table 2.

X — growth of sequence of dynamic coefficients of transportation in a sequence in a

corresponding year.

Table 2.
Forecast of coefficients of transportation*

.- Growth of the coefficient of

Year Coefficient of transportationi Growth of the Coeffﬂqent of transportationi with shift on 5
transportationi years
2018 0,732 0,9819 0,9839
2019 0,713 0,9738 0,9635
2020 0,707 0,9919 1,0090

*[Developed by authors]

Dynamics and forecast of coefficients of transportation are shown on figure 3.
Forecast of the volume of production of main types of production is made by groups.
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Fig. 3. The graph of dynamics and forecast of coefficients of transportation*
*[Developed by authors]

The information about the volume of production of coal are given in table 3.

Table 3.
Amounts of production of prepared coal, thousand tons*
Period Amounts of production Period Amounts of production
1996 57000 2007 58900
1997 58600 2008 59500
1998 59500 2009 55000
1999 62800 2010 55000
2000 62400 2011 62700
2001 61700 2012 65700
2002 62000 2013 64200
2003 59800 2014 44686
2004 59400 2015 39760
2005 60400 2016 40864
2006 61700 2017 34916

*[Developed on the basis of 1]

Form the table 3, you can see that amounts of production in 2017 decreased compared to
others years. So the forecast of the production amounts in 2018 are based on the results of 2017. For
the next periods the forecasts is made by using the difference of the first order, made without
considering the 2017 data. The graph of the volume of production is shown on figure 4.
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On the figure 4, is shown the changing trends of September 2017. So for the next forecast
we use trend equation, that was made taking in account August — December 2017 data:
x,=1626+70-1 (2)
where:
x — volume of production of coal for 1 month, thousand tons;
t — number of the month, starting January 2017

G000

5000

4000

3000

Production of coal

2000

1000

1 3 5 T a 11 13
Month

Fig. 4. Graph of volume production of coal 2017*
*[Developed by authors

So the forecast of the volume of production in 2018 is equal:

thousand tons i
X, = 1626vl2+70-iz:35052
=13
To identify trends in time series of volume of coal production the autocorrelation function of the
dynamic difference of the first order is used Pic.5. We can see clearly on the figure 5, that for
forecast it should be used autoregressive model with the shift increments for 6 years. Using the
standard calculation of autoregressive model we got this parameters:
x,=49,2+08723-x,_ (3)
where:
X — rooted volume of coal production for the year, thousand tons

0.8

Autocorrelation coeficion

Shift
Fig. 5. Autocorrelation function of the dynamic difference of the first order excluding 2017 data*
*[Developed by authors]

Using the model (3) the forecast of production decrease in 2018—2020 is determined and it
is equal 2668, 1260 and 549 thousand tons.
Thus, forecasted volume of production of coal is
- In 2018 — 41871 + 2668 = 4539 thousand tons
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- In 2019 — 44539+1260 = 43279 thousand tons
- In 2010 — 43279 + 549 = 43828 thousand tons
Dynamics and the forecast of the volume of production of coal is pictured on figure 6.
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Fig. 6. Dynamics and forecast of volume of coal production *
*[Developed by authors]

So if we take in account the shown method, we can get the forecast not only of the
production of coal but also of the main cargo that is transported by the Ukrainian railroad
(Chernenko, 2009, Kyrylenko, 2014, Novak, 2012). They are used for calculation of index —
transportation of cargo with the prospective till 2020. Predicted volumes of transported cargo that is
determined by an author, is a sum of predicted volumes of production of the main types of cargo
and agroindustrial complex and the coefficient of transportation. As it shown in the table 4. The
received dynamic indicators and the prediction of transported cargo are shown on the figure 7.

Table 4.
Prediction of transported cargo, thousand tons*
Year Transported cargo Coefficient of transportation Production of the main kinds of
products
2018 326808 0,732 446459
2019 324748 0,713 455467
2020 320518 0,707 453350
*[Developed by authors]
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Fig. 7. Dynamics and forecast of cargo transportation™
*[Developed by authors]
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Conclusions. According to obtained results the cargo turnover of Ukrainian railroads will
decrease next years (including the lines with low intensity). It is caused by reduced output in many
branches of the economy. At the same time achieved findings should be taken into account in the
layout of operating activity of railroads in the future.
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