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Risk modeling in working out the plan of
developing the road transport cargo enterprise

Shevchenko 1.1, Dmytriiev 1.1, Dmytriieva O.!
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Abstract. Problem. In recent years, there has been a rather stable trend of reorientation of the freight
transportation market in Ukraine from the predominant use of rail transport to customers preferring
road transport for moving goods. Relying on the indicated trend and the prospect of its preservation in
view of the indisputable manoeuvre advantages of road transport in the conditions of martial law, the
study of the problematic issues of the development of road transport cargo enterprises, among which
the risk modeling of their operational activities occupies a prominent place, becomes relevant. Goal.
The purpose of the scientific work is to study the methodological and applied aspects of risk modeling
when working out a plan for developing a cargo enterprise of road transport. Methodology. The method
of analysis and synthesis, system approach, observation method, comparative analysis, factor analysis
method, simulation modeling method, and experimental method were used in the work to study the
methodological and applied aspects of risk modeling when elaborating a plan for developing a road
transport cargo enterprise. Results. The risk model presented in the study makes it possible to identify
the optimal level of risk when elaborating a plan for development of a road transport cargo enterprise
based on variants of the key indicator of the volume of cargo transportation (including financial
indicators). Originality. In the process of modeling in one cycle, you can get up to 24 different options
for the values of the optimal level of risk for the implementation of the plan for development of the road
transport cargo enterprise, taking into account the differentiation of the parameters of the risk model,
in particular, six options for the distance of cargo transportation and four classes of cargo. Practical
value. The proposed methodical approach to risk modeling when working out a plan for developing a
road transport cargo enterprise takes into account the probable change in demand for freight
transportation, which gives the enterprise the opportunity to quickly respond to changes in market
conditions and successfully plan activities in conditions of incomplete certainty, lack of information and
the presence of risk.

Key words: risk modeling, road transport cargo enterprises, development plan, optimal risk, market
demand.
Introduction world, occupying the 2nd place and second
only to rail transport [2]. However, in recent
years there has been a fairly stable trend of re-
orientation of the freight market in Ukraine
from the predominant use of rail transport to
the preference for the road transport in convey-
ance of goods (Fig. 1).

Based on this tendency and the prospect of
its preservation, taking into account the un-
doubted manoeuvring advantages of road (au-

It is impossible to imagine the modern world
transport system without road (automobile)
transport: road transport accounts for 70% of
the total length of the world transport network,
because since the middle of the twentieth cen-
tury the length of roads has increased by 8
times. On a global scale, road transport is the
undisputed leader in the transportation of pas-
sengers, but in the segment of cargo transpor-

tation it occupies only the 4th place, being in-
ferior to maritime transport, railway transport
and pipeline transport [1].

In Ukraine, road transport has traditionally
had a more stable competitive position in the
freight market than in other countries of the

tomobile) transport in martial law, the study of
problematic issues of the development of road
transport cargo enterprises, among which the
main place is occupied by the modeling of the
risk of their operational activities, becomes rel-
evant.

Automobile transport, Vol. 51, 2022



EKOHOMiKa TPAaHCHOPTHOI'O KOMIIAEKCY 97

300 W89 4575

450 4323 Jh.8
400 187

3012 3 33
“ 350 3441 339.5 vy
73129 305,5 3143
300
250

200

150 1
] T 007 ora~LLFI148 1004 1127
MR EEARE 97 o1 L 1094 1127 o,
100 e —— 1T,
106, =~
0
111 99 73 3 5. 75 5 5 53
o L 28 EL 52 78 63 60 61 67 59 56 61 3§ §

20090 2010 2011 2012 2013 2014 2015 20016 2017 2018 2019 2020 2021

—+—Automobile transport
&—Pipeline ransport

Railway transport

Water transport
Fig. 1. Cargo transportation by types of transport
in Ukraine in 2009-2021, million tons [3]

Analysis of publications

Theoretical, methodological and applied aspects
of planning and modeling of risks at road
transport enterprises are considered in the scien-
tific works of such Ukrainian scientists as
I. Shevchenko, I. Dmytriiev [2, 8, 9], A. Dorosh,
Ye. Demchenko [4, 5], O. Taranukha [6],
I. Tkachenko [7]. In the previous study [8], the
authors have already touched upon the issue of
forecasting economic risks (on the example of
automobile manufacturing enterprises): a meth-
odological approach was formed, according to
which the characteristics of the economic risk of
a business entity are the following ratios: initial
market demand and production capacity of the
enterprise; expected market demand and initial
market demand; expected market demand and
production capacity of the enterprise. In general,
we accept this approach as a basis and believe
that correct risk modeling in elaborating a plan
for the development of road transport cargo en-
terprises is impossible without comparing their
production capacity (i.e. transportation capabili-
ties) with the existing and current market demand
for their freight transportation services.

The issue of risk modeling in the planning of
production activities of road transport enterprises
in the context of formation of the global market
for road transport services was raised by
O. Ivanilov, I. Dmytriiev, 1. Shevchenko in [9],
where the researchers proposed the use of such
key risk indicators as: volume of traffic (planned
and actual); the level of transportation capacities
of the road transport enterprise; demand for road
transport services; the level of customer requests
for road transport services; random value of ad-
ditional demand arising in connection with the
formation of the global market of road transport

services; penalties for breach of the contract for
the provision of transportation services; specific
amount of funds invested by the road transport
enterprise in the expansion of transportation ca-
pabilities; profit rate; cost of transportation; vari-
able costs in the cost of transportation; labour
costs of the enterprise personnel in the cost of
transportation; coefficient of change of variable
costs in the cost of transportation with changes in
the volume of transportation; coefficient of
change of labour costs of the personnel in the cost
of transportation with changes in the volume of
transportation; distribution function of a random
value of the actual volume of traffic. We consider
the presented list of risk indicators of the produc-
tion activity of road transport enterprises to be
quite capacious, but taking into account the pecu-
liarities of the operating activity of road transport
cargo enterprises, we propose the following
transformation of this list to the following set of
risk indicators: transportation capabilities of the
road transport cargo enterprise; cost of the rolling
stock fleet of the road transport cargo enterprise;
average distance of cargo transportation; class of
cargo; structure of cargo transportation; cost of
cargo transportation; income; dependence of the
cost on the distance of transportation and class of
cargo; actual weight of cargo shipment; actual
volume of cargo transportation of the road
transport enterprise for the previous period (the
base year); market conditions in the market of
cargo transportation by road transport.

Taking as a basis the previously developed
methodological approach to forecasting eco-
nomic risks and the proposed list of risk indica-
tors of the operating activity of a road transport
cargo enterprise, we will consider the methodo-
logical and applied aspects of risk modeling in
working out the plan of developing the road
transport cargo enterprise

Purpose and Tasks

The aim of the article is to study the methodolog-
ical and applied aspects of risk modeling in work-
ing out a plan for the development of a road
transport cargo enterprise.

When working out a plan for developing a road
transport cargo enterprise, the parameters of the risk
model are set sequentially, in a certain order: in par-
ticular, in the risk model, when concluding an
agreement on the implementation of cargo transpor-
tation by road transport, the value of the transporta-
tion capabilities of the road transport cargo enter-
prise is set, the demand for freight transport availa-
ble at the time of working out the development plan
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of the road transport enterprise, the value of the roll-
ing stock fleet of the road transport enterprise, the
average distance of cargo transportation, the class
of cargo and the cost of freight transportation in the
past period (the base year).

Variability of risk modeling when working
out the development plan for a road transport
cargo enterprise is achieved through the alternate
task in the risk model of 6 variants of the average
distance (we suggest: 20 km; 30 km; 35 km; 40
km; 55 km; 65 km) of cargo transportation and 4
variants of cargo classes (we offer: oversized
cargo; oversized cargo; long-dimension vans;
hazardous cargo). In this way, consideration of
all possible combinations of the conditions for
carrying out cargo transportation by the road
transport company is ensured.

At the next stage, the weight of the van, which
is to be sent according to all the given variants of
the average distance, is selected. Accordingly, af-
ter receiving the estimated weight of the cargo
shipment and entering the tariff fee according to
the specified conditions of cargo transportation by
road, the cost price of such a service is determined
for all 6 options of medium distance and 4 classes
of cargo in the form of 3 matrices of size 4x6.

An important aspect when working out a de-
velopment plan for a cargo enterprise is taking
into account the possibility of additional demand
or, on the contrary, the transfer of customers to
another cargo enterprise. In order to take into ac-
count the factor of change in the demand for
cargo transportation by road transport, 9 possible
variants of the volume of additional customer de-
mand are set in the form of intervals, and the
probability of each of the given variants is deter-
mined. After that, from the 9 variants of the vol-
ume of additional customer demand for cargo
transportation by road transport, the most proba-
ble one is selected, which is entered into the risk
model for further calculations.

After entering all parameters into the risk
model, the optimal risk level of the cargo enter-
prise of road transport is calculated:

Qop=W(Pop), 1)

where W is the inverse function of the distribu-
tion function of the random variable of the freight
transportation plan actual implementation (im-
plementation of the development plan) by the
road transport enterprise and the corresponding
income, expenses, profit or loss.

We will apply the proposed methodical ap-
proach for modeling the risk of a conventional

cargo transport enterprise when working out a
plan for its development.

Simulated output data will be presented in the
form of Table 1.

Table 1 Indicators characterizing the activity of
the simulated cargo enterprise of road
transport at the time of working out its
development plan [compiled by the au-
thors]

Indicators

Carrying capacity of the road

transport cargo enterprise, thou- 164

sand tons

Actual market demand for the

services of road transport enter-

prises for the transportation of
goods, thousand tons

Cost of cargo transportation in

the base year, UAH/t

Average distance of cargo trans-

ported, km

Cargo capacity utilization factor 1

The cost of the rolling stock fleet

of the road transport cargo enter- 130

prise, UAH min.

Value

170

23.2

55.8

At the time of working out the plan of the road
transport cargo enterprise, the actual market de-
mand exceeds the transportation capabilities of
the enterprise. In this case, there is a need to de-
termine the minimum and maximum sizes of ad-
ditional demand for the services of the cargo en-
terprise of road transport and the probability of its
occurrence (Table 2).

Table 2 Probability of additional demand for the
services of a simulated road transport
cargo enterprise [developed by the au-
thors]

Interval of changes in Probabil-
Vari- | additional demand for ity of
ants cargo transportation, emer-
thousand tons gence
Minimum | Maximum
Nel 2 6 0.9
Ne 2 6 8 0.8
Ne 3 8 10 0.7
Ne 4 10 12 0.6
Ne 5 12 15 0.5
Ne 6 15 18 0.3
Ne 7 18 22 0.1
Ne 8 22 25 0.05
Ne 9 25 27 0.01
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After determining the probability of addi-
tional market demand for the services of a road
transport cargo enterprise in the amount of 2 to
27 thousand tons, the option corresponding to
the marginal probability is selected, after which
the emergence of greater additional market de-
mand for cargo transportation seems unlikely.

The level of risk of non-fulfilment of con-
tractual obligations for the transportation of
goods by road is also subject to consideration.
At the same time, "0" is an attempt to avoid any
risk; "1", on the contrary, is a very high risk,
which, however, does not mean that there will
necessarily be a failure to fulfil contractual ob-
ligations for transportation of goods by road.
For the simulated road transport cargo enter-
prise under study we will accept P = 0.3.

The results of modeling the optimal risk for
a simulated road transport cargo enterprise in
working out its development plan for the given
parameters are presented in Table 3.

Table 3 Levels of optimal risk for a simulated
road transport cargo enterprise under dif-
ferent variants of additional demand [cal-
culated by the authors]

Indicators Options for additional demand for

cargo transportation, thousand tons

6 8 10 12 | 18 | 22

Levelof risk | 031 0.38 | 0.39 | 0.42 |0.43]0.44

Volume of
cargo  trans-
portation in re-
lation to 168.6{171.03|173.05|174.06/175.5(175.9
to the develop-
ment plan,
thousand tons

Profit, thou-

sand UAH 3462 | 3544 | 3597 | 3832 | 3865|3873

Possible mini-
mum  profit
losses in case
of non-fulfil-
ment of the
given  plan,
thousand
UAH.

3099 | 2856 | 2877 | 2894 | 2896|2894

The data obtained indicate that with the in-
crease of the distance of cargo transportation
both the optimal level of risk and the volume of
cargo transportation in accordance with the de-
velopment plan are reduced, confirming that,
on the one hand, it is more profitable for a sim-
ulated cargo enterprise of road transport to
carry out cargo transportation over longer

distances, and on the other hand, in this case
the planned volume of cargo transportation is
smaller and, accordingly, the probability of its
implementation is higher.

With the growth of the risk of non-fulfil-
ment of contractual obligations, the value of
the optimal level of risk, which should the sim-
ulated road transport cargo enterprise be guided
by in the development plan, increases. At the
same time, it is fair to note that this value does
not have a significant impact on the value of the
optimal level of risk of implementing the de-
velopment plan of the road cargo enterprise,
given the generally low level of penalties for
breach of contractual obligations.

The probability of additional demand for
cargo transportation sharply decreases with the
growth of its volume. In the "risk — plan" coor-
dinate system the risk growth rate exceeds the
growth rate of cargo transportation plan. At the
same time, the rate of profit growth exceeds the
growth rate of the volume of transportation car-
ried out by a particular cargo enterprise of road
transport in accordance with its development
plan.

Conclusion

The risk model presented in the study allows
identifying the optimal level of risk in the devel-
opment plan of the road transport cargo enter-
prise according to the options of the key indicator
of the cargo transportation volume (including fi-
nancial indicators). In the process of modeling in
one cycle, it is possible to obtain up to 24 differ-
ent options for the optimal level of risk of imple-
menting the development plan of a road transport
cargo enterprise, taking into account the differen-
tiation of risk model parameters, in particular,
such as six options for the distance of cargo trans-
portation and four classes of cargo. In addition,
the proposed methodological approach to risk
modeling in working out a development plan for
a road transport cargo enterprise takes into ac-
count the probabilistic change in demand for
cargo transportation, which provides the enter-
prise with the ability to quickly respond to chang-
ing market conditions and successfully plan its
activities in conditions of incomplete certainty,
lack of information and risk.
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MopesroBaHHs PU3HKY NPH PO3po0JIeHHI IJIAHYy
PO3BUTKY BAaHTAKHOTO HiANPHEMCTBA aBTOMOOi-
JILHOTO TPAHCIIOPTY

Anomauis. IIpoonema. Ocmanni POKU
cnocmepieaemoscsa 00Cums cmabinbHa meHoeHyis
nepeopienmayii puHKy 8aHMANCHUX NepeseseHdb 8

Ykpaini 3 nepesasicHo20 BUKOPUCMAHHS
3aNI3HUYHO20 — mMpaHcnopmy — HaA  BIOOAHHA
Kaienmamu nepegazu agmomoObinbHOMY

mpaucnopmy Ol nepemiujenHs — 8aAHMAdICIG.
Cnuparwouuce Ha  6Ka3amy  meHOeHyilo  ma
nepcnekmugy il 30epedxcenHs 3 0ens0y Ha

bes3nepeuri MaHe8peHi nepesazu A8MoOMODIIbHO20

MPAHCNOPMY 6 YMO8AX BIUCLKOB02O CMAHY,
OMPUMYIOMb aAKmMyanbHicmb 00cnidxHCceHHs
npoONeMHUX RUMAHb  PO3GUMKY  GAHMAICHUX
nionpuemMcme  agmMoMoOiIbHO20 — MPAHCIOPMY,

ceped AKUX UinbHe Micye NOcioae MoOeno8aHHs
pusuxy ix onepayitinoi Odianrenocmi. Mema.
Memot  Haykoeoi pobomu € 00CAiOHCeHHA
MemoouUKo-NPUKIAOHUX ACHEeKMI8 MOOenl08aHH
PpU3UKy  npu  po3pobieHHi  NAAHY — PO3GUMKY
BAHMAICHO20 ~ NIONPUEMCMEA  ABMOMOOIILHO20
mpancnopmy. Memodonozia. B pobomi 0as
00CNIONCEHHST MemOOUKO-NPUKIAOHUX ACNeKmie
MOOeNio8anns pu3UKy Npu po3pooONeHHi Niauy
PO36UMKY B8AHMAICHO20 nionpuemcmaa
asmomobinbHo20  MPAHCNOPMY — GUKOPUCHIAHO
Memoo aHanizy ma cuHmesy, CUCMeEMHUl NioXio,
MemoO CHOCMEPEeNCeHHsl, NOPIGHINIbHUL AHANI3,

Mmemoo ¢daxkmoprozo ananizy, Memood
iMimayiuHo20 MOOeNI08ANH A,
eKCNePUMEHMANbHULL  Memoo. Pezynomamu

Ilpeocmasnena 6 00CHIOJNHCEHHI PUBUK-MOOETb
0036015€ I0eHMUpIiKysamu ONMUMATbHUL DIBEHb
pUsuxy npu  pospobOnenHi NAAHY  PO3GUMKY
BAHMANCHO2O  NIONPUEMCIMBA  ABMOMODIILHOZO
mMpawcnopmy — 3a  6APIAHMAMU  KAHUY0BO20
iHOukamopy o0cscy nepegezeHHs GaHmadxicie (y
momy uwucni i 3a QiHAHCOBUMU NOKAZHUKAMU).
Opuczinanvnicms. Y npoyeci M00ent08aHHA 3d
O00UH  YUKA  MOXMCHa ompumamu 0o 24-x

PI3SHOMAHIMHUX eapianmis 3HA4eHb
ONMUMANIbHO20 PIBHA PU3UKY peanizayii niany

PO3BUMKY BAHMANCHO2O nionpuemcmea
asmomoObinbHO20 mpaHcnopmy 3 02110y  Ha
OJugpepenyiayito  napamempie  puzuK-mooeii,

30Kpema makux AK wicme 8apianmie 8i0cmai
nepeee3eH sl  GaAHmMadicie ma  HUOMmupu  Kidcu
eanmascy. Ilpakmuune 3navennsa. Y npoyeci
MOOeNI08AHHA 3a OOUH YUK MONCHA OMPUMamu 00
24-x  pisHOMaHimMHUX gapianmis 3Ha4eHd
ONMUMANIbHO20 PIBHA PU3UKY peanizayii niany

PO3BUMKY 8AHMAINCHO20 nionpuemcmaa
asmomobinbnozo mpawcnopmy 3 0210y Ha
Ougpepenyiayito  napamempie  pusuK-mooeii,
30KpemMa makux siK Wicmv 8apiaHmié 6I0CMAaHi
nepege3enHs BAHMAJICI6 MaA YOMUPU  KIACU
B8AHMAACY .

Kntouosi cnosa: mooentoeantns pusuxy, nionpuemc-
mea BAHMANCHO2O ABMOMOOIILHOZO MPAHCNOPMY,
NAAH PO3BUMKY, ONMUMATbHULL PUSUK, PUHKOBUT NO-
num.

IlleBuenko Inna lOpi'l'BHal, 7.€.H., JOIEHT, JAEKaH
(axysbpTeTy yrnpasiiHHs Ta Oi3Hecy,

e-mail: shevchenko.khnadu@gmail.com,

ten.: +38-066-187-28-30,

ORCID: https://orcid.org/0000-0003-0758-9244
Jmutpics Luis Amngpiiiosual, m.e.H., mpodecop,
MIPOPEKTOp 3 HAyKOBOI poOOOTH, 3aCiyXEHUH i
HayKH 1 TEXHIKH YKpaiHu,

e-mail: dmitriev.khnadu@gmail.com,

ten.: +38-050-587-97-66,

ORCID: https://orcid.org/0000-0001-8693-3706
Omutpiesa Oxcana LwiiBmal, n.e.H., npogecop,
3aBimyBad Kadeapu eKOHOMIKH 1 IMiIpHEMHHUIITBA,
e-mail: oksanahnadu@gmail.com,

ten. +38-063-353-79-98,

ORCID: https://orcid.org/0000-0001-9314-350X
IXapkiBchkuii HallioHAIBHUI aBTOMOGLIEHO-0POK-
Hill yHiBepcureT, Byl SpocmaBa Mynaporo, 25,
M. XapkiB, Ykpaina, 61002.

ABTOMOOiABHHUH TpaHCcHOpPT, Bumn. 51, 2022


mailto:shevchenko.khnadu@gmail.com
https://orcid.org/0000-0003-0758-9244
mailto:dmitriev.khnadu@gmail.com
https://orcid.org/0000-0001-8693-3706
mailto:oksanahnadu@gmail.com
https://orcid.org/0000-0001-9314-350X

