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MODELING OF REGIONAL FREIGHT FLOWS OF ROAD
TRANSPORT IN UKRAINE

Lidiia Savchenko, Myroslava Semeryagina, Iryna Shevchenko “Modeling of regional freight flows
of road transport in Ukraine”. A transport system can be defined as a complex system characterized by a
random value of transport demand, variable weather and climatic factors, a set of characteristics of transport
infrastructure, and a complex system of interconnections. One of the key modes of transport providing freight
transport both in domestic and international traffic is road. Its mobility and the ability to deliver cargo from door
to door is a unique competitive advantage over other modes of transport.

To create an effective logistics infrastructure that meets the demand for domestic freight transport, first
of all, information is needed on the needs for transport between regions of the country. Thus, it is necessary to
look for mathematical approaches to modeling freight flows, combining their practical implementation using
widely used software products (for example, MS Excel).

The purpose of the paper is to build effective multifactor regression models of demand for input and
output transportation of goods by road for each region of Ukraine according to publicly available statistical
data of the State Statistics Service of Ukraine.

The modern approach to modeling cargo flows requires fast processing of a large amount of statistical
data. In addition, the method should be as universal as possible and capable of quick and simple changes under
conditions of a change in statistical data. From this point of view, the most acceptable option can be considered
to be the modeling of freight traffic using regression models based on correlation and regression analysis. In
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general, the task is to find the dependence of the demand for transportation on the factors that influence it. Such
factors in the existing models are connected with various macroeconomic indicators, as well as the distance of
delivery.

The data of regional statistics of the State Statistics Service of Ukraine and data of the “Lardi-Trans”
website as the most widely used by freight carriers and shippers were taken as the initial data for modeling.

A list of factors has been found that significantly influence the demand for freight transport by road
between regions of Ukraine. A rating of influencing factors has been compiled, among which are the gross
regional product, regional volumes of foreign trade in goods (imports) and gross regional product per one
inhabitant of the region. The absolute values of the correlation coefficients are in the range 0.351-0.974. The
lowest correlation coefficient is between the transportation distance and the demand for delivery, which proves
a negligible relationship between the volume of regional transportation and the distance of delivery.

Multivariate regression models with thirteen, five and two factors of influence on demand are built.
Accuracy parameter values are acceptable for all model variants. The normalized R-squared of the obtained
models does not fall below 84%, and the average approximation error does not rise above 1.6%, which is an
excellent performance of the models.

Keywords: demand for freight transportation, regional transportation of goods by road, domestic
transportation, modeling the demand for transportation, correlation-regression analysis, linear
multivariate regression.

Jlidia CasuyeHko, Mupocnasa CemepsziHa, IpuHa LlleeyeHko “Moodeno8aHHA pez2ioHANbHUX
eaHmaxonomokie aemomobinbHo20 mpaHcnopmy 6 YKpdaiHi”. TpaHcnopmHy cucmemy MOXHA
8U3HAYUMU AK CKIAOHY cucmemy, AKA XApakmepu3lyembsCsa 8UNAOKOBOIO 8e/IUYUHOI0 MPAHCNOPMHO20
nonumy, 3MIHHUMU NO200HO-KAIMAMUYHUMU (aKkmopamu, Habopom Xapakmepucmuk MmpaHCNOPMmMHOI
iHGppacmpykmypu ma cknaoHow cucmemoro 83aemo3s’askie. OOHUM 3 K/II04Y08UX 8UOi8 MpaHcnopmy, Wo
3a6e3neyye B8AHMAXHI nNepese3eHHA AK Yy BHYMPIWHbOMY, MAK | MIXHAPOOHOMY CNOJTyYeHHI, €
asmomobinbHull. Mo2o mMobinbHicme ma moxnusicme docmasku eaHmaxy «gid d0sepeli 0o dsepeli» €
YHIKG/TbHOIO KOHKYPEHMHOI0 Nepesazoio neped iHWUMU 8udamu mpaHcnopmy.

[na cmeopeHHA echekmugHOI no2icmudHoi iHppacmpykmypu, wio 3abesnedye nonum Ha 8HYMpilHi
B8AHMAXHI nepese3eHHA, nepw 3a 8ce HeobxioHa iHgopmauis npo nompebu 8 nepege3eHHAX MiX pezioHamu
KpaiHu. Takum YUHOM, HeobXiOHO WyKamu mMamemamudyHi nioxodu 0o MOOesIl8AHHA 8AHMAXONOMOKIs,
KOMOIHYIOUU iX NpaKmMu4yHy peani3ayito 3 8UKOPUCMAHHAM WUPOKO BUKOPUCMOBYBAHUX NPO2PAMHUX
npodykmie (Hanpuknao, MS Excel).

Memorwo cmammi € nobydosa epekmusHux 6azamogpakmopHuUx pezpeciliHux modenel nonumy Ha
8XiOHi Ma 8UXiOHi nepese3eHHA 8GHMAXi8 aBMOMOBIIbHUM MPAHCNOPMOM 0718 KOXXHOI obiacmi YkpaiHu 3a
302a71bHO00CMYNHUMU CMAMUuUCMUYHUMU OaHUMU [lepxxasHoi ciyx6u cmamucmuku YKpaiHu.

CyyacHul nioxio 00 MoOest08aHHA 8AHMAXONOMOKI8 8UMA2AE WBUOKOI 06pOB6KU 3HAYHOI Kinlbkocmi
cmamucmuyHux oaHux. Kpim mozo, memoo mae 6ymu MAKCUMAnbHO yHigepcanbHUM ma 30amHuUM 00
WBUOKUX Ma npoCmux 3mMiH y pasi 3MiHU HaA8HUX CMAMUCMUYHUX OGHUX.

Hal6inbw npuliHAMHUM 8apiaHmMoMm 3 Ui€i MOYKU 30py MOXe 88aXamucs MOOe/Tt8aHHSA
B8AHMAXONOMOKI8 3 BUKOPUCMAHHAM pezpeciliHux mooeneli HAa OCHO8I nposedeHHA KopensayiliHo-
pezpeciliHo2o aHanisy. Y 3aeanbHomy 8u2/iA0i 3a0a4a NosiA2ae 8 3HAXOO0XeHHi 3anexHocmi nonumy Ha
nepese3eHHs 8i0 (hakmopis, Wo Ha Hb020 BU3HAYA/IBbHUU 8NIU8. TaKuMu (hakmopamu € MAKPOEKOHOMiYHi
NOKA3HUKU, @ MAKOX 8I0CMAaHb nepese3eHHs.

Y akocmi 8uxiOHUX OAHUX 83Ami 0aHi pe2ioHanbHOI cmamucmuku ma 0aHi catima «Jlap0i-TpaHc» Ak
Halbinbw WUpOKO BUKOPUCMOBYBAHO20 Y 8AHMAXONePesi3HUKI8, 8iONpAsHUKI8 Ma 3amMo8HUKI8 nepese3eHs.

3HalideHo akmopu, Wo CMAHoBAAMb 3HAYHUU B8NJIU8 HA NONUM HA BAHMAXHI nepese3eHHA
asmompaHcnopmom 3 ma 0o obnacmeli YkpaiHu. CknadeHo pelimuHe pakmopie ennusy, cepeod AKUX HA
nepwux nosuyisax Banosul pezioHanvbHUl npodykm; PezioHanbHi o6cazu 308HilHBLOI mopeieni mosapamu
(imnopm) ma Banosuli pezioHanbHuli NpoOYKM y pO3paxyHKy HA OOHYy 0coby. A6COMOMHI 3HAYeHHA
KoegpiuieHmis kopenayii nepebysaoms y dianasori 0,351-0,974. HaliHuxyul KoegpiuieHm kopenauil - mix
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8i0CMAHHI0 nepege3eHb Mad NONUMOM HA HUX, U0 00800UMb HE3HAYHUU 38’A30K MiX 06CA2aMU pe2ioHaIbHUX
nepege3seHb ma 8i0CMAHHI0 00CMABKU.

[MobydosaHo moodeni baeamogakmopHoi peapecii 3 mpuHadoyamemd, n‘amema i 08oma pakmopamu
snausy Ha nonum. 3HA4eHHA nNapamempie MOYHOCMI € NPUUHAMHUMU 0514 8Cix s8apiaHmis moodesed.
HopmosaHuti R-keadpam ompumaHux moodesneli He ONyckaemoca Huxuye 84%, a cepeOHA NOMUJIKA
anpokcumayii He nioHimaemeocs suue 1,6%, Wo € 8iOMIHHUMU NOKA3HUKAamu mooesiell.

Knioyoei cnoea: nonnt Ha BaHTaXHi NepeBe3eHHs, perioHaNbHi MNepeBe3eHHA BaHTaXiB
aBTOMODGINIbHUM TPAHCMOPTOM, BHYTPIlLHi MNepeBe3eHHs, MOAENIOBaHHA MOMUTY Ha MepeBe3eHHs,
KopenauiiHo-perpeciiHnin aHanis, niHiHa 6aratodaktopHa perpecis.

Jludus CasyeHko, Mupocnaea CemepseuHa, UpuHa LLlegyeHko “MoodenuposaHue pe2uoHanbHbIX
2py30nOomoKoe aemomobusibHo20 mpaHcnopma 6 YKpauHe". TpdHCNOpMHYI cucmemy MOXHO
onpedesiume KAk CJIOXKHYI0 cucmemy, Komopas xapakmepusyemca c1y4atiHol 8esiuduHol mpaHcnopmHozo
cnpocd, nepemMeHHbIMU  NO200HO-KIUMAamuuyeckumu  ¢pakmopamu, Habopom  xdpakmepucmuk
mpaHcnopmHol uHgpacmpykmypsl U c1oxHol cucmemol 83aumocsasel. OOHUM U3 K/TIo4YesblX 8udos
mpaHcnopmad, obecneyusarwuM 2py308bie Nepeso3KU KAk 80 8HYMpeHHeM, MaK U 8 MeXOyHapOOHOM
coobuweHuU, As1AemMcsa asmomobusbHbil. E20 MO6UIbLHOCMb U B03MOXHOCMb 00CMABKU 2py3a «om 0sepu 00
0sepu» A8/19emcs YHUKAIbHbIM KOHKYPeHMHbIM NpeuMyuw,ecmaom nepeo Opy2umu 8u0amu mpaHcnopma.

Jna co3d0aHusa 3gpekmusHol so2ucmuyeckol UHppacmpykmypel, obecnequsaruwjeli cnpoc Ha
B8HymMpeHHUe 2py308ble Nepeso3KU, npexoe 8ce2o Heobxoouma UHhopMayus o nompebHOCMAX 8 nepeso3Kax
Mex0y pe2uoHamu cmpaHel. Takum o06pasom, HeobxoOUMO UCKame Mamemamuyeckue nooxoosl K
MOOesIUpOBAHUIO 2PYy30N0MOKO8, KOMOUHUPYA UX NPAKMUYeCKyto pedsu3ayuto ¢ UCNo/1b308aHUEM WUPOKO
UCnosib3yembix NPO2PamMMHbIX Npodykmos (Hanpumep, MS Excel).

Llensto cmamou Asn1aemca nocmpoeHue 3ghhekmusHbix MHO20(haKMOPHbIX pezpecCcUOHHbIX modeseli
CNPOCa Ha 8X00HbIe U 8bIXOOHblE Nepeso3KU 2py308 asMoMobUsIbHbIM MPAaHcnopmom 0514 kaxool obaacmu
YKpauHel no obwedocmynHelMU cmamucmuy4eckum OdHHbIM [ocyddpcmeeHHOU Ciyx6bl cmamucmuku
YkpauHel.

CospemeHHbIl NOOX00 K MOOEUPOBAHUIO 2py30N0MoKo8 mpebyem boicmpoli 06pabomku 60716020
KoJluyecmaa cmamucmuyeckux OaHHbIX. Kpome mozo, Memoo 00s1xkeH 6biMb MAKCUMAJIbHO YHUBEPCAbHbIM
U CNOCOBHBIM K ObICMPbIM U NPOCMbIM U3MEHEHUAM 8 C/lydae nepemeHbl CMamucmuyeckux OGHHBbIX.
Haubonee npuemsemeiMm 8apuaHMoOM C 3MOU MOYKU 3peHUs MOXem cYyUmamscs MOOeauposaHue
2py30N0MOKO8 C UCNOJ/Ib308AHUEM pe2peccUOHHbIX Modesieli Ha OCHOBe nposedeHUA KoppeasyuoHHO-
pe2peccuoHHo20 aHanusd. B obwem sude 3adaya cocmoum 8 HAxoxO0eHUu 3asucumMocmu cnpoca Ha
nepeso3ku om (hakmopos, OKA3bl8aroUUX Ha He2o 8auaHuUe. TakumMu hakmopamu 8 cyuyecmayouux Mooesnax
YKA3b618a10MCA PA3/IuYHble MAKPOIKOHOMUYeCcKUe NoKA3zamesu, d makxe paccmosHue nepesosKu.

B Kauecmee UCXOOHbIX OdHHbIX 0718 MOOeUPOB8AHUA 83AMbl OdHHbIE pe2UOHAsIbHOU cmamucmuku
locydapcmeeHHoU c1yx6bl cmamucmuku YkpauHel u 0aHHele caiima «/lapou-TpaHc» kak Haubosee WUpoKo
UCNoJ/Ib3yemMo20 y 2py30nepeso3yuKkos u 2pysoomnpasgumersied.

OnpedesnieH nepedeHb hakmopos, cOCMAsAAUWUX 3HAYUMesIbHOe 8/IUAHUE HA CNPOC HA 2py308bie
nepego3ku asmompaHcnopmom mexoy obnacmamu YkpauHel. CocmasseH pelimuHe ¢pakmopos 8/1UAHUA,
Cpedu KOmopbIX HA NepabIX NO3UYUAX 8aJ108bIU pe2UOHAbHbIU NPOOYKM, pe2uoHdsbHble 06beMbl 8BHeWHel
mopzoenu mosapamu (UMnopm) U 8asi08bil pe2uoHasbHbIU NPodykm 8 pacdyeme HA OOHO20 Xumess
obnacmu. AbconromHele 3Ha4eHUa Ko3ghguyueHmMos Koppenayuu Haxooamca e ouana3oHe 0,351-0,974.
Camsbili HU3KUU Ko3ghhuyueHm Koppenayuu - Mexoy pacCmosHUeM Nepeso3oK U CNPOCOM HA HUX, Ymo
0oKad3bigdem HE3HAYUMesIbHyl0 83aUMOCBA3b MexX0y 00beMamu pe2uoHAIbHbIX NePeso30K U paccmosHUeM
docmasku.

[MocmpoeHbl Modenu MHO20hakmopHoU pezpeccuu ¢ mpuHaoyameto, NAMelo U 08yMA hakmopamu
8/1UAHUA HA CNPOC. 3HA4YeHUA NApamempo8 MOYHOCMU ABIAIMCA npuemaeMbIMu 0/ 8ceX 8apuaHmMo8
modenel. HopmuposaHHeili R-k8adpam nosyyeHHbIx Modesiel He onyckaemca Huxe 849%, a cpeoHAsA owubka
annpokcumayuu He noOHUMaemcs solwe 1,6%, Ymo A8/19emcsa OMIUYHbIMU NoKaszamenamu mooesned.

Knioyesble cnoea: cnpoc Ha rpy3oBble MepeBO3KW, pPervoHanbHble MNepeBO3KM rpPy30B
aBTOMOOWNbHLIM TPAHCMOPTOM, BHYTPEHHME MepeBO3KW, MOAENMPOBaHME Cnpoca Ha MepeBO3KM,
KoppenALMOHHO-PErpecCUOHHbIN aHanus, NMHenHaa MHorodakTopHas perpeccus.
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Introduction. The transport system can
be defined as a complex system characterized
by a random variable of transport demand,
variable weather and climatic factors, a set of
characteristics of transport infrastructure and
a complex system of relationships. The main
purpose of the transport system is to meet the
demand of the population, business and
government agencies for transport services.
The correspondence between the capabilities
of the transport system and the demand for
its services is determined by the balance of
demand and capacity of the transport system.
In this regard, it is very important to accurately
determine the demand for transport services.

In the text of the National Transport
Strategy of Ukraine for the period up to 2030
[1] the priority of the industry as one of the
most important in the national economy is
identified. The volume of freight traffic
directly reflects the financial and economic
condition of the country and its regions, as
well as a marker of trends in the business
environment.

One of the key modes of transport that
provides freight in both domestic and
international traffic is road. Its mobility and
ability for door-to-door delivery is a unique
competitive advantage over other modes of
transport. Transportation by other modes of
transport mostly needs the involvement of
road in the first and last stages of the delivery
process. Thus, modeling the demand for
transportation of goods by road is an urgent
task, the correctness of the results of which
depends on the quality of the whole process
of transportation.

To create an effective logistics
infrastructure that meets the demand for
domestic freight transport, first of all,
information is needed on the demand for
transport between regions of the country.

Determination of real freight traffic is
associated with a number of difficulties. The
most accurate is the method of direct
accounting, which consists of a direct full
survey of cargo-generating and cargo-
absorbing points of the region. This method
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provides the most complete data for the
characterization of traffic flows in a certain
period of time. However, its disadvantage is
the high labor intensity of data collection and
processing. Unfortunately, the collection of
such data involves direct interviewing,
questioning each actual and potential point
of departure and destination of cargo, which
in reality is possible only in a small area (no
more than a city microdistrict). The
accounting of transported goods according
to the nomenclature in organizations
producing and consuming products, and in
road transport enterprises, would certainly
make it possible to easily collect the necessary
information on freight traffic. However, at the
moment in Ukraine there are no such reports
for all enterprises, or access to them is limited.
In addition, there is the problem of biased
applications of consignors, lack of accounting
for the frequency of transport and the weight
of packages. The inaccuracy of accounting in
the performed volumes of transportations in
road transport enterprises also creates
additional difficulties in determining the real
traffic flows.

Thus, it is necessary to look for
mathematical approaches to modeling
freight trafficc combining their practical
implementation using widely used software
products (for example, MS Excel).

Analysis of the latest research. Basic
principles and approaches to forecasting
freight and passenger transportation are
presented by the authors in [3]. Authors [7]
considered the factors of influence on the
evolution of transport systems, that is, they
forecasted the trend regarding the volumes of
transportation in dependence from factors of
external environment. Analysis of trends in
freight traffic in containers by the author [2]
was carried out using econometric models
built on the basis of time series analysis and
correlation-regression analysis. Significant
number of works (for example, [4]) dedicated
to forecasting freight and passenger flows on
the railway. It should be noted that despite
identical objects (cargo), the principle of
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forecasting demand for carriage by rail and
road should be quite different due to the
nature of functioning of these means of
transport and the difference of the fields of
their rational application.

Formulation of the purpose of the
study. The purpose of the paper is to build
effective multifactor regression models of
demand for incoming and outgoing
transportation of goods by road for each
region of Ukraine according to publicly
available statistical data of the State Statistics
Service of Ukraine.

Presentation of the main research. The
modern approach to modeling of cargo flows
requires fast processing of a impressive
amount of statistical data. In addition, the
method should be as universal as possible
and capable of quick and easy changes under
the conditions of changes in current statistics.

From this point of view, the most
acceptable option can be considered to be
the modeling of freight traffic with regression
models based on correlation and regression
analysis.

Correlation-regression analysis is a set of
statistical and mathematical methods used
for quantitative analysis of the links between
socio-economic phenomena and processes. A
random variable is used as a dependent
variable in regression analysis, and non-
random variables are used as an independent
variable.

Regression analysis is used when the
relationships between variables can be
quantified as some combination of these
variables. The resulting combination is used
to predict the value that can take the target
(dependent) variable, which is calculated on a
given set of values of input (independent)
variables. In the simplest case, standard
statistical methods, such as linear regression,
are used.

The regression model includes the
following parameters and variables:

- Unknown parameters denoted as {{3};

- Independent variables, {X};

- Dependent variable, {Y}.

6-22
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y=r(x, %0 X,),
which describes the dependence of the
conditional mean value of the result
characteristic (dependent variable) on the
given values of arguments (independent
variables) X, X,,..., X is called the

The function

no

regression equation.
Linear regression is described by a linear

relationship between the studied variables:

y:ﬂo+ﬂ1xl+"'+ﬂn‘xn’ ('])

wherey is the dependent variable;
X;, X,,..., X, —independent variables;

n

Bo..fu” regression coefficients.

The solution of the mathematical
equations of the relationship between the
dependent and independent factors involves
the calculation of their unknown parameters
from the initial data - the coefficients o,
Bi..., Pn. Determination of unknown
regression coefficients [5], according to which
the square of the deviation of the observed
(statistical) values of the performance
indicator V. is minimized from the model
(obtained by the constructed regression
equation) values y, = f(x ,3). The objective
function, respectively, is the expression:

Z(yci _ypi)2 - mln
2)

The set of coefficients {8}, which will
provide the minimum of the objective
function (2), is taken to describe the
dependence of the resulting parameter y on
the factors {X}.

Consider the stages of regression

analysis.
1. Task formulation. At this stage,
preliminary hypotheses about the

dependence of the studied phenomena are
formed. A set of factors is selected that can
affect the resulting indicator.

2. Collection of statistical data. Arrays of
dependent variable and independent
variables are obtained.
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3. Formulation of a hypothesis about the
form of relationships. Choosing the form of
the regression function.

4. Calculation of numerical values of
parameters (3 of the regression equation.

5. Evaluation of the accuracy of
regression analysis. Calculating the resulting
error of the regression model.

6. Interpretation of the obtained results.
The obtained results of regression analysis are
compared with previous hypotheses. The
correctness and plausibility of the obtained
results are evaluated.

7. Prediction of unknown values of the
dependent variable.

When conducting regression analysis, a
well-grounded choice of not only the type
(mathematical form) of the dependencies
used, but also the factors themselves, is of
great importance. Thatis why it is desirable to
carry out correlation-regression analysis. In
addition to the above steps of regression
analysis it must be added the stage of
estimating the correlation between the
dependent and each independent variable.
The degree of relationship (correlation)
between the dependent and independent
variables is determined using the correlation
coefficient:

'"”:J;i(x,»—ff(y,.—yf |

where 7y, is the correlation coefficient
between the dependent variable y and the
independent variable x;
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Xi, Vi —the i-th value of the independent
and dependent variables;
X,y - the average value of the

independent and dependent variables. Only
those independent variables that have high
values of the correlation coefficient (usually
more than 0.5 in absolute value) are left in the
regression model.

In general, the task is to find the
dependence of the demand for
transportation on the factors that have a
decisive influence on it. These factors are
macroeconomic indicators. For freight
transportation, this is the gross domestic
product, the volume of production by
industry, the volume of imported and
exported goods. When forecasting passenger
traffic, the main factors are the size, mobility
of the population, income and tariffs for
transport services. The time factor is
highlighted as significant, in which all the
ongoing economic and social processes and
factors influencing them are accumulated [3].
In the work [7] as a factor of the external
environment was taken the GDP, which
reflects the efficiency of the economy. The
GDP factor is also used to predict freight
traffic on the railroad by the author [4],
indicating a clear mutual influence of these
two factors on each other.

Since the purpose of the paper is to
model the demand for road freight transport
between the regions of Ukraine, the data of
regional statistics [8] should be taken as initial
data. As for the resulting factor - the demand
for transportation, we use the data of the site
"Lardi-Trans" as the most widely used by
carriers, shippers and customers (Table 1).

Table 1. Demand for transportation to and from the regions of Ukraine (daily statistics "Lardi-

Trans" [6])
. , Number of orders for Number of orders for
Region of Ukraine . , : .
transportation from the region transportation to the region
Vinnytsia 114
Volyn 56
Dnepropetrovsk 162
Donetsk 41
Zhytomyr 71
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Transcarpathian 17 57
Zaporozhye 163 153
Ivano-Frankivsk 8 44
Kyiv 1069 653
Kirovograd 39 170
Luhansk 33 35
Lviv 47 107
Mykolayivska 61 45
Odessa 117 101
Poltava 107 189
Rivne 70 58
Sumy 22 41
Ternopil 61 147
Kharkiv 166 149
Kherson 98 69
Khmelnytsky 43 62
Cherkasy 45 44
Chernivtsi 19 28
Chernihiv 24 21
Total, orders 2814 2617
Average value, orders 117.3 109.0

Source: Compiled by the authors

Since correlation-regression analysis is
used in the article to model demand, we must
find factors that have a significant impact on
the resulting indicator (demand). The State
Statistics Service of Ukraine systematically
presents information on the regions of
Ukraine, which could potentially have an
impact on the demand for road freight:

1) Gross regional product (million UAH),
latest data for 2018;

2) Gross regional product per capita
(UAH), latest data for 2018;

3) Number of legal entities by region,
latest data as of January 1, 2021;

4) Population as of December 1, 2020
(current population);

5) Population as of December 1, 2020
(permanent population);

6) Freight transportation by road in the
region in 2020, thousand tkm;

7) Freight transportation by road in the
region in 2020, thousand tons;

8) Regional volumes of foreign trade in
goods in January-October 2020 (exports,
thousand US dollars);

9) Regional volumes of foreign trade in
goods in January-October 2020 (imports,
thousand US dollars);

10) Regional volumes of foreign trade in
services for 9 months of 2020 (exports,
thousand US dollars);

11) Regional volumes of foreign trade in
services for 9 months of 2020 (imports,
thousand US dollars);

12) Volumes of manufactured
construction products and indices of
construction products in 2020, UAH million.

Another factor used in modeling the
demand and volume of traffic for both cargo
and passengers is always the distance of
transportation. To model the demand for
transportation to and from the regions, the
average distances of transportation between
all regions were calculated (Fig. 1).
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Figure 1 - Rating of regions of Ukraine in relation to the average distance of delivery to
other regions
Source: compiled by the authors

Analyzing Fig. 1, it can be assumed that in
regions with large average distances of
connections with other regions
(Transcarpathian, Chernivtsi, Luhansk, etc.),
domestic transportation or transportation
between neighboring oblasts will be more
developed. Whereas regions that have
relatively small average distances of

connections with other regions (Kirovohrad,
Kyiv, Cherkasy, etc) will have a more
extensive network of connections with all
regions of Ukraine. However, this assumption
must be verified by correlation analysis.

Here are all the statistics for each region
of Ukraine, which are publicly available and
updating with some regularity (Table 2).

Table 2. Regional statistics that may have an impact on the volume of road transport to and

from the region of Ukraine
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Vinnytsia 111498 | 71104 | 33012 | 1530930 | 1523845 | 1004447.4 | 5428.9 | 1164104.9 | 4525625 | 117159.4 | 28888.1 |10731.3| 455.2
Volyn 60448 | 58297 | 22897 |1028062 | 1025334 |2054934.2 | 4792.9 | 530265.9 | 1056962.4 | 62854.3 | 21724.3 | 2513.7 | 576.0
Dnepropetrovsk | 369468 | 114784 | 103645 | 3146125 | 3142816 | 2846710.3| 20889.4 | 6235536.8 | 3728578.2 | 121241.4 | 157767.0 |17756.9| 535.4
Donetsk 192256 | 45959 | 91822 | 4103490 | 4090605 | 477847.7 [19150.4| 3237089.0 | 1211423.0 | 59970.2 | 563815 |10122.7| 712.4
Zhytomyr 77110 | 62911 | 32046 1196996 |1197765| 462201.4 | 30445 | 539426.5 | 426725.7 | 568402 | 77756 | 2075.2 | 463.6
Transcarpathian | 52445 | 41706 | 24137 |1250767| 1247934 | 4218056 | 5301.9 | 1095201.8 | 1012004.7 | 217563.2 | 18478.8 | 1905.8 | 840.4
Zaporozhye 147076 | 85784 | 48725 | 1669239 (1668450 | 915655.6 | 3960.4 | 2392645.1 | 993194.3 | 127978.3 | 20489.13 | 2723 | 579.7
:;l;%?(-ivsk 78443 | 57033 | 29459 | 1362132 (1359406|1108184.9| 9199.2 | 628021.8 | 508437.9 | 424729 | 176985 | 3743.3 | 650.1
Kyiv 1031229 | 395618 | 413128 | 4751881 [ 4704795 | 8339948 |40753.5|11589891.1| 21351356.7 | 3150834.8|1938283.14 | 55490.6 | 425.1
Kirovograd 64436 | 67763 | 25348 | 921695 | 915280 | 651488.9 | 4643.6 | 730598.0 | 2031259 | 17095.0 | 8467.56 | 1366.7 | 418.7
Luhansk 35206 | 16301 | 41344 [2122914|2118317| 400129 | 1225.3 | 107562.8 | 170199.2 | 15862.1 | 30637.28 | 669.6 | 831.1
Lviv 177243 | 70173 | 74475 | 2499711 | 2481341 | 4050253 |12155.3| 1882326.6 | 2792077.1 | 424529 | 56875.32 | 14142 | 644.6
Mykolayiv 79916 | 70336 | 49939 [1109932(1109217|1085824.9| 6835.8 | 1757653.7 | 646778.1 |254409.14| 14062.93 | 3139.7 | 537.9
Odessa 173241 | 72738 | 86456 | 2370134 2359074 |2076435.8| 8818.6 | 1078699.4 | 1642397.9 |621113.15| 209865.26 |27925.5| 578.0
Poltava 174147 123763 | 34608 | 1373517 [ 1365679 |1560473.2| 7403.7 | 1807864.4 | 949267.0 | 28788.66 | 65018.35 | 8146.4 | 495.2
Rivne 56842 | 49044 | 23918 |1149221|1148161|1883216.6| 4061.2 | 387869.8 |300628.3819| 52473.21 | 19584.03 | 3265.4 | 543.3
Sumy 68489 | 62955 | 25128 1055053 (1052861 | 681840 | 1624 | 725067.9 | 696884.7 | 17656.52 | 17122.73 | 1660.2 | 571.4
Ternopil 49133 | 46833 | 22771 |1031521{1028270| 918505.8 | 3796 | 366078.7 | 329292.3 | 76222.39 | 7539.4 2561 | 555.4
Kharkiv 233321 | 86904 | 83170 | 2637037 | 2621401 | 2491370.5|10655.2 | 1160753.8 | 1455952.1 |284570.98| 37023.87 |14356.2| 594.7
Kherson 55161 | 52922 | 29680 1018484 1017052 | 755484.4 | 3199.1 | 225241.8 | 292176.2 | 23716.08 | 12421.23 | 12415 | 574
Khmelnytsky 75646 | 59583 | 30474 |1245167 [1242004|1095859.6| 6241.3 | 496033.6 | 400786.1 | 17999.82 | 11766.18 | 6472.1 | 489.4
Cherkasy 93315 | 76904 | 29848 | 1180189 (1176560 |1599965.3 | 5663.3 | 685448.9 | 349155.3 | 30404.99 | 15523.28 | 2519.8 | 442.6
Chernivtsi 33903 | 37441 | 16356 | 897295 | 894230 | 653127.3 | 1155.3 | 130633.4 | 137583.8 | 33409.22 | 2671.01 | 2056.6 | 840
Chernihiv 70624 | 69725 | 23062 | 978434 | 969892 | 964744.7 | 1338.6 | 652492.2 | 289754.0 | 22400.8 | 24164.24 | 2440.2 | 558.0

Source: Compiled by the authors

The correlation between the factors and Excel is implemented with the CORREL
daily demand for transportation to and from function.
the regions of Ukraine is evaluated in Table. 3.
To do this, the formula (3) was used, which in

Table 3. Correlation coefficients between the volume of traffic to and from the regions of
Ukraine and regional statistics
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Source: Compiled by the authors
Let's make a rating of independent representation of material, the name of the
variables (factors of influence) on demand for factor is replaced by its number (Tab. 3).
transportation from and to regions of Ukraine
(Fig. 2). For convenience of visual
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Figure 2 - Correlation coefficients of demand for freight transport by road from thirteen
factors: a) from the regions of Ukraine; b) to the regions of Ukraine
Source: compiled by the authors
It can be seen that the difference transportation from and to the regions is
between the rating of the most important insignificant and is observed only in the first

factors influencing the demand for three factors. For the demand for
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transportation from the regions, the most
influential factors are 1) Gross regional
product; 2) Regional volumes of foreign trade
in goods (imports); 3) Gross regional product
per capita. Whereas for the demand for
transportation to the regions the most
influential factors are 1) Gross regional
product per capita; 2) Gross regional product;
3) Regional volumes of foreign trade in goods
(imports). Absolute values of correlation
coefficients are in the range of 0.351-0.974
(demand for transportation from the regions)
and 0.409-0.954 (demand for transportation
to the regions). It can prove that all thirteen
factors have a significant impact on the
demand for transportation both from and to
the Ukrainian regions. The lowest and rather
insignificant correlation coefficient between
the demand for transportation and the
distance is surprising. After all, the distance of
transportation has always been one of the
determining factors in modeling the demand
for transportation of both goods and
passengers. The research conducted here
proves that the formation of demand for
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regional transportation in Ukraine is almost
without the influence of the factor of the
distance between the points of departure and
receipt. In addition, the distance factor is the
only one of others that has a negative
correlation coefficient. This indicates the
inverse relationship between the demand for
transportation and its distance. This
conclusion is quite logical, because with
increasing distance, the demand for
transportation should fall, and vice versa.
Such interdependence is based on the desire
to save money and time, because long-
distance transportation is more expensive
than short-distance one.

For the next stage - regression analysis -
we will transfer the daily demand obtained
from the one-time statistics of "Lardi-Trans"
into the annual one, multiplying it by the
number of working days in a year (251). A
regression analysis was carried out using the
"Regression" tool of the "Data Analysis" add-in
for MS Excel spreadsheets. The analysis results
are shown in Fig. 3 and Fig. 4.

RESULTS
Regression statistics
Multiple R 0.996
R-square 0.993
Normalized R-
square 0.983
Standard error 6955.482
Observations 24
ANOVA
Significance
df SS MS F of F
Regression 13 | 65869905471.2 | 5066915805.5 | 104.734 0.000
Residuals 10 483787245.3 48378724.5
Total 23 | 66353692716.5
Lower Upper
Coefficients | Standard error t-statistic P-Value | Lower 95% Upper 95% | 99.0% 99.0%
Y-intersection 61602.722 23999.435 2.567 0.028 8128.649 | 115076.795 | -14458.031 | 137663.475
Variable X 1 0.66859 0.179 3.728 0.004 0.269 1.068 0.100 1.237
Variable X 2 -0.65344 0.272 -2.401 0.037 -1.260 -0.047 -1.516 0.209
Variable X 3 -0.36900 0.485 -0.761 0.464 -1.450 0.712 -1.906 1.168
Variable X 4 -0.97183 0.611 -1.591 0.143 -2.332 0.389 -2.907 0.964
Variable X 5 0.96527 0.616 1.567 0.148 -0.407 2.338 -0.987 2918
Variable X 6 -0.00116 0.003 -0.343 0.738 -0.009 0.006 -0.012 0.010
Variable X 7 -1.75311 0.847 -2.070 0.065 -3.640 0.134 -4.437 0.931
Variable X 8 0.00001 0.004 0.003 0.998 -0.008 0.008 -0.012 0.012
Variable X 9 -0.00671 0.006 -1.033 0.326 -0.021 0.008 -0.027 0.014
Variable X 10 0.05463 0.043 1.272 0.232 -0.041 0.150 -0.082 0.191
Variable X 11 0.07424 0.051 1.466 0.173 -0.039 0.187 -0.086 0.235
Variable X 12 -1.25481 0.733 -1.712 0.118 -2.888 0.378 -3.578 1.068
Variable X 13 -41.664 21.869 -1.905 0.086 -90.390 7.063 -110.972 27.644
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Figure 3 — Regression analysis - data from the regions
Source: compiled by the authors

RESULTS
Regression statistics
Multiple R 0.966
R-square 0.933
Normalized R-
square 0.846
Standard error 12459.303
Observations 24
ANOVA
Significance
df SS MS F of F
Regression 13 2.17E+10 1.67E+09 | 10.7468 0.0003
Residuals 10 1.55E+09 | 1.55E+08
Total 23 2.32E+10
Standard Lower Upper
Coefficients error t-statistic | P-Value | Lower95% | Upper 95% | 99.0% 99.0%
Y-intersection 55527.9 | 42990.012 1.292 0.226 | -40259.784 | 151315.650 | 80719.139 | 191775.004
Variable X 1 0.494 0.321 1.538 0.155 -0.222 1.210 -0.524 1512
Variable X 2 -0.315 0.488 -0.646 0.533 -1.401 0,771 -1.860 1.230
Variable X 3 -1.120 0.869 -1.290 0.226 -3.056 0.815 -3.874 1.633
Variable X 4 0.569 1.094 0.520 0.614 -1.868 3.007 -2.897 4.036
Variable X 5 -0.564 1.104 -0.511 0.620 -3.023 1.895 -4.062 2.933
Variable X 6 -0.004 0.006 -0.683 0.510 -0.018 0.009 -0.023 0.015
Variable X 7 -0.183 1517 -0.121 0.906 -3.563 3.198 -4.991 4.625
Variable X 8 0.000 0.007 0.066 0.949 -0.015 0.016 -0.021 0.022
Variable X 9 -0.005 0.012 -0.409 0.691 -0.031 0.021 -0.042 0.032
Variable X 10 0.103 0.077 1.334 0.212 -0.069 0.274 -0.141 0.347
Variable X 11 0.029 0.091 0.321 0.755 -0.173 0.231 -0.258 0.317
Variable X 12 -1.593 1.313 -1.213 0.253 -4.518 1.332 -5.754 2.568
Variable X 13 -40.10 39.173 -1.024 0.330 -127.382 47185 | -164.250 84.052

Figure 4 — Regression analysis - data to the regions
Source: compiled by the authors

The results obtained allow us to make the
following conclusions. Since the values of the
multiple correlation coefficient are 0.996 and
0.966 (for the demand for transportation from
and to the region, respectively), which is more
than the accepted boundary value of 0.7, we
can say about a strong relationship between
the dependent value (demand for freight
transportation by road between regions of
Ukraine) and selected thirteen factors. The
values of the adjusted coefficient of
determination mean that, respectively, 98.3
and 84.6% of the variations in the demand for
transportation from and to the region are
explained by the variation of the selected
thirteen factors, and the remaining 1.7 and
15.4% are explained by other factors
unaccounted in this regression model. The

values obtained are high and acceptable for
decision making. The next block is analysis of
variance. The Fisher test is used to check the
statistical significance of the regression
equation as a whole. The actual values of the
criterion are 104.7 and 10.8 with the
corresponding significance levels of about 0.
Thus, the actual values of the Fisher test
significantly exceed the significance levels,
which means that the regression equation
can be recognized as statistically significant
with a very high probability. The next section
contains information about the values of the
regression coefficients. The resulting models
are follows:

- annual demand for transportation from
the region:
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y=61602,7+0,67x, —0,65x, —0,37x, —0,97x, +0,97x, —0,001x, —
~1,75x, +0,0001x, —0,01x, +0,06x,, +0,07x,, —1,26x,, —41,66x,,

- annual demand for transportation to the
region:

y=55527,9+0,49x, —0,32x, —1,12x, +0,57x, — 0,56 — 0, 004x, —
~0,18x, +0,0001x, —0,01x, +0,1x,, +0,03x,, —1,59x,, — 40, 1x,

The free coefficient of the equation can
be considered as the value of the demand for
regional transportation, which does not
depend on the selected factors. Surprisingly,
the coefficients in the equations do not
always coincide in sign with the
corresponding correlation coefficients. The
obtained values are checked for statistical
significance using the Student's t-test. The p-
value column contains the significance levels
at which the regression coefficients are
considered statistically significant different
from zero. The limiting value in practice is
usually considered to be 0.05 (95%
probability). If the actual p-value is less than
the limiting, the regression coefficient is
considered statistically significant. It can be
seen that such a condition is satisfied for a
small number of factors. According to p-
values, only the coefficients at x; and x> are
statistically significant for modeling demand
from the region (values 0.004 and 0.037).

None of the regression coefficients that
model demand to regions are statistically
significant. To increase the significance of the
regression coefficients, the number of factors
should be reduced by removing those of
them that have the greatest pairwise
correlation. It should be noted that the
regression coefficients can also be obtained
using the LINEST function in MS Excel.
However, the function does not provide
additional information about the resulting
model; thus, information about the R-square
estimates, Fisher's tests, t-statistics, etc. will
have to be obtained using additional
calculations, including using MS Excel
functions. To reduce the number of
independent regression variables, we will
carry out a correlation analysis - calculate the
matrix of pair correlation coefficients. For this
purpose, we use the Correlation tool of the
Data Analysis in MS Excel Spreadsheet Add-in.
The correlation matrix is presented in Table 4
and Table 5.

Table 4. Pairwise correlations matrix (demand for transportation from the region)

Transportatio
n from the
region 1 2 3 4 6 7 8 9 10 11 12 |13
Transportatio
n from the
region
1 0.974
2 0.967 0.963
3 0.961 0.983] 0.937
4 0.696 0.804 | 0.631| 0.817
5 0.694 0.801] 0.628| 0.814| 1.000
6 0.801 0.833] 0.808| 0.826| 0.612| 0.609
7 0.862 0.940| 0.847| 0.927| 0.891| 0.890| 0.788
8 0.928 0.962| 0.905| 0.932| 0.811] 0.810| 0.782 | 0.946
9 0.969 0.972] 0.962| 0.980| 0.714| 0.711| 0.866| 0.886 | 0.919
10 0.939 0.933] 0.934| 0.966 | 0.673| 0.669| 0.860| 0.832| 0.850| 0.978




The electronic scientifically and practical journal

“INTELLECTUALIZATION OF LOGISTICS AND SUPPLY CHAIN MANAGEMENT”,

ISSN 2708-3195

6-22
v.6 (2021)
https://smart-scm.org

11 0.963 0.950| 0.957] 0.970| 0.673] 0.670| 0.822| 0.846| 0.881 | 0.990 | 0.984
12 0.887 0.929]| 0.870] 0.933| 0.804] 0.801| 0.810| 0.887| 0.854| 0.895| 0.910| 0.889
13 -0.351  |-0.306 |-0.436 |-0.238 |0.013 |0.015 |-0.104 |-0.225 |-0.263 |-0.257 |-0.239 |-0.270 |-0.273

Source: compiled by the authors

Table 5. Pairwise correlations matrix (demand for transportation to the region)

Transporta
tion to the
region 1 2 3 4 5 6 7 8 9 10 11 12 13
Transportat
ion to the
region
1 0.930
2 0.954 0.963
3 0.909 0.983 | 0.937
4 0.627 0.804 | 0.631| 0.817
5 0.624 0.801| 0.628 | 0.814| 1.000
6 0.784 0.833| 0.808 | 0.826| 0.612 | 0.609
7 0.813 0.940| 0.847 | 0.927| 0.891 | 0.890 | 0.788
8 0.866 0.962| 0.905| 0.932| 0.811| 0.810| 0.782 | 0.946
9 0.929 0.972] 0.962 | 0.980| 0.714| 0.711| 0.866 | 0.886 | 0.919
10 0.909 0.933] 0.934| 0.966| 0.673 | 0.669 | 0.860 | 0.832| 0.850 | 0.978
11 0.924 0.950 | 0.957| 0.970| 0.673 | 0.670 | 0.822 | 0.846| 0.881 | 0.990 | 0.984
12 0.848 0.929| 0.870| 0.933| 0.804 | 0.801 | 0.810| 0.887| 0.854| 0.895| 0.910 | 0.889
13 -0.409 |-0.306 |-0.436 |-0.238 {0.013 |0.015 |-0.104 |-0.225 |-0.263 |-0.257 |-0.239 |-0.270 |-0.273
Source: compiled by the authors
It can be observed that from all factors, 1 V. =y
only the 13th is independent from the other z = —Z 2O Tm 100%
factors (although there is some connection n-; Vi

with factor 2).

We offer the following method of
successive exclusion of factors from the
model:

1.Find the largest number in the matrix of
pairwise correlations.

2. Of the two factors, the pair of which has
the maximum value of pair correlation, leave
in the model the factor that has the greatest
value of the correlation with the final
(dependent) factor.

3. Repeat the procedure of steps 1-2 until
the regression coefficients are significant
according to the p-value or a sufficient level of
accuracy is achieved (for example, an
acceptable average approximation error is
obtained):

where yg; - i-th value of the statistical series
of the dependent quantity;

Vmi - i-th value of the theoretical series
of the dependent quantity, calculated using
the obtained regression equation.

There are three variants of the regression
model were considered:

- with the maximum number of factors
(thirteen);

- with five factors;

- with two factors.

The reduction of the obtained basic
model with thirteen factors was carried out
using the described above algorithm. The
linear regression equations obtained using
the above technique, as well as the
characteristics of the models, are grouped in
Table 6 and Table 7.
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13 factors 5 factors 2 factors
List of | 1-13 1,4,6,12,13 1,13
factors in
the model
Regression | y=61602,7+0,67x, —0,65x y =-956,3+0,35x, —0,02x y =6867,2+0,25x, —25,7
model 0,37x,—0,97x, +0,97x, — | —0,004x, —0,08x,, +20,24]
—0,001x, —1,75x, + 0,000 Lx,
—0,01Lx, +0,06x,, +0,07x,, —
—-1,26x,, —41,66x,,
Normalized | 98.3 96.6 94.8
R-square,
%
Checking Regression equation as a whole | Regression equation as a whole | Regression equation as a
Fisher's is statistically significant is statistically significant whole is statistically significant
criterion
Significant | 1.2 1.4 1
factors
according to
p-value
Average 1.18 154 114
approximati
on error, %
Source: compiled by the authors
Table 7. Regression analysis to the regions
13 factors 5 factors 2 factors
List of | 1-13 2,4,6,12,13 2,13
factors in
the model
Regression | y =55527,9+0,49x, -0,32 y=-4376+0,39x, +0,000§ y=-7684,2+0,43x, +2,2
model —1,12x, +0,57x, — 0,56x, -| +0,0005x, +0,11x,, —3,79x,
-0,004x, —-0,18x, +0,0001
-0,01x, +0,1x,, +0,03x,, —
-1,59x,, —40,1x,,
Normalized | 84.6 88.7 90.1
R-square,
%
Checking | Regression equation as a | Regression equation as a | Regression equation as a
Fisher's whole is statistically | whole is statistically significant | whole is statistically
criterion significant significant
Significant | - 2 2
factors
according
to p-value
Average 0.74 0.60 0.71
approximati
on error, %

Source: compiled by the authors
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The normalized R-square and the average
approximation error were analyzed for the
three scenarios (Fig. 5)
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Figure 5 — Values of parameters of regression model accuracy for three scenarios of modeling
of demand for freight transportations by road transport: a) from the regions; b) to the regions

Source: compiled by the authors

It can be observed that the values of the
accuracy parameters are acceptable for all six
variants of the models. The normalized R-
square does not fall below 84%, and the
average approximation error does not rise
above 1.6%. If the decision on the best variant
of the regression equation is made on the
basis of the average error of approximation,
then for modeling of demand from the
regions it is necessary to choose two-factor
model, and for modeling of demand for the
regions - five-factor. If the optimality criterion
is a normalized R-square, the best choice for
modeling the demand from the regions will
be a 13-factor model, and for modeling the
demand for the region - a two-factor.

The perspectives of the research should
be the choice of the best regression equation
that would describe the demand for regional
transportation in Ukraine. After that, it will be
possible to create a matrix of demand for
transportation between all regions of Ukraine.

Conclusions. Regional freight
transportation by road ensures the
satisfaction of demand for goods within the

country and is necessary for the smooth
operation of manufacturing and service
enterprises. Forecasting the demand for
transportation between regions and the
subsequent planning and organization of
freight flows are important economic tasks. In
this regard, reliable mathematical models are
needed to predict regional freight traffic by
road transport based on annual (quarterly)
statistical data for the regions of Ukraine.

The performed correlation-regression
analysis made it possible to establish the
functional dependences of the demand for
road transportation of goods to and from the
Ukrainian region, namely, the multiple
regression equations. The main factors that
have the greatest impact on interregional
transportation are determined, and a
comparative analysis of models with thirteen,
five and two linear regression factors is carried
out. Indicators of errors and reliability allow us
to speak about the sufficient accuracy of the
model in relation to real data obtained using
the platform for the search for cargo and
transport "Lardi-Trans".
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