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Abstract: This article looks at the role of middleman relationships in a decentralized supply chain, considering a three-
element structure consisting of an independent supplier, a distributor, and a producer. We study a model based on game
theory that allows the analysis of the coordination of the three links, which evaluates qualitative criteria in their supply
relationships, distribution, and reception of their operating preferences. The objective of the research is the construction
of trust by analyzing the interrelationships of the three links for their consolidation, or not of the supply chain, using the
Nash equilibrium, which allows summarizing satisfaction and loyalty throughout the supply chain. The set of Nash
equilibria reflects that achieving satisfaction in the interrelationships between them is the main strategy to be followed by
companies seeking to promote coordination within their operations. At the same time, we observe that only one agent is
sufficient to maintain the flow of materials, i.e., the problem of the free-rider arises between us. In this study, five different
equilibria are obtained, of which in four the supply flow continues within the chain, and in one equilibrium the relationship
fails.

1 Introduction decision-makers that control the behavior of a supply

The globalization of many industries has strengthenédain, some of them may have interests in opposition with
the competition that companies live in their market$he objectives of other agents [4]. For example,
making necessary the improvement of the supply chaifganufacturers prefer to produce in large batches to reduce
management [1] Nowadaysi production processes td'eéta”atlon costs. This increases the number of finished
place in different places which implies the involvement dproducts in inventory, which will eventually increase costs,
different agents, even from different countries, within théontradicting the original motivation for such a strategy
supply chain; this makes necessary to revisit the selectifl-
of partners. The literature recognizes the importance of It is important to note that member interactions follow
intermediaries to satisfy the requirements from suppliefge structure of the supply chain. Given the importance of
and producers costumers [2]. So, the benefit of igtermediaries, this focuses in the analysis of a
downstream company relies on the capacity of supplie#§centralized supply chain, which is a structure where
and intermediaries to satisfy requisitions. Hence, margents have to make multiple decisions to improve their
companies invest in the development of better relationshipéerrelationships [6]. On the other hand, Within a
with their elements in the supply chain to boost thefentralized supply chain, there is only one decision-maker
overall performance and to increase the competitivene§it controls the activities within the supply chain. The first
level of the supply chain [3]. situation results in local improvement of the interrelations

Reaching an efficient performance of the supply chafetween the members or agents (supplier, distributor,
is not an easy task given the interaction of agents wigfoducer), while the centralized system leads to a global

specific objectives. That is to say, there are multipldevelopment [7]. Our analysis models the decentralised
interaction through a game theoretical approach where
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coordination in the activities between the supplier, th&tands when a single member copes with his
intermediary and the producer contributes to a bettezsponsibilities.
location of facilities to fulfil with on-time deliveries. The article is presented in the following order, Section
We analyses a supply chain with three agents: Zapresents the state of the art on the importance of trust
supplier, an intermediary, and a producer. Consideringvathin the supply chain and how they interact between
simple framework, we assume that producer and supplguppliers, intermediaries and producers has been analyzed
may choose between to stay, or not, in the supply chaih. So, in section 3 we present a game theoretical that
So, our equilibrium analysis allows us to identify thoseummarizes the possible scenarios that our supply chain
scenarios of consolidation, or breaking-up, of the suppfaces. Section4 presents the equilibrium analysis, and in
chain. Also, we show that the set of equilibria serve teection 5 the conclusions reached according to the Nash
determine the presence, or absence, of trust within taquilibrium are presented.
supply chain. Later, we argue the implications of such a
factor. 2 Literature review
The study of how to generate trust within a supply chain  Our article is closely related to analyzing the impact of
is not new since it a mechanism to improve thgtermediaries in the success of supply chain activities. In
coordination between suppliers, distributors, anf2], vieira et al. investigate how the cultural differences
producers. Nowadays, the globalization of productiopetween 338 processing plants, in Asia and occidental
processes requires the generation of trust for the efficie§untries, impact their relationships with intermediaries
progress of supply chain members’ activities. It is worth tgnd the influence of such impact on suppliers’ activities.
mention that trust acts as a prerequisite to improving thgey use structural models to measure the presence or
performance of the three most essential processes in Hence of trust. In general, processing plants differences
management of the chain: a) flows of materials, b) financigte crucial for the development of a supply chain because
flows and c) information flows. Hence, trust is a precedefieir decisions contribute to modify the behavior of
to achieve cost reduction via the management. Howeverpitevious links in the supply chain. The empirical evidence
is common that intermediaries do not adequately fUlflltheghOWS that Asian Companies tend to trust more on each
activities generating distrust, which motivates th@ther than western companies, [13,14]. In a similar work,
establishment of positive/negative incentives to induce thes], MacDuffie, observes that processing plants are the
adoption of strategies or the fulfilment of specificirst to punish since intermediaries often forget to evaluate
objectives. We recall that trust generation is crucial singge quality of suppliers’ product. It is usual that that
new challenges that supply chains face in the globalizatiggyality, from providers products, is taking for granted by
of processes [8]. the intermediary. However, such negligence generates
Our motivation comes from the manufacturing sectajegative incentives for the supplier activities. That is to
where inventory management and on-time fulfilment ofay: suppliers have incentives to low the quality of their
customers' requisition may decrease companies’ beneffifoducts since other members of the supply do not
In [9,10] provide empirical evidence about the impact gplement a complete assessment of their activities.
intermediaries’ actions on the benefits of their clients. In recent years, the presence of Conﬂicting Objectives
Also, they observe that trust is the consequence of tigthin a supply chain, from its participants, indicates that
frequency and long-term interactions. So, there is @&ame theory is an appealing methodology to model the
opportunity area to generate confidence within supplyeneration and impact of trust [16]. In this type of analysis,
chains. In this sense, game theoretical models provi structure of the supply chain is essential. In [17],
useful insights into the designing of contracts that establigtharvet et al. observe that the number of links in the supply
punishments to those that deviate from a desirabiain has a different impact on the development of the
behaviour [1,11]. supply chain since each link has specific objectives with
This paper focuses on analyzing a three-link suppbyifferent consequences for the other elements of the supply
chain through a game theoretical approach. We define #iain. So, the collaboration is necessary to reach a
relationship between a supplier, an intermediary and@mmon purpose. However, a collaborative behavior
producer based on the fulflment of each agent obligatiopsquires different incentives [18].
to Study the effect of trust in the consolidation or The most Straightforward Supp|y Chain,aproducer’ and
disaggregation of the supply chain, we can exemplify the supplier is defined as a centralized structure since the
following, we construct the agents' preferences consideripgoducer also acts as an intermediary to attend final
the negative impact of non-compliance over agentgistomers. Our paper develops a decentralised supply
benefits. Moreover, we present the Nash equilibriutehain with the presence of an intermediary, who is
analysis in a case where agents only can win, lose or remgjflependent of the decisions that take the producer and the
indifferent. The equilibria set is not a singleton; nonsypplier. Also, a decentralised supply chain is often called
surprisingly, the disaggregation of the supply chain is & three-tier supply chain. In [19], Huang, Huang and
equilibrium, but there are equilibria where the supply chaiRewman analyze the equilibrium interaction of such kind
of supply chain following a dynamic approach. They show
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that inventory levels become a coordination problem sin¢B®), or not (ND), the good. Also, it is important to recall
the capacity of some agents to set prices. The coordinatibiat distributor’'s reputation depends on how the producer
analysis motivates non-cooperative [20] Zhao et al. amValuates him. So, distributors actions are the four possible

cooperative approaches [21] Huang and Li. combinations between Receive (R), Not Receive (NR),
Give (G) and Not Give (NG), i.e., distributor's actions are
3 Methodology (R, G), (R, NG), (NR, G) AND (NR, NG). Implicitly, the

We consider a decentralised supply chain with thaction (NR, G) assumes that distributor can satisfy
following players: a supplier, a distributor, and a produceProducers’ requisition using his inventory. Also, the action
First, we consider a simultaneous game with incomplet®, NG) represents a situation where the distributor wants
information among these three agents. In this interactidi§, increase his inventory levels by no fulfilling the
the supplier produces raw material that is used by tRgoducer's requisition. This behaviour is not unusual since
producer. The communication between these two agefi§tributor may desire to increase the cost by generating
relies on the distributor intervention. The central aim of ofcarcity. Finally, given the features of raw material and
model is to analyse the consolidation or to break up, of teéstribution service, the produce chooses to continue (S),
supply chain. Below, w describe the action that each c&h not (O), with her relationship with this intermediary.
take in this supply chain. The payoff of each supply chain member depends on the

Note that suppliers take care of raw material's qualit@ther actions. Table 1 summarises all the possible scenarios
while the distributor is in charge of doing the delivery othat result from the interaction between the producer, the
the raw material. So, we consider that supplier may supghstributor and the supplier.

Table 1 Payments matrix of the supplier, distributor, and producer

DISTRIBUTOR
Receive and | Receive and | Do not Receive | Do Not Receive and
Give Not Give and Give Do not Give
P (R,D (R, ND) (NR, D NR, ND) S
g X' A'M H I |3 c wl e pP| o U S“‘Zg')y'”g g
Continue
D (S) . Not_ P
u Y | B|N K| L | N F G z T w V | supplying | L
C (ND) I
E , , , , , , , , , , , , Supplying | E
R | Choice of X |A |M |H I J C |l E P Q u (D) R
another Not
(O) vy |B [N K L' N |F G |z T w’ \% supplying
(ND)
Below, we discuss the relationship between the K >K’. The producer prefers to remain in the supply
payoffs, concerning players preferences. chain and even though the distributor is not supplying
the product.
Producer Payments « H>K. The second link in the supply chain does not

+ X > X. Note that, in this case, choosing another  fulfil its obligations, the distributor decides not to
supply chain is unnecessary since the distributor and give ND, does not satisfy the request of the producer.
the supplier fulfil their obligations, (R, D) and D However, the producer decides to continue trusting
respectively. because the supplier did comply with the demand to

* Y >Y'. The producer prefers to stay in the supply  give D.
chain since the distributor fulfils with his requisitions.« C > C’. Keep in mind that, in this case, it is not

» X >Y. Although the first link of the supply chain does necessary to choose another supply chain since the
not fulfil with their obligations, the supplier chooses distributor fulfils half of his obligations by not
ND, and the distributor satisfies the producer's receiving (NR, D) and giving, the supplier fulfils his
requisition. obligations to give D.

« H > H' In this case, it is not necessary to choose F > F'. The producer prefers to remain in the supply
another supply chain that can meet its obligations, D  chain since the distributor only complies with giving
and even though the distributor is not complying with ~ (NR, D) and satisfying his requisitions.

Do not Give (R, ND), respectively. + C = F. Although the first link in the supply chain
complies with its obligations, the supplier chooses to
give D, but the distributor is not receiving (NR) the
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goods. So, the D is indifferent between the action that
P chooses.

P > P'. In this case, it is not necessary to choose
another supply chain since the supplier fulfils his

obligations, even though the distributor does no#
comply with his activities.

T = T'. The producer prefers to remain in the supply

chain and even though the distributor and supplier do
not fulfil their obligations respectively.

P > T. Note that the second link in the supply chain
does not meet its obligations, the distributor decides
not to receive and not give (NR, ND), and the supplier
did comply with the demand to give D.

Distributor Payments

A > A'. Because the distributor and the supplier fulfil «
obligations, (R, D) and D, respectively, in this case, it
is not necessary to choose another supply chain.

B > B'. The distributor is complying with the
producer's requests, which is why he prefers te
remain in the supply chain.

A > B. The distributor, satisfies the producer's
request, although the first link in the supply chain
does not fulfil its obligations, because one of the two
suppliers chooses ND.

| > I'. The distributor decides to receive and not give
(R, ND) falling into a breach of obligations and thee
supplier fulfils the supplies giving D, in this particular
case, the producer chooses to continue the supply
chain due to the trust he still has.

L > L. The distributor and supplier are not
complying with the producer's requisitions, which is
why the last opportunity for both are presented. Also,
in this situation, he has no more supply options, so he
remains in the chain.

| > L. The second link does not fulfil its obligations,
the distributor decides not to give ND, not satisfying.
the request of the producer. However, the producer
decides to continue trusting because the supplier did
meet the demand to give D.

D > D'. Keep in mind that, in this case, it is not
necessary to choose another supply chain since the
distributor complies with half of his obligations by
not receiving and giving (NR, D), the supplier fulfilsg
his obligations to give D.

G > G'. The distributor only complies with giving
(NR, D) and satisfying the producer's requests to
remain in the supply chain.

D > G. Although the first link in the supply chain
fulfils its obligations, the supplier chooses to give D
and the distributor is not receiving (NR), and only
satisfies the request of the producer.

Q > Q'. In this case, the distributor does not fulfil its
obligations, and because the supplier fulfils his D
obligations, it is not necessary to choose another
supply chain.

W > W'. The distributor and supplier do not fulfil
their obligations respectively. Due to the complexity
of replacing the two agents at the same time and the
producer prefers to stay within the framework.

Q >W. Note that the second link in the supply chain
is not met, the distributor decides not to receive and
does not give (NR, ND), and the supplier did comply
with the request to give D. reason why the producer
remains with them in the supply chain.

Supplier Payments
M > M. In this case, it is not necessary to choose
another supply chain that can fulfil its obligations D,
and the distributor to receive and give (R, D),
respectively.
N > N'. Although the supplier is not supplying the
product to the distributor, the supplier, if it gives and
receives the product, the producer prefers to remain
in the supply chain.
M > N. Keep in mind that this is the ideal case of a
trust scenario because all the intermediaries in the
supply chain fulfil their obligations.
J > J. Even though the supplier fulfilled his
obligations, D and the distributor does not do it
because he only receives and does not give (R, ND),
In this case, it is not necessary to choose another
supply chain, due to the effort and commitment of the
supplier.
O > O'. The supplier is not supplying the product to
the distributor, but he gives takes. Moreover, for that
reason, the producer prefers to remain in the supply
chain.
J > O. The supplier did comply with the demand to
give D to the distributor but decides not to give ND,
not fulfilling his obligations with the producer.
However, although the second link in the supply
chain fails to satisfy its obligations, the producer
decides to remain within this supply chain.

Results - Example for Nash equilibrium

analysis
To illustrate the game that we described in the previous

section, we present (Table 2) a payoff matrix considering
the values of -1, 1, and 0. If the agent wins, loses or remain
indifferent in the scenario described by the corresponding
Strategies profile.
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Table 2 Example of intermediary payments matrix
DISTRIBUTOR
P Receive and| Receive and | Do not Receive| Do Not Receive ang S
R Give Not Give and Give Do not Give U
(@] R,D (R, ND NR, D) (NR, ND) P
B Continue 1 111 1 1 1 1 0 -1 1 0 -1 ﬁlg?zhlér;?yfrﬁ)g E
c (S) -:1-1|0 0 -1 0 0 1 0 -1 0 0 (ND) |
E Choiceof | 0 | 0O | 1] -1 ] O 1] -1 1 -1 0 0 -1 Supplying (D | E
R another Not supplying | R
-:11-1|0 0 -1 0 0 -1 0 0 0 0
(0) (ND)
5 Discussion - Nash equilibrium distributor, due to the failure of the same, but this reflects

To know the equilibria of the payment matrix of thethat in reality, many processes need particular or specific
supplier, distributor, and producer, we calculate the bedistributors. Therefore, they take the attitude of imposing
response of each player. We find five Nash equilibria in tHfiorities and not coping, and for them arise for both
previous game, that we discuss below. intermediaries areas of opportunity.

1. (S, (R-D), D) 4. (S, (NR-D), ND) . .

The producer follows (S) or continues in the supply The producer follows (S) or continues in the supply
chain because the distributor receives (R) the product afféRin because the distributor does not receive (NR) the
gives it (D) and the supplier starts giving (D) the rawroduct, but if he manages to give (D) the product and the
material. This first equilibrium could be understood as thgupplier starts not giving (ND) the raw material. In this
full trust between the three players as they all give a@urth equilibrium, it is observed that confidence is
receive and continue with the same structure. This balar@@nerated between two players: distributor and producer,
is considered natural because all intermediaries fulfil theven though the supplier starts poorly or with a breach, as

activities effectively and reciprocally. happens in a particular case of industrial life. Alternatively,
the fantastic reflection of the total commitment that the
2. (O, (R-D), D) distributor has a policy not to fall into default and to wear

The producer does not follow (O) or does not ContinLﬁDWn the relationShip with hlS flnal client. In thlS case, the
in the supply chain, although the distributor receives (F_groducer because the relationship he has with the supplier
the product and gives it (D) and the supplier starts giviri§ @ complete loss.

(D) the raw material. In this second equilibrium, it is
observed that the producer changes or do not continueSin (O, (NR-ND), ND)
the structure of said chain, although he is receiving the The producer does not follow (O) or does not continue
product, however, if confidence is generated between tiethe supply chain, as the distributor does not receive (NR)
supplier and distributor considering continuing with théhe product and consequently does not give (ND), and the
same structure between said players. We do not omit ti$&iPplier starts not giving (ND) the product. In this last
the result is surprising because the first two intermediari€§uilibrium reflects that the behaviour of intermediaries
comply without any problems that the producer requeste _natural because it is observed that there is no penalty or
and he decides to change the structure of the chain togethighishment for any player because there are breach
with them. However, it is a reflection of what happens if€lations between them.
real life.

6 Conclusions
3. (S, (R-ND), D) Our article qualitatively analyzes the relationships of

The producer follows (S) or continues in the supplintermediate actors within a supply chain using the Nash
chain because the distributor receives (R) the product, guilibrium. The theoretical analysis of the game
does not give it (ND) and the supplier starts giving (D) theontributes to establishing five equilibria within a
product. In this third equilibrium, we observe a propeframework of actions by each of the members immersed in
interrelation of coordination between the supplier and the said chain and how they impact its behavior and general
producer because the first decides to give the goods andsheicture.
last continues with supply chain structure even though the The first equilibrium could be understood as full trust
distributor, receiving the product, does not deliver ibetween the three players since they all give, receive, and
generating an area of opportunity to improve. In the sangentinue with the same structure. This balance is
way, this balance surprises the result or decision of tkensidered natural because all intermediaries carry out
producer who decides to continue the relationship with thibeir activities effectively and reciprocally. The third
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equilibrium reflects a surprising result or decision on the (Meta) and Viod (Cundinamarca)Revista colombiana
part of the producer who decides to continue the decienciashorticolas, Vol. 8, No.1, pp. 80-91, 2014.
relationship with the distributor, despite the failure in th§7] PENA OROZCO, D., AGUDELO, S., RIVERA, L.:
delivery of material from the latter, due to the particularity Analysis of the behavior of the income distribution
or specificity of his services. This gives us guidelines for contract in a fruit supply chaimnternational Journal
the investigation of the patrticularities in the processes or of Numerical Methods for Calculation and Design in
services of the distributors and the tolerance levels of the Engineering, Vol. 35, No. 2, pp. 31, 2019.

producers to continue with the relationship. The fourtf8] JOHNSTON, D.A., MCCUTCHEON, D.D., STUART,
equilibrium identifies the efforts of the distributor to supply  I.F., KERWOOD, H.: Effects of supplier trust on the
the producer even when the supplier does not comply, performance of cooperative supplier relationships,
denoting the total commitment that the distributor has with Journal of Operation Management, Vol. 22, No. 1,

a policy not to fall into default and wear down the pp. 23-38, 2004.

relationship with its end customer. [9] AL-ABDALLAH, G.M., ABDALLAH, AB.,

In this way, we observe factors that exert a positive and HAMDAN, K.B.: The Impact of Supplier Relationship
motivating effect on trust and loyalty, as well as incentives Management on Competitive Performance of
for freeriding. In other words, although most of the studies Manufacturing Firms, International Journal of
focus on motivating aspects, our analysis identifies that the Business and Management, Vol. 9, No. 2, pp. 192-202,
members of the offer pursue the maximum benefit by 2014. https://doi.org/10.5539/ijbm.vOn2p192
taking advantage of the trust that others place in them. [10] JERMSITTIPARSERT, K., SUTDUEAN, J.,

However, the second equilibrium reflects a change in  SRIYAKUL, T., KHUMBOON, R.: The role of
the chain structure due to non-compliance by the producer, customer responsiveness in improving the external
while still surprising the producer's decision, despite the performance of an agile supply chao]ish Journal
distributor and supplier's compliance. However, it is a  of Management Studies, Vol. 19, No. 2, pp. 206-217,
reflection of what happens in real life. Therefore, it gives  2019. https://doi.org/10.17512/pjms.2019.19.2.17
way to the future qualitative and quantitative study of thil1] CORTINA, A.: Lo justo como nucleo de las ciencias
reasons why a producer, despite having efficient supply moralesy politicas, Una version cordial de la ética del
services, decides to break with the supply chain structure. discurso, Real Academia de Ciencias Morales y
A five equilibrium shows the disinterest and lack of Politicas, Madrid, Chapter IX, pp. 119-138, 2008.
commitment on the part of the three players. This is (Original in Spanish)
motivated by the lack of penalty and/or punishment for tHd2] VIEIRA, L.M., PAIVA, E.L. FINGER, AB.,
players because there are breaking relationships between TEIXEIRA, R.: Trust and Supplier-buyer

them. Relationships: an Empirical Analysisrust and
Supplier-buyer Relationships, Vol. 10, No. 3,
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Abstract: The paper will investigate the impact of the vehicle carrying capacity to which the local tax is applied on
forming the cost of delivery. The cost of 1 ton of freight under different tax scenarios is estimated in the paper: without
tax 0, with fixed tax — 10% and with progressive tax from 0 to 75%. The greatest effect on reducing the vehicle's load
capacity during urban deliveries showed a progressive tax. The developed regression model allows determining the cost
of transportation of 1 ton of goods depending on the technological parameters of transport operations, the costs of the
transport (logistics) operators to perform these operations, and local tax regulations for transport. The application of the
model makes it possible to regulate the use of vehicles of a given capacity by the local administration. In contrast to the
strict prohibition on the establishment of traffic signs, the use of a progressive tax by the local administration makes it
possible to regulate traffic structure by economic methods. Exploring of influence local tax regulations on transportation
will lead to the sustainability of the cities in order to provide GREEN technologies.

1 Introduction cost of shipment. Transport policy regulations usually have

Managing the development of logistics is a vital tasR direct impact on the cost factor. The complexity of such
for industries and transport focused on the sale of gootgulations is related to the variety of stakeholders who
and for entire retails, and other related industries focuseg@come members of urban freight and their numerous
on the livability of the cities. Researchers agree that ti§@nnections and the very object of pricing in supply chains.
local policy of transport services is a very important stagalch objects are the cost of transport or logistics services
in freight flows distribution, as it affects the final cost offom one side and external costs of society for this type of
goods, transport and freight flows, transport time, etc., Fervice from the other side. Depending on the conditions of
the cities [1,2]. Analysis shows expenditures offansport regulations, the cost structure of the transport
transportation services on the distribution stage of finishé@perator and the method of pricing in the freight
products in the world have increased by 12% since th@nsportation market change, which determines the
beginning of the COVID-19 pandemic and, on averag¥olume of services provided to them. Exploring the
account for 10% of sales [3]. However, the authors not@fluence of city tax regulations on the price and amount of
that distribution costs continue to rise [4]. Atthe same tim&ansport or logistics services becomes a high-value task
the influence of traffic flows on the comfort of movemenfor theory and practice to achieve well-known concepts of
in cities has increased [5]: the number of private cars haghart and Livability cities. Such regulation leads to
increased, especially commercial vehicles — like HLV. Igtimulating greener services to reduce transportation by
order to reduce the impact of these factors, urban logistidigh capacity vehicles and internal combustion engine
tools are used. One of the main factors that can bélisation and towards EV or ect., sustainable scenarios in

managing the attractiveness of the last-mile option is ti§dies. Local tax regulations for transportation can be one
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of the authorities' options to manage transport policy amépends on its costs [16]. Analysing the structure of
achieve marked goals. The aim of this paper is to assessltgstics costs, we can identify ways to improve the
urban freight regulations into Ukraine transport policy andfficiency of the logistics system, one of which is the
establish their effects on the transportation cost for Greeptimisation of delivery costs depending on the load

city solutions. capacity of the vehicle used [17]: Light commercial
The research includes the next steps: vehicles (LCVs) with grouse vehicle weight (GVW) less
- Literature review than 3.5 ton; Intermediate Light commercial vehicle
- Methodology of research; (ILCV) with GVW of 3.5 to 8 ton; Intermediate
- Development of the Urban freight rate modetommercial vehicle (ICV) with GVW of 8 to 10 ton;
including local transport tax; Medium commercial vehicles (MCV) with GVW of 10 to
- Determination of the influence value of urbanl5 ton; Heavy commercial vehicle (HCV) with GVW of
freight rate on delivery value; 16 ton and above etc. The paper will investigate the impact
- Discussion and Conclusions. of the vehicle carrying capacity to which the local tax is

applied on the formation of the cost of delivery.

2 Literaturereview _ _
2.1  Urban freight efficiency 2.2 Trangportpolicy regulations

The transport participant is a separate link in the The transportation cost aﬁect; the final price of goods to
movement of goods in space and time from the places&ftd-consumers, as well as it is add-value. The cost of
origin to its consumption. Promotion of any freight flow igransportation is often fixed in the urban environment by
carried out according to the certain technology dfifferent operators. Constant technology provides
transportation inherent in the given goods. Moderfustainability and resilience of urban freight. But, variations
technologies aim to reduce transportation costs [6], zer@t technological parameters (for instant, vehicle capacity
emission [7], sustainable transport development [8], etc. Ahanges) support changes in costs and urban freight rates,
the same time, the existing goals do not aim to study tfespectively. As the theory and practice of research shows
connection between transport process technology aH$-20], variation in the carrying capacity of a vehicle in
consumption [9]. This interaction is due to the use of stea§ifies is not a very popular management solution in Europe
demand in urban freight. The change in cost affects thst years. Authors leave it constant due to several reasons
demand and supply of transport in urban freight. Solvin§r this: o o
the prob|ems of managing the cost of transport services - NO other Optlons |r:| the fleet of the |Og|St|CS Operator. AS
will ensure the sustainable development of the city freight rule, the fleet consists of the same brands and typical
operator and the sustainable development of the cityghicles that work according to a given technology. It is
transport system, which requires the use of new methgdPortant to note the ease of maintenance of one brand.of
and technologies for managing them. vehicles for the transport operator [21,22]. The increase in

Among the models that determine the efficiency dprand variations and vehicle carrying capacity will increase
transport services, there are models related to tHeeir maintenance cost, whichis not always rational from the
evaluation of transport services by customers [10] and tRgint of view of the revenue generated.
own assessment of transport service carriers [11]. Such - lack of complete information and experience in the use
models include a large number of parameters of custonférvehicles of different carrying capacity. The problem is
service quality, in other words, the requirements delated to the difficulty of predicting the operational
transport services consumers to their service. DeterminiRgformance of vehicles. Technological changes usually
the source information for the calculation of this model i@ffect not only transport but also other participants in the
a difficult step because it requires data on the work of ti§&lPply chain: shippers and consignees [23];
carrier, which may not be available. Modern methods and - Strict restrictions on the weight of the vehicle used in
models help to facilitate the functioning of transport irities. Prohibition of HLV entry into cities or it is separate
logistics systems as well as in other industries [12-14]. Tié€as, historical centres, etc., reduces the possibilities by
key role of transportation in logistics is explained not onlyarying the carrying capacity of vehicles. Additional
by the greater share of transport costs in the total logistigtrictions are imposed by «time window» and «green
costs but also by the fact that without transportation, tthicles» [24];
very existence of material flows is impossible. - lack of a second chance. Buying a vehicle comes with

Ana|ysing the work of transport Operators of Sh|pp|n@ cost and should be justified enough. An active business
goods, it can be noted that one of the main conditions fépes not have sufficient funds for experiments and wrong
ensuring the efficiency of these systems is to meet tHgCisions. Therefore, any changes will be considered from
demand at the lowest cost. To do this, optimal routes dr&ny angles for a durable solution [25].
organised, the necessary brands of vehicles in terms of Mostly in CIS countries, scientific schools for the
carrying capacity are selected, transport work idevelopment of delivery technology determine the optimal
coordinated with loading and unloading posts, etc. [15yehicle’s capacity for each delivery scenario or logistics
Each |Ogistics System in the process of its Operati&'ystem fUnCtlonlng [26'29] Durlng vehicle SeleCtlon, Itis
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operation indicators, specification, speed and delivegchieving the goal of functioning of the urban transport
times, level of goods storage, the convenience gaf/stem and logistics operator as an integral system and not
transportation, regularity of service, the complexity ofts individual components. These aspects cannot be
service and other quality characteristics, the spatiabnsidered in isolation but should be based on their
location of transport infrastructure, level of competition innterconnectedness, and the effectiveness of the decisions
the transport market and other factors should be taken ittken should be assessed in the light of the interests of all
account. In this regard, there are some questions absetakeholders involved in the delivery of the goods. To
determining the rational type of vehicle and delivergtudy urban freight regulations impact on the transportation
scenario [29]: traditional trucks with internal combustiortost it is necessary:
engines, electric cars, trucks, «passing cars» (carsheering),1. Set up the data source and system limitations.
«passing deliveries» (crowdshipping) ), drones [30]. 2. Build a mathematical model of the transport services
Transport operations in logistics systems have a numhmyst depending on the parameters of time and distance after
of parameters: turnaround time, route length, tour quntitigking into account local tax regulations for transportation
quntity of depots and recivers, the required quntity afapacity.
vehicles, etc. [31]. Management of this indicators makes it 3. Establish the impact of changing the value of local
possible to increase the efficiency of transport services amdx regulations on the cost of delivery. Consider zero (tax-
as a consequence, the scheme of goods distribution [38$e), fixed, and progressive local tax regulations for
Transport operator operations associated with itsansportation capacity.
implementation costs due to certain parameters. In a To study the logistics chain functioning boundaries of
coherent analysis of the chain, it is proved that thihe system, number of participants and their interaction
parameters of a single transport operator can havewas determined. The process of goods delivery on Kyiv,
significant impact on the end-prize of the goods. Kharkiv and Mariupol example was analysed. Due to
Modeling and simulation techniques are widely used taumerous number of technologies the grocery food flow
handle many variations. They allow to transfer all theas applied for further analysis. The statisticla records
necessary properties of real objects to abstract systems. Trosn indystry was obtained and personal obsevations at
approach ensures the integrity of the system and allowslégistics (transport) operators were made. The following

explore all scenarios for a long-term decision. delivery attributes that characterise retail networks and
routes were selected for the study: time on the route when

3 Methodology servicing the retail network; the distance travelled by the
31 Mode description, limitations, collecting Vehicle during maintenance. Such parameters are decisive

the data for the formation of the transportation cost according to

£2,27]. In addition, local tax regulations for transportation
of establishing a rational load capacity, which provides ¢#Pacity and vehicle carrying capacity were established.

minimum cost of goods delivery. The establishment of. e cqllected range of variation of these parameters is
local tax regulations for transportation capacity allows yo jven in Table 1. The number of experiments was
to adjust costs (increase or decrease) depending on ma rmined from thg nomogram _of_sufﬂmently large
conditions and the need to use vehicles of a certain capadl bers on tk']e b_as_|s of the permlssmle ezrer 0.05.
in the transport system of the city. It is possible to obtaihi€ Pearson's fitting criterion(y’) for  confidence
such an effect by applying transport regulation in thgro.babllltyP = 0.95 and permissible errer= 0.05. was
formation of transport rates. estimated.

This approach leads to a set of interrelated functions,
the implementation of which provides the desired effect in

The task of urban logistics can be solved on the bas

Table 1 Data variation range
Units of Minimum  Maximum  Average

Parameter measureme value value value
Total time of transportation in retail network hrs 1.55 23.00 6.00
Total distance of transportation in retail netw km 2 225( 25
Load capacity of thvehicle t 2 22 10
Local tax regulations for transportation cape % 0 45 20

3.2 Modd description, limitations, collecting indicators of service time and total mileage on the routes.
the data Also, the total cost of transporting goods consists of
Analysis of the costs of the transport (logisticsyariable costsq ®-*) and fixed costs*-"*"):
operator indicates their dependence on the technological
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cP = CL.T O-noem 10 4 CL.T Osm Lo 4 71.%T0 - min (1) balance. Increasing the carrying capacity of vehicles
reduces the delivery cost of 1 ton of goods [33]. The use of
where C7%*" _ fixed transportation costs, UAH/hour; N€avy-duty vehicles has a greater impact on the
Cim,w _ variable transportation costs, UAH/km: enqunment and other externa! cos_ts than LCV or ILCV.
T%70 _ |ocal tax regulations for transportation, %: The introduction of the tax will stimulate operators to
L;O . ) o= 7 operate vehicles with Iowe_r capacity anq as a result will
i — total distance of transportation in retail network, KMinove towards a sustainable scenario of transport
717~ total time of transportation in retail network, hours. development in cities, Figure 1. 3 scenarios are considered:
Scenario 0 — current situation, tax is not applied; Scenario
In addition to the costs of the transport (logisticsh — tax is fixed at 10% for all types of vehicles, Scenario
operator, local tax regulations for transportation have be@n- tax is progressive and consists of 0% for LCV, 10% for
added to the model as a component of the city logistigsCV, 25% for ICV, 50% for MCV, 75% for HCV.
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Figure 1 Scenario of a single ton transportation costs and tax regulation on type of vehicle,
average demand of retailer is 1 ton

From the graphs (Figure 1) we see that the increaselia explained by the following circumstances. Increasing
the carrying capacity of vehicles leads to a change in thee load capacity of vehicles to a certain level helps to
cost of transportation of 1 ton of goods. Transport costs aretluce the costs of the transport operator for a certain
tax regulation are considered as a component of the goa@sisount of restocking in system. Rational is such a capacity
delivery cost to members of the retail network. Such that minimises logistics costs per unit of delivery. With the
change in indicators is interdependent. Initially, theonsidered parameters of the distribution scheme, it is
increase in load capacity from LCV to ILCV affects theadvisable to use vehicles with a carrying capacity of ILCV,
reduced cost of delivery, and with further growth there iskigure 2 and Figure 3.
slight increase. The relationship between the indicators can
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Figure 2 Scenario of a single ton transportation costs and tax regulation on type of vehicle,
average demand of retailer is 3 ton
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Figure 3 Scenario of a single ton transportation costs and tax regulation on type of vehicle,
average demand of retailer is 5 ton

Analysis of Figure 1-3 showed that there is such arder fulfilment when servicing a retail network, taking
rational load capacity of the vehicle, which provides ato account local tax regulations for transportation
minimum cost of delivery in accordance with local taxcapacity:

regulations. Increasing demand of delivery to 3 tons at JTO 014 THT0\?
Figure 2 and up to 5 tons causes an increase in the rationgl¢ .p _ ****" o281 +217'71‘< 100 ) )
load capacity to ICV and MCV respectively. L Q

Using the obtained data, the influence of each
considered parameter on the cost of delivery was The regression coefficients were calculated by the
estimated. Using correlation-regression analysis, a modegethod of least squares. The results of model evaluation
was obtained for the change in the average cost of oake given in Table 2, Table 3.
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Table 2 Model evaluation results

Indicatol Value
Students' criterion:

tabular 1.97

estimated for total mileage 2.20809

estimated for the total service time 2.00112

estimated for local tax regulations for transportation cay 5.4403¢
Fisher's index:

calculated 3.88

estimate 10¢.8¢
Correlation coefficier 0.946:
Determination coefficiel 0.895¢
Average approximation error 8.34

The results of statistical evaluation prove that thdegree of correlation is 0.94. The average approximation
obtained model is characterised by a sufficiently highrror is 8.34%. Therefore, we can conclude that the
information capacity, as evidenced by the estimated valobtained model adequately describes the dependence of the
of Fisher's index 109.89, which exceeds the tabular 3.8%hange in the average cost of one order when servicing the
The estimated Students' criterion is equal to 2.208 for thiéstribution network on the total mileage in the supply
total mileage, 2.00 for the total service time, 5.44 for theystem, total service time, local tax regulations for
rate of return of the transport operator, tabular 1.97. Theansportation capacity.

Table 3 95.0 %-confidence intervals for estimating model coefficients
Lower Upper

Parameter Calculated coefficient Standard erron
orde borde
Total mileage in the supply syst 3.832¢ 1.7358¢ 0.3741 7.291¢
Total service tim 0.279i 0.1398( 0.0011 0.558:
Local tax regulations for transportation cape 21771 40.017¢ 137.97 297.44

Analysis of the model (2) of the delivery cost, takingpopulation, level of motorisation, etc.). The current values of
into considering local tax regulations for transportatiotaxes applied in the work refer to large cities of Ukraine such
capacity showed that with increasing total mileage, totak Kharkiv, Dnipro, Odessa, Kyiv, Lviv, Mariupol. The article
service time and the amount of tax increases the averajmulates the volume of retailer demand in the delivery
cost of one order. system. The increase in the volume of material flow in the

Obtained model can be used for estimating TSC fdwgistics chain causes an increase in the rational carrying
Ukrainian cities in order to facilitate reducing transportapacity of vehicles.
problems and provide necessary sustainable regulations.The proposed model allows to determine the cost of
The results were obtained was disseminated on 3 citigansportation of 1 ton of goods depending on the
which have different size, populations and othetechnological parameters of transport operations, the costs of
parameters. Obtained data define limitations of suggestw transport (logistics) operator to perform these operations,
method in order to data set was observed and collectaat local tax regulations for transport. This method takes into
statistics. The results allowed modeling the TSC faronsideration the parameters of the participants in the process
logistics (transport) operator for some adjustments iof transportation and demand, reflects the relationship
estimating the limits of business (taxation system), type between the parameters of supply systems and local
goods, distribution zone traffic regulations, green vehiclgovernment. Based on this, it can be argued that the cost
utilisation and other. This information can be initial dataptimisation of transport operator leads to increased
for further research and developing more specific modefficiency of logistics which support the goal of paper to

for each type of scenario. investigate the impact of vehicle carrying capacity to which
the local tax is applied on the formation of the cost of
4 Conclusions delivery.

The paper estimates the costs of 1 ton of freight under The application of the model makes it possible to regulate
different tax scenarios: without tax 0, with fixed tax — 1004he use of vehicles of a given capacity by the local
and with progressive tax from 0 to 75%. The greatest eff@@ministration. In contrast to the strict ban on the
on reducing the carrying capacity of the vehicle during urb&stablishment of traffic signs, the use of a progressive tax by
deliveries showed a progressive tax. The size of the tax carift local administration makes it possible to regulate the
changed depending on the conditions of application (cit§tructure of traffic by economic methods. The transport

~ 128 ~

Copyright © Acta Logistica, www.actalogistica.eu



bc’ Acta logistica - International Scientific Journal about Logistics
g Volume: 9 2022 Issue: 2 Pages: 123-130 ISSN 1339-5629
3 / ASSESSMENT OF THE URBAN FREIGHT REGULATIONS IMPACT ON THE TRANSPORTATION COST
?}o Andrii Galkin; Oleksii Nazarov; Ganna Shapoval; Valeriia Kolosok; Yana Khodova; Anatolii Kuznetsov

(A

(logistics) operator decides to pay a high tax or change the systemsProcedia Engineering, Vol. 178, pp. 330-339,
delivery technology and not pay the local tax. Reducing the 2017.https://doi.org/10.1016/j.proeng.2017.01.059
vehicle's load capacity leads to a decrease in the volume[7] WATROBSKI, J., MALECKI, K., KIJEWSKA, K.,
delivery and an increase in the frequency of deliveries, which IWAN, S., KARCZMARCZYK, A., THOMPSON,
positively affects the size and value of inventories of retail R.G.: Multi-criteria analysis of electric vans for city
participants — reducing it. The funds received by the local logistics,Sustainability Vol. 9, No. 8, pp. 1-34, 2017.
administration as a result of the application of such a tax can https://doi.org/10.3390/su9081453
be used to ensure the sustainable development of trans[8] MAKAROVA, I., SHUBENKOVA, K., MAVRIN, V.,
infrastructure or to stimulate investment in green logistics, etc. BOYKO, A., KATUNIN, A.: Development of
Effective logistics management occurs when an sustainable transport in smart citie017 IEEE 3
optimal balance is established between logistics costs andInternational Forum on Research and Technologies for
local tax regulation for the use of different types of Society and Industry (RTSlpp. 1-6, IEEE, 2017.
transport. For the consumer, not only the final price of the https://doi.org/10.1109/RTSI.2017.8065922
product is important, but also the level of serviceg9] RUSSO, F., COMI, A.: Investigating the effects of city
accessibility and convenience of movement, and care for logistics measures on the economy of the
the environment. The use of LCV, ILCV reduces emissions city, Sustainability Vol. 12, No. 4, pp. 1-11, 2020.
and congestion on the roads and contributes to the https://doi.org/10.3390/su12041439
sustainable development of society. [10] MAKAROVA, |., KHABIBULLIN, R., BELYAEYV,
Thus, we have focused on one basic principle of E., MAVRIN, V.: Increase of city transport system
creating persistence of delivery in green cities. We  management efficiency with application of modeling
conclude that an effective supply chain delivery scenariois methods and data intellectual analydistelligent
not based on an «entirely new» skill set. Instead, effortsto  Transportation Systems—Problems and Perspectives
create more sustainable practices contribute to continuous pp. 37-80, Springer, Cham, 2016.
business improvement. The development and fine-tuning https://doi.org/10.1007/978-3-319-19150-8_2
of urban logistics management is a largely continuo11] HALKIN, A., SKRYPIN, V., KUSH, E.,
process of improvement based on past experience and new VAKULENKO, K., DOLIA, V.: Invest approach to

research. the transportation services cost formati®rgcedia
EngineeringVol. 178, pp. 435-442, 2017.
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Abstract: The study aims to analyse problems associated with the legal regulation of the transport system. The study is
based on the international and domestic ranking of logistics performance. It also takes into account the economic
consequences of world internationalisation to optimise logistics performance (this includes the transportation and legal
aspects) under the Transport Development Strategy of the Russian Federation until 2030. The study relies on a systematic
approach to systematise legislative, economic and social information and thus create an integral system of transport
communication. The review of the legal regulation issues surrounding the transport system showed the following supply
chain problems: weak policy coordination and a low level of digitalisation. These problems result in low-quality service
and low transparency in legal matters. According to the results of this study, the integration of the world’s best practices
into transport communications will improve economic efficiency. The scientific novelty of the study is a practical tool to
improve transport system efficiency in the context of globalisation, considering the characteristics of the national
economy.

1 Introduction 11 Literaturereview
Global supply chains are complex and involve multiple  Transport communications link companies around the
stakeholders, most of whom are in different countries angorld and represent a necessary precondition for a
sometimes on different continents. This makes chaigeuntry’s integrity and its integration into the global
vulnerable to disruptions, as was well demonstrated duriggonomy through external economic activity, focusing on
the COVID-19 pandemic outbreak in 2020 and theew opportunities to overcome the effects of the
nationwide blockages that followed it around the worldcoronavirus pandemic. In this regard, the transport system
According to the Supply Chain Vulnerability Index [1], therelates directly to the economy and the social sphere [3, 4].
U.S. and U.K. rank first and second most vulnerable {bhe transport system is a network of freight carriers and
supply chain disruptions. Australia, France and Russ#ippers, government transport agencies, metropolitan
come next. The index also shows that Germany’s supgianning organisations, freight advisory councils and other
chains are the least vulnerable in 2021, with China, Southganisations interested in establishing a sustainable and
Korea, Ireland and the Netherlands in the top fivegeliable shipping system [5]. Any state’s transport policy is
indicating that their supply chains remain secure. Tangharacterised by national priorities at the micro and at the
2022 notes that supply chain management is an integrafcro-level [6]. A competitive transport system must have
part of coordinating operations that focus on all elementéie  following  characteristics:  be  economically,
from creating a product or service to providing that produénvironmentally and socially sustainable; be able to
or service at the best price and in the best time. As marledtectively recover from natural disasters; have a
conditions have changed, many shippers and transportatitgveloped and reliable IT-infrastructure [7]. Driven by
providers have been forced to rethink their supply chainnovation, socially-oriented economies shift towards
strategies within national jurisdictions [2]. service logistics [8]. Logistics refers to the storage and
transportation of goods within the economic system.
Logistics is closely connected with management as proper
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management influences positively on logistics. As fofristov [17] underlined the three primary regulatory
supply chains management, it is the process of realising thecuments:

flow of products from just materials to complete - The Decree of the President of the Russian Federation
production with minimal expenses. In general, supplgn the National Security Strategy of the Russian
chain management includes demand planning, suppigderation;

planning, production planning, stock management and - Federal Law on Road Safety;

logistics [9]. In this regard, transport is a service that serves - Federal Law on Transport Safety [17].

the supply chain. There are four primary ways of Thus, economic security at the national level is
transportation: sea, rail, road, and air. They can be useesented in the Russian Federation Strategy [18]. The
either individually or in combination with each other. Thisafety of transport activities is regulated by the Federal
requires companies to possess key factors: a skilledw on Transport Safety [19]. The Federal Law on Road
workforce, a permanent talent pool and a proper employ8afety regulates the issues concerning the interaction of
retention policy by investing in internal resources [1].  vehicles and transport process participants are regulated by

A post-pandemic coronavirus country-by-country audithe State Duma [20].
of the transportation industry (Australia, Great Britain, The policy environment includes the ordering of all
Germany, Russia, Panama, Peru) [10] showed that as subjects’ relations without exceptions through the usage of
global movement of goods and people resumes, thegal instruments [21]. Because the world is becoming
situation of the transportation system stabilises in the lomgternalised in the context of globalisation, developing the
term. Russia, among the countries analysed, is the largeahsport system within the country and adjusting national
country in the world with an area of 17.1 million km2 [11]legislation to global changes become a priority. The main
and by population - ninth largest country out of 24%ask of the transport infrastructure sector in Russia is to
countries in the world [12]. Consequently, the countrgchieve maximum growth of the transport market. It should
requires a high level of trade and a developed transpamket the needs of the national economy. One way to reach
industry in order to remain prosperous in the globahis goal to establish an effective internal logistics
community. The crisis of 2014 caused an economgnvironment. The Ministry of the Transport of the Russian
downturn and, consequently, a decrease in imports aRdderation is the executive body responsible for
exports, which negatively influenced on freight trafficimplementing government policy and legal regulation in
After the crisis the transport sector began to slowly recovdre field of transportation under the Transport
in 2015. In 2019, it amounted to 102.8% versus 99.1% Development Strategy for the Period until 2030 [22, 23].
2014 [11]. The transport and logistics industry accounts for In recent years, the freight transportation sector in
approximately 6.3% of Russia’s GDP. In comparison witRussia comprises of five directions. These are road
the EU countries, this figure constitutes 2.7% on avera@@7.6%) and rail shipping (16.7%), pipelines transport
[13, 14]. Hence, one can argue that the Russian econofiiy.3%), seaways transportation (1.8%) and air (0.1%)
launched a growth regime. Freight transportation in [A3].
supply chain becomes a high priority. At the same time, e- Taking into account the above, it can be stated that
commerce creates additional opportunities for logisticgudies on legal regulation concerning transportation do not
services. One of them is the increasing volume of freighbnsider the practice-related issues, and in most cases
traffic. The main way to deliver goods in Russia is roatkesolve theoretical issues. The identified research gap is
transportation [15]. It accounts for 70% of the total freighfilled in this study by applying systematisation to the
turnover. Railroad transportation ranks second. Moreovgmlitical aspects of forming a state position to create
Russia relies on airways and seaways to move freigtinditions for transport system development and
across borders. For instance, seaway transport accountsdietiermining how to improve the legal regulation of freight
nearly 60% of international freight traffic, mainly becaus¢ransportation to enable efficient supply chain
of the geographical location of the country. It is boundeshanagement.
by the Pacific Ocean and three seas - the Baltic Sea, the
Black Sea and the Caspian Sea [13]. The share of th@ Problem statement
Russian e-commerce market in 2019 was 22%. According Any country has a strategic document establishing a
to experts, it will tend to expand. At the same time, theiodel of actions with the view to achieve a global
largest share in digital retail sales belongs to the Europegévelopmental goal. To be competitive, a country must
Union countries (65%) and China (48%) [13]. In thihave a viable economy. Nowadays, Russia’s transport
regard, some issues become of high importance. The&sgtor is in transition and needs a policy behind it that will
include the policy environment of the freight transportatioimprove the general approach to transportation of goods in
in a supply chain regulated by the national legislation [3]a supply chain and align it with the global trends.

The rule of law of transport legislation is declared in  Transport policy should avoid mobility limitations. It
the Russian Federation Constitution [16: 71]. Analysinghust cover a range of social and economic issues.
the legal framework for the transport sector in Russidransportation is an underlying sector of the national

economy. A competitive transport infrastructure is needed
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both for the internal market to ensure economic and soc@untry with the most stable indicators of the internal
unification and for the external one, especially in the fieltbgistics environment (Russia) and a benchmark country in
of commerce. this industry with high indicators (Germany). Logistics
The purpose of the study is to analyse the problems pérformance was measured against four main criteria for
the legislative framework for the freight transportation in assessing internal logistics performance (LPI) [25]: border

competitive global supply chain. procedures; infrastructure; services; process efficiency and
Research objectives: time; implementations and developments, which increase
1) monitoring international logistics effectiveness irsupply chain reliability. The ranking of the results is

different counties; identical to the LPI composite index. The result of this
2) analysing the effectiveness of internal logistics anstage is a comparative table of the characteristics of

legislative stability in the Russian Federation; domestic logistics systems in Russia and the leader in this
3) identifying strategic objectives of the Transporindustry (Germany), which allows one to work through the

Strategy within the national economy. identified logistics constraints through the study and use of

best practices.
2 Methodology At the third stage, given the data of monitoring and

In this study, the transport system is considered frofPmparative analysis, a structural-logistics scheme (SLS)
the perspective of the regulatory framework of logisticds formed, aimed at improving the approach to organising
The theoretical part is built on the concepts of Aristov [17f transport system at the macro level in the context of
Platzer [6], and Tang [24]. Initial empirical base - data ddlobalisation. The information base for the SLS is the
the World Bank, 2020 and reports from the official websit&ransport Development Strategy to 2030 of Russia [3]. The
of the Ministry of Transport of the Russian Federatiorptructure of the scheme includes two stages of change:
2021. The study relies on the following methodsfundamental factors affecting the national economy and
monitoring, analytical analysis, comparative analysi§undamental changes in the context of globalisation.
normative method, and systematic approach. The latter i3 @gether, the stages systematise the economic, social and
core research method in this study. It helped systematl§gal regulation of the transport system into a single
the legislative, economic and social information to crea@aphical model, which allows one to present transport
an integra| System of transport communication. System development at the macro level in a holistic and

Initially, this study monitors the current state of theédccessible way.
logistics system of countries around the world [25], which Limitation of the study. The study is focused on a
consists of six evaluation criteria: customs administratiodletailed analysis of the national economy and transport
transport infrastructure, international transport, logisticgystem of Russia, which narrows the study subject and
quality and competence, tracking of cargo transportation fRakes it limited.
the supply chain, timeliness of cargo delivery. A summary
assessment of the six criteria constitutes a logistis Result and discussion
performance index (LPI), using the geometric mean An analytical review of case studies has shown that
method: G=(x&X; X;X3).X n, where X>0 for transport logistics is a driving force behind the
i=1,2,...n. LPI inde[Jcovers 160 countries of the world competitiveness of countries and companies and is
with different levels of economic development accordinfundamental to job creation and economic growth. Table 1
to the World Bank classification (Atlas method). Theshows the ranking of logistics systems’ efficiency among
frequency of the study is once every two years. The restiB0 countries according to the composite LPI index, in
is a ranking table of logistics systems development of tlehich the leaders of the ranking correspond to the highest
countries on an international scale as of 2021. The rankimglues of this indicator, and the countries occupying the
table includes countries’ scores and ranks broken dowast positions - the lowest ones. The middle positions in the

into three positions: ranking are occupied by countries with averages from 0 to
- | position - ranking leaders (LPI index corresponds td00. The analysis of the data in Table 1 shows that high
the highest value of this index equal to 100); logistics performance is accompanied by high income of

- Il position - countries with average positions in théhe country’s economy. Thus, the leader in efficient
rating (LPI index is within average values, 45-55), whiclkogistics according to the LPI composite index rating as of
indicates the opportunities for advanced development 2021 is Germany. The middle positions in the ranking

comparison with other countries of the world; belong to transition economies - Armenia and Russia. The
- lll last positions in the rating - the countries with thdast positions are taken by developing countries - Burundi,
lowest scores on the LPI index. Angola and Afghanistan, respectively.

The second stage is a detailed analysis of the logistics
constraints within the regulatory framework between the
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Table 1 Countries with the highest, moderate, and the lowest logistics ‘friendliness’ as per 2021

[}

e]

% Customs Infrastructu}s%tiepr:étr'ﬁga(ngr%:;g(t:es nce ;;i?géng &Timeliness
Rank |Country <

g = = = = = = e = —= = —= =

= 18 |18 |3 |18 |8 |8 |3 |3 3 |3 |3 |3

= 14 0N | N 24 N 24 N 24 N o N
Top performers
1 German 10 |1 4.0¢ 1 4.37 4 3.8¢ |1 431 2 4.22 3 4.3¢
2 Swedel 95.Z 2 4.08 3 4.22 2 3.9z |10 |3.9¢ 17 3.8t |7 4.2¢
3 Belgiumr 94.¢ |14 [3.6€ 14 [3.9¢ 1 3.9¢ |2 4.1 9 4.08 1 4.41
Moderate performers
70 Latvia 56.5 49 [2.8C 48 2.9t |81 2.7£ B1 |2.6¢ |77  [2.7¢ |11 [2.8¢
75 Russii 54.¢ 97 2.4z 61 2.7¢ |96 2.6¢ [711 278 97 [2.6F |66 3.31
92 Armenie 50.2 81 [2.57 |86 [2.4¢ |95 2.6t P97 [2.5C 11z [2.51 111 2.9C
Bottom performel
16C  |Burund 33.2 |15¢ [1.6¢ 14€ 1.9t [13¢ 2.21 117 [2.3% [15€ [2.01 [15¢ [2.17
16C  |Angole 32.€ |16C [1.57 155 |1.8€ [14% [2.2C 158 [2.0C 157 [2.0C [214C [2.5¢
16C |Afghanistar  [29.€ |15¢ [1.7¢ [15¢ |1.81 |15z [2.1C |15¢ [1.92 [15¢ J1.7C |15% [2.3¢

Source: Adapted from The World Bank [25].

As shown in Table 1, developing countries retain thigansparency and inefficiency in the practice of regulatory
ability to move goods and link companies and consumesapport.
to international markets, but the logistics system requires The strategic goals of the government policy in the field
comprehensive changes in a number of policy aspects:transportation are defined in the Transport Development
infrastructure, trade facilitation, and improved servicesStrategy until 2030 [3], using the normative approach. This
The current situation in countries with economies iallowed identifying the fundamental factors affecting the
transition also requires increasing the current level ofational economy and determining the fundamental
available resources and intensifying interaction anchanges required to prioritise the transport policy at the
cooperation between countries, as evidenced by the loational level in the context of global competition
efficiency of customs and border controls; traceability an@igure 1).
the formation of international transport corridors. For a The SLS (Figure 1) provides a step-by-step statement
detailed study of the logistical constraints identified irof issues on logistics management at the macro level,
Table 1, it is advisable to conduct an internal efficiencwhich is recommended to implement to reduce the
analysis of logistics LPI in the context of the regulatorjogistical constraints through improving the state transport
framework of Russia, as an example of a country ilaw in accordance with the stated objectives of the strategy.
transition, which demonstrates the positive dynamics ifhe presentation of changes in the SLS is divided into two
transport logistics, and the international leader in th&tages, which reflect the consensus on the implementation
composite LPI index - Germany (Table 2). Assessment of the national transport strategy and the accumulated
the internal logistics environment is based on four maiexperience of developed countries. The first stage focuses
criteria that determine the effectiveness of logistics at than the factors affecting the national economy. The second
macro level of the country: border proceduregphase focuses on the necessary practical implementations
infrastructure; services; process efficiency and timéo improve competitiveness in the global marketplace.
implementation and development, which increases tfA@ken together, the two stages rely on the achievement of
reliability of the supply chain. goals in terms of social, economic and transport results:

As the analysis of Table 2 shows, Germany is a countty expansion of transport service in the context of global
with a high quality of transport infrastructure, service and competition;
regulatory transparency in the field of transporR) social inclusion in relation to transportation services;
communications. In Russia, the basic criteria of the internd) environmental safety of transport infrastructure;
logistics environment are at a low level, resulting in a gag) creation of a unified base of the transportation system;
in the form of low organisation of logistics chains from th&) improving the safety of the transportation system by
position of state regulation and unpreparedness for the attracting a workforce with technological skills and
mandatory digitalisation of public institutions, which is a analytical abilities;
catalyst in logistics. This management style leads to no6} availability of digital technologies and services in the

transport service.
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Table 2 International LPI data as per 2021: Russia vs Germany

Basic criteria of logistics performce Russii | German

Level of Fees and Charges Percent of respondents answering high/very hjgh

- Port charges 25% 47%

- Airport charges 33% 58%

- Road transport rates 25% 27%

- Rail transport rates 50% 25%

- Warehousing/transloading charges 0% 41%

- Agent fees 25% 10%

Quality of Infrastructure Percent of respondents answering low/very loyw

- Ports 50% 0%

- Airports 50% 0%

- Roads 75% 14%

- Rall 50% 23%

- Warehousing/transloading facilities 0% 0%

- Telecommunications and 50% 14%

Competence anQuality of Service Percent of respondents answering high/very

- Road 0% 95%

- Rall 0% 62%

- Air transport 25% 95%

- Maritime transport 50% 95%

- Warehousing/transloading and distribution 25% 100%

- Freight forwarders 50% 80%

- Customs agencies 25% 79%

- Quality/standards inspection agencies 50% 63%

- Customs brokers 50% 75%

- Trade and transport associations 25% 63%

- Consignees or shippt 25% 53%

Efficiency of Process Percent of respondents answering high/very

- Clearance and delivery of imports/exports 25 - 50% 90 - 95%

- Transparency of customs clearance 50% 89%

- Transparency of other border agencies 50% 86%

- Provision of adequate and timely information on regulaj®$% 90%

changes 25% 80%

- Expedited customs clearance for traders with high compliance

levels

Sources of Major Delays Percent of respondents answering often or nearly
always

- Pre-shipment inspection 0% 5%

- Solicitation of informal paymer 25% 5%

Changes in the Logistics Environment Since 2015 Percent of respondents answering improved or
much improve

- Customs clearance procedures 50% 56%

- Trade and transport infrastructure 25% 45%

- Telecommunications and IT 75% 50%

- Private logistics services 75% 70%

- Regulation related to logistics 50% 20%

- Solicitation of informal paymer 25% 18%

Developments since 2015 Percent of respondents indicating much increased
or increase

- Demand for traditional freight forwarding 25% 15%

- Cybersecurity threats in logistics 0% 11%

- Firms preparedness for cyber thr 0% 5%

Source: Adopted from World Bank [25].
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Figure 1 The structural-logistics schematic representation of the Russia’s transport system development in the context of
globalisation
Source: Developed using data from the Ministry of Transport of the Russian Federation [3].

The results obtained in this study show the highctions, as well as coordination between jurisdictional
unevenness in the transport logistics system betwebaundaries and between transport service providers, and
developed and developing countries and the significatiiteir clients [29]. Thus, the problems of legal regulation in
potential for transition economies. Analysis of thehe field of freight transportation within a supply chain
monitoring data found that high LPI composite indexlepend mainly on how much the rules of law meet the
scores correspond to a high income level of the econonmgalities of economic activity. Affecting the logistics
which is consistent with the results of Hofman [26]. At thenvironment with policy instruments will give a positive
same time, increased economic integration of transitidaedback if the impact meets modern market relations and
countries that have opportunities for developmerdims atthe regulation of economic ties [30]. A comparative
(Armenia, Russia) will help to overcome the logisticahnalysis of the structure of internal logistics environment
limitations in their development. Dunaev et al. [27] arguan Russia, which occupies an average position in the
that logistics is a technology of supply chain managemeitternational LPI rating and has the potential to develop
integration, cooperation and coordination of networking aind Germany, which is currently the benchmark in the
business processes, which plays a key role in bridging timelustry, showed the advantages of effective organisation
gap in transport communications and organisation of valeé transport logistics, which is significant for the
chains in the context of globalisation trends. Consequentiynprovement of the transport system in Russia. Issues of
supply chain disruptions can have serious consequencestfansport logistics optimisation have been studied by
both government agencies and private companies [28]idorenko and Makhina [31], Burov [32]. Researchers
Significant delays in delivery can lead to more problems irevealed the lack of consistency when it comes to ensuring
the public sector as well. They also distort the country'security in transport communications, and proposed to
image on the international arena. National policy shoulgptimise transport communication in the direction of
assess the potential impacts of negative events on ésherence of different transport modes using mandatory
transport system, economy, society and resources. dlgitalisation and simplification of regulatory and customs
should improve a supply chain approach that includespaocedures, which is consistent with the results of this
mix of regulatory, information and physical infrastructurestudy. Currently, Russia has unresolved problems
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concerning customs and border management clearant® shortcomings of legal regulations as they may slow
Customs use traditional approaches to procedswn market development. This study is can be considered
organisation, which do not meet the rapidly changinimely and relevant as transport communications and
globalised reality. Boyko [33] examined the experience @ystem sustainability are of high priority in the national
foreign countries and found that customs services could transport policy of the Russian Federation.

efficient with informatisation. The author suggests Results can be applied by managers in the public and
establishing a service customs system where goods prevate sector working in the field of transport logistics, as
tacked at all stages of a supply chain. Dmitriev [34the study offers a practical tool to improve transport system
investigated the regulatory framework for freightefficiency based on the accumulated best practices of
transportation in a digital economy. He concluded th&aders in this field.

transport infrastructure had become more digitalised. The further work is recommended to connect with the
Consequently, the legal regulation became mortudy of macroeconomic indicators of transport logistics
transparent. The review of the strategic developmewnithin the national economy from two perspectives:
priorities in the transportation sector of Russia, using theffective supply planning and demand forecasting to
normative approach, made it possible to group the natiorrrect transport failures in practice.

transport policy priorities of Russia in the context of global

competition [3]. The European Commission alsqReferences
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Abstract: This paper has a dual objective, to specify the logistical capacities of Moroccan Logistics Service Providers
(LSPs) and to understand the process by which these capacities contribute to the logistical performance of LSPs.
Methodologically, we used the qualitative approach based on a sample of sixteen LSP. The results of this research show
that the main logistical capacities of Moroccan LSPs are flexibility and innovation, which respectively abound in
reactivity/proactivity and technological innovation / administrative innovation. Similarly, "customer response" appears to
be a purpose that overlaps with logistics performance. Thus, this variable mediates between flexibility and logistics
performance. This study also tries to analyse the emergence of new moderating variables, particularly "logistics skills,"
which strengthen the relationship between innovation and customer response, and "communication with employees" as a
support for maintaining performance logistics.

1 Introduction following problem arises: how are logistics capacities
Over the past decade, the actors of the Morocc&gflected on the performance of LSPs? The breakdown of

logistics community have undergone a strong change @4 problem allows us to identify two research questions to
terms of the services offered to compete with the deman#ich we will seek to provide answers in this paper: What
of the ordering companies. Thus, the use of Logisti&e the logistical capacities of the field of activity of
Service Providers (LSP) constitutes an important lever fforoccan LSPs? How would these capacities have
competitiveness. To this end, logistics service provideg®ntributed to strengthening logistics performance?
(LSP) are placed at the center of public guidelines in order ) )
to support the actors of the Moroccan logistics communi®  Literaturereview
in the development of their service offer and to provide The analysis of the literature aims to identify and
them with the skills and capacities to serve supply chaiasalyse the importance that researchers attach to logistics
better and meet customer requirements in terms océpabilities and the impact that these have on the logistics
flexibility and innovation. performance of companies in general and LSPs in
Consequently, the logistics market has undergomrticular. Concerning the impact of logistics capacities on
considerable development marked not only by thihe logistics performance of LSPs, we were able to identify
multiplication of logistics operators but also by the variet® levels relating to state of the art: innovation and logistics
of the range of offerings ranging from basic transpogerformance, flexibility and logistics performance,
services to full management and management of theastomer response and logistics performance.
customer's logistics and supply chain function. However,
the pace of development of the logistics service sector1  Innovation and logistics performance
Morocco is considered low and well characterised by its Logistics innovation capability can be defined as a new
youth, as evidenced by the timid warehousing outsourcirgd useful idea, procedure or practice in logistics practices
rate of 14%, which leaves many challenges to be overconigt differ from the current practices of the company and
by companies. Moroccan logistics operators in order gbmpeting companies. This capability is of crucial
capture more business and increase their performance. importance for the success and survival of LSPs in a
In this context, determining the logistical capacities aflynamic environment [1,2]. In this sense, Wagner [3] point
Moroccan LSPs and analysing their contributions to theut that LSPs can take advantage and opportunities that
performance of LSPs are at the center of the concernsapfse in the market, generating innovations in logistics. It
the academic community in order to support them in thsbncerns the practice of renovating business processes as
development of their service offer and to equip them witlyell as the creation of new markets to meet untapped
skills and capabilities that enable them to serve suppheeds.
chains better and meet customer demands in terms of The literature highlights two dimensions of innovation
flexibility and innovation. In this perspective, thecapacity: technological innovation and administrative
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innovation. Technological innovation is the ability to adopenvironment, it depends on the speed of response to
the technology by introducing technological changesustomer requests at the best prices [23-25].
related to the nature of the company's main activity to offer
a new service [4,5]. It is also designed by d othe2.3 Customer response and logistics
researchers as a managerial innovation [6]. On the other  performance
hand, while administrative innovation includes the |nthe service sector, the customer is the central element,
organisational structure and administrative processes, itdid his satisfaction determines the success of LSP [26].
indirectly linked to the basic activities of the organisatiogatisfaction is linked to very particular attention, such as
and more directly to its management [7]. an expectation, a product/service or an experience. LSPs
The capacity for innovation impacts the logisticghat develop customer responsiveness are better prepared
service of the LSPs by strengthening the long-terfig meet the diverse needs of customers, offering them
relationships with the customers, which makes it possiblgyried services accordingly. Therefore, to hold a
to make the customer loyal, which in turn generates th@mpetitive advantage, the development of customer
acquisition of the advantage of competitiveness angdsponse capacity is achieved by increasing the time,
maintaining logistics performance [8]. Moreover, thguality, and price of the services offered [27,28].
capacity for innovation, which aims to research and Customer satisfaction capability is positively related to
integrate customer expectations into the service providgskrformance. LSPs that maintain this capability are often
is the first step towards logistics performance for LSPs [9ble to maintain the existing customer base and attract new
Indeed, the capacity for innovation is considered byustomers, so they will be able to meet the particular needs
many researchers to be a decisive determinant of thethe market [29]. According to Lai [30], LSPs with better
logistics performance of LSPs [2,10,11]. Similarly, Graw@ervice capability are better established to cope with
and Kandampully [12,13] asserted that the capacity fe{istomers' diverse service needs and achieve better service
innovation, which relies on the use of technology and othgerformance. The ability to satisfy the customer is,
resources, fully contributes to achieving logisticsherefore, the ability of LSPs to create and allocate

performance. resources to satisfy the logistics needs of their customers
o o and consequently ensure better logistics performance.
2.2 Flexibility and logistics performance In the same sense, Zhao [29] concludes that the ability

Flexibility is defined as the capacity of a logisticgo satisfy the customer is significantly linked to
system to adapt in a proactive and reactive way ifgerformance. These conclusions are supported by Ching-
configuration, the objective of which is to eliminate theChiao Yang [31], stating that meeting customer
market fluctuations [14]; it corresponds to the ability obxpectations in the service sector positively impact
LSP to respond effectively to market fluctuations anfbgistics performance and encourages customer loyalty.
customer requirements [15]. Logistical flexibility is In this sense, we can synthesise that several authors have
intended by Judge [16] as the capacity for organisation@entioned the problem of evaluating the contribution of
change, which conditions the effectiveness with regard tegistics capacities to logistics performance. Logistics
the implementation of a permanent change. capabiliies are essential for achieving logistics

Indeed, in a supply-chain context, flexibility has twgperformance and creating added value for LSP customers.
dimensions, reactive and proactive [17]. Responsivenes@imittedly, research work confirms that logistical
consists of responding to the uncertainties generated by tapacities, in this case, flexibility, innovation and customer
supply chain, the notion of uncertainty is linked to the lackesponse, contribute to the performance of LSPs, only the
of environmental information, making it difficult to predictmodes of influence that differ from one researcher to
the impact of decision-making on the organisation [18]. another.

Flexibility significantly impacts logistics performance However, the interest of companies for this issue and the
as it supports the logistics performance of LSPs in termsiméed to deepen it still remain valid, which leads us to
customer response, efficiency and quality of service [SHentify these capacities empirically and evaluate their
Moreover, it is often retained in the literature as beingigpact in the context of Moroccan LSPs.
fundamental variable for maintaining competitive

advantage [19]; it thus serves to improve thg M ethodology and sampling

competitiveness of the LSPs. _ . The research methodology used is purely related to the
In the same vein, Anand [20] claims that logisticgpject of study. While the size of the sample, the

service flexibility is considered to be a predictor forprocedures for processing analysing the data, and the

logistics performance. Moreover, LSPs that hold thgeyice the researcher should use are intended to ensure the
logistics flexibility capability can gain a competltlvequa"ty of his results.

advantage and are often able to achieve logistics
performance [21,22]. Logistics flexibility is, therefore, a
determining variable for the achievement of logistics
performance for LSPs. Especially in a dynamic
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3.1 Methodological approach and data Thus, we refer to the guidelines of Gumucio [34,35],
processing techniques according to which two criteria must be highlighted to
We adopted a qualitative study by induction approadhstify the sample: the size of the sample and the context of
and positioning in an interpretive paradigm. It is about tH&e study.
determination of the "how" relationship between logistics The sample size corresponds to a gradual construction
capacity and performance of LSP. to know when the researcher should stop [36]. The number

As for the data collection method, we used the senff cases studied will stop when there is saturation. This
structured interview, which constitutes a privilegegemantic saturation is reached when the new cases only
instrument in qualitative research since it allows obtainingPeat what has been said by the others [37]. Thus, we were
a good quality of information. Our research questiorgatisfied with a sample of 16 cases allowing us to meet this
guide the data analysis. However, although the reseafuration criterion. _ _
objectives initially influence the analysis, the results come The choice of study cases was made in a nonarbitrary
directly from the analysis of the raw data and not frorAnd impartial manner to ensure that the selected study cases
"desired answers"[32]. responded to several criteria. Our convenience sample is

The data collected by our case studies are thus codéfi LSPs in the logistics services industry operating
and categorised "manually”, making a clean sweep of afgtionally and internationally to procure various
prejudices. We thus proceeded successively to an initigformation. In addition, the use of actors of different
coding, then to multiple coding and finally to a themati(_gualities_ is considered, on the one hand, as sources of
coding [33]. The subjects identified in these studieformation to understand the logic and s_ectoral trend of
allowed us to return to theory and literature review. Thi$1e LSP studied. Twenty-two LSPs, of which we selected
back and forth between the field and the theory allowed @8ly sixteen given the saturation criterion, agreed to
to generate proposals and to conceptualise our conceptRRiticipate in the survey by expressing their interest in

model. sharing their experiences with us. We have assigned codes
to the different analysis units to guarantee the anonymity
3.2 Sampling of the interviewed actors.

Several sampling techniques constituting widely
varying sample sizes are used in the qualitative study.

Table 1 Characteristics of the LSP sampled and of the interviewees

Code Activity area Creation | Quality of interviewees Experience

LSP1 Logistics service provisic 2007 Park managt 7 year:

LSP2 Logistics serviceprovisior 193i Tryears port manag 11 year

LSP3 Logistics service provisic 199i Tryears it import/expo 5 year

L SP4 Logistics service provisic 2011 Tryears port manag 6 year

L SP5 Logistics service provisic 201z Tryears porcoordinato 4 year:

L SP6 Logistics service provisic 1982 Operation manag 9year:

L SP7 Logistics service provisic 200¢ Operations manag 2 year

L SP8 Logistics service provisic 2007 Tryears it and tryears port ag 7 year

L SP9 Logisticsservice provisio 199¢ Tangier agency manag 5 year:

LSP10 | Logistics service provisic 2011 Warehouse manac 5 year

LSP11 | Logistics service provisic 200¢ Internal freight forwarde 2 year

LSP12 | Logistics service provisic 199¢ International tryears port mana 9 year

LSP13 | Logistics service provisic 199¢ Tryears port manag 2 year

LSP14 | Logistics service provisic 2001 Customs declara 9 year

LSP15 | Logistics service provisic 198( Tangier warehouse mana 4 year:

LSP16 | Logistics service provisic 200z Planne 8 year

4 Data processing and analysis According to this grid, the grouping set is granted
41 Thematic coding thematic codes representing the results of our coding.

We conducted triple coding, initial coding, grouping,There are four-axis:_"F.Iexibility", "Innovation”, "Customer
and thematic coding. The thematic codification, througffSPonse” and "Logistics performance”. .
which we affiliate a synthetic concept to each groupin& Indeed, flexibility refers to proactivity and reactivity;

e

[33], represents the results of our coding. The followin§!novation combines administrative innovation and
table lists a summary of our triple coding. chnological innovation. Customer Response includes

three categories such as service quality, service time,
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service price, Logistics Performance. On the other side, by
identifying three-axis categories, namely differentiation,
effectiveness and efficiency.

Table 2 Summary of Thematic coding

Verbatim Codes Grouping Thematic coding
You don't just adapt to environmental changes these jayi, o
. , roactivity
but sometimes you have to create change , -
- . - Adaptation Flexibility
Sometimes customers change their delivery plan, and OUR o
) : eactivity
business has to adapt in reft
We adopt the capacity for innovation to offer and benefitechnological
from certain technologies' ga. innovatior Creativit Innovation
Reconfigure operations so that they are adapted t¢ théministrative y
new criteric. innovatior
. . . . Quality of
The quality of delivery is also very important. service
The delivery time is a fundamental factor in responcin% C Customer
ervice time . . Customer response
to the custome satisfaction
Price has always been an element of performance f%r . .
. ervice price
companie.
This differentiation allows us to achieve and captureﬁ i
" ; ifferentiation -
competitive advantage in the mal. Performance Logistics
Achieve our logistics objectives, and be effic. Efficacity per formance
It is with efficiency anc this is the result of our serv. Efficiency

Inductive from LSP. Inductive information will allow us to bring out
After the data processing and the coding of the verbatmher variables and identify the relationships between the
of the studied cases, we present the inductive ones takiifferent axes.

4.2

Table 3 Inductive lessons

Codes EErE]ly Examples Observations
relations
o The two dimensions of the "flexibility"
Reactivity / , . . : . "
n Customer Our company's behgwour may turn outdapacity are intended to meet a diversified
v be in some reactive cases and ofdemand from customers. Therefore, custgmer
X, response : o . . : 1
o proactive cases. Flexibility consists |oEsponse is a goal of LSP insofar as logistics
= Proactivity  / reconfiguring the logistics function to meeapacities impact customer satisfactjon.
< Customer market demands Customer response is a mediating variable
respons between flexibility and logistics peormance
- . |Also, the information system that we are
Administrative Do
innovation putting in .place _helps us c_omply yvth
- Customer customer instructions regarding dehva%e two dimensions of innovation impact
3 response times and delivery quality and, therefcr(?ustomer response, especially in terrr?< of
2 P helps u improve our performanc : . P . €SP y N
2 . We are seeing the effects of technology BaEe: time and quality of service. Custorner
= Technological allows us to reduce the costs of servic&zPONse Is, therefore, a mediating variable
> innovation Between innovation and performance.
Customer and offer them to the_ market._at a
competitive price. Which positively
response ; L
influences our logistics performan
- .. | The use of technology provides the user hagistics skills facilitate the handling pf
— | Logistics skillg X : . . .
o) . the necessary skill, reduces costs and helpsvative tools for customer satisfaction.
2@& |/ Innovation . . . > O
= achieve goals (...) Technological skill|Eherefore, logistics skills is a moderating
& = |Customer ; ; -
2 necessary so that the technology canvheable that strengthens the relationship
response - ; - "
used for logistics performar between innovation" and "customer respc
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terms of logistics means (...) company has invested many
Many additional lessons were identified, enabled by thgears in technological solutions, and especially RFID for
inductive approach adopted in this research work. Indegtle management of the inputs and outputs of the "LSP3"
in several cases, "customer response" appears as a purp@ehouse (LSP3). Through these two dimensions, in this
that overlaps with logistics performance. Thus, this axe t@se, administrative innovation and technological
a mediating variable between flexibility and logisticsnnovation, innovation concerns the whole company; this
performance. is confirmed by a leader who states that "these innovations
Analysis of what the interviewees said allowed us taffect almost all departments of the company. The
deviate from the role of some variables and identify othenaterials and procedures are good examples" (LSP4).
variables that have not yet been highlighted in the The two dimensions of innovation are highlighted by
literature. Thus, the inductive approach of LSPs can leturning to the literature, given their importance. For
summarised as follows: technological innovation, Daft [4] considers it to be the
Regarding the change in the role of some variables, throduction of technological changes linked to the nature
customer response is no longer a logistical capacity in ooff the firm's main activity. Therefore, according to Yang
study context. It is rather a mediating variable locateand [5-38], it is the ability to adopt a technology to offer a
between, on the one side, flexibility and logisticahew service. As for administrative innovation, it
performance and, on the other side, between innovatiencompasses the organisational structure  and
and logistics performance. administrative processes. Itis indirectly linked to the basic
For the new emerging variables, it is linked to "logisticactivities of the organisation and more directly linked to its
skills" which has a moderating role between innovatiomanagement [7-39]; this is also called managerial
and customer response and, and to "communication witthovation [6].
employees as a support for maintaining logistics Thus, LSPs have opted for changes in the way
performance which is, here, a moderating variable thatanagers' work is done and have introduced technological
reinforces the relationship between logistics performanchanges to adapt to the sector's dynamism.

and the other variables, the "customer response". Customer response: Considered an important
capability in the context of Moroccan LSPs, customer

5 Discussion of theresults response is a company's ability to meet customer

5.1 Logistics capacities requirements in terms of three attributes, quality, price and

The logistical capacities of our sample are three igad time. An interviewee announces to us this prospect
number. Again, it is about flexibility, innovation and 1h€ response to the customer is quite an important
customer response. logistical capacity. The purpose of _aII LSPs is to respond

Flexibility: Flexibility is a capacity that the company!© the customer, ‘in terms of price, quality and also
has to adapt to changes in the competitive environment igRdlines. "(LSP3). Customer response is assessed in terms
also to customer requirements in terms of delivery timeQf Ccustomer expectations. The response to their
Through this ability, the company acts, as the case may B&Pectations conﬂrms the_ level of satisfaction. This is why,
reactivated or proactively in the face of any change. In trggcording to the interviewees' answers, the customer
framework, the leader of an LSP assures us that "THeSPonse refers to their satisfaction. _
behaviour of company can prove to be positive in some 1Nhe mobilisation of a set of parameters to satisfy

reactive cases and negative in other proactive cases (CYstomers, the parameters are thus antecedents to the
Flexibility consists of reconfiguring the logistics functioncUstomer response, this corroborates the words of another

to meet the market's demands" (LSP1). LSP who affirms that "we take into account all the

According to the literature, flexibility is defined as theParameters to meet the customer '\lxvhether in terms of
ability of a logistics system to proactively and reactivel{iuality of service, time or even price.” (LSP5). Therefore,
adapt its configuration, the objective of which is to copgUStomer response, although it is considered a logistical
with market fluctuations [14-37]. It corresponds to LSP'§apPacity, other parameters are crucial to achieving it; this
ability to respond effectively to market fluctuations and® the reason why it is considered a finality in our sample.
customer demands [15]. Regarding the literature, by focusing on the service

Consequently, the way they are perceived, the twR$Ctor, the customer represents the central element and his
dimensions of flexibility, in this case, responsiveness arf@tisfaction conditions the success of LSP [26]. So
proactivity, and their purposes among the LSPs in oGkStomer satisfaction is an answer, and it is always linked
sample, corroborate the definitions and objectives noted' Very specific attention, such as an expectation of a
the literature. product/service. This response occurs after service use

Innovation: Innovation among the LSPs in our samplé39]-
revolves around two poles, the administrative pole and the 1herefore, the customer response even refers to
technological pole. According to one respondent, "TheHstomer satisfaction in terms of price, quality and time. It
innovation concerns the innovation of the service offerefl€tamorphoses our sample and corroborates the
the innovation of the logistics strategy, even innovation ifiiéoretical contributions of the concept.
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5.2 Thecontribution of logistics capacitiesin Regarding the change in the role of the variable
Moroccan LSP "customer response", although some authors, in this case,
5.2.1 Flexibility and customer response have considered it as a capacity[29,30], customer response

Flexibility largely affects customer satisfaction, in thds @ goal of other logistical capacities (flexibility and
context of Moroccan LSPs, in terms of customer respond@novation) in our context.

Thus, to respond to unforeseen requests, the urgencyFor the new emerging variables, this is "logistics
requiring a rapid reaction, flexibility allows the companycompetence”, a moderating variable that strengthens the
to respond quickly, which allows it to avoid the delaytelationship between innovation and "customer response”
although the latter could arise from people outside tHg the case of our study context. We bring this perspective
company, the customer or the sender. Having said thmillfe in the words of one reSpondent who said that "if yOU.
according to one executive, "We get very special requeét@n't have the capable and competent people to use this
from our clients, but we try to meet them by dealing witkechnology, it will be a failed investment or rather a
different clients with specific needs. "(LSP7) divestment” (LSP16).

Through its flexibility, the LSPs demonstrate the ability ~Logistics skills facilitate the handling of innovative
to manage the emergency situation often encountered. ngls for customer satisfaction. This corroborates the
results in customer satisfaction and therefore demonstragéatements of the interviewees who state that "The use of
the improvement of the offer to customer response. THigchnology provided that the user has the necessary skill,
corroborates the words of another interviewee who statégduces burdens and help achieve objectives (...)
"if we can adapt quickly, this will also allow us to meet thd echnological competence is necessary for the technology
needs of customers in an efficient manner” (LSP3) to be used to logistics performance” (LSP13).

Flexibility stimulates customer response in terms of Moreover, the effects on customer satisfaction are
delivery time, price and quality of service, which refers tgreater if these so-called skills are well mastered. "I think
the testimony of the manager who sees that "ThikWill be wide if our staff and especially the technicians
adaptation consists in making the service capable KROW how to handle it quickly” (LSP14). Moreover, for the
meeting the specific need of the customer" (LSP4) proper handling of technology, training must be provided

Regarding the literature, Wright [40] argues tha®n the best method, which is confirmed in case 16: "to use
flexibility is dependent on LSP's ability to reorganise it§ and sometimes you have to write for each user the
resources and activities to meet customer demand quickligtailed steps to follow to carry out these activities”.
Hence the following first proposition: (LSP16)

According to the literature, the capacity for innovation
P1: LSP flexibility has a positive and significant impact ~ is of critical importance to the survival of LSP in a dynamic
on customer response. environment [1]. By treating its contributions, highlights
the customer's place as a finality[9], the customer is the
central element and his satisfaction conditions the success
of LSP in the service sector. To meet its expectations, Yang
[5] has shown that logistics innovation is positively linked
operational efficiency and quality of operational service.
grawe [12] argues that innovation in logistics relies on
Serchnology and other related resources to meet customer
F

5.22 Innovation, customer response and the
moder ating role of logistics skills

As highlighted by Moroccan LSPs, technologica
innovation and administrative innovation are decisiv
capacities for the expectation of an objective that
transforming the response of customers. Custom
response, which is dictated by the establishment mands. . .
innovative capacities that are mobilised for previousl Asaresglt of the anally5|s of the spreaphng remarl_<s.and
defined objectives, appears to be a purpose that overl!ﬁg the_oretlcal foundatlg_ns, the capacity for logistics
with logistics performance. An interviewee said thig novatlc_)n.reflectsthe ability of LSPs to develop an_d offer
framework: "We do not miss the opportunity to implemen?ew logistics solutions to meet the needs and wishes of

such an innovative procedure that can promote aGHStomers in an environment of more in addition to

improve customer service and meet their expectations. Ffnamic, logistics skills play a moderating role in this

example, innovation in terms of work procedurefeat'onSh'p' Hence our second following proposition:

innovation in terms of control procedure” (LSPl)p_ Logidics i . h e
Therefore, innovation is considered an external element fg- Logistics Innovation has a positive impact on
stomer response, logistics skills play a moderating role

the extent that it consists of better serving the customet™, . ) ;
(principal) uring thisrelationship.
The analysis of the comments of the respondents, taken o
from our sample, allowed us to deviate from the role +23  Customer response, logistics per formance and
"customer response” and to identify other variables that the moderating role of customer

have not, so far, been highlighted in the literature. communication _
Customer response inspires confidence and enables

long-term customer engagement because, according to one
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leader, "Responding effectively to special requestesponse on logistics performance. In this perspective, we
increases the confidence of our customers and solicits fuwd that customer response impacts logistics performance.
for all their operations and most importantly. make a long- However, maintaining performance requires the
term commitment with us" (LSP1). As a result, when trughaintenance of communication to ensure any volatility
is built, and customer engagement is sustained over tledated to the effectiveness of the service to the customer.
long term, LSPs achieve a goal of total logistics servigkccording to one interviewee, "The fact that there is an
performance. This corroborates the words of another leadeichange of information with customers that we can know
who says that "when customers trust us and engage withat they need and respond in return, this is how we can
us, we are very likely to meet our goals of performing anachieve performance” (LSP15). This observation is also
growing afterwards. (LSP13). confirmed by other respondents who tell us that "it takes

Thus, achieving logistics performance is a lineainformation for it to contribute to our performance"
process that goes from customer response, trust gh$P16).
commitment, and consequently, the service's overall Therefore, maintaining communication with customers
performance. This performance is reflected in the return of decisive in ensuring an overall performance that meets
satisfaction in terms of customer engagement and th# of their expectations. It even ensures the sustainability
building of strong customer trust. What is approved by oraf the relationship according to the perception of the leader
respondent: "Logistics performance is measured by tloé the LSP15 who sees that "Maintain a communication
degree of customer satisfaction and by the degree with the customer service customers to try to work with
achievement of the objectives of each departmentiem as long as possible" (LSP15). Thus, customer
(LSP15). communication plays a moderating role by strengthening

The literature has highlighted the expected return of thike relationship between customer response and logistics
customer in terms of his satisfaction. In the service sectgerformance.
customer satisfaction is recognised as a decisive factor in The study demonstrates the existence of a clear two-
maintaining and consolidating long-term businesway relationship between customer response and the
relationships [29]. The customer is thus the centrébgistics performance of Moroccan LSPs. Furthermore,
element, and his satisfaction conditions the success angstomer communication helps maintain this relationship.
performance of LSP [26]. Therefore, customer satisfactiorherefore and after this discussion, we put forward the
is achieved when logistics service performance meets fotlowing proposition:
exceeds customer expectations [30]. Ching-Chiao [31]
support this idea by arguing that one of the most importaB8: There is a dgnificant and postive relationship
elements is the service sector and the maintenance detiveen customer response and logistics performance,
development of the long term relationship with theustomer communication has a moderating role during
customer. thisrelationship.

The theoretical foundations which corroborate the

elements drawn from the respondents’ comments make it By way of conclusion and conjugation of our proposals,
possible to identify the contributions of the customefe put forward our following conceptual model:

Customer
Logistics capacities communication

Flexibility

Logistics

Customer response / -
performance

satisfaction

A4

H
H

H

H

H

H

H

H

H

H .

. Innovation
H

H

H

H

H

Logistics skills

Figure 1 Conceptual model of research

6 Conclusion, limitsand perspectives of the capacities to logistics performance. This requires an in-
research depth qualitative approach.

The results of this research show that the main logistical

The rpose of this research is to understand the . S
Purp ! ! . pacities of Moroccan LSPs are flexibility and

phenomenon, or even look for the "How", as mentioned i

our problem, of the contribution of LSP's Iogisticgnnoyaf['on' Wh'Ch respectively abound _In
reactivity/proactivity and technological
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innovation/administrative innovation. Similarly,  Studies in Systems, Decision and Contkabl. 358,
"customer response" appears to be a purpose that overlapgpp. 187-193, 2021.

with logistics performance. Thus, this variable mediatd3] KNIGHT, K.E.: A descriptive model of the intra-firm
between flexibility and logistics performance. innovation processournal of Busines$/ol. 40, No. 4,

This study also highlights the emergence of new pp.478-96, 1967.
moderating variables; on the one side, "logistics skill§8] WAGNER, S.M., SUTTER, R.. A qualitative
strengthen the relationship between innovation and investigation of innovation between third-party
customer response and, on the other side, "communicationlogistics providers and customerdnternational
with employees" as a support for maintaining performance Journal of Production Economic&/ol. 140, No. 2,
logistics. pp. 944-9582012.

By this recourse to a qualitative study, we can acceff] KALOGERAKIS, K., WAGENSTETTER, N.: A
that the main limitation is relative to the size of the LSP general framework for open service innovation in
sample which. Moreover, the research to understand this logistics, Innovative Methods in Logistics and Supply
new phenomenon could be put forward as a strong Chain Management: Current Issues and Emerging
argument for resorting to the qualitative approach. In Practices Berlin: epubli GmbH, Vol. 18pp. 27-47,
addition, the second heavy limit on such a research strategy2014.
is a bias of subjectivity. Admitting this posture indeed10] HULT, G.TOMAS M., HURLEY,R.F., KNIGHT,
requires thinking about a palliative methodology. G.A.: Innovativeness: Its antecedents and impact on

The research is based on a relatively limited number of business  performance, Industrial  Marketing
LBPs. Therefore, although the sixteen cases are chosen, ManagementVol. 33, No. 5, pp. 429-438, 2004.
although selected to meet certain basic criteria, thigl] SHER, P.J., YANG, P.Y.: The Effects of Innovative
perception of logistics capacities as well as their linkage Capabilites and R&D Clustering on Firm

with logistics performance differ from one company to Performance: the evidence of Taiwan's
another. It is, therefore, possible that the selected LSPs semiconductor industry,Technovation Vol. 25,
exhibit some biases. No. 1, pp. 33-43, 2005.

Given the framework of the results of this work, it if12] GRAWE, S.J.: Logistics innovation: a literature-
essential to identify the way for future research which  based conceptual frameworkihe International
would apprehend the contribution of the logistics  Journal of Logistics Managemenriol. 20, No. 3,
capacities of LSP with regard to the theoretical models pp. 360-377, 2009.
relating to different contexts. It, therefore, seems essentjaB] KANDAMPULLY, J.: Innovation as the Core
to broaden the context of the process beyond the multiple Competency of a Service Organisation: The Role of
case studies. The objective would therefore be Technology, Knowledge and NetworkEuropean

generalisation allowing a real gain in objectivity. Journal of Innovation Managementol. 5, No. 1,
pp. 18-262002.
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Abstract: The liberalization of the petroleum sector in Morocco has a significant effect for petroleum product distributors.
Since the beginning of December 2015, fuel prices are freely determined. This event presents many constraints affecting
the balance of the sector plus the competition among its economic players. As all fuel products are imported, we will be
interested in the evolution by making forecasts of the price of fuels in the Moroccan market. In this context, our paper
aims mainly to study the time series of diesel and gasoline in order to provide precise forecasts to the company and to
respect the permissible error margin of 3%. To this end, the harmonic dynamic regression model through the proposed
process approach yielded excellent forecasting results for the first quarter of 2017 with an average error margin of 1.617%.
Compared to ARIMA model, the harmonic dynamic regression proves its strength manifested in the low rate of error. In
addition, the assumption that the residuals are a Gaussian white noise has always been verified. The forecasts obtained
are very crucial for managers to take good decisions at the strategic level.

1 Introduction stocks. As all fuel products are imported, we will be

Oil is an important sector given the increasinglynterested inthe evolution by making forecasts of the price
competitive nature of the industry today. Large compani@ fuels on the Moroccan market. In order to remain
and oil suppliers want the most economical and reliabf®@mpetitive on the market, distributors must be able to
forecasting mechanism to evaluate the market. For tfigurce fuel at the optimal price while maintaining a
reason fuel price forecasting is one of the most importagignificant profit margin. In order to achieve their
problems beyond all strategic and planning decisions fjectives, oil companies must rely on very specific
any company [1], but difficult in the research areas of tHerecast mechanisms.The overall mechanism by which the
ana|ysis and prediction of because of the uncertaffice of oil affects most countries or national economic
interactive factors that determine the oil market.On the off@ctors are generally well understood, and thus the forecast
hand, oil is directly associated with various uncertaiff the price of oil has been perceived as an important
market factors, such as supply and demand, competitigsearch topic.One of the most commonly used approaches
among suppliers, substitution for other forms of energor oil price prediction is the statistical time series method
economic development, population growth, and technicht 6], characterizing the price of oil as a time trend, a
development [2]. On the other hand, as crude oil is $¢asonal factor, a cyclical element and a term of error.
dominant resource for energy security, the oil market Many techniques are available to break a series of oil prices
highly sensitive to various uncertain external factors, suéh these components.They include the Akarca and
as political instability, war and conflict [3,4]. Since 01Andrianacos model medium autoregressive movement
December 2015, fuel prices are freely fixed. This eveffRIMA) [7], Lanza et al.'S (ECM) error correction model
presents a lot of constraints impacting the balance of tid, and the vectorial regression of Mirmirani and Li
sector and the competition among its economic actors. THEAR) model [9].Other types of approaches assume that
lack of support measures by the state makes it vulneraiochastic - quantification, the relationship between oil
With the cessation of the activity of the only Moroccamrices and the latent economy are factors that can provide
refinery, distributors must, from their part, build up large
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a more relevant prediction than attempting to discover ti® Elaboration of the new methodology
underlying structure of the series itself. In our study, we will develop a new numerical model

_ Our article studies the price forecast of the Moroccagf dynamic harmonic regression that aims to ameliorate the
oil market, which is an |mp0rtant area for the determlnath@recast of the price of fuel in the forecasting process.
of future value, from the point of view of oil distribution|n our previous work, El Bahi et al. (2018) [17]
companies, considering global variables. We will develogemonstrates the utility of ARIMA model in the
a new numerical model of dynamic harmonic regressiqBrecasting field, we found that the ARIMA model (1,1,1)
that aims to determine the price of fuel in the forecastl%ve accurate forecasts to the price of gaso“ne near the

process. margin to be met for the first quarter of the current year
) ) with an average error margin of 2,855% respecting thus the
2 Literaturereview margin permissible given by the company. However, in

Several articles have been published in the literaturiis paper, we will present a new model of dynamic
aiming at comparing and improving the predictiorharmonic regression through a proposed new process
capabilities of dynamic harmonic regression and ARIMApproach.
models more precisely. Church and Curram (1996) [10]
have attempted to predict the decline in the growth rate 81  Dynamic harmonic regression
Consumer spending in the late 1980s using a network of We have developed the basics of the new harmonic
artificial neurons and a model ARIMA. They suggest that dynamic regression model, while performing various
neural network models describe decline as well as, but itests to validate the proposed model. Our study has focused
better, econometric specifications. Finally, they suggeon the price of diesel fuel in Morocco.
that the selection of the methodology used to ma  The classic model of additive time series with hidden
predictions should be based solely on the variablcomponents is shown in (1).
available. Prybutok et al. (2000) [11] develop a neur
network model for predicting daily maximum ozone levels v, = T, + €, + S, + f(u,)+ N, +e,; e,~N(0,62) (1)
and compare with two conventional statistical models,

regression and ARIMA Box-Jenkins models. The results - Y, : the observed time series
show that the neural network is superior to the other two . T, : the trend
models tested. Gutierrez-Estrada et al. (2004) [12] use . C, : the cyclical component

linear multiple regression, univariate time series models
(ARIMA models), and neural network computations to
predict the average daily ammonia concentration in water-
recirculating ponds. The results show that the non-linear
ANN model approach provides better prediction of
ammonia concentration than the multiple linear regressi~n
and univariate time series analysis, when the correlati
between the data series is weak and when models
forced to predict in a situation for which they have not bet
specifically calibrated. Ho et al. (2002) [13] present ¢ = L Aicos(wit + ;) (2)
comparative study of integrated self-regulating moveme C. = Xj%1 Bicos (“’it + ‘Pi) (3)
Box-Jenkins models of medium and two artificial neure

networks with a different architecture (multilayer powe Thew; ando; are the Fourier frequencies determined
supply and recurrent network) in the prediction of failurefrom the discrete Fourier transform through a spectral
in computer networks. The study showed that the recurrianalysis. This study in the frequency and non-temporal
network architecture significantly outperforms the resul domain allows a consequent gain in parameters [19].
produced by the other two methodologies. In mar It is interesting to separate the cyclical and seasonal
scientific or technical applications, the data is generatedcomponents because even if they are written in the same
the form of a time series. As a result, time series analyway, the cycles have relatively large periods compared to
is one of the main tools for research and developmethe observations and are therefore hardly detectable. In our
(Cryer 1986, Chatfield 1991) [14-15]. Modelling ofwork, we consider the cyclical component equal to zero
univariate and multivariate time series and structural tinbecause the observations relate only to one year (24
series methods have been useful for describing aobservations / fortnight in all). The parameters n and m
forecasting (Prybutok et al., 2000, Tsitsika et al., 200 depend on the number of observations p. We will see later
[11,16]. that:

- S, :the seasonal component
- f: the influence of an exogenous vector with
variables u,
N, :stochastic disturbance
- e, : Gaussian white noise: e,~ N(0,a%)[18].
Nevertheless, we worked only with the following
model:

n=:-1 (4)
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For the trend, we will see that the regression line can  In this study, we will work on the prices of diesel fuel
a good approximation. The most important thing is that vfor the development of the model. The points cloud and
will detail later that everything is calculated at the sanregression line are presented in figure 1.
time [20]!

8000

em— Prix Tendance /\ P
7500 /_/\ -~ 7 \/
7000 \/
6200 \\/
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27

Figure 1 Gas price excluding taxes and trend

3.2 Determination of Fourier frequencies s
321 Methodology . . . E{SPER(f)} = f_1//2
To determine the frequencies of Fourier, we will
present two methods: the direct method of the periodogr—~ 1 [sin(Np)] . .
and the indirect method of Blackman-Tuckey. Where W,(f) = ;[W is the Fourier transform of
Under the assumptions of stationary and ergocthe triangular window.
signals, the autocorrelation function and the power spect  The periodogram is therefore on average the
density are defined by: convolution of the true spectrum with the Fourier transform
of the triangular window. Nevertheless, whin- oo,
T(m) = E{x’(m)x(n + m)} = ri,(—m) (5) the bias becomes zero. It can also be shown that the
variance is virtually independent of N and proportional to

Wy(f —wSs,(wdu  (8)

5:(f) = Ll szx(m)e_z""’"’ = the spectrum.
. 1 vn— 3j
bim E {5 [ x (e /) ©

”ar{ngR (f)} =S, (f)? 9)

It is assumed to have N sampleg¢n)}¥=3 of the signal
to be analyzed and we, therefore, try to estimate the po\
spectral density from these data. There are two ma
classes of non-parametric spectrum estimation, each
which is related to one of the equalities in the spect
density equation.

Thus, the periodogram is therefore not a consistent
estimator of the Spectral Power Density. In order to reduce
the variance of this estimator, an averaged periodogram
can be used.

This consists of separating the signal into K slices (of
length N / K), calculating the periodogram on each slice
and averaging. Due to the average K, the variance is almost
divided by K: nevertheless, with the slices being shorter,
the resolution decreases.

Periodogram method:
It is a method that uses the signal directly. The spectrt
is estimated by (7).

— 1 oN-1 —2jmnf |2 Indirect method: Blackman-Tuckey:
Sper(f) —E|Zn=0 x(n)e | 7) Another approach is to use the definition of the
spectrum from the correlation function. The spectrum is
Because of the truncation of the signal, the periodogrethen estimated as in (10).
is in fact the convolution of the spectrum by a cardin

sinus window. Truncating the signal induces two main Spr=XM__y T (m)e ™S (10)
phenomena:
- Widening of the main lobe which leads to ¢wheref,, is an estimator of the correlation function, given
decrease of the resolution. by (11).
- Appearance of secondary lobes.
The resolution of the periodogramligN. P, = %Zﬁ;()"* x* (k)x(k +m) (11)

To remedy truncation problems, windows are generally
used to either reduce the main lobe or attenuate the
sidelobes. Also, the periodogram is a biased estimator.
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It is a biased estimator. The following estimator iwith Hannig's window because it allows a good
unbiased: compromise.
1 .
P = ——N-m-1 e (k)x(k + m) (12) 322 Spectral analysis
T N-m RS0 This analysis will allow us to bring out the most

Blackman-Tuckey suggested taking M of the order (iSr:?c?rlrfwlwﬁgn f;eir?_ugincr::;s rcf\é\;hslgrn ?r!lg(\;\: )a maximum

10% N. The application of a window is possible to reduc . gain: signal p SINg Y). .
. ) . . We will classify the frequencies of the most important
the variance on the estimate of the correlation functic . .
. (spectral density of the largest to the smallest). Here is the
Indeed, we have:
result on Table 1.

Using the SPSS software, we will calculate the other
parameters by a non-linear regression. The first idea that
) ) comes to mind is to take all Fourier frequencies and build

However, the variance over,,(m) increases as M the forecast model for these frequencies. Figure 2 shows
approaches N, this explains why only M correlation pointhe result obtained. The results seem satisfactory, but the

are used. Nevertheless, when M decreases, the lstrong oscillations push us to study them more closely.
increases.

Sper = Z%‘J—(N_n Py (m)e 2™ (13)

3.3 Oscillation study

To be able to do this study, we have to map the model
exactly. But we only have 27 observations. Shannon's
o S ~ theorem states that the sampling frequency (observations)
Resolution in 1/N which implies a certainmyst be greater than or equal to twice the maximum
difficulty in finding two very close lines for short frequency. All calculations done, the theoretical sampling
duration signals. frequency must be greater than 50. We propose to complete
Difficulty in finding weak signals compared to our samples to make a polynomial interpolation between
strong signals. each two consecutive points so as to keep a line that passes
+ Secondary lobes and negative spectra (BT) duethrough two consecutive points and the middle point

=> bias-variance dilemma.

Disadvantages:

windowing. created. The result obtained is shown in Figure 3. We
* Inconsistent estimate of the PSD. notice a very strong oscillation among the values which
Advantages pushes us to consider the application of a filter.
» Very fast and inexpensive computing algorithm
(FFT). 34 Staticfilter proposed

» Estimated spectrum proportional to the power.
* Robust behavior on a wide range of signals.  and low frequencies as shown in figure 4.
The choice of a window results essentially from th New constraints are then added to our model. Recall
compromise between the width of the main lobe and tthat the model exclaims as in (14).
height of the secondary lobes. In our study, we will work

The idea is to build a band pass filter that filters high

Table 1 Fourier frequencies

Frequency Period Periodogram Spectral density
0.232i 27.000(¢ 370581..5981 29489¢.196¢€
0.465¢ 13.500¢ 200416'.070¢ 15948t.548(
0.930¢ 6.750( 30735:.130z 2445£.385(
1.396: 4.500( 17152L570¢ 1364¢571Z
0.6981 9.000(¢ 162639992 1294:.002¢
1.629( 3.8571 15940..098¢ 1268.816(
1.8617 3.375( 8574£876¢ 682:.678¢
2.3271 2.700( 728747651 579¢.507¢
3.0252 2.076¢ 6264:.490¢ 498.931(
1.1636 5.4000 57555.0920 4580.0887
2.792¢ 2.250( 4725..823: 376(.180¢
2.094¢ 3.000(¢ 2682¢.4541 21347814
2.559¢ 2.454¢ 20251.996¢ 16120802
0.000( 0.000( 0.000(
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Figure 2 Model of all frequencies
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Figure 3 Oscillatory study of the model of all the frequencies

8500

— riX = tendance m— N
8000
7500
7000

6500

6000
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27

Figure 4 Low band filter
Y,= a+bt+ Z’i’: A;cos(w;t + (pzi) + -
e~ N0 (19 S; = XL, Aicos(wit + ) (15)

To achieve the filter, we took the bandwidth so that all Similarly, we will do an oscillatory study of the signal
the elem_ents of the_ series are betW(_aen the minimum an%r the time series. The result is in figure 5.
the maximum of this on&o each A_i must be less than
or equal to a constant (450 in our case). So we will have:

8500

8000

7500

7000 - cmm

6500

6000
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27
Figure 5 Oscillation study of the static filter
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The observed overruns are justified by the fact that vcannot be rejected. The risk of rejecting the null hypothesis
have made a naive assumption that the amplitudes must Ho when it is true is 5.40%.
exceed one constant sequentially. However, the damp  The last test to be performed is the heteroskedasticity
effect of the other amplitudes must be considered. We mtest [22]:
therefore consider the sum. Despite this, this filter already « White's test:
demonstrates excellent forecasting qualities. First, le

check the hypothesis tleat- N(0, o2). Table 3 White's Test
We perform tests on XLSTAT. For normality, we LM (Observed valut 0.6505
performed two tests, that are Kolmogorov-Smirnov and LM (Critical value 5.991¢

Khi2. Results are grouped in Table 2 [21]: Degree of Freedom 2
Ho: The sample follows a Normal law. P-value (bilatera 0.722
Hi: The sample does not follow a Normal law. Alpha 0.05
Table 2 Normality tests of the static filter Also, two hypotheses are formulated:
Test Kolmogorov- | KhiZ  Degreeof Ho: The residues are homoscedastic
Smirnov Freedom =6 Hi: The residues are heteroscedastic
Parameter Value D 0.1178| Observe12.3801
value Since the calculated p-value is greater than the alpha
H -0.0762| P-valug0.8239 | Critical |12.5916  threshold significance level = 0.05, the null hypothesis H
: value cannot be rejected. The risk of rejecting the null hypothesis
Sigme | 42.121¢ | Alpha | 0.0t P-value | 0.054( Ho when it is true is 72.24%.

o Although this static filter seems to provide very good
I nterpretations: results, it prompts us to think of a new filter that takes into

~*Kolmogorov-Smirnov: account the aspect of amplitude attenuation: the birth of the
Since the calculated p-value is greater than the alfdynamic filter.

threshold significance level = 0.05, the null hypothesis |
cannot be rejected. The risk of rejecting the null hypothestss Dynamic filter proposed
Ho when itis true is 82.39%. The idea of the filter is simple: to be able to get as close

*  Khiz as possible to the time series with the minimum of

Since the calculated p-value is greater than the alfggcillations. The figure 6 give us explanation of all this.
threshold significance level = 0.05, the null hypothesis H

8500

— DX e tendance min max

8000

7500

7000

6500

6000
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27

Figure 6 Dynamic filter construction

We will consider a parameter so that the minimum The exponential form is set aside expressly so that there is
and maximum are closest to the time series. The nino exponential envelope (reverse funnel effect) because the
seasonal component becomes: series is stationary around the trend.

Two other constraints are added to attenuate the signal or

L the time series.
S, =2}, Aicos(Bw;t + ;) (16)
" A;+ a < max 17
Because we will have new constraints: First: < = G 7)
B; <1 (for all i ranging from 1 to n) n_A; —a > min (y,) (18)
This parameter is inspired by the wavelet theory, notably =1 - ‘
the Morlet wavelet. According to these new constraints the number of

allowed sinusoids becomas:= g -1
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The first remark is that this filter is greedy and it shoulto make sure that,~ N (0, a%). Results after applying this
only be used in case of significant observations! Secondfilter are presented in Figure 7. The test results are grouped
this filter creates a compromise between the loss in Table 4.
information and the attenuation of oscillations. So we have
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3000 Prix Modéle
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7000
6500
6000
1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 53
Figure 7 Dynamic filtering
Table 4 Normality tests of the dynamic filter
Estimated parameters Kolmogorov-Smirnov khi>  Degree of Freedom=2
Paramete Value D 0.0994 Observed value 0.5926
u 0.2795 P-value 0.9410 Critical value 3.8415
Sigma 86.3681 Alpha 0.05 P-value 0.4414

I nterpretations:
Ho: The sample follows a Normal law.
Hi: The sample does not follow a Normal law.

Ho: The residues are homoscedastic

Hi: The residues are heteroscedastic
Given that the calculated p-value is greater than the

»  Kolmogorov-Smirnov: threshold level of significance alpha = 0.05, we cannot
Since the calculated p-value is greater than the algreject the null hypothesisoHT he risk of rejecting the null
threshold significance level = 0.05, the null hypothesis thypothesis lwhen it is true is 19.04%.
cannot be rejected. The risk of rejecting the null hypothe:  We note that the dynamic filter makes it possible to
Ho when it is true is 94.04%. normalize the residues with a very good power (94% for
e Khi% the Kolmogorov-Smirnov test), but there is a risk that these
Since the calculated p-value is greater than the algresidues are heteroscedastic opposite to the static filter.
threshold significance level = 0.05, the null hypothesis |
cannot be rejected. The risk of rejecting the null hypothesis6  Comparison between the static filter and the
Ho when it is true is 44.14%. dynamic filter
* White's test (Table 5) 3.6.1 Oxillation study
Similarly, through Shannon's theorem and interpolation

Table 5 White's Test we obtain the result presented in figure 8. It is clear that the

LM (Observed val 3.317: P .
M ECritSic;\I/ vaI\Lje)U( 5 9915 oscillations are much better attenuated by the dynamic
Degree of Freedo 2' filter which makes the curve much smoother.
P-value (bilatera 0.190¢
Alpha 0.0
8500
e rix réel Statique == Dynamique
8000

7500

7000

6500

6000
1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 53
Figure 8 Oscillatory study of static and dynamic filtering
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3.6.2 Forecast Horizon filters give asymptotically equal series for the first two

Since both models are stationary around the trend, 'years then there is a shift! The new harmonic dynamic
can broaden the forecast horizon until a new cycle appeiregression model is under the form of an optimization
The figure 9 shows the result of the two filters. The twproblem. The proposed new model is in (19).

L
Mn Y, = a+bt+3}_ Acos(Bwit+ @)+ ee~N(0,0° (19)

L
> Aicos(Biwit + @) + a < max(y,)

Under Constraints B 1 .
( ) P Aicos(Biwit + @) — a = min(y,)

-1<p;<1
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Figure 9 Forecast horizon for both filters

Since it is difficult to implement this model, we propose to work using the numerical model in (20).

L
MinY,= a+bxt+3} A *cos(B;+w;*t+¢;)+ ee,~N(0,0%) (20)

L

P At a <max(y,)
(Under Constraints){ 51 ]

3 A;— a=min(y,)

i=1

-1<B,<1

In this section, we have developed the basics of the nWe will be constrained by the total permissible margin of
harmonic dynamic regression model, while performinthe order of 3% which corresponds to our tolerance
various tests to validate the proposed model. This study linterval.
focused on the price of diesel fuel duty free and tt
conclusive results push us to test it on the price of SSPH1  General model

Super Sans Plomb” all taxes included. In this first part, we will model, through the HDR, the
prices of the last four years. The result found is presented
4 Casestudy in figure 10.

In this section, we will focus on in-depth SSP prices to
determine the best possible DHR-based forecasting model.

— S —— modéle  ceceeeees Linedrna (ssp) ~ ceceeeees Linearna (modele)
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Figure 10 Model of the last 4 years
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We will test the hypothesis of normality of errors through?&inil Kolmogorov-Smirnov tests:
Ho: The sample follows a Normal law.
Hi: The sample does not follow a Normal law.

Table 6 Normality test

Tes Kolmogoro\-Smirno Khi? Degree of Freedom :
Paramete Value D 0.110¢ Observed valt 0.710¢
U 0.0012 P-value 0.7009 Critical value 5.9915
Sigme 0.478:. Alpha 0.0 P-value 0.180¢
Table 7 White's Test

LM (Observed value) 2.2118
LM (Critical value) 5.9915
Degree of Freedom 2
P-value (bilateral) 0.3309
Alpha 0.05

Interpretations
»  Kolmogorov-Smirnov test: Ho: The residues are homoscedastic

Since the calculated p-value is greater than the alphl: The residues are heteroscedastic
threshold significance level = 0.05, the null hypothesis H

cannot be rejected. Since the calculated p-value is greater than the alpha

The risk of rejecting the null hypothesis #hen it is true  threshold significance level = 0.05, the null hypothesis H

is 70.09%. cannot be rejected. The risk of rejecting the null hypothesis
e Khi2test: Ho when it is true is 33.09%.

Since the calculated p-value is greater than the alphf€ next step will be to make price projections for the SSP
threshold significance level = 0.05, the null hypothesis Hased on this general model.
cannot be rejected.

The risk of rejecting the null hypothesis When it is true 4.2  Forecasts from the general model
is 18.05%. One-timeforecasts

«  Heteroskedasticity test: From the data of the last four years, we have been able
to calculate the following RDH model shown in Figure 11.

— G S[) e modéle = ceceeeces Linedrna (ssp) ~ eeceeeees Linearna (modele)
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Figure 11 Predictions from the general model

Here are the results of the first quarter forecast The results obtained were not satisfactory compared to

summarized in Table 8. the tolerated margin of at least 3%. This is mainly due to
data from the last three years before 2016 where the price
Table 8 Forecast Results was set by the state. Also, the compensation fund played a
Fortnight Real Price Model % Errorl  major role in covering the excessive increases in the price
1Q Januar 107: 1101.8¢ | 2.78824t of a barrel on an international scale.
2Q Januar 107¢ 1137.8€ | 5.94599¢ We therefore have only one year's data to make the
1Q Februar 107z 113682 | 6.23414: predictions, i.e. 24 observations.
2Q February 1082 1162.02 7.395564 Forecast by confidenceinterval
1Q Marct 108¢ 119:62 | 10.1125¢ Current forecasts are built for a 95% confidence
2Q Marct 106¢ 115671 | 8.71334 interval.
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Figure 12 Confidence interval forecasts of the general model

4.3 Mode reduced « Dynamic filtering
To be able to work with data from a single year, w&Ve decided to compare between the two approaches.
must choose between two approaches:
« Static filtering 431 Saticfiltering
Figure 13 reflects the results found.

— S S[) e modéle  ceecceee- Linedrna (ssp) ~ seeeeeeee Linearna (modele)

1050

1000

950

900
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Figure 13 Static model

Ho: The sample follows a Normal law
Hi: The sample does not follow a Normal law

Table 9 Normality test results

Tes Kolmogorov-Smirnov Khi? Degree of Freedom :
Parameter Value D 0.1251 Observed value 2.0978
1l -0.000¢ P-value 0.350: Critical value 5.991¢
Sigma 0.3962 Alpha 0.05 P-value 0.825
» Kolmogorov-Smirnov test: » Heteroskedasticity test:
Since the calculated p-value is greater than the alpha
threshold significance level = 0.05, the null hypothesis HO Table 10 White's Test
cannot be rejected. LM (Observed valu 1.160¢
The risk of rejecting the null hypothesis When it is true LM (Critical value 5.991¢
is 82.5%. Degree ofFreedo 2
e« Khi?test: P-value (bilatera 0.5597
Since the calculated p-value is greater than the alpha ~ LAlpha 0.08
threshold significance level = 0.05, the null hypothesis H
cannot be rejected. Ho: The residues are homoscedastic

The risk of rejecting the null hypothesis then it is true Hi: The residues are heteroscedastic
is 35.03%.
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Since the calculated p-value is greater than the alpRaedictions from the static model

threshold significance level = 0.05, the null hypothesis H One-time forecasts
cannot be rejected. The risk of rejecting the null hypothesiie forecast results for the first quarter are summarized in

Ho when it is true is 55.97%.

ssp modele

Table 11.

Linearna (modele)

1 23 45 6 7 8 910111213 14151617 18 19 20 21 22 23 24 25 26 27 28 29 30

Figure 14 Static filter predictions

Table 11 Static filter prediction results

Fortnight Real Price Model % Error
1Q January 1072 1180.96 10.16433323
2Q January 1074 1196.0%5 11.36442522
1Q February 1072 1180.91 10.16710Q17
2Q February 1082 1194.66 10.41225348
1Q March 1084 1187.98| 9.5927793p8
2Q March 1064 1206.78 13.41920589

These results are not at all satisfactory and thbat the variables are overestimated and therefore there is a

percentage of error large enough is explained by the fdairly large oscillation between two observations.
* Forecast by confidence interval

1300
1250
1200
1150
1100
1050
1000
950
900
850
800

e [iX SSp ===\ odéle RDH

inf RDH

Sup RDH — e====tolérance inf

e=—ftolérance sup

1 2 3 45 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

Figure 15 Forecast by confidence interval of the static model

4.3.2 Dynamic filtering
The found results are shown in Figure 16.
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1100
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Figure 16 Dynamic Filter Results
Ho: The sample follows a Normal law

Hi: The sample does not follow a Normal law
Table 12 Normality test results

Test Kolmogorov-Smirnov Khi? Degree of Freedom =2
Parameter Value D 0.1458 Observed value 2.7145
M -0.0189 P-value 0.2574 Critical value 5.9915
Sigma 1.4038 Alpha 0.05 P-value 0.6526

» Kolmogorov-Smirnov test:
Since the calculated p-value is greater than the alpha ] )
threshold significance level = 0.05, the null hypothesis Hdo: The residues are homoscedastic

cannot be rejected. Hi: The residues are heteroscedastic

The risk of rejecting the null hypothesis when it is true  INterpretations: _ L

is 65.26%. Since the calculated p-value is less than the significance
«  Khi?test: level alpha = 0.05, the null hypothesigust be rejected,

Since the calculated p-value is greater than the alpﬂ_ﬂd the alternative hypothesis hhust be accepted. The
threshold significance level = 0.05, the null hypothesis HISK Of rejoectmg the hypothesis; kvhen it is true is less
cannot be rejected. than 0.80%.

The risk of rejecting the null hypothesis when it is true Predictions from the dynamic model
is 25.74%. * One-time forecasts

«  Heteroskedasticity test: The results of the first quarter forecast are summarized

Table 13 White's Test in Table 14.
LM (Observed value 9.6522
LM (Critical value 5.991¢
Degree ofFreedo 2
P-value (bilatera 0.008(
Alpha 0.0
1200
1150
1100
1050
1000
950
900

123 456 7 8 91011121314151617 1819202122 2324252627 2829 30
— GS[) e mOd&le  ceeceeeee Linedrna (ssp)  eeeeeeeee Linearna (modeéle)

Figure 17 Dynamic Model Forecasts
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Table 14 Dynamic filter prediction results

Fortnigh Real Pric Model % Errol
1Q Januat 107z 1000.89921° | -6.63253570
2Q Januar 107¢ 99¢€.512529! | -6.93551866
1Q Februar 107z 100¢.1142¢ -5.95949256
2Q Februar 108z 102€.78478 | -5.10306999

1Q Marct 108¢ 1052.82188¢ | -2.87620980

2Q March 106¢ 1081.64618! | 1.65847604

These results are still far from the margin of 3% fixed. This leads us to review our method to make changes.
» Forecast by confidence interval

1300
1200
1100
1000

900

800

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
e [ SSP === modéle RDH inf RDH sup RDH  e====tolérance inf e===tolérance sup

Figure 18 Confidence interval forecasts for the dynamic model

4.4  Process approach 441 Dataanalyss

We have seen in the previous section the importance of In the previous section, we assumed that the company
a good data analysis. In addition, we found that the staéidapted to the withdrawal of the compensation fund from
and dynamic models do not give the same results. Also, W outset, but it took a gradual adaptation time of about 6
notice that the assumed linear trend of the model no longepnths. So we can only work with the data of the last 6
follows the real regression line of the data. On these thra®nths or 12 observations. We will work with the static
points in addition to the fixed margin of 3%, we will try tomodel.
build a process approach for DHR.

4.4.2  Local Dynamic Harmonic Regression M odel
Figure 19 shows the results found.

modele

SSp === modele  cecccecce Linedrna (ssp)  ceeeceees Linedrna (ssp)  eeceeeeee Linearna (modele)

1095
1075
1055
1035

1015
995

975

Figure 19 Local RDH Model

» Kolmogorov-Smirnov test: Table 15 Normality test results

Ho: The sample follows a Normal law Tes Kolmogoro\-Emirnov
Hi: The sample does not follow a Normal law Paramete Value D 0.128¢
Y -0.000¢ P-value 0.981¢
Sigme 0.181:2 Alpha 0.0

~163 ~

Copyright © Acta Logistica, www.actalogistica.eu



%

e Logig ”

(2

A

Acta logistica

- International Scientific Journal about Logistics
Volume: 9 2022 Issue: 2 Pages: 151-169 ISSN 1339-5629

DEVELOPMENT OF A NEW NUMERICAL MODEL OF DYNAMIC HARMONIC REGRESSION FOR THE
FORECAST OF SELLING FUEL PRICE IN THE MOROCCAN PETROLEUM SECTOR

Younes Fakhradine El Bahi; Latifa Ezzine; Zineb Aman; Haj El Moussami

Since the calculated p-value is greater than the alpha
threshold significance level = 0.05, the null hypothesis HQ Table 17 Local Model Forecast Results

cannot be rejected. Fortnight Real Price Model % Error
The risk of rejecting the null hypothesisg tthen it is 1Q Januar 1072 100(.89921" | 0.71702474
true is 98.18%. 2Q January 1074 999.5125295 1.251208536

 Heteroskedasticity: White test:
Ho: The residues are homoscedastic 2Q Februar 1082 102¢.78478: | -4.36347225

Hi: The residues are heteroscedastic

1Q Februar 1072 100€.1142¢ | -4.00423255

Table 16 White's Test

LM (Observed value)

LM (Critical value)

Degree of Freedom

P-value (bilateral)

Alpha

1Q March 1084 1052.821886 -2.873636521
2Q Marct 106/ 1081.64618! | -1.61729940
06213 The new process approach is to adjust the model as
forecasts are made by adjusting the parameters a and b.
5.9915 . .
> Indeed, we will readjust the trend of the model to each
5.7330 forecast so that it is as close as possible to the regression
(‘)05 line of the quantitative variable. At each step, we must

ensure that the predictions remain within the pre-defined

tolerance interval (plus at least 3% in our case); otherwise

Since the calculated p-value is greater than the alpt will have to recalculate the updated RDH model. If no
threshold significance level = 0.05, the null hypothesis HIpdate has been made after one-third of the observations
cannot be rejected.

The risk of rejecting the null hypothesis tthen it is Here is an explanatory diagram for this new approach
true is 73.30%. We can move to the forecasts now. shown in Figure 20.

(two months in our case), update the data.

Data update + linear
trend plot

Choice of the filter for
the DHR. and
calculation of the
model + plot of the
linear trend of the
DHE model

.

4 N

Test of normality and
heteroscedasticity

4 )

Adjust the trend of
the model through the
— parametersaandbin |
relation to the actual

trend

- J

Predicted value error

Predicted value error <o (confidence level)

>g (confidence level)

Figure 20 Process approach
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45 Resultsof the process approach

In Table 18, we will list the values of the parameters a

and b after each forecast. Att =0, we modeled our data and
did not make any predictions until then.

Table 18 First evolution of parameters a and b

t : : |
a 991.81. = 2
b S5 3.5t 3.2
1095
1075
1055
1035 geeet
1015 R TTTT . AXLA
995
975
1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12 13

Figure 21 Prediction Using the Initial Model

1 2 3 4 5 6 7 8 9 10 11 12 13 1 2 3 4 5 6 7 8 9 1011 12 13 14

Figure 22 Forecast Using the Adjusted Model

1 2 3 4 5 6 7 8 9 10 11 12 13 14

1 2 3 45 6 7 8 9 101112 13 14 15

Figure 23 Forecast Using the Adjusted Model 2
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Table 19 Forecast results

Fortnigh Real Pric Model % Erroi
1Q Januar 107z 107¢.68650! 0.71702474
2Q Januar 107« 108£.0969¢ 1.03323833
1Q Februar 107z 102:23162 -4.54928852

It is now necessary to recalculate the model befowill integrate the last three measured values and therefore
making the forecasts of the next fortnights. To do this, wee will have 15 observations.
Here is the new DHR model shown in Figure 24.

1095 — Modéle

— S5

--------- Linedrna (ssp)

--------- Linedrna (ssp)

--------- Linedrna (modéle)

1075

1055

1035

1015

995

975

Figure 24 Updated DHR model

» Kolmogorov-Smirnov test:
Ho: The sample follows a Normal law
Hi: The sample does not follow a Normal law

Hi: The residues are heteroscedastic

Table 21 White's Test

LM (Observed value 1.129(
Table 20 Normality test results LM (Critical value’ 5.991¢
Test Kolmogorov-Smirnov Degree of Freedol 2
Paramete Value D 0.142( P-value (bilatera 0.568¢
1 0.042¢ P-value 0.900Z Alpha 0.05
Sigme 1.060¢ Alpha 0.0

Since the calculated p-value is greater than the alpha
m{eshold significance level = 0.05, the null hypothesis H
nnot be rejected. The risk of rejecting the null hypothesis
owhen it is true is 56.86%.
The table 22 summarizes the evolution of the
parameters a and b.

Since the calculated p-value is greater than the alp
threshold significance level = 0.05, the null hypothesis
cannot be rejected.

The risk of rejecting the null hypothesis When it is
true is 90.02%.
 Heteroskedasticity: White test:

Ho: The residues are homoscedastic

Table 22: Second evolution of parameters a and b

t 0 1 2

a 100:.622 100:.622 100/

b 2.80¢ 2.80¢ 3.0¢8
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Forecast results

1 2 3 45 6 7 8 9 10111213 14 15 1 2 3 456 7 8 910111213 141516

Figure 25 Prediction Using the Initial Updated Model

1 23 456 7 8 910111213141516 123456 7 8 91011121314151617

Figure 26 Forecast Using the Updated Updated Model 1

123456 7 8 951011121314151617 1234567 8 9101112131415161718

Figure 27 Forecast Using the Updated Updated Model
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Table 23 Forecast results

Fortnight Real Price Model % Error
2Q Februar 107z 108(.85030! -0.10625650
1Q Marclt 107« 1072.43699! -1.34206684
2Q March 1072 1043.173202 -1.957405788

We have seen in this section that the DHR model dc[6] GHOSH, S.: Import demand of crude oil and economic
not only require the choice between the dynamic filter ai growth: evidence from Indi&nergy Policy,Vol. 37,
the static filter, it must also make a rigorous analysis oft ~ No. 2, pp. 699-702, 2009.
data and ensure that the objectives are achieved. T[7] AKARCA, A.T., ANDRIANACOS D.: Detecting
allowed us to put in place a process approach that prov  break in oil price series using the Box-Tiao method,
to be very relevant for price analysis and forecasting oft  International Advances in Economic Research, Vol. 3,
SSP and thus, enable managers to take strategic decis  No. 2, pp. 217-224, 1997.

based on these accurate forecasts. [8] LANZA, A., MANERA, M., GIOVANNINI, M.:
Modeling and forecasting cointegrated relationships
5 Conclusions among heavy oil and product pricegnergy

In this context, our work mainly aimed at studying th  EconomicsVol. 27, No. 6, pp. 831-848. 2005.
time series of diesel and SSP fuel in order to provi([9] MIRMIRANI, S., LI H.C.: A comparison of VAR and
accurate forecasts and to respect the permissible margii  neural networks with genetic algorithm in forecasting
error of 3% setted by the company. For this purpose, '  Price of oil, Applications of Artificial Intelligence in
developed a new numerical method of harmonic dynan  Finance and Economic¥ol. 19, pp. 203-223, 2004.
regression. This new harmonic dynamic regression mo([10] CHURCH, K.B., CURRAM, S.P.: Forecasting

through the proposed process approach yielded excell ~ Consumers’ Expenditure: A Comparison between
forecast results for the first quarter of 2017 with an avera Econometric and Neural Network Models,
margin error of 1.617%. We can therefore retain our moc International Journal of Forecasting/ol. 12, No. 2,

to make future forecasts, but each time we must feed pp. 255-267, 1996.

database to improve the results obtained. In this, t[11] PRYBUTOK, V.R. YI, J., MITCHELL, D.
predicted performance can be evaluated, the b Comparison of neural network models with ARIMA
methodology and approach can be selected, a anq regression models for predlctlo.n of Houston's
projections can be made. The increased predictions ti daily maximum ozone concentratioisjropean
made will allow the managers to manage the businessvw ~ Journal of Operational Research, Vol. 122, No. 1,
in order to increase the income. pp. 31-40, 2000.

[12] GUTIERREZ-ESTRADA, J.C., DE PEDRO-SANZ,
E., LOPEZ-LUQUE, R., PULIDO-CALVO, I.
Comparison between traditional methods and
artificial neural networks for ammonia concentration
forecasting in an eel (Anguilla Anguilla L.) intensive
rearing systemiquacultural Engineeringvol. 31,
No. 3-4, pp. 183-203, 2004.

P [13] HO, D.C., AU, K.F., NEWTON, E.. Empirical
https://doi.org/10.1080/00207540110072236 research on supply chain management: a critical

[21 YU, L, ZHAO, Y., TANG, L.: A compressed sensing- review and recommendatioristernational Journal

based Al learning paradigm for crude oil price of Production Researchol. 40 No. 17 4415-
forecastingEnergy Economigsvol. 46, pp. 236-245, 4430 zgozl Vol =5, NO. 21, pp-

2014. - .
. . [14] CRYER, J.D.:Analyse des séries chronologiques
[38] YU, L., XU, H., TANG, L.: LSSVR ensemble learning Boston, Duxbury Press, 1986.

with uncertain parameters for crude oil price[ls] CHATEIELD. C.© Avoidin i ;
. . ) , Cu g statistical pitfalls,
forecastingApplied Soft Computing/ol. 56, pp. 692- Statistical Sciencevol. 6, No. 3, pp. 240-252, 1991,

701, 2017.
’ e . . _[16] TSITSIKA, A., CRITSELIS, E., KORMAS, G.,
[4] NASER, H.: Estimating and forecasting the real price FILIPPOPOULOU, A. TOUNISSIDOU, D.,

of crude oil: A data rich model using a dynamic mode FRESKOU. A.. SPILIOPOULOU. T.. LOUIZOU
averaging (DMA) approactgnergy Economicsvol. A., KONSTANTOULAKI, E., KAFETZIS, D.:

56, pp. 75-87, 2016. Internet use and misuse: a multivariate re [
_ ) ) _ : gression
[5] KNETSCH, T.A.: Forecasting the price of crude oil vi analysis of the predictive factors of internet use

convenience yield predictiondournal of Forecasting among Greek adolescentEuropean Journal of
Vol. 26, pp. 527-549, 2007. Pediatrics Vol. 168, No. 6, pp. 655-665, 2009.
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Abstract: The settlement of costs and prices in international business is an essential aspect of the competitiveness of
internationalized companies. In this way, the "International Commercial Terms" (Incoterms)® as rules for the involved
parties to a contract of international sale of goods become strategic, not only to define the conditions of delivery of the
goods but also to define the value of an export according to the point of delivery within the international physical
distribution chain. This study presents a detailed example of the costs derived from an international sale and purchase
process, considering different databases published on the Internet, and provides a technique to simulate the value of each
Incoterm 2020 rule. The results indicate the estimated prices for an export case from Colombia to the United States for
containerized cargo. It is concluded that this technique facilitates the planning of the international sale and purchase,
allowing to know the export values for each Incoterm, besides presenting an innovative model adaptable for other goods.

1 Introduction development, especially in developing countries such as

In the last decades, the behaviour in the traffic of good&tin America. S
shipped around the world by type of cargo has had Thus, mternatlonallzed_ companies, including SMEs,
sustained growth, including the case of transport of goog8ould seek tools that facilitate the development of their
by container. In this sense, cargo traffic has tripled froffgistics processes to effectively direct their goods to
3,304 million tons in 1974 to 11,076 million tons until thedifferent markets in other countries [9]. For this reason, the
end of 2019. Similarly, in the last year, the worldPbjective of this document focuses on a technique for
commercial fleet by type of vessel (tankers, bulk carriergstimating costs and prices based on the "International
genera| cargo, container Ships, among Others) grew by @Qmmercial Terms" (Incoterms)® version 2020, which is
million deadweight tons (DWT) between January 2019 arfis0  applicable to international merchandise sales
January 2020 [1]. contracts. This technique also facilitates the determination

However, despite the impressive statistics off the export value of exclusively containerized goods
international trade in recent years, globalization is facirgccording to their delivery point within the international
new challenges that intensify the panorama of uncertaintggistics chain. This study addresses an export case of
Therefore, it is necessary to consider trade tensions suctp¥ithetic polymer paints due to the ease of grouping on
those that occurred with the trade war between the Uniteallets and the versatility of containers to transport them.
States and China and the challenges of geopolitics arising The case of containerized goods is considered because
from differences in the foreign policy strategies ofncoterms® has been focused on adapting to contemporary
countries [2]. Likewise, problems such as the global publgommercial practices subject to the use of containers [10-
health difficulties arising from the recent pandemic, amontl], and because of the current relevance of the container
many other aspects that impact the evolution of world traggips ~ since sending goods through "Twenty-Foot
and the international transport of goods [3-4]. Equivalent Units” (TEUs) and "Forty-Foot Equivalent

Thus, considering all the previous challenges, digita/nits” (FEUs) reach the second place of the total cargo of
technologies and information technologies take #e world commercial fleet [1]. In this way, conclusions of
significant role in improving productivity within the document constitute fundamental knowledge for
organizations, favoring exchange processes and the signfdgfher decisions in the management of cost and price
of contracts with companies in other countries [5-7pettlement operations within international businesses.
Likewise, the OECD [8] indicates that technologies and the
internet can mitigate problems related to the environment,
encourage the inclusion of societies and promote social
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2 Literature review Convention on Contracts for the International Sale of
2.1 Incotermsand the logistics chain for Goods is still in force today. It provides the following
settlement of costsand pricesin the statement in Part I, Sale of goods, section D, Passing of

risk: "(...) the parties may regulate the issue in their contract

international sale of goods ) e
: ? either by an express provision or by the use of a trade term
International Commercial Terms (Incoterms®) have ,, o
) ) S ; .~ 8uch as, for example, an Incoterm”. It undoubtedly implies
been since their creation in the mid-19th century in tr}

1930s, i.e., for almost a century of existence, an importaﬁt"jlt these. rules_ or terms of negotiation co_mplement the
; , I ontracts in anticipation of possible scenarios that could
issue and a recurring theme for the facilitation ang

. . e significant problems for the parties regarding the
regulation of the exchange of goods between companie rogfisfer of risk and liabilities [16].

different nationalities involved in trade operations on a . o .
For this reason, these rules can avoid interpretation

glopal scale._Thus, Incoterms® have allowed Clarlfyln%ifferences that subsequently lead to complex commercial
mamly_ the mtgrnanonal logistic costs, among Othe&isputes in which the parties may lose money and time
essential commitments of the parties, delimiting then tfhe '

L indering the international trade of goods. In other words,
responsibilities of both the seller and the buyer, th . : ) .
. e e essential function of Incoterms® is to establish a set of
reflecting the current practice in the transport of goo

2rms that act as a discretionary regulatory framework,

within the international physical distribution [12]. which through its rules complements the international sales
According to Cavaller [13], the International Chamber g P

. . contract, thus allowing agree on some rights and
of Commerce (ICC), founded_ in France in 1919, h_as be Bligations in different circumstances according to the
in charge of Incoterms® since 1936. Then, differen

versions of the Incoterms® have been published in 194%5,ipabllltles of the parties [17].

1953, 1967, 1976, 1976, 1980, 1980, 1990, 2000, 2010, and > iarly, Incoterms® are considered an element of
2020. Although it is necessary to point out, in any case " nificant importance in settling both the cost and price
: ! ' Q[ the goods to be traded. Therefore, the understanding of

the updating in all the versions of these terms, which segt o ; .
. . ese negotiation terms depends on the international
to adapt to the changes that international trade s

[Qgistic chain itself since it represents the transport stages,

experiencing, does not mean invalidation of the eIy m origin to destination, delimiting the risk transfer from

versions since Incoterms® are retroactive. Henge, if tqﬁe seller to the buyer [18]. According to Long [19], the
exporter and the seller by mutual agreement decide to us . o : )
) nternational logistics chain generally groups the internal
a version before the most recent one, they may do so since ; !
o and external movements of an international sale and
the rules do not repeal in time.

Thus, this set of uniform and complementary rulegurchase of goods (see Table 1). Therefore, the

. : ! : . management of this process represents a key factor for
plays an essential role in the contract's configuration forth% ; X T ;
effective  planning within the operations of

international sale of goods. Through these VOIuntar"i?%ternationalized companies, which seek to meet the

accepted ru!es, the exporter z_and the Importer can |de_nt| mand in globalized markets and achieve the best possible
the commitments to fulfil according to their
r%sults at affordable costs.

responsibilities related to logistics costs, documents, an .
; . ' Therefore, each Incoterm 2020 version (see Table 2
physical risk to be assumed [14]. According to Anaya [15.%" always be subordinated from their( theoretical :

Incoterms® represent an essential tool for Comrm:er'alefinition, which determines the place of transfer for the

exc_hange planning in |_nternaI|zed enterprises by Se.”m&rgo within the international physical distribution process.
their products and buying raw materials within forelgrh

means that each of these rules offers a concrete
markets. Therefore, Incoterms® manage to reduc(?ternativewherethesellermustleavethe oods and where
uncertainty by clearly defining each party's role accordin& g

. . - . ' .. the buyer must receive them, which will end up defining
to the point of delivery within the international Ioglst|csh | isks ch ds' hi
chain. the exact place to transfer risks, change goods' ownership

. : . and add logistics costs to the ex-factory price in the
Incoterms® play such an essential role in the dramnlglternational logistics chain [27]
of export and import contracts that the 1988 United Nations 9 '
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Table 1 Links and costs of the international logistics chain

N. Node Description Related costs Consultation web page
It is the company or natural person registered befde Packing, crating and
the chamber of commerce in the country of origin teaving the goods ready for
1 Exporter | carry out commercial activities, including exppmickup. e
(EXP) operations from the Colombian customs territory to hitps://bit.ly/3c9ebOq
foreign countries. This is also often referred to within
the commercial invoice as the ship[20].
Itis the foreign trade company or operator, contragtBd Loading of  the
by the exporter or importer according to the Incotgrmerchandise in ITO.
Internal | to move the container with the cargo from the. ITO loading insurance
2 Transport of, exporter's facilities to the port of origin [21]. D. Cost of ITO (Medellin|
Origin - Cartagena). https://bit.ly/3016wqJ
(ITO) E. ITO insurance.
F. ITO unloading in
POD with insurance included.
It is a public organism located at strategic points @. Hiring of the customs
Customs of| the exporter's country and its function is to superyviseker (processing of approvals
3 Origin the outbound traffic of goods through the request afid other documents). https://bit.ly/3kUV9iL
(CUO) requirements and documents established by| the
customs legal systein force[22].
It is the physical space where both foreign trade POD Costs
operators and governmental institutions converge; @larehousing, handling, part
Port of L . -
Origin _thls, just before the goods are dlspatc_hed taxes, etc.). _ https://bit ly/3caoxgT
4 (POR) international transport to another country. This plate Loading of goods gt
can be not only a seaport but also an airport or a{ladhd INT and loading insurance.
transport termini[23].
This is the process of moving the merchandise by the Cost of the INT|
. shipping line, airline or land carrier that moves tH®cean Freight".
Internationa ) \ : .
5 Transport _rnerchar]dlse from thg exporter's country to the All  risk insurance hitps://bit ly/3egW3EU
(INT)* importer's country. This activity can generate othand/or full coverage of the INT|
costs such as insurance, fuel costs, issuange of
documents and other associated c[24].
It is the physical space in the destination countty TRI unloading in the
where both foreign trade operators and governmerR&D.
Port of institutions converge. This is the place where |ti\. Insurance of
6 Destiny merchandise arrives and where the process uofoading at POD, https://bit.ly/20cYM7N
(POD) nationalization and importation of the cargo begjni, Costs at POL
and it can be either a seaport, an airport or a [lafstbrage, handling, port fegs,
transport terminal [23]. etc.).
It is a public agency located in the importer's count®. Hiring of the customs
whose function is to supervise the incoming traffi¢c dfoker at destination.
Customs of goods through the request of requirements |aRd Ad-valorem  Tariffg
) documents established by the customs legal systertAreferential tariffs must be e
7 Destiny f Th t | lect the tariffs that idered ding to the E https://bit.ly/3kQS7Mu
(CUD) orce. The customs also collect the tariffs that aj ptpnsidered according to the fee https-/bit ly/2P CEwwx
according to the type of merchandise and accordifiggde Agreement (FTA) in
to the existing international trade agreements [22| Z6kce".
26].
Itis the foreign trade company or operator, contrat€d Loading of goods i
Internal by the exporter or importer according to the Incotgrif,D.
Transport of, to move the container with the cargo from the poit Bf ITD cargo insurance e
8 Destiny | destiny to the importer's facilities [21]. S. ITD cost (Port Miam hitps://bit ly/3ecl306
(ITD) - final delivery point).
T. ITD insurance.
Itis the company or natural person registered with tbe Unloading of the
chamber of commerce in the country of destination@bods at the final delivery point.
Importer | the merchandise to carry out commercial activitieg, Insurance of e
9 (IMP) including import operations. This is also usuallynloading of the goods at the hitps://bit.ly/SkRMOMG
known within the commercial invoice as théinal point.
consignee [20].

*In this case, the technique for estimating costs and prices in contracts based on Incoterms® will be used for containerized cargo
and will only apply to maritime transportation through shipping lines.
Source: Authors
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Table 2 Definition of Incoterms® for 2020 version

N. Incoterm Brief definition
The EXP will finish with its delivery responsibilities just when the goods have been placed in the warehouses of its own company
Ex Works packed and packed at the IMP disposal. Thus, the buyer will be responsible for loading the goods in the ITO and perfofm all other
1 (EXW) logistical operations in order to bring the goods to the facilities of his own company. This Incoterm places mogt of the
responsibilities on the buyer who picks up the goods from the seller's warehouse and takes them to his facilities in the country of
destination.
The EXP must leave the goods in its warehouse. Similarly, he must carry out the documentary procedures with the CUO, in
2 Free Carrier | addition to assuming the costs and risk involved in loading the product in the ITO, which in this case will always be gontracted
(FCA) by IMP, which in turn will be responsible for continuing with all the relevant processes until all the links in the interpational
logistics chain have been overco
Free The EXP must load the goods at the ITO in addition to hiring him directly. Then, he must move gc_Jods fr_om his company to the
3 Alongside POR and unload the merchandise at that place next to the vessel. On the other hand, the IMP will receive the cargo [at the POR,
(FAS) and the IMP must also load the cargo on the vessel, which acts as the INT, and later carry out the necessary operations to take the
goods to his own company in the country of destine
FreeOn The EXP is responsible not only for taking the goods to the POR but also for loading them at the INT, which in this teqm will be
4 Board a motor vessel or ship, where its commitments end. Thus, the IMP must assume the responsibility of transporting|the goods
(FOB) exclusively by sea, from the POR to the POD, and continue with the other stages of theonal logistics chail
The EXP must carry out the necessary processes to take and load the merchandise in the INT, in addition to assuming the costs
Cost and ; S . . ) " . .
5 Freight generatgd by the transport operation, which in this term W|_II be exclusively by maritime means. Sl_mllarly, th_e IMR will be
(CFR) responsible for acquiring international insurance to cover the journey from the POR to the POD. Likewise, IMP will have to carry
out the rest of the operations until the merchandise arrives at its own company's facilities.
The EXP will carry out all the necessary procedures to load the merchandise in the INT and pay this freight, which will always
Insurance - A . ) . . ; ; )
and Freight be with a shipping line since this r_ule_must be used exclusively by maritime means. L_|k_eW|se, the_ EXP must contract|insurance
6 (CIF) for the INT to cover the merchandise in case of unforeseen events; despite the beneficiary of the insurance will be the IMP, who
will also complete all the other necessary proce:o take the merchandise to its facilit
This term has the same characteristics as the CFR Incoterm; therefore, the EXP must carry out all the necessary processes to take
Carriage | the goods to the POR and charge the goods to the INT, in addition to assuming the costs generated by the transpolrt operation.
7 Paid To Then, the IMP will be responsible for acquiring international insurance to cover the merchandise from the POR to thg POD and
(CPT) subsequently take the goods to its own company's facilities. In any case, it is necessary to emphasize that this ternj, unlike the
CFR used only through seagoing mode, can be used in the INT to move the goods by land, i
Carriage | This term has the same characteristics as the CIF Incoterm; therefore, the EXP will carry out all the necessary procedures to load
and the merchandise at INT and pay this freight with its corresponding insurance covering the merchandise, making the beneficiary
8 Insurance | IMP. Likewise, the IMP will complete all the other processes to finalize the international logistic chain stages. However, it is
Paid necessary to emphasize that this term, unlike the CIF used only through seagoing mode, can be used in the INT to moVe the goods
(CIP) by land, air, or sea.
Delivered At | The EXP must take the goods to the POD or pointed agreed place in the IMP country; the above, with the INT’s |nsurance,
9 Place included where the beneficiary will be the same seller. Thus, the goods must be prepared for unloading at the POD|so that the
(DAP) buyer is in charge from this point to take it to its own facilities.
Delivered At | This international negotiation term is the only rule inserted in the latest 2020 version. In this Incoterm, the seller is responsible
10 Place for carrying out all the necessary operations from his company's facilities to unloading the goods at the POD in the buyer's
Unloaded | country. There the goods must be unloaded from the arriving means of transport by EXP. Then the IMP will nationalize|the goods
(DPU) with the CUD and take them to its warehouses by contracting the
. The EXP will finish with its delivery responsibilities when the merchandise has been taken to the country of destination| likewise,
Delivered ; ; ) ; . . - : - 1
11| DutyPaid ngtlonallzed with the _Cl_JD paying the corresponding tariffs and_ finally contracting the ITD, leaving the merchandise at thle
(DDP) disposal of the IMP in its facilities ready to be unloaded. Unlike EXW, this Incoterm places most of the sales ¢ontract's
responsibilities over the seller, who takes the goods to the buyer's facilities, completing all the international logistic chajn's nodes.

Source: Authors based on ICC [28]

In this regard, this article focuses on the Incoterms@lanning of international physical distribution and the
2020, considering that this version is the last one publishedgotiation of the Incoterms® will favor the
by the ICC, adopting the present rules to the commercimpetitiveness of the exported product's price [31].
practices of the current international trade [29]. Thus, the
liquidation of the goods' prices for foreign markets will3  Methodology
alW&yS follow the related costs derived from the different Itis necessary to consider a scheme of the international
nodes of the international logistics chain. Therefore, theg@ysical distribution chain to develop a standardized
|OgiStiCS costs determine the CargO'S value reflected in t hnique to estimate costs and prices for international
international sales contract and the commercial invoiggles contracts, as described in Table 1. As shown in Figure
[30]. Similarly, the inclusion of logistics costs that impact  the scheme of the stages for an international sale and
the final price of the export merchandise is the result giyrchase process will facilitate the discrimination of the
considering all those processes that must be performed @Rérchandise value according to the delivery point defined

contracted with foreign trade operators to complete ths, the Incoterm agreed between the parties.
international sale and purchase. In this sense, proper
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ITD
*’ U,V H Buyer

’ A..T H Seller ‘

*Cost settlement and CFR and CPT price are the same.
** Cost settlement and CIF, CIP and DAP price are the same.
Figure 1 Representation of Incoterms® within the international logistic chain according to the standard costs
of an export or an import

Node Related costs Parties Incoterm
% *’ A H Seller % 1
7*’ B...V H Buyer %
C?-h -+ BGG | seler | 2
77’ D, E F...V H Buyer %
*’ D, EF H Seller % 3‘
P e
° *’ H, | H Seller % 4
= *’ J..V H Buyer %
%’ J H Seller % 5 6*
*’ K...V H Buyer % 77777777 g
e boD { K H Seller % 7= aF o igi _______ 9_ *:
{ L...V H Buyer %
%’ LM H Seller % 10
*’ N...V H Buyer %
e *’ N,O,PQ,R,S, T H Seller % 11
%

Figure 1 shows that the number of related costs in thécr:  Manufacturing indirect costs
international logistics chain determines each Incotermfmy:  Profit margin of the merchandise
Then, the first term, known as EXW, entails the lowest

responsibility in terms of costs for the seller and the highest | jkewise, the cost variables incurred in international
responsibility for the buyer. However, as the internationglade to calculate the settlement of the merchandise price

physical distribution chain progresses, costs, and pricesiffthe different Incoterms is expressed below:
merchandise increase; therefore, the last of these rules,

known as DDP, entails the most significant responsibilit .
for the seller and the lower responsibilities for the buyeg.eolst Vi?jglgiiﬁo t:f:!ihlggig:ir;n:@
Therefore, the cost incurred by the EXP term from the”: 0 car OinsSrame

manufacturing cost and the cost incurred in international’ g

trade in each Incoterm must be defined. The cost variables . :Ig icnossljrance
incurred by the EXP to calculate the cost of theCE,' _ _ .
. . . F ITO download cost in POD, insurance included
merchandise are defined as follows: Cg: Contracting costs of the Customs Agent at Origin (approvals
and others) “0,5% EXW valu

Cost variables for EXP Cy: Costs in POR (warehousing, handling, port fees, etc.)

Cyp: Merchandise raw material costs Cr: Cost of loading freight at INT and cargo insurance

Cuo: Merchandise labor costs G: INT costs

Cg: All risk insurance and / or total INT coverage
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Cp: Cost of unloading the INT in the POD
Cy: i i

M Download insurance |r.1 POD . Vias = Viea + Cp + Cp + C ()
Cy: POD costs (warehousing, handling, port fees, etc.)
Co: Hiring the Customs Agent at Destination (Custom broker

o 9 . 9 ( ) The settlement valu&:;,z can be based on the value
Cp: Ad-valorem Tariffs . . .

. . o Vras, to which the costs in POR and the costs of loading

Cq: Cost of loading the merchandise in ITD . .
Co: ITD cargo insurance the merchandise in the INT and cargo insurance are added,
Cs: ITD cost (Port Miami - final delivery point) as shown in Equation (4)
Cy: ITD insurance

Vo = Vpas + Cy + () (4)

In order to distinguish the settlement values from the
merchandise price in the different Incoterms®, the For the settlement valu®sgg andVepr, Veop is taken
following settlement variables are used: as a base to add the INT cost as shown in Equation (5) and
Equation (6) respectively. The difference betwdggy
and Vepr is thatVegr exclusively considers international
maritime transport, whil¥:p; considers transportation by
land, air, or sea.

Price variables to settle de Incoterms®

Vexw:  Merchandise value in EXW

Veca: Merchandise value in FCA

Vias: Merchandise value in FAS

Vros: Merchandise value in FOB Verr = Vios + C] (5)

Verr: Merchandise value in CFR

Vch:. Merchand?se value in CIF Vepr = Veop + C] (6)

Vepr: Merchandise value in CPT

Verp: Merchandise value in CIP

Vpur:  Merchandise value in DAP In the case of the settlement val¥igg, Veip, andVpap, .
Vopy:  Merchandise value in DPU Fhe Verr value can be taken as a bage when exclusively
Vopr:  Merchandise value in DDP international maritime transport is considered, an#the

value will be taken as a base when the transport mode is
Therefore, the settlement valigyy, is calculated used independently. To these base values the cost of the

using Equation (1), representing the value of th@ll-risk insurance and/or total INT coverage is added, in

merchandise to be exported, including the costs of ratt{Ch @ way that the settiement vallg:, Veip, andVpap

materials, labor, indirect manufacturing costs, and proft'® calculated respectively with Equation (7), Equation (8),
margin per unit. and Equation (9). The difference betw&gp andVp lies

in the fact that th&; is versatile while th&/.;p refers

(1) exclusively to transport by ship, whether maritime and/or
fluvial. Similarly, Ve differs from Vp,p in that the
insurance beneficiary is the buyer for the first case, and in

Once the settlement valigyy has been calculated, ihe second case, the insurance beneficiary is the seller.
the basis for calculating the settlement value of the other

Incoterms® is obtained, which successively will incur

Vexw = Cup + Cuo + Ceip + Cyy

. . . Veir = Vepr +C 7
different cost variables related to foreign trade. CIF = TCPT T K @)
Consequently, the settlement valuéc, is calculated Ve =V 4(C 8
through Equation (2). cip = Verr + Ck (8)

Voap = Vepr + Ck 9

Veca = Vexw + Cg + Cc + (g 2
According to the aspects negotiated in the stages of
Equation (3) is used to calculate g settlement value, international trade related to the settlement cQgfs Vep
which can take th&, value as a reference and add thand Vp,p, the settlement cosipp; can be calculated
ITO cost, ITO insurance cost and ITO download cost ithrough Equation (10) by adding the INT download cost on
POD with insurance included. POD and download insurance cost on POD.

Veir + C, + Cy if the INT is polyvalent
Vppy = 3 Verp + CL + Cy if the INT is polyvalent (20)
Vpap + C, + Cy if the buyer is the beneficiary of INT's insurance

Equation (11) is used to calculate the settlement value
Vppp, Which take as a reference #jg; value and add the
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POD costs, costs of hiring the customs broker, ad-valoremedium with tariff nomenclature 32.09.90". This product
tariffs, costs of loading merchandise in ITD, loadingvas identified as its general presentation, including
insurance ITD, cost of ITD and insurance of ITD. packaging, packing, and certain physical-technical
specifications related to the stowage on half pallets and the
Vopp = Vppy + Cy + Co + Cp + Co + Cp + Cs + Cp (11) subsequent cubing in a forty-foot equivalent unit (FEU).
The abovementioned allow planning the international
On the other hand, identifying the stages in thghysical distribution of the merchandise considered in this

international physical distribution process is essential f ;cudy. Within this technique, it is necessary to define the

T . . ort of origin (POR) and the port of destiny (POD)
:)hrg dﬂzzota?)sﬁg g)fggnr?enc?ri]ntfr?irsmls?ﬁgy (isse?pzla:iln%l;rf)a?e. dngcording to the export circumstances, which in this case

. . . : are represented by Cartagena Colombia (POR) and to
synthetic polymers dispersed or dissolved in an aquegiis. " USA (POD)

(" Paints based on synthetic polymers\
Product to be exported dispersed or dissolved in an aqueous
\_medium )

4 M

Classification of goods
in the Harmonized Customs Code 32.09.90
System

Identification in the type
of container to be used

40-foot container - FEU 40

/

K Dimensions \

¢ 18 buckets per pallet
e 110 pallets per FEU
¢ Total 1980 units per FEU
Weight
¢ 110 pallets - 10 kg per pallet
¢ 1980 units - 13,46 kg per unit
» Total 27.753 kg per FEU J

Container cargo stuffing

e . 4
Identification of Port of Exports from Colombia to the United
Origin (POR) and Port States (East Coast)
of Destination (POD) L POR Cartagena to POD Miami

/Determination of the value of the cargo\

Settlement of price and with and without profit within the
cost of goods international supply chain for each

\Incoterm. )

Figure 2 Stages for estimation of costs and prices in contracts for the international sale of goods

29 9 29°¢

4 Result and discussion shows the distribution of products in half Euro-pallets with

The stowage process is performed according to tReeasures of 0.8m x 0.6m x 0.14m in length, width, and
information of the export product, assigning products tBeight respectively, assigning six units per pallet level, and
pallets to facilitate their handling and transport in tha@llowing to stow three layers of products, for a total of 18
international physical distribution chain. For this, Figure 8nits per pallet.
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28,17Cm

13,46 Kg
10Kg

R —————

23,73Cm

0,80 Mt
0,98 Mt 0,98 Mt
O O 0,2817Mt

0,60 Mt T 1 |_|]u,14|u|1 I || ——{25230Kg

0,8.0 Mt 0,60 Mt
Figure 3 Buckets stowed per pallet
In order to optimize the available space in a 40fi total of 55 pallets are assigned per level, and two stowage

container, which includes internal dimensions of 12.03mlrvels, for a total of 110 pallets, which allow the transport
2.35mx 2.69m in length, width, and height respectivelyf 1.980 buckets, representing a net weight of 27.75 tons.

2
Smt« I ,SSMf‘
‘\2:0 — 5
T | _____m:}h‘_“':—
]
s wm s ey e s
LT 1T
N
(o)]
w
[CI
1 =
—*
% *
3 RN I
ARt 1T
- 5 SSEEN I s
N ) s S — == 27.750.8 Kg

*Inner dimensions of the container

Figure 4 Cubing and stowage for paint buckets in FEU
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In this way, the container occupancy is maximized to Table 4 Price variables for Incoterms® settlement

reduce the unit price in each Incoterm, which results frofm,japie | Description Total Unit %
dividing the total settlement price by the number of expojt : Price | price | Variation®
units. Therefore, it is possible to settle the price of eath Vixw V“gﬁ;g?ﬁ'&fﬁ $49.500 | $2500  0,00%
Incoterm considering the values of the cost variables Merchandise .
shown in Table 3, which represent the input for Equations Vrea valuein ey | $49817| $2518 0,64%
(1-112). Veas ﬁ;ﬂﬁ”ﬁﬁe $50.900 | $2571]  2,83%
Table 3 Cost variables for Incoterms® settlement Vros V“glejg']ﬁ”;‘c'fg $51.192 | $25,85 3,42%
Variable Description Value Merchandise
Cup Merchandise raw material costs $9,72 Verr value in CFF $53134| $26,84 7,34%
Cuo Merchandise labor costs $4,17 Vepr x‘i&;ﬁing:f_e $53.134 | $26,84 7,34%
Cerr Manufacturing indirect costs $5,56 Merchandise
Cuy Profit margin of the merchandise $ 5,56 Verr value in CIF $53.231 | $26.89 7,54%
Cp Cost of loading the merchandise in ITO $55,6 Vo Merchandise $53.231 | $26.89 7.54%
Ce ITO cargo insurance $13,9 &aeltjceh:ngife
Cp ITO cost $1.000,1 Voap value in DAF | $53-231 | $26,88 7,54%
Cg ITO insurance $27,8 Merchandise
Cr ITO download cost in POD, insuran¢e $ 55,6 Vor value inDpL_ | $53:342| $269 7,76%
includec Merchandise
Cs Contracting costs of the Customs Agent|at $ 247,5 Voop value in DDF $57.825 | $29.20 16.82%
Ofligir]' (approvals and others) “0,5% EXW *Percentage of variation compared to EXW
value
Cu fcezztse'tré POR (warehousing, handling, pprt $ 222.2 Therefore, the settiement formulations for Incoterms®
C, Cost of loading freight at INT and cardo  $ 69,4 proposed in this study allow us to calculate the total and
insuranc unit prices to be assumed according to the responsibility
G INT costs $1.9420|  and risk agreed upon, which depend on the buyer's ability
Cx All risk insurance and / or total INT  $972) o perform logistics activities. For the case study, the main
- ‘é‘:)"s‘:r:fgumoadin T T POD $a33] Increases in settlement prices correspond when changing
CL " insuragnce oD $27’8 from the Incoterm DPU to DDP, implying an increase of_
CM POD costs (warehousing, handing. pbrt $208’3 8,4% in the merchand|se price, represented in costs in
N fees, efc.) : ’ ’ POD, contracting the custom broker, Ad-valorem duties,
o Hiring the Customs Agent at Destinatign $222,2| loading merchandise in ITD, insurance of load in ITD, the
(Custom broke expense of ITD, and insurance of ITD. Similarly,
Cp Ad-valorem Tariffs (if FTA agreements $3.140,6|  sjgnificant increases in merchandise settlement values of
apply, then 0%, else 5,90 3,8% correspond when moving from FOB Incoterm to
Co Cost of loading the merchandise in ITD $278 CFR or CPT by incurring INT costs.
Cr ITD cargo insurance $139
Cs ITD cost (Miami Port - final delivery point}] $861,1 .
Cr ITD insurance $8,3 5 _Conclusions

The technique developed in this article for the cost and
. price estimation in contracts for international trade can be

settioment and the umt price seriement for eaeh ncoreriised both for goods in containers and oversized goods that
P (ceed the dimensions of standard containers used in

o o : €
Likewise, Table 4 shows the variation of the total price anlg;ernational maritime transport. Likewise, the proposed

unit price in each Incoterm compared to t.he base \_/alue gchnique can settle the price of goods transported by
?ﬁeﬁéﬁl!g(;ﬂtoevrvn:ﬁz\:tlhDICDhPISreccaeki::elgttehdeumsgl)grﬁgrlrj]a\tg)r?a%i%ifferent means of international transport according to the
with an increase of 16.82% on the merchandise riQ/BIues of each specific process within the global logistics

070 P%ain and according to the nature of the Incoterm agreed
tween the exporter and the importer. Therefore, this

concerning the EXW, including there the main costs withiBe
the intemational logistics chain. study offers an easy-to-use tool to guide decision-making

v _v within the international logistics chain, providing
Op\ = —Lncoterm™ T EXW (12) : . :

Vexw information sources from the internet to obtain the cost
variables to settle Incoterms. Similarly, this research
establishes the settlement values for each Incoterm,
considering the level of risks and responsibilities that the
involved parties wish to assume.
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Abstract: Predictive maintenance is a maintenance strategy that applies advanced statistical methods and artificial
intelligence to determine the appropriate maintenance time. The article focuses on future recommendations for industry
and logistics to achieve a higher level of predictive maintenance maturity, which requires real-time monitoring of the
state of the company's machinery and equipment. The article's main objective is to propose recommendations to increase
effectiveness by improving the predictive maintenance maturity matrix from the current level to a higher level in the
industrial enterprise. The current state of maturity has been indicated using the modified model of predictive maintenance
and following recommendations from the document Manual for companies for the introduction of artificial intelligence.
Simultaneously within the analysis, a predictive maintenance simulation was performed on a selected production line,
including essential machines and equipment. The study also identified the individual assumptions (processes, data,
infrastructure, personnel, applications, organization) necessary to implement predictive maintenance successfully. The
presented case study results contribute to understanding how individual assumptions can be obtained for predictive
maintenance improvement and how innovative solutions in the context of Industry 4.0 and Logistics 4.0 can be achieved
in enterprises.

1 Introduction caused by applying an unsuitable production method or

One of the critical tasks in industrial production an@ften also as a result of a human factor. However,
logistics is to reduce costs and eliminate waste. One of tf@intenance is to take care of machines and equipment and
identified wastes are often downtimes, which are related ®#an the costs associated with equipment operation and
not optimal set maintenance cycles. Reasons are that thgnage the range and number of spare parts [1,2].
extreme cases might occur: either service interventions d¥cording to [3], it is a matter of ensuring that machines
too frequent, which increases maintenance costs @Rn produce products in the required quality and quantity,
maintenance is neglected, which can lead to irreversitéthe lowest possible cost and in the shortest possible time.
damage to the machine. The purpose of any machineldte types and methods of maintenance by which these
equipment maintenance is to reduce or eliminate lossg@als are met have undergone significant changes. From
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the first corrective maintenance, which means theeveral strategies are applied together on the machinery.
maintenance performed after a machine failure, whicfhe choice of an appropriate strategy depends on several
began to be applied in the distant past, we have gradudhigtors: state of the machines, the possibilities of
moved on to preventive strategies as presented in tisplementing the chosen strategy, or the economic
article in the case study. advantage of prevention [3]. Three terms are known within
As part of the predictive maintenance approaches usitige maintenance strategy - corrective, preventive, and
machine condition diagnostics and prediction arpredictive maintenance (Figure 1). Corrective maintenance

dominated and desired. is the oldest maintenance strategy performed after a
machine failure and can be found in the literature as
2 Predictive maintenance reactive maintenance. The purpose of corrective

Predictive maintenance (PdM) seeks to determine tAgintenance is to put the machine into operation
right moment for maintenance based on advancéalmedlately after failures in the shortest pOSSlble time and
statistical methods and artificial intelligence [4-7]. UnlikgWith the lowest losses [3,11]. _ _
preventive maintenance, the maintenance of each device is TO reduce the inefficiency of corrective maintenance,
assessed and planned based on the current state offi@@ufacturing companies have switched to a preventive
device while using various models to reveal the time arfiaintenance model. Preventive maintenance works on the
date of the failure. Subsequently, it is possible to extend BFInCiple of planning regular service of machines, whether
shorten maintenance cycles according to the actual statdtd$ repaired, replacement of parts, oil change, lubrication,
the device. A well-functioning predictive maintenancénd so on. The aim is to prevent machine failures before
system is closely linked to a well-designed diagnostics aH#ey occur, which eliminates the possibility of unexpected
prediction system that uses advanced statistical methdf@duction downtime. Preventive maintenance is currently
and artificial intelligence. With the help of predictivethe dominant company maintenance strategy, but it is still
maintenance, it is possib|e to Optimise Operatirgr from optlmal because machines often fail at the end of
conditions, improve the quality of products and servicdgeir service life. Companies must create maintenance plan
and thus make the most of the investment [8-10]. based on actual information about the asset's condition to

Predictive maintenance is one of the maintenan@hieve optimal maintenance activity and not only on
strategies, which may be understood as a set of rules bakeretical considerations. Predictive maintenance means
on which the maintenance schedule is prepared and thét companies can plan maintenance activities based on
performance of individual maintenance activities. Usuallyaccurate predictions of the device's life [12].

MAINTENANCE STRATEGIES

AFTER FAILURE

/ BEFORE FAILURE

Scheduled

CORECTIVE

Prognostics and
Condition- Health
based management

______________________________ Y

'
I
[}
1
[}
I
I
I
[}
I
I
I
I
I
I
I
1
I
I
I
1
I
[
I
[}

Figure 1 Maintenance strategy overview [11]

Predictive maintenance can solve the followindife of the device, warn of incorrect setting of operating
problems: predict device failure in the future, identifyparameters [4]. Predictive maintenance thus brings
unusual behaviour of the device, estimate the remainiimgnovations to the company, which improve the current
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maintenance system. For several years now, a set of OE@Bhniques, such as regression analysis. It is about
manuals has been used as a guide in science, researchpaedicting future machine failures and the immediate
innovation. The "Oslo Manual" [13] focuses on definingpplication of the most effective preventive measures.
the concepts of innovation and innovation activity, and its
definitions are currently used by 80 countries around tt
world. The Oslo manual defines an innovation as [£8]: *&%"
new or improved product or process (or combinatiol statistics
thereof) that differs significantly from the unit's previous
products or processes and that has been made available
potential users (product) or brought into use by the un e HLEVEL
(process)” This definition uses the generic term “unit” to R ANTENARCILD
describe the actor responsible for innovations (compani JiEVEL2  conomon  (aMen
households or associations). msTRUMENT

The latest edition of the Oslo manual reduces tf JlevELy O
previous list-based definition of four types of innovation: visuaL
(product, process, organisational and marketing), to tv TRCTions
main types: product innovations and business proce Reliability
innovations. Predictive maintenance is key to optimizing  igyre 2 Predictive Maintenance Maturity Matfik6]
internal processes, boosting service levels and ultimately
increasing customer satisfaction. The benefits that PAM \when implementing predictive maintenance in the

brings can be classified as business process innovatigBmpany, it is essential to know which individual types of
which are defined as [13}a new or improved business tajjures can be identified from the available data and which
process for one or more business functions that d'ffef)%lrameters need to be collected. In the case of a large
significantly from the firm’s. previous busingss processggimber of machines and devices in the company, it is not
and that has been brought into use by the firBisiness necessary to install sensors on all of them. First, it is
process innovation include: production, distribution anghqyired to focus on critical machines, the failure of which
logistics, information and communication systems [13]. \ould directly affect production or stop it. Predictive
Although PdM is a fundamental pillar of the Fourthnaintenance research has a lot of attention in industry and
Industrial Revolution - PdM 4.0 [5,14,15], very fewacademia due to its potential benefits in reliability, safety,

companies can still predict the future failure of machinegnq maintenance costs, among many other benefits.
with sufficient accuracy and immediately apply the mosbregictive maintenance might [11]:

effective preventive measures to the detected deviation. In  o4,ce maintenance costs by 25%-35%,
most companies, predictions are made without smagt ,ininate breakdowns by 70%—75%
sensors and artificial intelligence. They use diagnostic reduce breakdown time by 35%_45(;/0
tools for measurement (vibration, temperature, or oil di duction f 25W—SéW
quality) to create short-term predictions. Predictive and increase production from 0 >
maintenance is at different levels in different companies Predictive maintenance also requires less staffing of
and this influence significantly logistics and manufacturin q 9

X e maintenance department. Machine learning excels
processes. The authors Mulders and Haarma describe four P 9

levels of the company's Predictive Maintenance Maturi recisely in the tasks _that_c_onsist of_analysing a large
Matrix (Figure 2). The individual levels are defined a mount of data. In practice, it is not realistic to accept a top
follows [16,17]: ' expert for each machine, who will analyse hundreds of

Level 1 — Visual inspectiongeriodic physical inspections. measurements a day. However, this is not a problem for

The conclusions are based solely on inspector's experti ré'i{II{/IICIi?]I'crIc)n(;EI(I:It?oer?Cgo[mAf].agiingles Othheavmeatr:)y dke)zzrl]?/\fllii ?;e
Level 2 — Instrument inspectiongnclude expanding ’ P

technical expertise and instrument inspections at perioiff]ks during its implementation. The risks of PdM include

intervals, which provide more specific and objective
information about machines. The conclusions are based on
a combination of the 'inspector's expertise and instrument
read-outs.

Level 3 — Real-time condition monitorimgpntinuous real-
time monitoring of assets, with alerts based on pre-
established rules or critical levels. The machines are

Early termination of the PdM projeeta longer time

is needed to find hidden failures in the machine
learning model.

It is impossible to predict the collected datat first,

it is essential to analyse the types of failures (FMEA
analysis) and then implement the Proof-of-Concept

constantly monitored by sensors that provide up-to-date Phase. _ _ _
data representing the state of the machine. » Overconfidence in the power of machine learning
Level 4 — Predictive maintenance Ac@ntinuous real-time PdM  cannot completely replace preventive

monitoring of assets, alerts sent based on predictive
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maintenance and diagnostics. However, it can redugethe company: identification of critical equipment and its
its need and extend inspection intervals. parts; identification of degradable mechanisms and key
+ Risk of later return on investmentlata scientists can parameters; implementation of equipment monitoring,
wait weeks or even months for the data they need montage of detectors, data analysis and trend
analyse and make stuitable predictive models. identification, evaluation of results/project. In addition to
« Reprogram of machine learning modelsometimes implementing these six measures, companies must also
machine learning models need to be reprogrammeghisure that they comply with the following six predictive
which is more time consuming. maintenance  assumptions:  People,  Applications,
« Missing professional employees not enough Infrastructure, Process, Data, and Organisation. We would
specialists and data scientists. like to emphasise that the implementation process fails if
the company plans predictive maintenance but does not
3 Methodology have enough specialists with specific comprehensive

Following the goal of the presented paper, we focuség?owledge about the equipment and the technology. It is
on increasing the PAM maturity matrix to a higher level if'>C N€cessary for success of project to create an
a selected industrial enterprise. The modified preventi\'/'gfr"’ls’tr_uCt”r.e for coIIe_ctlng .the _specmc data for predl_ctlon
maintenance model was used to identify the current St%]galyss. This innovation might include a transformation of
of the level of maturity and perform the analysis following1® Whole organisation, its corporate cuiture and thinking
the recommendations of the strategic document Manual _ards change from . traditional” - to d'g'tal.
companies for the introduction of artificial intelligence [4]_ma!ntenance._ The desc_nbe_d model of preventive
The conducted model of preventive maintenance contaif@intenance is presented in Figure 3 below.

six steps for the implementation of predictive maintenance

STEPS FOR THE IMPLEMENTATION OF PREDICTIVE MAINTENANCE

Identification of critical equipment’s and their parts
Identification of degradable mechanisms and key parameters
NS
Implementation of equipment monitoring
NS
Montage of detectors
S
Applications Analysis of data and identification of trends m
NS
Assumptions of predictive Evaluation of results/project Assumptions of predictive
maintenance maintenance

Figure 3 Modified model for implementation of predictive maintenance

The FMEA (Failure Mode and Effect Analysis) was
used to identify the main causes of the failures. FMEA
analysis was used to identify and assess the risk of potential
mistakes, as well as their consequences [18-21]. Eaeh
threat was assessed according to its probability of
occurrence (P), severity (S) and detection (D). The risk
priority number (RPN) was calculated according to the
formula .

1)
Where [18]:
» P - probability coefficient, specifying the frequency
of occurrence of the machine failure associated with

RPN = PxSxD

a given risk, on a scale from one to ten, where one
means no occurrence, and ten is for occurrence in
each production cycle.

S - severity coefficient, which determines how severe
the given risk of the machine failure is, on a scale
from one to ten, where one means negligible
importance, and ten very high.

D - detection coefficient, which determines the
degree of difficulty in counteracting a given type of
structural failure (early detection of the cause), is very
difficult on a scale from one to ten, where one is an
easy possibility to counteract, and ten is very difficult.
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The risk priority number (RPN) may vary from oneto  The analysed enterprise is indicated on the second
1000. The higher the RPN value is, the greater the rikvel PAM maturity matriXFigure 2). Monitoring of the

associated with the threat is. technical condition of machinery is performed at specified
intervals, which are shortened and archived if necessary.
4 Resultsand discussion Exceeded limit values are monitored. In the case of limit

This part of the paper focuses on app]ymg th@galues, the evaluation is SUbjeCtiVG, performed by
introduced modified model to implement predictive€chnologists without sufficient theoretical knowledge
maintenance in the selected enterprise as a case study. 39Ut predictive maintenance and statistical data
analysed industrial enterprise focuses on producing rubb&fOCessINg.
metal and plastic parts for the automotive industry, rail
vehicles, ships, and aircraft. According to analysis, severall ~ The procedure of introducing predictive
types of maintenance are performed in the enterprise =~ maintenance on a production line
(autonomous, operative, preventive). in an industrial enterprise
The technical diagnostics helps to avoid costly The transition of an industrial enterprise to the third
maintenance interventions, especially for criticalevel of Predictive Maintenance Maturity Matrix requires
machines. The enterprise has 354 machines and equipmesii-time monitoring of machine condition, where sensors
while technical diagnostics focuses on the following thregontinuously collect data on the state of individual
areas:  tribodiagnostics,  thermodiagnostics  anflachines and equipment. Sensors send alerts based on
vibrodiagnostics. predetermined rules or when critical levels are exceeded.
» Tribodiagnostics is a method of diagnostics to detedccording to the Manual for companies for introducing
evaluate, and report foreign substances in thaatificial intelligence [4], the introduction of Level 3 of the
lubricant and its change from a quantitative anBredictive Maintenance Maturity Matrix was implemented
qualitative point of view. The oil level monitoring is online L in the following six steps.
performed on 130 machines in the analysed
enterprise. 1. Identification of the critical equipment and its parts

e Thermodiagnostics as a non-contact temperature Simultaneously with the analysis, a simulation of
measurement can be used wherever the diagnogeddictive maintenance on a selected production line was
parameter is heat radiation. The aim otarried out to identify problems and shortcomings that
thermodiagnostics is to locate a possiiieblem on would not be revealed themselves. The selection of a
the machine caused by excessive overheating of #pecific production line was based on the ABC
parts and to eliminate it in time. For measuringategorisation of machines as follows: Group A are
surface temperatures, such motors, heating coils astlategic machines considered critical because a failure on
pumps are used by a handheld thermal imagehe machines of this group causes partial or complete
Thermodiagnostics determines whether the measursgldutdown of production. Malfunctions on these machines
temperature exceeds the limit value (temperatures egsult in high financial losses and the possible occurrence
the hydraulic circuit must not exceed 60 °C when thef a dangerous accident. Group B includes machinery with
hydraulic oil loses its properties and degrades rapidljjgh priority, but in the case of failure, there will not be
or whether the measuredemperature of the such severe consequences for the enterprise's production
equipment during tempering does not deviate fromctivity as for machines from the group A. The group C
reality. Another type of technical diagnostics that isonsists of other auxiliary devices that are not included in
performed in the enterprise on 120 machines groups A and B. Based on the above classification of
thermodiagnostics machines, machines from the group A have the highest

«  The vibrodiagnostics aims at the smooth and reliabReiority, and it is essential to make predictions of possible
operation of the device. The service life of bearing&ilures. The mentioned group in the enterprise includes the
can be affected by several factors, such as speed, dieduction line with the working name Line L as the
working temperature, lubrication efficiency, bearingsubject of the analysis. The L-line includes vulcanised
stress. Vibrodiagnostics locates the fault anBarts for damping vibrations and vibrations in cars, the so-
determines the current state of the machine usingcalled silent blocks.
vibration sensor. It is non-disassembly diagnostics As already mentioned, the Line L belongs within the
without the need to stop production. In the presentédBC categorisation among the equipment of the group A,
case study in the mentioned enterprise, there are 1@ failure of which can cause a partial or complete
rotary machines on which vibrodiagnostics ighutdown of production. Based on the failure analysis
performed_ Competent emp|oyees who perform th@MEA), two rivet heads in series were identified as

type of technical diagnostics try to determine whefritical for operating a given production line. The
the bearing is coming the end of its life production and service of rivet heads are carried out

exclusively in the country of the manufacturer, in the area
outside the European Union. The logistical activities
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associated with the service take two weeks, ardhta, but sensing at long intervals is not recommended so
complications due to the customs procedure are seveaslnot to detect abnormalities in the operation of the rivet
weeks longer. For this reason, it is essential to correctiead.
predict the wear of the rivet heads, as their unexpected
damage would cause undesirable production downtime.5. Data and trend analysis
Data analysis is a necessary assumption for the correct

2. Identification of degradation mechanisms and key implementation of predictive maintenance. A cloud

parameters application already provides the basic visualisation of

First, the main parts of the rivet head were identifiedlata (temperatures over time). However, this data was
The rivet head consists of the following functionakxported to a spreadsheet processor Microsoft Excel to
elements: hydraulic, mechanical, pneumatic, and electricalork with the measured data. The production was
Based on FMEA analysis, critical parameters anihterrupted when it was necessary to wait for the parts
degradation mechanisms were identified for individuab cool down after vulcanisation or a failure occurred
components of the rivet head: the type of failure (erroBnd due to production interruption during the corona
that can occur on the component (equipment), the causecabis (Figure 4a). Temperature values were excluded
the fault and the consequences of the fault. The FME#om the data set for further data analysis when the rivet
analysis showed that all failures with the most significariteads were not in operation (Figure 4b). The next issue
impact on the functionality of the rivet head are indicatedas the identification of the presumed temperature
by an increased operating temperature, which is weatends from the measured values. The values of the
measurable, distinguishable from the usual operatingmperatures of the rivet heads during the production
temperature. If the fault persists, the temperature usuafiyocess are considerably fluctuating, and it is not easy
rises. Early detection of disorders helps to prevent thetmidentify trends. The function of linear trendline in the
easily because most disorders begin as an abnormality. Microsoft Excel program was used to indicate the

possible trend of temperature values, ordering one-

3. Implementation of machine monitoring dimensional data in a straight line towards the future.

The implementation of condition monitoring for the
critical equipment includes installing the necessar§. Assuming the case study
sensors, a system for collecting and storing this data and The assumed trend of the temperatures of both rivet
subsequent monitoring [16]. Based on the previouseads indicates an increasing character of temperatures
analysis and experience, it was found that the most failusgem the beginning of the measurement (Figure 5). The
on the rivet head are indicated before by an increasenore reliable long-term prediction will require longer-term
operating temperature. For this reason, a temperatuneasurement and a more extensive data set. However, the

sensor was placed for condition monitoring. presented procedure and scope of the conducted analysis,
when diagnostic sensors were mounted on the rivet head,
4. Installation of sensors was sufficient for base recommendations to improve the

In order to monitor the temperature of the machine, lievel of Predictive Maintenance Maturity Matrix in an
was necessary to map the surface temperatures of émerprise. A primary trend visualisation has been
device during production. Surface temperatures wenetroduced into the enterprise, which is also well usable in
measured using a thermal camera applied in the enterpiisecessing scanned data in vibrodiagnostics and is easy to
for the thermodiagnostics. The highest temperatures wamaderstand by workers responsible for technical
measured at the tip of the tool that forms the semi-finisheliagnostics without special training. In this solution, the
product. A temperature sensor with a set alarm temperatlreowledge of employees trained at Six Sigma was used,
of 60 °C, which is the upper limit of the operatingrepresenting a good base of statistical knowledge for future
temperature of the hydraulic oil, was then installed at th@ediction needs. Implementing thélanufacturing
identified location. After several experiments, the sensirigxecution System{MES) system is planned to start in the
temperature period was set at ten minutes. The optinaiterprise.
time for measurement might be set so that the temperature
is not sensed too often, causing an amount of unnecessary
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rivet head 1205 rivethead 1215

rivet head U205 rivet head U215

Figure 5 Temperature profile of rivet heads with linear trend curve

4.2 Prerequisitesfor improving the level of introduce predictive maintenance on Line L was
Predictive Maintenance Maturity Matrix implemented (Figure 3).
in an industrial enterprise Process: The first prerequisite for the correct operation

The next part of the paper describes the ke?/f predictive maintenance is familiarity with the whole
assumptions (Process, Infrastructure, Applications, Daf¥0cess. The company should map its technology well,
People and Organisation) that an industrial enterpriégentify diagnostic methods on its equipment, know the
should analyse to improve the Predictive Maintenand¥Pes Of failures and, above all, the causes, and conditions
Maturity Matrix [4]. The individual assumptions areunder which the failure occurs. A thorough analysis of the
closely related to the steps based on which the proposaligintenance department was performed in the analysed
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enterprise. Machines were divided according to the ABC For the analysis of the L-line, a freely available mobile
categorisation, and individual types of technicaapplication (EasyLog Cloud) for smartphones with the
diagnostics were identified. Realised technical diagnostiésdroid operating system was used. The application offers
were performed on the machines using specialisedbasic overview table of the device, which ich named
diagnostic devices. "Motel". The application provides graphical processing of
It is necessary to perform a comprehensive analysis mieasured data. The visual output of the measured data
machinery and equipment throughout the enterprise for tffleigure 6) shows the course of temperatures on the rivet
analysed industrial enterprise to move to the third level dieads over time. The blue curve represents the measured
Predictive Maintenance Maturity Matrix. Consideratiortemperature on the rivet head U205 and the red curve on
should be given to the use of Predictive Maintenance 4l@e rivet head U215. The measured data were exported to
tools in terms of return on investment and safety ardicrosoft Excel spreadsheet.
health, property, environment, or legislation under the
supervision of an entity with experience in implementin@&== Mote1 (54
such projects. The analysis must include identifyin
critical and less critical parts of the equipment , .
understanding their function, and identifying safdi kAl Graph Eveuts Setungs
operating conditions. The FMEA method [21] is suitabl
for determining degradation mechanisms and thelS 10 Feb 17:07 - 28 Feb 17:57
detection, which has also proved successful in the anal : 18days49mins
of Line L.
Proper mapping of the whole process is a key part
the individual assumptions. If the company correctl
identifies individual processes, it can determine whic
need to be optimised or transformed.
Data: If a company plans to predict, a collected dat
database is needed - measured values from sensors
before the fault and under different operating condition
However, it is not necessary to focus only on the negati
data that arises in the case of a failure. It is needed to hx
a sufficient database from a standard operation, duri
which the failure did not occur. Data collection must b
preceded by a correct definition of the individua
processes, so the data is collected only from devices
which predictive maintenance makes sense [4].
The analysed enterprise collects data unsystematically.
amount of collected data is not suitable for possib 3
prediction, and at the same time, the data collection Feb-13-12 AM
realised in long time intervals. In this case, It Is Importa igure 6 Display of measured operating temperatures of rivet
to analyse current data [22] and select just those data on heads over time
which the actual state of the equipment can be determined

as accurately as possible. o . The selection of suitable applications for data
_ Applications: For each plant, it is possible to assumeojjection, processing and display always depends on a
different equipment for machines, and information systemgecific enterprise, unique in its capabilities and current
may also be different for predictive maintenance, MEgeeds. However, the EasylLog Cloud application is used,
(Manufacturing Execution System), PLM (Produchng it is insufficient to implement enterprise-wide
Lifecycle Management), ERP (Enterprise Resourcgredictive maintenance. Currently, the analysed enterprise
Planning) will most 0fter_1 be used_. An industrial enterprisg working on introducing the MES approach [23], which
can have all applications available or only selected ysed to monitor production in real time. In this phase, the
applications, even from different manufacturers. Datgystem is focused on production data from machines,
collection systems such as MES., SCADA (SupervisoRyhich are then processed, evaluated, and visualised.
Control and Data Acquisition) are often enriched with\ccording to the available information, the infrastructure
additional data from ERP, CMMS (Computerizeds ready for data transmission for predictive maintenance.
Maintenance Management System), EAM (Enterprise |npfragructure; At present, traditional informational
Asset Management) systems. Many EAM, CMMS systemgchnologies (IT) in enterprises is replaced by cloud
today provide predictive maintenance as a package (fraffjutions, where the customer buys the service of a
data collection to maintenance scheduling) [4]. software solution and does not deal with the technical
infrastructure on which this solution runs. As part of data
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transmission, basic processing, visualisation, and Experts for data visualisation and interpretation.
availability, the analysed enterprise was proposed to use
the 0T sensor infrastructure (Figure 7), in which sensors Organisation: As in the presented case study,
mounted in machines send data directly to the cloud vian@anagers in the companies are often not fully aware of
wireless Internet connection [24]. The main benefits whepredictive maintenance benefits. The transition of an
changing from traditional systems are the raise @&nterprise to predictive maintenance in the context of
flexibility, robustness, efficiency and also the chance fandustry 4.0 is more than just IT issue. It requires the
mastering the actual complexity [25]. transformation of the whole organisation, its corporate
The acquired data as part of logistics information flowgulture, which will change from "traditional" to "digital".
can be monitored using a mobile application, and, it is a culture that prioritises employee engagement,
necessary, it can be exported to a corporate spreadsheestimulates experimentation with new technologies, and
new ways of working. The culture will need to stimulate
mE =l — {_ Bl cross-functional cooperation and is comfortable with data-

_ ] driven decision-making, even if decision-making goes
MEzl=g* —=—@ & = against managerial and employee experiences and
e all ‘ o introduces a new way of thinking [10,27].

T A prerequisite for successfully implementing

Figure 7 Diagram of loT sensor infrastructure [24] maintenance using Industry 4.0 and Logistics 4.0 tools is
support from the enterprise's top management, which will
People: Although the gradual transition to predictiveprovide resources (finance, people, infrastructure,
maintenance in the context of Industry 4.0 and Logisticoftware, time, training) for its implementation,
4.0 presupposes more maintenance staff, experts af@intenance, and further development. ~When
required to analyse the moments in which artificigimplementing the solution, it is appropriate to create expert
intelligence fails. According to Bronislav Balga [26], aworking groups, within which there will be cooperation
specialist in business performance improvemengetween maintenance technicians and data analysts who
maintenance has been struggling for several years with fi¢ow the predictive model and its possibiliies. The
scarcity and quality of maintenance workers, which iRrocess of implementation requires a considerable amount
recent years has shown very little or no progress towargs documented information [28,29]. In this step it is
Industry 4.0. important to raise awareness of the various benefits of

The analyzed enterprise has 41 employees in thgediction across the enterprise [30,31].
maintenance department (from total of 850 employees).

The main factor for implementing the proposed measures  Conclusions
is the targeted training of maintenance department staff in

prediction. Even under the influence of new moderp,qisiics in any industrial enterprise. Choosing the right

techno!og|es . beyond the current understand|_ng g rategy of maintenance can be saved a lot of work, time,
predictive maintenance, the enterprise must continue

ducate it | Predicti ot K Ad money. Predictive maintenance can manage
educate Ils employees. Frediclive maintenance WorkerSaintenance more efficiently. Industry 4.0 and Logistics
Level 2 are experts in their field with extensive practic

. D S . .40 concept opened a new horizon of possibilities using the
experience, but training in predictive maintenance is sti

T | hould al d q ost modern intelligent technologies streamlining
necessary. Top employees should also understan Sintenance in their company. Predictive maintenance is a
creation of predictions of failures and residual life of th

! . " ) ?ey activator and impetus for Industry 4.0 and Logistics
equipment or its critical part. They should not passively 5 \hile sfill facing several challenges in practical

rely on ready-made_solunons prqvu_jed by_the tecr.]m.)mg%plementation from a technical and commercial point of
supplier but also actively engage in improving predlcmm%/iew. Managers need to be aware of the main challenges to

T_h_e enterprise  must _focqs on - improving th repare for the digital transformation of production and the
qualifications of employees in this area and, if necessa ¥ansition to the Industry 4.0 revolution

cover some positions with representatives of third parties - The aim of this paper was to present and describe the

exter_nal consultants_. These are mainly professmng{eps and assumptions needed to improve the current state

functions, namely [4]: of the Predictive Maintenance Maturity Matrix in an

* Data engineers who manage the data and the relevapfystrial enterprise. Based on the analysis results, the
data platform to make it fully functional for analysis; enterprise can move to the third Level of PdM maturity

» Data scientists who prepare, study, visualise, and modghrix. Then following benefits will be achieved: reduced

Maintenance is necessary for the proper functioning of

data on a data science platform; failure rates, reduced unplanned downtime and extended
* IT architects manage the basic infrastructure neededggaintenance cycles, increased production, reduced spare
support data science; parts, extended equipment life, increasing safety and
* Application developers deploy models to applicationfeducing maintenance costs. Quality improvement in
to create data-based products; predictive maintenance will influence positive return on
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investment in approximately 3-5 years. Several studies predictive maintenance in Industry 4.0: Current status
confirm that predictive maintenance management benefits and challenge€omputers in Industnol. 123, pp. 1-
overall operations in both manufacturing and process 17, 2020.

plants [32]. However, with all the benefits of predictive https://doi.org/10.1016/j.compind.2020.103298
maintenance, the risks and obstacles to its implementati@h PECH, M., VRCHOTA, J., BEDNR, J.: Predictive
should not be forgotten [33]. The real challenge is not in Maintenance and Intelligent Sensors in Smart Factory:
sensor technology, data processing, condition monitoring Review, Sensors,Vol. 21, No. 4, pp. 1-40, 2020.
or correct diagnostics. These solutions are highly advanced https://doi.org/10.3390/s21041470

and their implementation requires extensive knowledd8] CUONG, S. V., SHCHERBAKOV, M.: 'PdM:
and understanding. Thus, the implementation of A predictive maintenance modeling tool implemented
contemporary solutions in the field of Industry 4.0 and as R-package and web-application’, SolCT 2019:
Logistics 4.0 requires that the organization first improve Proceedings of the Tenth International Symposium on
the absorption of knowledge[34]. This concept, Information and Communication Technology, Hanoi
introducing revolutionary changes in manufacturing and Ha Long Bay Viet Nam, pp. 433-440, 2019.
logistics, will fundamentally change society and economy https://doi.org/10.1145/3368926.3369693

[35]. Businesses now need to focus on the predictive ski[l8] SAKIB, N., WUEST, T.: 'Challenges and

of their employees and support processes and opportunitiesopportunities  of  condition-based predictive
that will support the creation of a new predictive-oriented maintenance: A review 6" CIRP Global Web

business model. Conference — Envisaging the future manufacturing,
design, technologies and systems in innovation era, pp.
Acknowledgement 267-272, 2018.
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Abstract: Companies are nowadays challenged to offer high service levels while minimising inventory costs in an ever-
increasing competitive market. One of the keys is to manage and improve the product flow in the distribution network
continuously. In this paper, Demand Driven Distribution Resource Planning (DDDRP) is a proposed model for product
flow management in distribution networks. It allows to optimise the flow by managing customer demand fluctuations. A
literature review about flow management policies is presented, and then a case study is provided to make a comparison
of the DDDRP concept with conventional management methods such as Distribution Resource Planning (DRP). To
achieve this comparison, a discrete event simulation (DES) is adopted to measure the effectiveness of each model
regarding the demand fluctuations, using key performance indicators. The simulation gives empirical results and
illustrates the interests and benefits of the DDDRP approach in terms of inventory costs and service levels. The originality
of this document concerns the assessment of Demand-Driven Distribution as a new approach of management and opens
up new opportunities for optimising inventory and product flow in distribution networks.

1 Introduction In this article, the efficiency of adopting a demand-

Companies are now required to appropriate]y mana%iven strategy in distribution networks is evaluated by
products and information flows through supply chaitiSing an empirical analysis based on a real industrial
distribution networks. As a definition, flow managemengituation. For this, we simulate the models through a
entails coordinating all of the operations carried out duringultitude of demand variability scenarios and examine the
the product’s distribution. It is critical since it directlyeffects oninventory and service levels.
influences inventory levels in each distribution unit and, The paper starts with a literature review on flow
consequently, the overall working capital and servicBlanagement models, describing the differences between
levels. Bad flow management can result in a discrepantje pull and push-flow approaches. Secondly, we give
between the quantity sold to the buyer and the amoUdPDRP model drivers, steps and formulas. The case study
produced by the manufacturer [1]. Many authors declaf®tails and model implementation are then presented.
that optimising flow must take into account the importarftinally, we analyse the scenarios and the results of the
factor of demand variability management [2-4]. simulation.

In this regard, Distribution Resource Planning (DRP) is This paper is one of the first contributions to offer a new
a well-known push system that uses demand forecastingP®'spective on distribution management based on real
determine when and how much the product should §@nsumer demands. We structured the work by proposing
replenished in downstream sites [5,6]. Moreover, pulhe axes, describing the model, and testing it empirically.
systems have been developed as part of concepts such as
LEAN, Theory of Constraints, and Just-In-Time. They? Flow management models literature
offer real-time ways to deliver the product after the review
justification of the consumer demand [7,_8]. 2.1 Push flow models in distribution

On the other hand, Demand Driven Distribution A pysh flow system is a strategy that involves pushing
Resource Planning (DDDRP) is a concept that combingg,qycts through distribution networks in order to build up
the best of both systems by putting buffers in strategig, jnventory that can meet customer demand. Since 1970,
points of the distribution network and pulling flow betweerpsiribution Resources Planning (DRP) has been used to
them. Thus, it integrates the main axes, which are Le@Bro| inventory in a multiproduct, multi-echelon physical
distribution [7], Theory of constraints [9], and DRP logiGyistribution environment. Since its appearance, the
[10]. , ) i . implementations of the DRP paradigm in distribution

The literature dedicated to evaluating the efficiency afystems have reported several benefits. DRP is based on
flow is scarce. However, it has been proven that a gogdmand forecasting and replenishment generation, and it

flow must contribute to a good service rate and an optimghtermines the time and quantities of all downstream
inventory cost [11].
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replenishments. It was first proposed as an extension fble 1 Comparison between Lean distribution and traditional
Material Requirement Planning (MRP), moving the same management tools

logic from production to distribution. To perform a DRF  pictribution Traditional S
grid, inputs data include sales forecasts, customer orders, gjements distribution | Lean distribution
available inventory and stock security policy. Then, DR manageme!

method gives a calculation of resource requirements Variations I solation of
related to the quantity of needed products, time, transpprt Systems cause variations a_nd
and stock investment needs [6]. Many recent works studied | 4 iations continuous tak_ethem n
the implementation of DRP model in various industrig| resettingfor | considerationin
sectors. In fact, some researchers focus on finding the best plans all lean practices
lotting techniques for the distributed items using the DRP The constraint

method [12]. A study uses DRP technique to determine the of being more Used only for
appropriate quantity and replenishment time in inventory Forecasts accuratein long-term and
decisions in the food industry [13]. Otherwise, the long-term and agoregate
autoregressive integrated moving average (ARIMA) modgl short-term planning
has been used since the DRP requires precise forecast data planning

Theinventory
should be close

[14]. This study concerned a company of mining and tragle

of oil and gas. Some works try to find the best forecasting Theinventory

approach based on the time series of each Distributipn should not be | to the source and
Centre (DC) using the DRP method to avoid inventory Inventory closeto redirected
shortage problems [15]. Moreover, based on the case of the customer accordingtothe
oil fuels industry, some authors studied the need for diesel orders replenishment
oil for companies using DRP approach [16]. needs

It is demand-
2.2 Pull flow models in distribution Itisforecag- | drivenand takes
221 Leandisribution Transportations dri in consideration

. riven )
To reduce waste and boost productivity, Leah delivery

principles can be applied to any distribution function [17]. conditions

Lean distribution is defined as a technique that replaces
traditional ways focused on inventory and rescheduling to Table 2 Quantified improvements after LEAN distribution
cope with the changing customer demand. It has recently implementation [20]

gotten considerable attention from academics and Improvement quanti

industries. It focuses on avoiding waste in the downstream Area of improvement Before After
supply chain with the goal of putting the right product in  Inventory accurac 9.29% 5.97%
the right place. In other words, it presents the ability fo  Reducing lost-time

sustain a high level of customer service by reducing waste accident: 15-20days | 7-10days
and movements in distribution centres [18]. Reducing picking errc 0.17% 0.01%

Well-known companies such as Wall Mart, Tesco, arf[d —|nventory levels
IKEA have all employed lean distribution. They adhere 10 Required storage sps
a philosophy of adapting inventory movement to customen\y = rehouse productivit
demand in order to improve operational product flows afthy 3 rehouse productivit
respond quickly to demand changes from the supplier to
the sales location [7].

There is much evidence in the literature about tI*\
economic benefits of implementing Lean distribution. |
fact, they are related to the decrease of finished items stog
as well as shortening delivery lead times and change-o
times [19]. Table 1 summarises the differences betwee
traditional distribution management and lean distribution, 5 ,,
Similarly, based on a case study in a Serbian company,
table 2 shows some quantitative benefits of implementiqg
lean concepts in distribution units.

Decrease of 76%
Decrease of 51%
I mprovement of 9.43%
I mprovement by 5%

Tables 1 and 2 demonstrate the relevance of
?nplementing Lean techniques in distribution contexts.
ey show that the management does not rely on forecasts
t actual customer demand, except for long-term and
gregate planning.

Theory of Constraints

The Theory of Constraints (TOC) offers a wide range
applications, including reducing material flow costs
throughout the supply chain [21]. It provides a demand-
pull approach, as opposed to typical replenishment models,
which result in inventory accumulation and/or shortages,
and eventually an inability to meet customer demand [22].
The core concept of TOC is that every firm can have a
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constraint that should be used to improve the system’s
performance [10]. Constraints are described as an element
that prevents a system from fulfilling its intended
objectives. The weakest link in an organisation appears to
be the source of problems, which is physical in the form of
bottleneck resource, with a capacity that is less than or
equal to the demand imposed on it [23].

TOC is _used in v_arious industries, incIuding Figure 1 Sized Buffer
production, finance, project management, marketing,

supply chains, management, and commerce, With The Buffer zones are sized using a set of parameters
dIStrI.bU.tlon belng one of them. In reality, TOC allows foryng equations based on the DDMRP technique (equations
a shift in the distribution network from a push to a pulk {5 5y [26]. The concept of buffering, which is inspired by
model, with goods being delivered according to markelean gistribution and TOC techniques, provides a solution
demand. o to the amplification of variability in complex networks,
The_use of TQC in dIStrIbutIOI"I. systems attempts tQnich is often prone to cause inventory problems at
reduce inventory investment, lead time, and transportatigRyork locations, either in the form of ‘too little’ causing
costs while also improving customer service levels. miss sales and lack of components, or ‘too much’ resulting

_Multiple evidence are stated in the literature aboyh excess cash and more needed space for stocking, known
implementing TOC in distribution, such as GM’s Cadillag,s the Bimodal effect (Figure 2).

Division’s aborted introduction of Custom Xpress delivery 14 ayoid the ‘too much’ or ‘too little’ issues, the target
(CXD). P&G's reported an inventory reduction of US$60Gs o have the most of articles in an optimal range of

million, and makers of Crayola crayons’ reporteqnvemory at all times (Figure 3) [26].
improvements in customer service levels and inventory

reduction [5]. Authors in recent works used processir
tools of TOC to focus on transportation constraints in tt
supply chain [24], while others contributed to transformin
management systems in warehouses using TOC [25]. 1
application of TOC tools in distribution elements such ¢

inventory, supplier liability and planning of sales is als . o
discussed and evaluated [10]. Waring | Optmal Totnln
We conclude from the literature that DRP, Lean, anu Figure 2 Bimodal effect

TOC are pure push and pull flow systems in distribution.
However, demand-driven distribution resource plannin
(DDDRP) has recently emerged, using all these principle
It relies on real demand and implements buffer at strate(
places in the network, drawing flow from market deman
to feed those Buffers. In DDDRP concept, Buffers ar
sized in a way to protect the flow from the consequenc
of demand fluctuations.

Warning | Optimal | Warning

Figure 3 Optimal Situation of inventory

3 Concept of demand-driven distribution

3.1 Model drivers 3.2 Parameters, steps and formulas

Demand Driven DRP is a multi-echelon inventory The Demand Driven DRP model is grouped into five
planning and execution system for effective distributioparts, starting with buffer placement and ending with
network flow management. The purpose of the conceptgaterial replenishment execution. Figure 4 depicts a
to reduce variability propagating in distribution networks huffered random distribution network. Being physically in
due to demand fluctuations - by strategically placinghe form of decoupling ‘hubs’, Buffers are essential for
Buffers. These buffers are separated into thrg@ducing lead times and preventing amplified variability in
continuously sized zones (Figure 1): Red (300 unitshe network. Due to the decoupling of ‘Hubs,’ the planning
which is responsible for the safety stock. Yellow (50(orizons will be shortened (Figure 4).
units), which is responsible for demand coverage, and
Green (250 units), which is responsible for determining the
frequency and number of orders.
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Figure 4 Distribution network with Buffers

After Buffer placement in the network, Profile and(NFP) in the buffer in relation to each article is crucial for
Sizes (step 2) refers to specific calculating methods; eaglnerating those orders. The net flow equation is used to
buffer is colour-coded (figure 1). The buffer levels arealculate this position, which takes into account Qualified
determined using the distribution parameters, whickales (not forecasted sales), On-Hand Quantity, and Open
include the lead time (LT) from a supplier centre to &upply Quantity (equation 6). Based on the priority of
receiver centre. In the context of distribution, LT refers tevery article, the last phase (step 5) is to execute or not the
the time it takes to launch a product, prepare an order, lopthnned orders.
transit, unload, and stock it. Otherwise, the longest
cumulative non-buffered sequence in the distribution
network is used to estimate decoupling lead time (DLT) for

OH + 0S — QS = net flow position (6)

each reference. Buffer profile assignments are al€H:
included in the calculations (related to variability and lead
time assignments). Furthermore, the calculation takes in@s:
account the average daily usage (ADU), product selling
price, and demand adjustment parameters (DAF). TIgS:
buffer profile and levels exploit the following DDMRP

On Hand Quantity, considering the available physical
stock.

Open Supply Quantity, considering the ordered but not
received stock.

Qualified Sales, considering Sales orders past due,
sales orders due today, and qualified spikes.

equations (1 to 5).
3.3 Proposed Approach for DDDRP validation

Red Base = ADU X DLT X lead time factor (1) For the study, a case of a three echelon network is
proposed, with all relevant data valid, including
Red Safety = Red base X variability factor (2) distribution network, historical customer demand, lead
times, initial inventory situations, and
Totalred zone = Red Base + Red Safety (3) Holding/Manufacturing costs.
To perform this research, ARENA SIMULATION
Yellow Zone = ADU X DLT (4) SOFTWARE was used to create a discrete event simulation

(DES). With a replication length of one year, we can
reproduce one year of distribution on a daily basis. The
simulation will help to compare DRP and DDDRP models,

The classic DRP incorporates the safety stock in a statig which we perform some relevant performance
way, allowing for the generation of a supply ommeasures. They are working capital (WC) and on-time
replenishment order once the safety stock is surpassshipping (OTS) rates, which represent respectively
However, Demand Driven DRP, on the other handnventory cost and service levels. Furthermore, simulation
considers market changes as well as fluctuations movides additional precise indicators for the models under
operating factors such as ADU to adjust Buffersonsideration, such as the level of safety stock and Buffer
continually. This variable character ensures a dynamgéizes. Several different demand scenarios are studied in
adjustment for the buffer (step 3), in which the level obrder to provide dependable and consistent results.
protection flexes up and down depending on the condition This approach was used on the DDDRP and DRP
of those parameters, implying that the buffer situation imodels in order to conduct an empirical comparison
constantly updated. between forecasted and demand-driven concepts, as well

The level of adjustment prepares for the supply orders syntheses on each model’s strengths and drawbacks.
generation phase (Step 4). The position of the net flow

Green Zone = ADU X DLT X Lead Time factor (5)
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4 Empirical study of the case study. Urban Distribution Centers (UDC),
4.1 Case Study data Regional Distribution Centers (RDC), and Factory are the

A distribution network of a Moroccan structurethree echelons of the distribution network (Figure 5).
specialising in the dairy products industry is the subject

i Factory
X X X - .
RDC1 RDC2 RDC3 RDC4 RDC5
(S| bl ] _
UDC| (UDC| (UDC| [UDC| [UDC| (UDC| [UDC| [UDC| [UDC| (UDC| [UDC| [UDC| (UDC| [UDC| [UDC
1) |2 3 4 5 |6 7 | L8 9 |10 | [ 11 12 13 | | 14 15

Figure 5 Distribution network of the case study

To conduct the study, the input parameters for all the Table 3 shows an example of input data for the first
UDCs and RDCs are initial On hand inventory, forecastetiree UDCs. ADU refers to the first month. Moreover, the
average daily usage (ADU) for every buffered locatiorduration of the LT and the amount of the demand
and the Decoupling Lead time (DLT). Furthermore, theariability are used to establish LT and variability factors.
lead time (LT) (from RDCs to UDCs is 3 days, as is the
Lead Time from Factory to RDCs), inventory holding4.2 Models’ implementation

costs, and selling prices are all provided. 421 DRP implementation
) Every UDC builds a DRP grid based on forecasted
___ Table 3 Some input data for three UDCs demand that is developed locally. Then it communicates
D'StSEiLt“'O“ Imtilr?\l/;r:ol;')anc ADU | LT factor VzT:r;aCt:glty the replenishment orders to the RDC supplier, which
upct | 2000 oo | sme | ame | Capne d T R 0" account s Unique
UDC?2 15000 3100 50% 20% o .
UDC3 15000 3500 50% 20% security requirements. Table 4 shows an elaborated DRP

for UDCL1 during the first 10 days of the year, with variable
forecasted demand.

Table 4 Elaborated DRP for UDC1

Security 550 Weel 1 2 3 4 5 6 7 8 9 10
stock Deman 550 | 550 | 550 | 550 | 550 | 2200 | 2200 | 550 | 550 | 550
OgtHa?nd 8000 End Inventory | 8000 | 7450 | 6900 | 6350 | 5800 | 5250 | 3050 | 850 | 2300 | 1750
supply | o4, Projected ON- | a3y, | 7450 | 6900 | 6350 | 5800 | 5250 | 3050 | 2850 | 2300 | 1750
Quantity Hanc
Lead time 3 Schedule Recei 0 0 0 0 0 0 0O |2000| O 0
(days) Schedule Sta 0 0 0 0 2000 0 0 2000 0 2000
After the elaboration of DRP grids, the final pust 1
decision of the flow concerns the timing and quantity of a q Sourcing Unit l-
downstream locations’ replenishments. - 12345

4,22 DDDRP implementation [ T y

The choice of strategic Buffer Positioning is referrediN Wacchomsa 1 ' ll“' = il’ . '
the Demand Driven DRP implementation to the ‘Hub an* : JISUARCRONIS Warehouse 3
Spoke’ Configuration [26], which consists of installing ar = = -
‘Inventory Hub’ in the source unit and small stock Figure 6 Hub and Spoke configuration
locations on the warehouses (Figure 6). Consequently, all
of our UDCs and RDCs are buffered in the case study. These calculated Buffer levels serve as the basis for the
RDCs are thought to have sufficient capacity to meet tisemand-driven planning process (Table 6). The real
demands of UDCs. Table 5 depicts the second step afstomer demand is represented in column 1, and future
buffer sizing, showing a portion of the first month’sspikes are checked for a three-day horizon. Following that,
findings for all UDCs units. the daily net flow position (NFP) in the buffer is stated in

order to determine the order amount that has to be supplied.
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The request day is the anticipated arrival date of thithe position is below the Top of Yellow (TOY), and the
order amount. The NFP position in relation to the buffesrder amount is Top of Green (TOG) minus the NFP.
sizes is shown in the planning priority. A supply is planned

Table 5 Buffer sizing

Copyright © Acta Logistica, www.actalogistica.eu

UDCs¢
1 2 3 4 5 6 7 8 9 10 | 11 12 13 14 | 15
g ADU 400 | 3100 | 3500 | 600 | 1200 | 1000 | 1000 | 2300 | 3500 | 800 | 3200 | 2400 | 2100 | 1200 | 2400
@©| DLT 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
% Varlablllty 0, 0, 0, 0, o, o, 0, o, o, 0, o, o, o, 0, 0,
S| Eacto 50% | 50% | 50% | 50% | 50% | 50% | 50% | 50% | 50% | 50% | 50% | 50% | 50% | 50% | 50%
o LT Factol]| 20% | 20% | 20% | 20% | 20% | 20% | 20% | 20% | 20% |20% | 20% | 20% |20% | 20% | 20%
" Sin?edt\ 960 | 7440 | 8400 | 1440 | 2880 | 2400 | 2400 | 5520 | 8400 | 1920 | 7680 | 5760 | 5040 | 2880 | 5760
g Red
D . 9 74 84 14 28 | 24 | 24 55 84 19 | 76 57 50 28 57
- Security
% Yze(ljlrc]):v 1200 | 9300 | 10500 | 1800 | 3600 | 3000 | 3000 | 6900 | 10500 | 2400 | 9600 | 7200 | 6300 | 3600 | 7200
M
(iroe;]een 960 | 7440 | 8400 | 1440 | 2880 | 2400 | 2400 | 5520 | 8400 | 1920 | 7680 | 5760 | 5040 | 2880 | 5760
Table 6 Demand Driven Planning
Day | Sales| Total | On- On- | Showing-| Qualified| NFP Order | Request] Planning
Order | Future| Hand | Order | Up Order| Demand amount| Date Priority
Due | Spike
Today
1 | 34604 | 16749 | 80000 0 0 51353 | 28647 | 23461 4 54.98%
2 0 16749 | 45396 | 23461 0 16749 | 52108 0 - 100.00%
3 | 16749 0 45396 | 23461 0 16749 | 52108 0 - 100.00%
4 | 13029 0 28647 | 23461 | 23461 13029 | 39079 | 13029 7 75.00%
5 0 0 39079 | 13029 0 0 52108 0 100.00%
6 0 0 39079 | 13029 0 0 52108 0 - 100.00%
7 913 | 21648 | 39079 | 13029 | 13029 22561 | 29547 | 22561 10 56.70%
8 0 21648 | 51195 | 22561 0 21648 | 52108 0 - 100.00%
9 0 21648 | 51195 | 22561 0 21648 | 52108 0 - 100.00%
10 | 21648 0 51195 | 22561 | 22561 21648 | 52108 0 - 100.00%
11 | 9535 0 52108 0 0 9535 | 42573 0 - 81.70%
12 764 0 42573 0 0 764 41809 0 - 80.24%
13 0 0 41809 0 0 0 41809 0 - 80.24%
14 | 5581 | 14838 | 41809 0 0 20419 | 21390 | 30718 17 41.05%
15 0 14838 | 36228 | 30718 0 14838 | 52108 0 - 100.00%
16 0 14838 | 36228 | 30718 0 14838 | 52108 0 - 100.00%
17 | 14838 0 36228 | 30718 | 30718 14838 | 52108 0 - 100.00%
18 | 10815 0 52108 0 0 10815 | 41293 0 - 79.25%
19 | 3666 0 41293 0 0 3666 37627 | 14481 22 72.21%
20 776 0 37627 | 14481 0 776 51332 0 - 98.51%
21 | 5566 0 36851 | 14481 0 5566 | 45766 0 - 87.83%
22 0 23301 | 31285 | 14481 | 14481 23301 | 22465 | 29643 25 43.11%
23 0 23301 | 45766 | 29643 0 23301 | 52108 0 - 100.00%
24 | 1133 | 23301 | 45766 | 29643 0 24434 | 50975 0 - 97.83%
25 | 23301 0 44633 | 29643 | 29643 23301 | 50975 0 - 97.83%
26 0 18096 | 50975 0 0 18096 | 32879 | 19229 29 63.10%
27 | 12189 | 18096 | 50975 | 19229 0 30285 | 39919 0 - 76.61%
28 0 41036 | 38786 | 19229 0 41036 | 16979 | 35129 31 32.58%
~ 200 ~
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The final stage is to execute the planned orders. 1t4s3 Models’ comparison
based on the Buffer status, which is calculated by dividim§y3.1  Scenarios of Simulation
the On-Hand Status by the Top of the red zone (TOR).This study proceeds to challenge the Demand Driven DRP
allows making a decision about when to execute thénder several demand scenarios and compare it with a
detailed planning elaborated in the previous phase. Ttraditional DRP concept. The method entails employing
item with the smallest status creates an executiohree circumstances, which are listed in table 7.
emergency. We didn't give much interest to this section
because we were just interested in one product flow.

Table 7 Scenarios of the simulation

Scenari Particularity
1 Stable demand along 12 months.
5 Variable demand char acterised with 2 spikes every week. Each spikeis5
timethe ordinary demand (Figure 7).

3 Monthly Seasonality, and the demand isfix along one month (Figure 8).
600
500 o = ] m |
400
300
200
TR

0

1 2 3 435

6 7 8 9 10111213 141516 17 18 19 20 21 22 23 24 25 26 27 28

Figure 7 Demand with spikes

N
S HSLS S TSP

Qo Qo Qo Qo Qo Qo ®0 Qo Qo ®o$ ®o$ @O
Figure 8 Seasonal demand
432 Resultsof smulation inventory levels with ARENA SOFTWARE. We
Good flow management leads certainly to the minimuroonsidered the same amount of annual demand in the three

inventory cost and the best service level. That is why veeenarios. The total amount of inventory cost represents
generated key performance indicators (KPI) for service amebrking Capital during the simulated year, and the On-
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time Shipping rate is calculated by dividing the deliveredummarises the findings for all the situations examined
on-time orders by the total number of orders. Table Bhile using a deterministic lead time.

Table 8 ARENA Simulation Results

Scenari Stable Seasoni Spike:
Model DRF DDDRF DRF DDDRF DRF DDDRF
KPI (\IIDVIS) OTS | wWC| OTS| WC OTS| WG OTS wcC OTS wC OTS
RDC1 | 5437.7 1173 7594 1702 5126 2393
uDC1

0, 0,
UDC2 | 163754 99.53% 1302 100% 1483.46 99.02% 1615 89.77% 1895 95.59% 3978 96.37%
UDC3
RDCz | 3324 346 3505 1143 3574 1619
UDCA

0,
UDCS | 1389.72 98.25% 551 100% 1075.91 91.58% 1125 90.00% 954 100.00% 1581 95.38%
uUDC6
RDC: | 5375.2 1064 7897 1612 5276 2919
uDC7?
UDCa | 2258.05 100.00% 1319 100% 808.18 92.28% 1940 97.69% 1556 99.30% 2879 97.03%
uDCS
RDC4 | 5329.2 978 5091 2720 5861 3439
uDCAC
0, 0,

UDC11] 1963.59 100.00% 1934 100% 694.23 85.61% 2456 91.75% 1478.44 94.39% 3393 94.72%
uUDC1Z
RDCE | 4939.9 882 5416 2006 4321 2296
uUDCi1:

0, 0,
UDC14 | 2180.49 100.00% 1153 100% 1583.93 99:30% 2015 97.36% 1427.33 100.00% 2681 99.01%
UDC1E
TKOItDTI 33835.39| 99.56% |10002|100% |35148.71|93.56% | 18364|93.31% | 31468.77| 97.86% |26408|96.50%

The results in the table above are represented in the graphics in figure 9 and figure 10.
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Figure 9 WC comparison between DRP and DDDRP models
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Figure 10 OTS comparison between DRP and DDDRP models
4.33 Interpretationsand discussion 5 Conclusion

Table 8, figure 9, and figure 10 show the consumed The assessment of DDDRP model and the comparison
inventory capital in each distribution unit and The OT$f flow management policies in distribution networks are
indicator that has been done for every three UDCs Withe main topics of this article. The purpose is to test how
their supplier RDC separately. efficient these models are in terms of inventory and service

Both models present an ideal OTS for stable demangyels under three different demand scenarios. A case study
but the significant difference is in the amount of stoclyas used to compare the traditional DRP with the DDDRP
required to ensure this rate. The DRP model's safety sto@¢hnique. To accomplish so, a model based on real
remains constant throughout the year. Aside from that, td@mand (Demand Driven DRP) was designed, with
DDDRP model’s factors (LT factor = 0.5, Variability faCtortheoretica| aspects described and procedures for
= 0.2) represent the low degree of variability and the thregnplementation specified. Furthermore, for each model, a
day of the LT. In terms of Working Capital, the endjjscrete event simulation revealed significant outcomes. In
outcome demonstrates the advantage of demand-dri@et, demand driven DRP had high responsiveness to
distribution. demand variability. Moreover, conventional DRP

On the other hand, the seasonal element has slighifycessitates high forecasting accuracy. Finally, WC level
altered the results. In fact, both models had a rise ji DDDRP is always higher than in DRP. The DDDRP
inventory levels. It is valued at 4% for the DRP model anghodel has demonstrated — at the first point — its benefits in

83% for the DDDRP model. Concerning the DDDRRhis work. However, it can be challenging at certain levels
model, the LT factor remained unchanged, but thgf modelling.

variability factor must be increased to accommodate |n reality, the chosen LT and variability factors are

demand fluctuations from month to month. As regardsitical, as they determine the Buffer levels and,
DRP, the safety stock policy remains unchanged, but tBgnsequently, the overall inventory level. So, works should
DDDRP buffer levels are adjusted monthly. be performed using heuristics to find the best factors choice

For the third scenario, inventory levels are reduced f@ this situation. Otherwise, the study used a buffering
DRP and augmented for DDDRP under the variablgoproach which consists of putting a buffer in all the
demand scenario (Spikes). These fluctuations are due to giielon’s components (UDCs and RDCs). The optimal
imprecise estimation of LT and variability factors. Thehoice of strategic points for setting up buffers remains a
high level of precision used for forecasted demand algallenge, especially for distribution networks with more
contributed to the stability of DRP inventory levels. than three levels.

To summarise, the DDDRP model has the highest As a perspective, the study of the process variability

increasing amount of WC when demand shifts from stabiguld consider a stochastic processing time in order to lead
to variable and seasonal. However, DDDRP outperformig more optimality in DDDRP policy.

DRP in terms of required WC to maintain an acceptable
service rate in all circumstances.
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Abstract: Our structured literature review reveals the current state-of-the-art supply chain performance evaluation models
(SCPEMSs) from the last 21 years of research. Seventy related papers from the 2000 to 2021 time period were found to
contribute by using ISI and SCOPUS databases. This paper has classified SCPEMs in terms of focus area and the
perspective considered (financial and non-financial). With the analysis, these models’ applicability in today’s business
environment pinpointed the most usable models and their current shortcomings. Findings disclose current SCPEMs
limitations and misalignments with the emerging disruptive technologies observed in today’s supply chains. Given the
findings, this study has highlighted the lack of overall supply chain performance evaluation and the failure to underline
the underperforming decision criteria in the SC network. Therefore, to tackle these gaps, the authors have suggested
visibility, leagility, collaboration, digitalization, sustainability, and integration as SCM characteristics to be considered in
the future when developing a novel SCPEM. Finally, this study can be used as guidance for future studies.

1 Introduction (SC) through efficiency and effectiveness, and more

Due to the constantly increasing competition in globdecently, sustainability [13]. Appropriate performance
logistics and globalization, a new level of pressure is beifgeasures allow decision-makers to embrace a sustainable
applied to logistics service providers, originating fronPerspective and allocate firm resources toward the most
stakeholder groups, variations in customer demarfdficient improvement activities [14]. On the other hand,
patterns, and new legislation in sustainability-relatetpadequate key performance indicators fail to reflect an
requirements [1,2]. Given the recent developments Rfganization’s crucial state [15,16]. Becoming a
globalization, digitalization, and customers' knowledgéindamental management tool, performance evaluation
base, supply chain management (SCM) has become rBadels are designed to assist SC managers in real-time
even more challenging task to excel in than it was justr@éasuring the impact of strategic, tactical, and operational
few years ago [3,4]. Therefore, practitioners have beélgcisions on the SC performance [9,17-19]. In addition, an
frantically seeking solutions to managerial issues and ha#fective SC performance evaluation model (SCPEM)
been able to find them, at least in part, from the emergeri@sluires suitable metrics adoption for SC process essence
of disruptive innovations such as digitalization andnd enhancement point capturing needs [20,21].
industry 4.0, which have significantly impacted current SC There are several performance evaluation models,
processes [5-7]. This challenge has led academics dRgluding Balanced Scorecard (BSC), Activity-based
practitioners to recognize the need for real-time levé&osting, Economic Value Added (EVA), Supply Chain
measuring, tracking, and optimization of supply chaifPPerations Reference Model (SCOR), and Global Supply
performance to help firms cope with continuous pressur€41ain Forum (GSCF). Each of these models could be used
and achieve strategic goals while providing long-terip evaluate SC performance depending on the
value to ecosystems [8-10]. For companies, SC excellerR@anization's status and strategies [16,22]. Furthermore,
is a key focus as it is their competitive advantage arlie performance measurement outcomes reflect the effect
business  performance  core  element [11,129f strategies and possible opportunities in SCM [23,24].
Correspondingly, performance measures, data, and metrfdere are several purposes for developing performance
are required to reflect business objectives, assess curi@ygluation models in SC, such as maximizing corporate
performance levels, and enhance the overall supply ch&@@rformance, including profit and internal process
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effectiveness by cutting operating costs and increasiagd practitioners in the area of supply chain management
service quality, identifying customer needs fulfillmentas it enriches the knowledge of current overall supply chain
having a comprehensive overview of business processpsrformance evaluation. The following research questions
ensuring and tracking progress, identifying bottleneckzave been established for this study:
waste, problems, and improvement opportunities, pllRQ1l. What are the existing supply chain performance
different SC new idea innovation and novel solutiomvaluation models (SCPEMSs)?
development requirements [7,11,25,26]. AccordinglyRQ2. What are the SCPEMs' drawbacks and the gap
considering the overall SC is essential in developing leetween existing SCPEMs and the current trend of SCM?
SCPEM. Our contribution to SC performance literature is as follows:
Many literature reviews and papers on SC performande Determine existing SCPEMs and their functions
evaluation systems have been done in the last couple2of Identify the knowledge gap in existing SCPEMs
decades. For example, Gunasekeran et al. [27] ha¥e Propose new SCM trends to consider when designing a
provided an overview of different performance measures SCPEM in the future.
and metrics across SCs and have categorized them intoThe remainder of this paper is structured as follows.
strategic, tactical, and operational levels. Chan et al. [23Ection 2 goes into the methodology employed to carry out
have classified performance measures into quantitative ais study. Section 3 includes a literature review on existing
qualitative criteria, and they have captured the key issu8€ performance evaluation models. This section seeks to
in SC. In other work, Akyuz and Erkan [28] have reviewegdrovide a response to the first research question. The
the papers in the field of SC, information technology, andiscussion and findings are presented in Section 4. This
performance measurement to establish a broad perspectgetion responds to the second research question. Finally,
covering different aspects, including people, technologyhe summarized conclusion is discussed in Section 5.
and processes. Subsequently, Hasan Balfaqih et al. [18]
and Reddy et al. [10] have categorized the articles based®n Resear ch methodology

the gpproaches ar?d. f[echniques in the context of SC. ToThe scope of the paper is limited to existing supply
provide a clear definition of SCPMS, Maestrini et al. [17}hain performance evaluation models (SCPEMSs)
and Guersola et al. [9] have conducted a systemafgjicability, functions, and drawbacks. A structured
literature review in this field. They have, howeverjjerature survey has been undertaken using ISI Web of
classified the literature by journal and discipline. SlmllarIyKno\,\"edge and Scopus online databases to select the
Elgazzar et al. [14] have conducted a literature review {gjevant articles to cover this scope. These two databases
provide a comprehensive overview of SCPMS$ye the most extensive and widely used search tools in
development between 1995 and 2015. The authors haye, yjemia [9]. The search focused on studies that
proposed a conceptual framework for the design apesiigated SCPE systems, models, or frameworks
implementation of an SCPMS. More recently, K'han et abetween 2000 and 2021, as the majority of the research was
[29] have reviewed the existing SCPMS in today's busineggne over this period. The search was restricted to peer-
environment. They have used a qualitative revieysiewed journal papers in English within the areas of
methodology to determine whether existing SCPMSS afgqustrial ‘and manufacturing engineering, accounting,
consistent with the current emerging supply chaigysiness management, and decision sciences. Supply chain
performance management and measurement trends.  performance, supply chain evaluation, supply chain

Although the issue of supply chain performanc@erformance evaluation, supply chain performance
evaluation has been broadly debated in the literature duriggs|,ation systems, supply chain performance

the last few decades, further research still needs to giVRasurement performance measurement and
more awareness to the functions and shortcomings G formance measurement systems were all utilized as
existing SCPEMs. Through a structured overview of the.\yords in the study. The selection was made based on
previous literature, SCPEMs are significant because th@ya articles' titles. abstracts. and keywords.

are the core managerial mechanisms for effective and grom databases, a total of 281 articles (122 in Scopus
efficient SCM. They are looked at as an appropriate way 3,4 159 in ISI Web of Knowledge) were identified. All

improve SC governance by making it more timelyapsiracts were analyzed to exclude works not relevant to
conscious, and more valuable decisions [30,31]. the research. By excluding duplicate papers, The final

The proposed paper aims to conduct a literature SUrVRyiew resulted in a total of 70 articles for inclusion in the
to provide a comprehensive overview and bettgf,in analysis.

understand existing supply chain performance evaluation Figure 1 shows the literature search process, which is

models (SCPEMs) applicability in today's businesgite similar to the one conducted by Balfagih et al. [18].
environment, highlighting several SCPEMs drawbacks a§kher information, such as the distribution of articles

suggesting new characteri_stics of_ the supply ChaP%garding journals, is presented in Table 1.
management to be considered in the performance
measures. Moreover, this work is relevant to academics
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S
[;:Izgﬁi? > Scopus and ISI Web of Knowledge
. A
L Title, abstract and keywords-based approach:
Time range : Collection e Supply chain performance
2000-2021 ™ of papers < e Supply chain evaluation
¢ Supply chain performance evaluation
I » Supply chain performance evaluation systems
Excluding non- . .IS)upfply chain performance measurement
referred articles e Periormance measurement
¢ Performance measurement S}«'SIEIIIS
[ Removing duplicate papers ]
Sorting the papers based on:
¢ Year-wise
e Journal-wise
J
Financial * <
performance Classification of past Non-Financial
evaluation literature research performance evaluation
systems/models systems and models ) systems/models
[ Identification of research issues ]
Figure 1 Research methodol ogy
Table 1 Amount of publications per main journals
Academic Journal Publications
International Journal of Production Economics 9
International Journal of Productivity and Performance Management 8
Production and planning control 7
Benchmarking 6
Journal of Cleaner Production 6
International Journal of Production Research 5
International Journal of Logistics Systems and Management 4
Computers and Industrial Engineering 4
Annals of Operations Research 4
Supply Chain Management: An International Journal 3
Sustainability 3
Computer in Industry 3
Uncertain Supply Chain Management 3
International Journal of Supply Chain Management 3
International Journal of Mechanical and Production Engineering 1
Research and Developm
International Journal of Industrial and Systems Engineering 1
Total 70
3 Literaturereview manufacturing has expanded, today's competition centers

In recent years, performance evaluation has becor@iB Supply chains rather than companies [33,34]. In other
essential for any supply chain [32,33]. As globatvords, evaluating supply chain performance is critical to
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establishing and maintaining a competitive advantage fimancial-based metrics and have been regarded as
the marketplace [35,36]. According to Neely et al. [37nadequate. They have failed to include vital strategic non-
performance evaluation is a process, metric, or set fifiancial measures that affected its overall performance
metrics aimed at quantifying activities' efficiency and29,32,43]. FPES are no longer useful for providing critical
efficacy. This shows how well-desired supply chain goaisformation to firms in today’s dynamic market [44]. This
are achieved, including quality, time, cost, etc. [31,32is because the classical approach which emphasizes
Moreover, it helps decision-makers identify areas fdinancial indicators lacks to adjust to competitive
improvement [35,38,40]. Additionally, a system foradvancements and technology, resulting in internal
performance valuations can be defined as a system tFiaincial data that is usually erroneous and misleading.
merges information from multiple measures for efficiencgeveral papers have categorized FPES into various
and effectiveness qualification [23,37]. As it is clearcategories [29,43]. Nevertheless, the authors have
supply chain performance evaluation is essential faonsidered ABC and EVA as the most well-known
efficient SCM at both inter-organizational and crossfinancial performance evaluation systems.

border processes [31]. Therefore, many researchers have

tried to consider SCPEMs from different perspectives in ~ Table 2 Supply Chain Performance Eval uation models

the last couple of decades. Initially, works focused on _ Classification .

developing an integrated framework, categorizing ~ Financial Activity-Based Costing (ABC

measures along with decision-making levels, and based on Performance

their nature (financial, non-financial) using Balanced  Evaluation Economic Value Added (EVA)

Scorecard (BSC). Following that, attention has switched ta Systems/Mode

other areas, most notably the identification of KPIS, Supply Chain Operations

adopting measures and metrics for SC resilience, green $C, Reference Model (SCO

and, more recently, considering digitalization aspects in Supply Chain Balanced Scorecard

SCP [18,39-42]. (SCBSC

Based on the selected papers, this section has answered Global Supply Chain Forum

the first research question by presenting existing supply (GSCF

chain performance evaluation models. Interface-Based Performance
Evaluation system (IBPM

3.1 Existing supply chain  performance Perspective-Based Performange

evaluation models Non-Financial Evaluation system (PBM

The significant amount of research and extensive published Performance Efficiency-Based Performance

literature on SC performance emphasized the relevance of Evaluation Evaluation System (EBPM

SCPEMs in the context of overall organizationg’ Systems/Models| Hierarchical-Based Performande

performance. Scholars and practitioners have discussed EvaluationSystems (HBM¢

supply chain performance evaluation systems from several Dimension-Based Performance

perspectives, including cost and non-cost perspectives, Evaluation System (DBPM

business process perspectives, strategic, tactical, and Process-Based Performance

operational perspectives, and financial perspectives Evaluation System (PBPM

[28,43]. Executive management requires financial Knowledge-Based Performance

measures for management-level decisions, but bottom Evaluation system (KBPM

management needs operational standards for day-to-gay Performance pyramid and prism-

operations [9,14]. This shows the importance of based mod

considering financial and operational measures to assess

overall SC performance. Therefore, the authors hagl.1.1  Activity-Based Costing (ABC)

classified SCPEMs into two groups: financial and non- In an attempt to join operational performance and
financial, and eleven sub-categories of non-financidinancial measures, Harvard Business School introduced

categories, as shown in Table 2. Activity-based Costing in 1987. It constitutes estimating
the resources regarding cost while the activities are being
311 Financial Performance Evaluation Systems broken down into single tasks and cost drivers. The model
(FPES) is widely utilized for margin analysis and cost. ABC is

Although previous studies have widely considereiinplemented in five phases [45-47]: i) Identifying the
supply chain performance evaluation [8,18,19,29], only f#¥m's operations and various products to map processes. ii)
few research studies on supply chain financial performanggsignment of workloads and working hours to the various
evaluation have been undertaken [32,44]. Financigberations. iii) Development of a performance indicators
performance evaluation systems (FPES) have been defirgdtem for assessing the output of cost-generating
as classical accounting methods for assessing Sgtivities. iv) Identifying the number of resources utilized
performance. However, they have only focused oper product and, as a result, the related expenses. V)
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Determining the product cost detailed by activity. Thever 250 SCOR metrics in the framework drawn from
ABC method enables an accurate assessment of suppbard members' experience and contributions [54,56].
chain processes productivity and costs [29,45-47].
3.1.2.2 Balanced Scorecard Moded (BSC Model)

3.1.1.2 Economic Value Added (EVA) The BSC model has been recognized as a leading tool

The Economic Value Added approach was built bjo evaluate long-term corporate performance from multi
Stern in 1995 with the purpose of predicting the return geerspectives, including financial perspective, internal
capital (ROC) of firms in terms of value-added and thususiness process, learning and growth perspective, and
correcting the shortcoming in classical accountingustomer perspective [15,36,57]. The BSC concept was
methods, which focus solely on short-term financiatoined by Kaplan and Norton in 1992 to better reflect the
outcomes that are unable to provide long-term value-addezhl performance of the company and select and combine
to companies and their shareholders [48,49]. This approgodrformance metrics from a balanced view. The BSC
was founded on the principle that when a firm earns moneodel includes traditional financial measures reflecting
than its cost of capital, the shareholder value increasgast performance and operational (non-financial)
EVA seeks to measure an organization's value, focusing m@presenting future performance drivers. It also helps
operating profits over capital employed (through debt ardkcision-makers rapidly improve their activities and
equity). Therefore, it is beneficial in determining long-ternoperations and aims to enhance internal and external
shareholder value and high-level executive contributiom®rporate functions [15,18,36,51]. Metrics within the BSC

[29,48,49]. perspectives are chosen based on the firm's strategic

objectives. As a result, decision-makers can convert

3.1.2 Non-Financial Performance Evaluation strategies into a set of metrics that can be used to track a
Systems (NFPES) strategy's overall effect on the business [15,36,57].

The non-financial performance measures have been
introduced to provide extra information which the3.1.2.3  Global Supply Chain Forum (GSCF)
conventional approach could not offer [9,14]. Although The GSCF framework was established by Ohio State
financial indicators are the most used in top-levdUniversity in 1994. The primary purpose was to describe
management where strategic decisions are made, theythe standards of supply chain processes at different
not relevant in daily operations because they are onfiecision-making levels [22,58,59]. This model has focused
available after SC operations have been completed. Tlois the SC network structure, SCM components, and SCM
shows the importance of non-financial measures processes. The Global Supply Chain Forum has identified
organizational performance since they assist low-leveight key processes that construct the core of SCM,
management with day-to-day operations. Non-financimlamely, customer service management, customer
SCPEMSs have been developed so far upon reviewing tredationship management, demand management, managing
literature in the field of SCPM [8,18,22,29,43,50,51]. Thenanufacturing  flows, order fulfillment, product
authors have classified NFPES into eleven sub-categorigievelopment and marketing, supplier relationship

Following is the description of NFPMS: management, and returns management [22,58,59].
3.1.2.1  Supply Chain Operations Reference Model 3.1.2.4 Interface-Based Performance Evaluation
(SCOR Model) System (IBPMS)

The SC Council formed the first version of the SCOR IBMS was introduced by Ohio State University in
model in 1996. This model was developed to describe tB801. In this framework, the performance of each phase is
management process related to all phases involved redated to the SC network [29,43,50]. It aimed to keep track
meeting customer demand. Therefore, it allows companies how customer relationship management (CRM) and
to boost both the efficiency and effectiveness of their S€ipplier relationship management (SRM) systems
[9,18,22,52,53]. The SCOR model has two dimensionsiteracted at each stage of the supply chain [29]. The IBMS
SCOR processes (plan, source, make, deliver, return, dremework aimed to develop supply chain metrics that
enable) and performance criteria  (reliabilitytranslate performance into shareholder value to maximize
responsiveness, agility, cost, asset managemesttareholders’ value for the overall SC along with each
efficiency). Thus, it is arranged in a 5x6 matrix [54]. Theompany [29,43].

SCOR model has been regarded as a supply chain

assessment framework, as it defines and categorizes Bi2.5 Perspective-Based Performance Evaluation

processes that construct the chain, allocates metrics to such System (PBPMS)

processes, and reviews similar benchmarks [18,28,53,55]. PBPMS was conceptualized by Otto and Kotzab (2003)

The latest version of the SCOR model (SCOR 12.0) was an inter-functional measurement system [60]. It looks at

released by ASCM in 2017 and is currently used in mar§C all potential perspectives and provide measures and

manufacturing industries [53,54,56]. Nowadays, there ametrics to assess each perspective. They have defined
perspective as a unique vision of what SCM is about
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[18,29,60]. These perspectives are system dynamic®st, inventory cost, and return on investment (ROI).
logistics, operations research/IT, marketing, organizatio@utput measures comprise total sales, fill rate, and on-time
and strategy. However, some of the proposed metrics aeiveries, whereas flexibility parameters measure in terms
not used in business practice. Furthermore, a trade-off volume changes and new product introduction.
between one perspective measure and another perspediitleerwise, various works have suggested other dimensions
measure may exist. Previous studies have classified it intoevaluate SCP. For example, Ferreira and Silva [70] have
two sub-categories, the BSC and SCOR models [18,29,6ititegrated sustainability metrics In SCPMS. Similarly,
Kafa et al. [13] have suggested green supply chain
3.1.2.6 Efficiency-Based Performance Evaluation performance measurement metrics. More recently, Neri et
System (EBPMYS) al. [71] have proposed a set of metrics based on BSC
EBPMS are systems that quantify SCP in terms afimensions and TBL (Triple Bottom Line) criteria (Social
efficiency [29,43]. Several approaches and frameworlksd Environmental). Their framework addressed different
have been developed in this context (Negi et al. [11dlecision-making levels. In another work, Zekhnini et al.
Sharma and Bhagwa [62], Rodriguez et al. [61], 1zadikhdi2] have suggested a model for supply chain performance
et al. [63], and Hahn et al. [64]). These systems are ableltased on metrics related to digitalization and sustainability.
measure and evaluate the various units' SC efficienBasool et al. [73] have addressed the digital supply chain,
linked to each other but not beside the target value suggesting metrics based on BSC dimensions.
benchmarking [29]. Most of these approaches are based on
data envelopment analysis (DEA), measuring internal SG2L.2.9 Process-Based Performance Evaluation
related to efficiency [29,63]. System (PBPMS)
SCM refers to processes and activities integration from
3.1.2.7 Hierarchical-Based Performance Evaluation supplier to end customer. Due to this fact, it is vital to
System (HBPMYS) understand key SC processes and activities to develop an
In 2004, HBPMS was developed by Gunasekaran et afficient performance measurement and evaluation system
[31]. It has been used in three aspects: metrics, criteria, dtid,18,74,75]. Many researchers have used PBPMS to
processes. Metrics have been categorized at strategealuate SCP. For example, Lin and Li [76] and Charkha
tactical, and operational levels, which mirror the relevarind Jaju [77] have used six-sigma metrics to assess the
amount of management authority, control, and influenagverall supply chain performance. In another paper, Chan
for the performance [30,33,65]. These metrics have alsand Qi [75] have studied the feasibility of SCPMS based
been divided into financial and non-financial [18,29,43]on process-based metrics. They have considered five
The purpose of the model was to make fast and fittirgrocesses  (supplying, inbound logistics, core
decisions. Generally, This model links the performanamanufacturing, outbound logistics, and marketing and
measures with firms' objectives [30,43,66]. Manysales). Gunasekaran et al. [31] have considered four supply
hierarchical frameworks have been developed. Fehain processes (plan, source, make, and deliver) in their
example, Bhagwat and Sharma [62] have classified tfmmework using a process-based approach. Persson and
metrics related to the three hierarchical levels. Moreovedlhager [78] have defined the SC as a set of processes to
they focus on metrics in the global competitiveevaluate SC entities. Their case study was conducted in the
environment so that managers can make suitable decisiam&bile communication industry. Lima-Junior and
Luthra et al. [66] have suggested an integrated framewdarpinetti [79] have used SCOR metrics to predict supply
to select and assess sustainable suppliers using AEtRin performance. Their framework is based on Artificial
(Analytical Hierarchy Process). In other work, Venkatesheural networks (ANN) as they allow a suitable adaptation
et al. [67] have developed a framework based on fuztg the dynamic environment by employing historical
AHP-TOPSIS (Technique for Order Performance bperformance data. Ikatrinasari et al. [53] have conducted a
Similarity to Ideal Solution) to solve partner selectiorframework based on SCOR metrics to improve supply
problems. chain performance. Their research has focused on printing
services companies. Hence, they have recommended four
3.1.2.8 Dimension-Based Performance Evaluation performance criteria to consider; namely, Reliability
System (DBPMS) metric: Perfect Order Fulfillment (POF), Responsiveness
DBPMS concept is founded on the principle that angnetric: Order Fulfillment Cycle Time (OFCT), cost metric:
SCP can be evaluated in terms of dimensions [29,5@ost of Goods Sold (COGS), and assets metric: Cash to
Beamon has identified three criteria to assess SCP, nam&wgsh Cycle Time (CTCCT).
flexibility, resources, and output [29,43,68]. These
measures are needed in SCPE. In other words, supply chaih2.10 Knowledge-Based Performance Evaluation
performance evaluation systems must take these measures System (KBPMS)
into account as they are key success factors for the overall Recently, knowledge has become one of the key factors
supply chain performance [14,29,69]. Examples dh providing competitive advantage and continued
resource performance measures include manufacturidgvelopment and success for supply chain partners [35,38].
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Every decision is vital for SC performance and impactgils to provide an instrument to identify key performance
directly and indirectly on overall supply chainindicators [29,81].
performance. Therefore, the knowledge of decision- The performance prism is a framework for five
makers is needed in assessing supply chain performapesformance measures  evaluation (stakeholder
[29]. KBPMS have been developed due to digitalizatiomatisfaction, strategies, processes, capabilities, and
and Industry 4.0 requirements and have been considestdkeholder contributions). The performance prism
smart SCPMS [29,35]. Previous works have focused gmovides a far more full view of various stakeholders (e.g.,
using knowledge to evaluate overall supply chaimvestors, consumers, workers, regulators, and suppliers)
performance. For example, Khan et al. [35] did producethan other frameworks. However, although the
knowledge-based system (KBS), which gave them thmerformance prism extends further than classical
possibility to establish the relationship between short-terperformance evaluation, it provides little about how the
and long timeframe based decisions and the decisiperformance measures will be achieved [29,81].
criteria performance of related supply chain, as well as
incorporate knowledge between SC partners for accurate Result and discussion
overall supply chain performance evaluation. They have Based on the found and mapped foregoing body of
used fuzzy AHP to implement their framework. In anothegnowledge in academics, it is argued that numerous models
work, Khurshid Khan and Wibisono [80] have consideregind frameworks for monitoring and analyzing supply chain
five SCP perspectives: a business perspective, custorggfformance have been established. Both qualitative and
perspective, ~ manufacturing ~ competitive  prioritieguantitative metrics of financial and non-financial nature
perspective, internal process perspective and resource, gade been included in performance evaluation models
method availability perspective using KBPMS based 0fcross the supply chain. However, due to the competitive
AHP. As a result, their model has looked suitable to assisfvironment and the emergence of disruptive technologies
decision-makers using PMS and offers relevant angch as digitalization and industry 4.0, and new legislation
thorough  prioritized ~outcomes for actions angn sustainability-related requirements, the reviewed
Improvement. existing models and frameworks of SCP evaluation still
face utilization drawbacks and practical applicability
31211 Performance pyramid and prism-based model  |imitations. Below, Table 3 highlights several limitations
As a top-down approach, the performance pyramigk existing models and frameworks of SCP evaluation and
integrates corporate strategy with its operations kyeir focus area.
converting upper objectives (based on consumer priorities)
and underside metrics. [22,29,81]. However, this model

Table 3 SC performance eval uation systems/models. focus area and limitations
SCPEN Sut-categorie Focus are Limitations Referenc
- Focusing solely on financial measures and metrjcs.
- Time-consuming and costly to sustain. [29,45,46,82]
- Difficult to implement in small companie

Activity-Based| Cost and margirn
Financial Costing (ABC) analysis

Performance - - -
; . . - Focusing solely on financial measures and metrjcs.
Evaluation Economic Valu Financial - Inadequacy of EVA for small companies and certai
Systems/Models| indicator: Return >quacy P r][29,43,48]
Added (EVA) . industries such as the technology sector.
on capital e .
- difficult to determine the exact cost of eqL
- Heavy focus on flows of information without
including all related SC activities.
- The lack of a learning technique allows quantifica
of cause-effect relationships among metrics in a
Supply Chain | Address, improve specific application environment.
Operations | and communicate - Overall performance evaluation is rather complﬂaﬁi8 22 43 52 51
Reference SCM decisions| - Not flexible if there is a change in the assessment.” 55’ 7é] T
Non-Financial | Model (SCOR among SC - Corporate sustainability issues are not included ’
Performance Model) partners within the scope of SCOR.
Evaluation - There are over 250 SCOR metrics, so selecting|and
Systems/Models monitoring all these metrics is time-consuming.

- It does not take into account the global perspectjves
on market uncertainty.

Balanced Evaluate long- - It cannot evaluate the overall performance and
term corporate highlight the under-performed KPI criteria. 4
Scorecard " . [15,36,43,51,57,
performance from - Lack of coordination along with the SC network.
Model (BSC ; . : ; 61,83]
Model) multi perspectivey - The relationship between short-term and long-tgrm

including financial decisions and SC performance measures -term
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perspective, and long-term) for accurate overall SC performarce
internal business$ evaluation is lacking.
process, learning - BSC is designed as a control tool rather than an
and growth improvement tool that emphasizes guidance at the
perspective, and strategic level rather than the functional or operatipnal
customer level.
perspective. | - It does not enable quick decision-making, highlights
under-performed criteria, and fails to assess overall SC
performance.
- It doesn’t cover sustainability and digitalization
perspectives.
- How the processes are carried out and handled is
Describe supply| unclear.
Global Supply| chain process - It does not cover all SC functions.
Chain Forum standards at - It does not consider financial flow. [22,58,59]
(GSCF) different decision - External benchmarking is missing.
levels. - It does not include sustainability issues and quality
impacts
e Bl e ) o
; performance of| - Requiring complete transparency and informatipn
Evaluation each SC networkopenness in all stages can be a challenge to impleme %9’43’50]
System b P g 9 P '
(IBPMS) member.
Evaluate SC
performance in
. terms of six main
Perspective- N
perspectives:
Based system dynamics, - A trade-off between one ecti e and
Performance | > y T ONE PErspeclive measure and g 59 43
Evaluation operations another perspective measure is possible.
research, logistic
System (PBMS] "
marketing,
organization, and
strategy
- It does not provide any link between supply chgin
Efficiency- functions.
Based Evaluate SC | - Requirement of accurate measurement for both|the
Performance | performance in inputs and outputs. 9,35,43,64]
Evaluation terms of - Most EBPMS are solely based on the DEA techniqlLe’ e
System efficiency. and ignore the other MCDM tools.
(EBPMS) - Uncertainty is produced in the decision-making
process.
Hierarchical- Assess SC
Based performance at
Performance | various stages of There are no specific guidelines for reducing diffe [18,29,43,62]
Evaluation | decision-making| levels of conflict throughout the whole SC network."™ =" ™"
System (strategic, tactical
(HBPMS and operational
Dimension-
Based Assess SC - It is not considered physical flow.
Performance | performance witl - It only focused on strategic measures. 22,35,43,51]
Evaluation regards to - It cannot highlight the under-performed KPI criteria[ T
System dimensions. |at any decision-making level in the whole SC network.
(DBPMS
Process-Based - Time-consuming when integrating all processes jand
Performance Eval.l:jat(.e SChP activities within the PMS.
Evaluation EonS' ering the) It is difficult to decide which process should bg [14,18,75]
ey operational | . ; e
System rocess of SC improved to achieve a specific performance gog|l.
(PBPMS P | - Not flexible if there is a change in the assessr
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- A survey of various firms should be conducted o
Knowledge- verify the required short-term and long-term criteria to
Based Evaluate SCP be included in the KBS.
Performance| based on the - A KBPMS conducted by Khan et al. is only [29,35,38]
Evaluation | decision-makers implemented in the automotive sector and should be*™ """
System knowledge. carried out in other sectors.
(KBPMS) -The suggested KBPMS by Khan et al. is not executed
by establishing links between distinct SC functi

Subsequently, the authors have discussed the currentL eagility
trends in monitoring and managing SC and highlighted the Supply chain leagility is a blend of agility (fast reaction
impact of technological advancements in businessd service) and leanness (total cost optimization) within
performance. Based on the literature analysis, it is argutttt whole SC strategy [7]. Previously, lean and agile were
that traditional SCPEMs fail to deal with the complexity ofthought to be two distinct types of supply chain operations
SC. Therefore, the authors have identified some gaps[84]. These two terms have a high impact on efficiency,
existing supply chain performance evaluation modelspst, service, and speed. Generally, leagility is more
which are as follows: suitable in supply chains where end-customer demand is
« Existing SC performance evaluation systems havevalatile and unexpected, but ultimate customers are also

poor financial and non-financial measurement balancptice-sensitive. Despite the importance of this trend in
+ Previous SCPE frameworks have not captured both tB&M, it is revealed that supply chain performance

digitalization and sustainability aspects. evaluation models also need to use the Internet, 0T, and
« Lacking in assessing overall supply chain performanceloud computing to timely identify, monitor, track, and
« Fuzzy information and data are used in assessiA§alyze the changes in all supply chain links [7]. By

. Existing SCPEMs are unable to integrate short-tergfvice quality will be assured, as well as low inventory
and long-term decisions and decision criteria. cost downstream, the stability and efficiency of upstream

« Lack of underlining of underperforming decisionManufacturing and operations [7].

criteria in the SC network. .
> Collaboration

Based on the gaps mentioned above in currept Collaboration and proper trust between various SC
fgnctions are needed to improve supply chain performance

SCPEMSs, it is stated that to make fast decisions fi h decisi K d lab
monitoring SCP effectively and efficiently and achieve &2 Therefore, decision-makers need to collaborate to

high degree of satisfaction for decision-makers, SCPEM@derStan.q _their f?eed.s' expect_ati_ons, and g_ach other's
must keep up with new trends in SCM. resppnsmllltles. This W|I_I help eliminate repetitive task;
Below, the authors have summarized the anticipat@tﬁ'd improve each function's performance and the quality

trends in need of efficient supply chain performanc@”d. efficien_cy. of customer deliveries [29,38]. The
evaluation: reviewed existing supply chain performance evaluation

models lack strong collaboration among SC functions and
> Visibility lack suitable methods to improve overall supply chain
performance. As a result, SCPEMSs need to collaborate with

Supply chain visibility helps to improve inventory®' .
levels, decrease uncertainty, risk, and bottlenecks, fiiferent SC functions and boost overall SC performance.

optimize SC operations. Meanwhile, the visibility aspectis . . alizati
a major challenge in traditional SC operations becaude Diditalization .

when problems occur in SC functions, they can worsen and Pigitalization helps companies create transparency,
further propagate down the chain. Therefore, it igNProve the quality and efficiency of supply chain
challenging to manage and track these issues due to BEACESSES, modernize business models as well as track and
complexity of the supply chain. This shows the importan onitor all activities, assets, and operations electronically
of visibility in SC, and companies must be transparentﬁq' This will provide decision-makers with a holistic

their order processing and provide ongoing feedback a¥{tf"V .Of the whole supply ch_ain and help them make fast
order status to their consumers. Correspondingly, ti§cisions related to SC functions [5,42]. Unfortunately, the

emergence of disruptive technologies has increased ieV.Ved SCPEMs are not suitable for qapitali;ing on the
transparency of the overall value creation process [5]. T enefits of digitalization measures and improving overall

leads the decision-making process more collaborative apPP!y chain performance. To cope with this trend, it is
efficient. To cope with this trend, it is required torequired to design supply chain performance evaluation

implement a SCPEM that will deal with the followingSyStems that include digitalization measures and enhance
challenging trends in SCM. overall SC performance.
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» Sustainability RQ1. What are the existing supply chain performance
Unlike classical SCM, sustainable SCM helpgvaluation models (SCPEMSs)?
companies increase profitability and, at the same time,Before answering the RQ1, the authors have provided
helps to minimize negative environmental effects andackground knowledge on previous works and studies
increase social welfare [87]. On the other hand, sustainabédated to supply chain performance evaluation. Therefore,
SCM requires companies to take financial feasibility intthey have emphasized the development of this field over
account when considering the sustainable part of their St& past two decades. The review indicates that a
[88]. This highlights the importance of changing the focusubstantial number of papers have been contributed to the
of supply chain performance management frorfield of supply chain performance.
operational excellence to social and environmental In response to RQ1, the authors have conducted a
responsibility [9,69]. Therefore, integrating the issue dfterature survey based on 70 selected articles. They have
sustainability into supply chains will improve theclassified SCPEMs in terms of focus area and the
environmental, social, and financial performance of suppperspective considered (financial and non-financial) and
chains [71]. Meanwhile, this will give decision-makers dound out their applicability in today’'s business
comprehensive view of the overall supply chain based @mvironment. The review revealed that the SCOR model
triple bottom line factors (environmental, social, andind BSC are the most widely applied supply chain
economic) and help them make accurate and rapgp@rformance evaluation frameworks. Meanwhile, they
decisions related to SC functions. The reviewed SCPEMave several limitations, as mentioned in table 4.
lack the introduction of measures and metrics to evaluate RQ2.What are the SCPEMs' drawbacks and the gap
the sustainability performance of supply chains, given thetween existing SCPEMs and the current trend of SCM?
complexity of the decision-making processes. To deal witho answer the RQ2, the proposed work discusses various
the sustainability trend, it is required to design supply chalimitations and drawbacks of each SCPEM in Section 4.
performance evaluation models that consider thEhis leads to identifying the knowledge gap in existing
sustainability performance and track the indicators th&CPEMSs, as indicated in Section 4. Findings reveal that
support decision-making and improve the whole SE@xisting supply chain performance evaluation models are

performance. not aligned with the emergence of disruptive technologies
observed in SCM. Therefore, the authors have
» Integrated SC recommended some SCM trends to be considered in the

An integrated supply chain is an association diture when designing a SCPEM. For example, integration
customers and suppliers that collaborate to improve théietween each SC function will help improve productivity,
collective performance in creating, distributing, andjuality, and customer satisfaction effectively and
supporting a final product utilizing managemenefficiently because disruptive technologies have made
approaches. Integration among SC functions has beco®€M complicated nowadays. This shows the importance
vital for efficient SC [29,89]. Therefore, it reducesof designing an integrated model that enables the
bullwhip effects and enhances overall SC performanciaceability and transparency of all supply chain activities,
Each SC process and its related measuring criteria impaatorporates all SC functions, and provides relationships
the whole SC performance. Integration within SC is aldoetween long-term (strategic and tactical) and short-time
important to provide relationships between long-terrfoperational) decisions and decision measures and
(strategic and tactical) and short-time (operationabvaluates overall SC performance. Moreover, given the
decisions and decision measures [29,38]. This will helppmpetitive environment and the emergence of disruptive
decision-makers make suitable decisions and understardhnologies such as digitalization and industry 4.0, and the
their impact on overall supply chain performance. To aligimportance of environmental and social criteria as key
existing SCPEMs with this trend, an integrated supplglements for business success, developing supply chain
chain performance evaluation system that encompassespaiiformance evaluation systems that include digitalization,
SC activities, provides relationships between decisions asdstainability measures and sustainability reporting
decision measures, and assesses overall SC performancapabilities [90] to improve overall SC performance are

required. recommended as future research. This work illustrates the
main characteristics that should be considered when
5 Conclusion designing and developing a SCPEM in a new business

The value of the study is connected to thenvironment. Therefore, the suggested study is a solid basis
comprehensive review of existing supply chairfor both academics and decision-makers in the field of
performance evaluation models over a time span of 2upply chain management.
years (2000-2021) by reviewing academic research
published in relevant peer-reviewed journals using ISI arficknowledgement

SCOPUS databases. This study was focused on answerlfg authors gratefully acknowledge the support from the
two set research questions: Research laboratory in Engineering, Innovation, and
Management of Industrial Systems (IIMSI) of Abdelmalek
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Abstract: As part of the global supply chain (SC), Middle East and North Africa (MENA) SC is subject to many
disruptions and instability resulting in an unpredicted interference among decisions causing SC nervousness (SCN).
Nervousness reduces the efficiency and negatively impact the overall SC performance. Nervousness greatly effect supply
chain stability and resilience leading to an increase in costs and fluctuation of the relationships with suppliers as well as
customers. This research explores the supply chain nervousness (SCN) in MENA region. An investigation of the existing
literature and interviews with the experts used to identify factors related to nervousness in the SC. This study was
prompted by a lack of research depth to identify and investigate the main causes, effects, and measures, of SCN. A survey
is used to analyze and asses the SCN in the region. A comprehensive framework of SCN in MENA region is presented
and analyzed. The results identify the major sources, causes, and impact of SCN, and then arrange causes based on thei
impact. Also, the relative criticality of nervousness factors was assessed using the Delphi based analytical hierarchy
process (AHP). Furthermore it investigated the factors and response strategies to mitigate the nervousness sources.
Finally, a list of measures is proposed to reduce the SCN and improve competitiveness, effectiveness, and responsiveness.
Identification and assessment of nervousness factors enables professionals to take appropriate mitigation strategies, help
companies decide plans to reduce nervousness in their SCs, and lead to better decisions on future resilient supply chains.

1 Introduction by external events outside the company control. To the best

The MENA region suffers from special conditions an@®f our knowledge, there is no previous study or research
exceptional circumstances, which have had a great imp#g@t considers nervousness in the MENA supply chain and
on the supply chain and its performance, particularly, idhalyzes it in terms of causes and their effect. Especially
light of the fact that the region is the center of attention Byith the disruptions caused by Pandemics like COVID19,
most countries of the world as consumers of their goo#dlich has special and exceptional impact that have led to
and products. There are several factors that affect tAdot ofinstability in the supply chain and an increase in the
supply chain in the region, including political, socialCOsts of sustaining the supply chain and relationships with
economic conditions, and wars that almost never end in thidPpliers and customers. In this paper, an analytical study
region. As well as the supply chain of defense equipme#, Presented showing the sources, causes of SC
which is almost endless, and the region is one of the largggtvousness and their impact. Factors responsible for SCN
consumers of weapons and defense equipment as a re&{ftexamined and prioritize using Delphi-AHP technique.
of the circumstances and surrounding crises. Thekérthermore, response strategies to mitigate the
conditions, in addition to the large number of partner§ervousness sources are investigated. Because of the
intense competition, sudden change in demand, lack ¥farcity of research that deals with SCN, especially in
environment concerns, delay in response or delay MENA region, this study is unique and unprecedented in
financial transactions, and the lack of interest of logisti¢€rms of analyzing the SCN in the region’s supply chains.
companies in the region in exchanging information witfhis research will help practitioners, executives, and
their partners in the chain led to instability and SCN, whicfanagers understand and explore their SCN.
had negative repercussions on prices, times, and the levelAS shown in Figure 1, the methodology of this research
of services between consumers and suppliers. In genef@gludes a rewew_of previous studies, data collection using
MENA-SC is greatly affected by the SC nervousness. & survey to identify the main reasons of nervousness and

Nervousness leads to a number of problems, includifg impact on decision-making process, arranging the
an increase in inventory, delays, costs, and the occurre§ééirces of SCN based on the expertise opinion, and
of mistrust between organizations and their suppliers on tientifying the characteristics and components including
one hand, and with customers on the other hand. It cau§a® main sources, causes that may lead to SCN and their
ineffectiveness of the supply chain in general, especiafyxpected impact. After that, a framework will be presented
since most of the instability in this supply chain is causd@ describe the nervousness of the supply chain in the
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region and analyze its impact on the effectiveness anfl nervousness factors is assessed using the Delphi based
efficiency of the supply chain. This is followed by theAHP method. Finally, an approach for dealing with
proposed list of measures to reduce the SCN and impravervousness and the findings and recommendations for
future efficiency and resilience. Furthermore, the criticalitjuture research is presented.

( Literature Review ) ( Data Collections ) ( Arrange SCN Reasons ) G‘Icnl‘ify Maodel CnmpnncmD

A survey 15 designed and
distributed 1o a number of
organizations in MENA
region to identify the causes
of SC nervousness
i

A group of experts are used 1o
rank order the causes of SUN
hased on their impact on the
SC

Survey the literature
regarding supply chain
nervousness to explore the
sources of nervousness

Identify the main sources and
causes that may lead o SCN
and their expected impact

Y

( Present the Findings ) ( Rank Causes using AHP) ( Propose the Measures ) (Dustrihe the Frnmuwork)

ropose an approach to deal
with nervousness, presenting

Propose list of measures 1o

SCN causes are arranged o .
reduce the SCN and improve

Description of the framework

the findings, and and prioritized based ¢ - and evaluate the SCN in
recomimendations lor future based heir i future efficiency and MENA region
S ased on their impact resilience ] g
research
Figure 1 Research methodology
2 Literaturereview Globalization of the SC supporting the agglomeration

Disruption in the supply chain cause post instability 28nd spreading and become healthier due efficient use of
a result of order delay and inventory accumulation. Shift §feveloping countries low cost labor but became less stable
the residuals into post disruption cause a further delay alfl- Currently with the growing of virtual SCs, companies
instability in the normal operations. To mitigate thé!0t any more compete but the supply chains and the
instability effect there should be coordinated contingencertical integration is outdated. There is a need to visible
procedure to prevent disruption [1]. Due to supplyne whole supply chain effectively to compete with others
disruptions, demand instability, and government initiativel§ the SC [9].
to combat the problem, the COVID19 pandemic had an The integration of the dynamic SC functions can
impact on SC activities, operations, procedures, armgspond quickly and effectively to SC interruptions and
management. The stress and panic caused by nerv6llgnges and provides unique ability to current SC decision
decisions has an impact on SC operations and performag&@port systems [10]. The dynamic replenishment system
[2]. Political issue greatly effect supply chain managemeffin react successfully and efficiently to normal and
and it is implementation [3]. The change at one end of tigésruptive supply chain operations [11]. Integration of
supply chain greatly increases the shift from the stea@/PPly chain segments with dynamic replenishments can
state at the other end [4]. International crises taking int@Prove partnerships, cost reduction and SCM efficiency
consideration financial instability effect the reaction of S¢12,13].
[5]. SC nervousness associated with instability such as

Nervousness results from time to time variability ofhanges in task, source and SC uncertainties. These
orders given to the suppliers and resulted in a forecddfcertainties can be transformed into information
error. Normal and proportiona| pohcy will reduce thepl’OCGSSiﬂQ which should be at the SC level. Sustainable
bullwhip influence, SC inventory cost, and instability [5].SCM needs to turn into an organization’s daily business to
Systems nervousness results from the frequent reviewSsfape the SC of the future [14]. Supplier innovativeness
the replenishment decisions because of the stochagied information sharing expedite collaborations in the
demand when coordinating the SC inventories [6Plobal SC [15]. Sustainable SCM can improve economic,
Demand and supply are greatly affected by the rapicial, environment in global supply chains [16].
change in the market and the product variation. Demand Performance of today SC relies on the accuracy,
p|anning accuracy vary among the SC partners aﬁwlallty, and tlmlng of the shared data between partners.
planning nervousness cause the bullwhip effect as thany companies used electronic data gathering systems,
variation in demand amplified when sharing thé&loud computing based SC, and software applications to
information with the SC parties [7]. support collaboration among all SC segments to develop

new innovative products [17]. Suppliers' innovation is
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necessary for the process of development of new produntrvousness, causes of each type of source of nervousness,
and there is clear relationship between supplier integrationise factors that are uncontrollable by SCs and contribute
and performance [18]. to the increase of the impact of nervousness, the risks
Nervousness can be understood of assurce of associated with each cause of nervousness, the expected
confusion or instability in the SC system caused bgnpact of nervousness on the supply chain operations and
unexpected interference between decisi¢t@]. There is process, and the measures and metrics taken to reduce
a connection between SC nervousness and demaratvousness. Twenty four respondents answer the survey
planning and the bullwhip effect leading to a tangiblguestions.
difference in planning accuracy among SC partners [20]. The literature review is utilized to list the available
The joint consideration of MRP nervousness and bullwhigources, causes, factors, and the impact of nervousness, as
effect in multi echelon SC reveals the system nervousnessll as the measures mentioned in the reviewed articles.
at various stages of SCs [21]. Planning nervousness shotitte data driven from the literature review, which represent
consider the relevant attributes of SC performance as théne current nervousness factors worldwide, were made
is a strong relationship between SCN planning and othavailable to the experts to consider them in their decisions.
SC segmentations [22]. A group of experts are used to identify the major sources
While (23) discuss nervousness in the environment ahd causes of SCN, study their impact, and cluster the
current MRP strategy revisions, published research @auses in main and sub groups. It was also the role of the
nervousness in either modern GSC system or their impaotperts to rewrite and shorten the causes and effects, as
framework are rarely exists. Nervousness is consideredrey were given in different wordings and phrasing by the
major source of instability in the current and future S@sponses to the questionnaire.
resulting from unexpected interventions among decisions. Based on the literature, survey results, and the experts'
Furthermore, there is no previous research investigates ti@nion, Table 1 shows the main causes of SCN. The first
supply chain nervousness in terms of causes and rank tidumn shows the sources of supply chain nervousness.
SC nervousness sources based on their impact. This stilithe second column shows the causes of each source on the
was prompted by a lack of research depth to identify asdpply chain performance and operations. While the third/
investigate the main causes, effects, and measures,frefjuency column indicates the number of respondents
supply chain nervousness. This research proposes vamo included the reason specified in the cause column. For
analytical framework for investigating nervous supphexample, the first block in the frequency column specify
chains in MENA region, rank the causes using AHEhat 23 respondent consider the "change in customers'
method based on their criticality, and suggests a set mfed" as a source of SCN. The source reasons are arranged

measures to mitigate SCN. in descending order according to the number of times
mentioned in the responses. Similarly, the causes for each
3 Causesof SCN source were arranged in descending order depending on the

To identify the sources of SCN, a survey was developé@sults of the questionnaire analysis. _
and distributed to thirty leading organizations in MENA Al responses are summarized in ten main sources and
region. The survey consists of three major sections wheheir related causes. The largest number is for the variations
each section aims to explore a side of the SCN causes: ifhéustomer needs flowed by the crisis and disasters, while
first part ask about the SCN sources and causes and adk&gsmallest number is for the lack of integrations.
the respondent to rank order SCN causes based on tfg@sed on the respondent answers to the third part of the
impact on their SCs, the second section concern about ghéestionnaire, the rank order of SCN sources based on their
impacts and effects of SCN sources and the sequencedwjpact on their SCs are shown in Figure 2. The values were
the specified cause, the third part require the respondef@dculated using the following equation (1):
to suggest measures to reduce the SCN. The survey consist N
of several questions including: the main sources of supply R, = Lj=1Tij 1)

n
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Table 1 Causes of SCN
No. Source Cause Frequency

1 Changes in Fluctuation in demand, change in production plan, change in inventor: 23
customers' need stock policy, error in demand forecast, change in market place, char
productscompetitor's advantages, and prices ch

2 Disasters  and Natural disasters such as earthquakes, dust storms, volcanos, storm: 20
crisis wave, diseases and its effect. Manmade disasters like ethnic and rel
violence, Terror attacks, income equality, industrial accidents, refug
migrations. Technological disasters like nuclear radiation, chemrr
accidents, biological propagation, power outages, climate change, natur:
explosions, and unplanned urbanizati

3 Risk of supply Sporadic supply of raw material, unavailability of supply, instability in pri: 19
continuity shortage of resources, delivery conditions, political instability, fluctuatic
quality and quantity, geographical instability, climate deviations, w
shortages, and store national

4 Safety anc Security of the SC activities like transportation, shipping and handling, 18
Security all logistics practices, cyber security, risks, safety issues, the challenge:
concerns commerce, smuggling, piracy, cloud risk, devices interferences, poor c

hardware, local security on the facility itself, physical security
transportation for example,aud, cargo theft, and virtual secui

5 Geopolitical Change in state policies, regional conflicts, rapid changes of allies, cri 17
instability wars, terrorism, UN resolutions, economic sanctions, and governn
lockdown
6 Social unrest Unemployment, inequality, financial crises, government faill 17

marginalized, disease epidemics, the anarchy of the sects, political inst::
energy, food, discrimination, strikes, demonstration, objections to
product;, high price , and change in purchasing beha and powel

7 Keeping  pace Emerging trends, new technology, new product design, increased demg 15
with quick responsiveness, low price, adopt new systems, new business
developmen shorter productlife cycle, and shorter product development c'

8 Environment Heat waves, flood, wildfire, and global warming, air pollution, to>. 11
concerns emissions, temperature changes, the seasons shifting, water sk

oppressive land use, water pollution, energy usage, and contaminated
oil and chemical pills, and remediat and land reclamatior

9 Economic Risk of government decisions, tariffs, administrative and operal 9

context weaknesses, natural disasters, Bankruptcy, currency fluctuation, adeq
SC infrastructure, outsourcing, redundancy systems, investment in
business, conflict of interests, global growth, international monetary sy:
shipping routes, sanctions, volatility in the international oil market, popu
by country leader, trade competition between countries, political influel
socioeconomic causes, inflation, tariffs on trade, global financial systen
environmental consideratic

10 Lack of Objectives mismatch, difference in planning accuracy between part 7
integration variance in decision-making process, overlapping interests, and lack of |
commitment, transparency, |IP protection, collaboration, partnersl
alliances, of information sharing, planning coordination, and operal
flexibility.
Wherer;: rank of source by respondenj, n represent the total number of respondent Rnekpresent the rank of
nervousness source
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Figure 2 Rank of SCN sources based on respondents' answers
4  Framework for SCN in MENA region supply chain. Internal sources are considered the sources

In this section, a framework is developed to understa® nervousness within the global supply chain of the
and analyze the supply chain nervousness in MEN@ganization. _ _ _
region. MENA supply chain is part and strongly connected Nervousness causes could be internal like change in
to the global SC. It effects and affected by the changesRfeduction plan, MRP system, change in requirements,
the global supply chain like what happened durin§OM, inventory policy. The external causes of
COVID19 pandemic crises. MENA SC chain has it is owRervousness are out of the company control including the
conditions and is greatly affected by the never ended cri§igtural disasters or pandemic diseases. Based on the
in the region. The region is in the center of attention fgnalytical study, the following summarize the main sources
many countries along with the political and social unres@d causes of nervousness in the SC:
which affect the SC performance and efficiency in thé. Changes in customers’ needs and requirements.
region. Therefore, MENA-SC is greatly affected by the SC Customer demand is subject to change due to different
nervousness. Nervousness in the MENA SC has some kindreasons like change in market place, change in
of unique characteristics due to the economic conditions, Products, introduction of new technology, competitor's
terrorists, piracy as well as the defense SC. The region is @dvantages  (high quality, new tech, prices,
one of the largest consumers of weapons and defenseadvertisements), and prices change. This fluctuation in
equipment and the |arge weapon Companies Compete PUStomer.demand reSUllt in order deletlon, decease or
heavily in the Middle East market. In addition to the high increase in order quantity. Customer demand change
number of partners, fierce competition, quick changes in (new orders, order deletions, change in quantity,
demand, and a lack of environmental considerations, the Product return) make order decisions subjected to more
lack of interest of logistic businesses in the region in frequent revisions affecting the systems throughout the
sharing information with their chain partners, as well as SC. Also, error in demand forecast leads to frequent
delays in response and financial transactions, contributed schedule change resulting in nervousness.
to supply chain instability. This has a negative impact od The necessity to cope up with emerging trends.
costs, delivery times, and service quality between suppliers Sometimes companies need to adopt new technology,
and consumers. software or hardware, to alter the product or add new

Figure 3 shows a framework of the nervousness in the features to Stay Competitive. Due to the introduction of
supply chain of the MENA region. The framework New bus_iness trends, new technologies, shorter
consists of five major parts including nervousness sources Products life cycle, shorter product development cycle,
and main causes, nervousness impact on the SC efficiency,environmental, and climate considerations, companies
and the noise factors that effect and affected by the SC May need to respond quickly to survive which require
nervousness, risk of uncertainty, and the suggested change in their strategies, plans and decisions.
measures to deal with SC nervousness. The component3-ofSUpply continuity. The erratic and irregularity in the
the framework are interconnected and interrelated, and are Supply lead to decisions nervousness make it essential
necessary to learn, explore, and understand the SCto ensure the continuity of supply and the availability
nervousness. of constituents/ components from suppliers. The

The sources of nervousness in the supply chain are sporadic supply of raw material, ingredients,
classified into two main categories: the external sources of components, parts, and subsystems from vendors
nervousness like natural disasters and manmade disasterdnterrupt the production schedule and require more
and technological crisis, and the internal sources of frequent decisions. For example the supplies of
nervousness like inside the organization and the global agricultural crops are greatly affected by the season,
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disease, international demand, and global prices. The economic situation globally. This is because the
majority of MENA countries rely on the imported changes in one country impact other countries like
wheat form different sources resulted in a fluctuation of currency deflation and debt concerns. This assures the
quality, quantity, and prices. Any disruptions can globalism of the SC. Changes like the increase in
greatly affect the SC especially in the current complex, production, prices, taxes, customs, trade tariffs between
interrelated, and global SC. One of the most problems countries, and border control restrictions complicate
in MENA-SC is to stable network of vendors and the trade and travel between countries. Inadequacy in
supplier to assure the continuous supply. Sometimes SC infrastructure, outsourcing, efforts duplications,
suppliers change their processes which negatively redundancy systems, and investment in wrong business
affect customers. Supplier selection and partnerships is are also cause economic instability. Today economy
one of the essential factors for supply chain stability.  control the politics of the countries resulted in what so

. Geopolitical instability. MENA-SC is greatly affected called trade war. Like what is going on between USA
by the political issues between countries both and China.

regionally and internationally. The countries in the&’. Disasters and crises. Disasters and crises are a major
region have no chance but to change their supply chain cause of internal and external changes, and the cause
relationships and allies rapidly and directly once there can be over the power of people (out of control or even
is contrast between their policies, regardless of the prediction), of their making, or of things that humans
obstacles and consequences, as what happened betweehave made, but controling them outpaces their
many of the Gulf countries and Qatar in 2017. In capabilities or requires enormous potential. Whatever
addition, the region almost has a continuous presence the type of emergency, crises and disasters, it ultimately
of conflicts so that it is hardly to have a year without leads to an impact on the supply chain locally and
crisis or wars. Examples include what happened since internationally, causing a state of instability and
2010 and beyond of what's known as "Arab Spring"and contraction. There are some disasters that do not
the consequence disruptions of the supply chain in the happen in the region and others that occur more
region, where the need to search for new supply chains frequently, such as dust storms. However, the region is
and new partners emerged as a result of the interruption characterized by many crises resulting from wars,
of production and import and export limitations and displacement, refugees, famines, diseases and
stoppage in many countries such as Syria. Syria was epidemics, terrorism, and political, social and
one of the main sources of many goods and agricultural economic instability, which directly affecting the
products to the region. For example, 60% of the supply chain, causing nervousness to MENA-SC.
volume of Jordanian trade exchange comes from 8t Environmental concerns. Climate changes affect
through Syria [24]. In addition to the terrorism that has supply chain operations and activities like costs,
prevailed the region and the world for a long period of performance, speed, transportation, responsiveness,
time which has led to great challenges in dealing with shipping and handling, and quality resulting in major
some countries, companies and people. interruptions. Weather and climate like disasters are
. Social instability. Arab spring is an example of how unpredictable which increase the difficulty of SCM and
social issues and instability affect the market and was its processes. Heat waves, flood, cyclones, storms,
resulted from the protest of unemployed youth. The extra rainfall, weather change, drought, decreasing
demographicand population dispersion effect the snowfall, wildfire, and worming are resulting from
distribution of the products to the end-users. Social climate change. These changes cause damage to the SC
instability directly affects state economies, which are infrastructure, warehouses, streets, bridges, power
directly reflected in the supply chain, causing changes generation plants, crops, etc. climate change cause a
in plans and decisions. The social impact can be damage to raw material and natural resources like wild
triggered at any moment as a result of a situation, high fire which destroy the forests and agricultural crops
prices, violation of social customs, religious abuse, caused by heat waves and drought. This requires a
economic matters, unemployment, or political changes quick reaction from the supply chain to changes in
which negatively affect the performance and efficacy environmental requirements just like a change in user
of the supply chain. requirements.

. Economic context. Unexpected economic uncertainty

impact the business, so it vital to keep updated of
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Figure 3 MENA-SCN framework

9. Lack of Integration. Partnerships and alliances are pd®.Security and safety concerns. The main threats include
of the SC competition; some make decisions regardless criminal statistics usage, production shrinkage, theft,
of their impact on others. The difference in planning terrorism, smuggling, piracy, IP loss, and intercepting
accuracy between partners, decision-making process, of money transfer, competitor penetration, and goods
lack of integration and overlapping interests, and how imitating. Safety and security of the supply chain,
they handle risks lead to fluctuations and differences in including its physical and virtual risks affect all parts of
plans and decisions. Lack of collaborations leads to the supply chain, including transportation, inventory,
lack of transparency in the SC decision-making system transported goods, common data, and the equipment
which adversely affect the trust among partners. Lack used. Therefore, any security problem in the supply
of desire to share data and knowledge leads to chain results in a change in the supply chain
continuous change in partner plans and decisions procedures, causing a kind of nervousness in the plans
causing the SC nervousness. and decisions of the companies involved in the chain.
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There are several noise factors that are effect the §C D¢l phi-AHP tool

nervousness like SC instability, disruptions, uncertainties, The Delphi method is used to obtain data from a panel
risk, changes and unrest. These factors require regutlexperts sequentially through structured questionnaires.
rescheduling of orders in terms of setup and quantity {pis a very practical way to achieve a convergence of
constantly respond to varying demand requests, whergyginions. To obtain generally reliable results, studies have
necessary trade off among responsiveness, cost, abwn that at least ten experts are sufficient [24]. A total
instability occurs. They results in change and frequegt eleven experts were used in this study to obtain reliable
rescheduling of orders in terms of timing and quantityesults. All experts have more than 15 years of experience
requiring frequent reSCheduling activities. |nStab|||ty |$n Supp|y chain areas. To |dent|fy the most prominent SCN
present even with stable demand. Undesirable effects (ggusesi a De|ph| technique was performed in three rounds.
noise factors iclude increased production and inventofshe experts were asked to confirm the main source causes,
costs, lincreased in throughput times, reduced productiviyyb- causes, and sub- causes at three levels in the hierarchy.
decrease in capacity utilization, lower customer servicghe experts were asked to add or eliminate SCN causes in
levels, confusion on the decision making system, loss g§fe model presented to them.
confidence to planning system, low morale, etc. Once selecting the causes of SCN, AHP is used to
The risk of uncertainity is considered the one of thgrioritize the causes. AHP is a widely used and practical
main root and sources of supply chain nevousness. Ti@thod of pairwise [25] and is suitable for ranking
principal risk of SC uncertainity come from the uncertaifariables and modularizes a problem [26]. AHP approach
demand, cost, supply. Therefore special attention should\ygs used to evaluate different variables [27], asses SC risk
paid to these factors in the SC strategies, policies, agflvers [28], and to calculate the decisions of outsourcing
planning. location on SC resilience [29]. The AHP methodology used
SC managers should take several measures to redygehis study include the following steps:
the impact of SCN. These measures may include new Qutline the research objective. The research objective
strategies, plans, and decisions, strategies for suppliers’is to study the MENA region SCN factors including
selection, partnerships with SC partners, developed sgurces and causes.
decision support systems to mitigate nervousness, smogthForm the hierarchical structure. The hierarchical

financial flow, build SC resilience and responsiveness, structure created was shown to and confirmed by
utilize emerging technology and smart SC techniques, experts using the Delphi method.

consider environmental factors, and seek the governmests pevelop the pairwise comparison matrices. Pairwise

support to minimize the impact of their decisions. comparison matrices are built for all levels of causes. A
Organization should seek the continuity of their SC in  questionnaire was formed using 1 to 9 scale to collect

case of crises such as the wake of COVID19 pandemic. It data from experts on paired comparison matrices for all

is important to know when and where the disruption will ScN sources and causes.

occur and how countries will react. The most importanf. Determine the priority weights. The eigenvalues and

thlng is the guarantee the Continuity of the SC during and the eigenvector are calculated for the pairwise

beyond crisis. Therefore, Organizations and their SCs Comparison matrices deve|oped for SCN causes and

partners need to constantly reviewing the politics, sub-courses.

regulations, and technological changes to avoid the riskf Examine the consistency ratio. Check the consistency

inability to supply products. SC partners are required t0 of the pairwise comparison matrix using the following

share information to increase visibility and resulted in unity - equationsz,,,, = average (AxX/X), where X is the
SC decisions. For success business, enterprises need tQyiority vector and a pairwise comparison matrix,

integrate SC and business, technologies, employees, andsonsistency  inde&l = A,,,, — n/n — 1, the

the decision making systems. . _ consistency rati€R = CI/RI, Rl is a random index
SC-Security should be a high priority to firms and pased on matrix different sizes.

should cover all SC activities and functions like

transportation, shipping and handling, and all logistics |y this study, a framework for the SCN Assessment was
practices to eliminate any disrupt of the operations. Thoposed and SCs from the MENA region were selected to
main objectives of SC security should be to recognizgyovide a case application of this tool. Thus, it is imperative

evaluate, prioritize, and provide solutions to SC risks arg identify the SCN causes. The Delphi-based AHP

nervousness. There should be a balance in reIationsgrgbroaCh has certain advantages over AHP-based
between human, environment, and industrial revolution {gterviews as it is free from prejudice and data acquisition

face the dramatic increase in the earth population, and ¥a@ough iterations improves data quality and stops when
high rate of consumption and reduction in naturgiata saturation is reached. The hierarchical model of SCN
resources. causes is as described in Figure 3.
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6 Discusson of Case Application and refined the causes into a three-level hierarchical level
results model. This goal was achieved through a Delphi method.

Twenty four enterprises from MENA region were takedi? Delphi, three iterations were enough to achieve the data
for this study. As a result, significant organizations fron?}ab'l.';[.y dm r_espohnsiji'PPhasE ;[jhrlee,l SCI:N cafgses were
two different continents (Asia and Africa) expressed gassihied using tf eSCN . ml\thl\(l)A. n ‘evel one .(ljve r.?.a'dn
strong desire to use the SCN tool. Consequently, elevit'C€ Causes o n region were identified,

senior experts agreed to participate in the research stuffye! o determine the ten secondary causes, and level

The experts were selected based on their experience (?e conclude the f_ifty causes at the lowest level. Figure 3
knowledge. These eleven executives and managé ows the hierarchical SCN model after three rounds of

provided decision-making hierarchy data to refine the scigration. .
tool, and we then collected data in paired compariso After that, we calculate the priority vector for each level

matrices from these experts. The executives' abo &N causes u_sinfg t?]e AHP methoq. ;he pai_rrwisle

responses are then converted into sharp scores accordin parson maan or the main causes Is shown in fable

the AHP scale to calculate the weights per AHP [30]. . The calculations of the consistency |n_de>_< and ration,
A three-stage research methodology was used for ddtaax = 5-270; Cl= 0.22; CR=0.060.1, indicate the

collection and analysis. In stage one, a list of SCN caugg1sistency of the matrix. The paired comparison matrix

were identified and selected from the literature search afd, c2uses was structured similarly. The priority vector was
Iculated for each matched comparison matrix and the

survey results; Stage two, determined the most relevati <4 SO bl OR~
causes with the help of business experts. The experfISistency ration is acceptable as OR:

Table 2 Pairwise Comparison matrix for main SCN sources

Goa Natura | Manmad: | Technologice | Interna | Normalized principal eigenvec!
Natura 1 2 3 5 36.24%
Manmad 1/2 1 2 4 25.16%
Technologice 1/3 1/2 1 1 9.03%
Organizationz 1/E 1/4 1 1 6.07%
GSC 1/2 1/2 3 7 23.49%

The overall weight of each subcauses was calculateda be used directly to reduce the impact of partial SCN
shown in Table 3. Diseases and its effect have the highsstirces.
weight (0.081) when presenting the classification of the The results are helpful for supply chain professionals to
selected causes. Violence, terror attacks, inconget a well advice of the nervousness of their SC and
inequality, industrial accidents ranked the second highgaovide information to understand which factor plays a
with a weight of (0.065); refugees and migrations rankddrger role in nervousness. The results explore the factors
third (0.055); Regional conflicts, wars and terrorisnmincrease risk if the unknown occurs, and how sensitively
ranked fourth (0.054), and Governmental intervention ariCs react to such interruptions. Research results on the
political instability ranked the fifth (0.054). This meansSCN business causes rankings show that most of external
that these subcauses are the major driving forces to ttmuses are in the top twenty in the SCN involvedness
SCN in MENA regions. The first three with the highestategory.
ranks are part of the disasters and crises while the fourth The results of the analysis described above should be
and fifth subcauses are part of the geopolitical instabilitgonsidered by both SC managers and executives in the
Adopt new systems ranked the lowest (0.0008). Theurrent Covid-19 consequence to implement mitigation
suggests that decision makers should pay more attentiorstategies and close the missing links in SCs. Identifying
SC external factors when assessing MENA-SCN systenthie root causes of the SC weakness would help strengthen

The priority vector for the SCN causes at level 3 thihe SC. Nervousness can be controlled by reducing the
relative importance of the SCN sub-causes was obtainedmplexity of the supply chain. This could be achieved by
These partial drivers can be mitigated in practice usingproving the transparency and integration with new SC
proper solutions. SCN measures are practical solutions tlsiategies, utilizing emerging technologies, government

support and building new SC resilience.
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Table 3 Ranking of SCN sources in MENA-SCs

g = = £ : Global Global
T| O =)
o g’ % g el el Weight Ranking
— |
g Earthquakes, storms, volca 0.14 0.0365299 7
9 0 ~ Disease 0.31 0.0808876 1
% @ ~ | Violence, terror attacks, inequa 0.2¢ 0.06523. 2
_ ® © © | Refugees and migratic 0.21] 0.0547948 3
g S [a) WMS propagatio 0.0¢ 0.0234835 17
I g = Heat waves, flood, wildfil 0.2¢ 0.0243532 14
< g c - | Water shortage and polluti 0.27 | 0.0273974 11
5 § o | Air pollution, toxics emissior 0.3 0.030441 9
=3 © | Energy usage, contaminated w. 0.1t 0.015220 24
D Oppressive land u 0.04 0.0040588 44
= Change in state polici 0.14 0.0236000 15
= g‘ . Conflicts, wars and terroris 0.32 0.0539430 4
g g © | Rapid changes of alli 0.0¢ 0.0134857 29
g 2 Q © | UN resolutions and sanctic 0.14 0.0236000 16
g S O Governmental interventic 0.3z 0.0539430 5
S g g Unemployment and food short: 0.27 0.0224175 18
= c o Inequality and discriminatic 0.17 0.0141147 28
% ™ | Financial crises and high pric 0.1¢ 0.0149450 26
[5] © | Government failures and political instabi 0.12 0.0099633 35
A Change in purchasing behavior and pc 0.2¢ 0.0215872 19
T, Risk of government decisic 0.2¢ 0.0151884 25
T g‘ =H Bankruptcy and currency fluctuati 0.0¢ 0.0047136 42
5 3 § 1 | Outsourcing and redundar 0.27 0.0141409 27
§ 33 8 © | Global growth and syste 0.1t 0.007856 38
5| 819 Trade competitio 0.2 0.010474 33
% 8 o Security of the SC activiti 0.27 0.0102400 34
2 E X ~ Cyber and virtual securi 0.3¢ 0.0128948 30
2 % < | Challenges of-commerc 0.0¢ 0.0030340 46
3 8 © | Local and physical secur 0.17 0.0064474 39
W Piracy, smuggling and cargo tt 0.14 0.0053096 41
= Change in demal 0.4] 0.0201584 22
8oy | Change in Production pl 0.12 0.0059000 40
c 258 | & [ Change in Inventory poli 0.07 | 0.0034416 45
kS &2 < | @[ Changein Competitor's advants 0.2z | 0.0108167 32
Slgl 2° Change in pric 0.1 | 0.0088500 37
S g g 2 New technology and product des 0.37 0.0042672 43
g 2 é o Demand for quick responsiven 0.2¢ 0.0028832 47
E’g & — | Adopt new systen 0.07 0.0008073 50
g7 2 | 2 | New business tren 0.17 | 0.0019606 48
¥ ©° Shorter products life cyc 0.14 0.0016146 49
- Difference in objective 0.22 0.0320403 8
5 2 ~ Difference in DM proce: 0.2¢ 0.0378658 6
% g «© | Difference in planning accura 0.14 0.0203893 21
8 © | Lack of trust and commitme 0.2 0.029127 10
0|8 = Lack of Collaboration and allianc 0.1¢ 0.0262148 12
8 g . Shortage of resourc 0.22 0.0196376 23
5 >E | Unavailability of suppl 0.2¢ 0.0214228 20
x &,g ™ | Delivery condition 0.1¢ 0.0124966 31
@ » S | © | Geographical anpolitical instability 0.2¢ 0.0258859 13
© Fluctuation of quality, quanti 0.11 0.0098188 36
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7 Conclusion external perspective, coordination's with partners,

This research explore the nervousness of the supglystomers, and suppliers, and reduce instability in
chain in MENA region in terms the SCN sources, maiRroduction environment.
causes, noise factors, risks of uncertainty, impact, and the This proposed SCN framework could be used to
measures to mitigate the SCN. To this end a surveyGgnduct surveys in different industries or consider the
developed and distributed to companies in the region an@lgbal supply chain (GSC) nervousness, and it would also
group of experts are utilized to identify the major causes Bfovide interesting information and attention to GSC
SCN, study their impact, analyze the measures, and grdi@hagers that require |mmgd|ate attention. To capture the
the causes in main and subcategories. Based on @4Bbiguity of data collection by experts, advanced
analysis, a framework was introduced to understand afRfhniques such as Fuzzy-AHP technique can be used. This
investigate the SCN in MENA regions. The results indicafésearch can help companies decide strategies to reduce
the nervousness sources and causes and rank the cAg&gousness in the SCs, and would lead to a better
based on their impact. Existence of SCN even in the m@sisessment and decision on future resilient supply chains.
stable SCs necessitates the exploration of the required Future studies should examine the causes that lead to
measures to reduce the effect of nervousness. A listtBe occurrence of nervousness in the supply chain, methods
measures is proposed to decrease the SCN and impré{éneasuring it, and the appropriate solutions. Additional
competitiveness, effectiveness, and future SC resiliencelesearch may focus on evaluation of the nervousness
As part of the global supply chain, MENA-SC sufferssolutions and use multi criteria decision making (MCDM)
from  nervousness with  special characteristicdechniques to analyze and rank order the solutions based on
Nervousness in SCM systems is thought to be a sourcetlgir priority of implementation. Further research should
confusion, instability, or uncertainty in SC systems due @¢al with the nervousness in the global supply chain in
disruptions or unexpected decisions. Nervousness incred§éms of causes, sequences, measures, and solutions; so
potentially due to the frequent change in the decisiorifat decision makers can benefit from it in light of
more frequent change in decisions lead to a confusion @@balization, disruptions and instability in the supply
both workers and customers resulting in a reduction ffain, which ultimately leads to sustainable SC and
trust, moral, and loyalty to the SC system. Nervousnereases the future resilience, responsiveness, and
increases the bullwhip effect, pushing SC to strengthen tfi@mpetitiveness of the SC.
buffer against frequent decision changes. When all of these
elements are considered, anxiousness might result in a h%{(nowledgement
level of discontent. As a result, system nervousness shodldis work was not funded by any agency.
be considered because it has a good or negative impact on
the entire SC, typically at the same time for different S&eferences
partners and locations. [1] IVANOV, D., ROZHKOQV, M.: Disruption Tails and
Supply chains have become more nervous in recent Post-Disruption Instability Mitigation in the Supply
years. Understanding SCN has become essential for SC-Chain,IFAC-PapersOnLingVol. 52, No. 13, pp. 343-
managers in times of high uncertainty, as Covid 19 further 348, 2019.
explains this situation. Decision makers in MENA https://doi.org/10.1016/J.IFACOL.2019.11.140
countries should rethink of the design of their SCs from[@] MAGABLEH, G.M.: Supply Chains and the COVID
nervousness perspective. Therefore, this research adds tc19 Pandemic: A Comprehensive Framew&ilkopean
the literature on SCN by evaluating SCN factors such as Management Reviewol. 18, No. 3, pp. 363-382,
causes, impact, and measures. This research identified five2021. https://doi.org/10.1111/emre.12449
main categories and fifty operational causes. These SC3] JADALLAH, N., BHATTI, F.: Political Instability and
causes can be reduced and managers can take action tSustainable Green Supply Chain Management,
reduce the negative effects of disruption. Supply chain Management Science Lettengp. 1169-1178, 2020.
disasters and crises, geopolitical instability, and social https://doi.org/10.5267/j.msl.2019.12.001
unrest were found to be the most significant factor. [4] NGUYEN, T.: Technical Note—Local Bargaining and
The results of the study help industrial managers, Supply Chain Instability, Operations Research
practitioners and decision-makers to focus on the SCN Vol. 65, No. 6, pp. 1535-1545, 2017.
considerations during the planning stages, to increase https://doi.org/10.1287/opre.2017.1605
sustainability in MENA supply chains, and further advancgb] LI, Q., DISNEY, S.M.: Revisiting Rescheduling: MRP
corporate and supply chain resilience development. The Nervousness and the Bullwhip Effedhternational
framework may also serve as a theoretical construct for a Journal of Production Researchvol. 55, No. 7,
future empirical study on sustainable supply chain pp. 1992-2012, 2016.
innovation in the manufacturing sector. Furthermore, the https://doi.org/10.1080/00207543.2016.1261196
study introduce many policies and strategies to reduf@ TUNC, H., KILIC, O.A., TARIM, S.A., EKSIOGLU,
nervousness in the SCs. Nervousness solutions mayB.: A simple approach for assessing the cost of system
include integration, dealing with the problem from an nervousness,International Journal of Production
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Abstract: At present, public transport needs to be managed using the different models, which will take into account health
problems, passenger transport problems, refinement of technical parameters of buses and their adaptation to urban
operating conditions, which would be one of the preventive measures in the context of combating the coronavirus
pandemic. The article discusses the issues of optimizing the routeing scheme of buses and minibuses in the conditions of
a three-level transport network in large cities. Measures for the performance of the city bus routes have been developed.
It has been established that the qualification of a driver and the selection of urban passenger vehicles are central issues in
terms of fuel efficiency and reducing the number of harmful substances in exhaust gases.

1 Introduction vehicle traffic, that is, to review the issues of the
One of the fundamental conditions for the sociotfansportation process management itself under conditions

economic development of the country is the effectivef rapid motorization. Therefore, there has recently been a
functioning of the transport system equipped with mode@fowing interest of researchers in the urban transport
technologies. system, and the theories of passenger traffic simulation
Starting from the second half of the twentieth centurave been created. They are aimed at improving road
in the world, including Georgia, we are witnessing th#éfrastructure and creating systems of quality passenger
process of intensive motorization. The increase in ttiervice [3].
number of vehicles has resulted in two pronounced and
contradictory trends. In particular, the high level thal.1 The major components of the system of urban
motorization has reached predetermines the development  passenger transport
of the economic potential of society and ensures maximum |n large cities, there are numerous routes providing
satisfaction of the transport needs of the people [1,2]. @mnsport for passengers. Acquisition of specific
the other hand, it has contributed to the increas@gformation on these routes (provision of reliable data on
magnitude of the negative impact on society and thgassenger flows and distributing them according to day and
environment, which has resulted in environmentalight hours and days of the week) is further processing,
degradation. selection of the optimal route, and the number of vehicles
Today, the problem of the rational use of our country®uses, minibuses) should be carried out systematically,
fuel and energy resources has acquired special econofaiking into account the context combating the coronavirus
significance because Georgia is one of the countries whgsgndemic
motor transport consumes only imported fuel and energy In order to solve this problem, it is necessary to study
resources. the urban routes, analyze the operating parameters, process
As oil and oil-origin fuel reserves are not renewablehe information obtained from the experiments and provide
and sooner or later, these reserves are expected tosband guidance. This methodology will allow us to
exhausted, but the number of vehicles in the country égiculate the real parameters for a particular route and
growing at a rapid pace, and the problem of fuel econonfiyereby increase the performance effectiveness of vehicles.
of vehicles continues to be a priority. It is necessary to take into account the volumes of traffic
A successful resolution to this problem will depend oand passenger flows, as well as the operating
the level of perfection of automobile designs and scientifisharacteristics of vehicles. In view of the foregoing, the
and technological progress in searching for and usirfinition of operation parameters on urban bus routes
alternative fuels in motor transport. should be based on the establishment of characteristic
Today, addressing the transport problems through tharameters of these routes taking into account passenger
improvement of technical parameters of vehicles is nflows, which will eventually improve the quality of
having a great effect. It is necessary to explore the issues
related to the theory of travel service administration and
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passenger services and increase the efficiency of the
transport process [1,4]. 2 Methodology
The best rational option is considered that perfectly |  Designing the passenger transport system
meets the needs of the population and high rates of devel opment programs
passenger transport in terms of environmental performance o¢ e have mentioned, the main goal of the urban

and the minimum ”Sk.Of coronavirus spreadmg. assenger transport system is to ensure the qualitative,
The route and vehicle driving on this route should megt, oy ang cost-effective displacement of the population

the major requirements. In particular, t.hey MUSE BGith & minimum level of coronavirus spreading and with

adequate to the volume of passenger flow; have suffici finimum environmental pollution. In this regard, one of

mzlin(_)l_euvrafbilfilty and 3 rzra]pid d.respo.nse capacfi]:c.y. t% tifie most important is the qualification of a driver, which
volatiiity of flows and the disruption to wraffic; D€ yanangs on the economical methods of bus driving and

coordinated with other types of urban passenger ranspgfie ases the efficiency of the transport process [11].
be correctly adapted to the length of flow, direction, and

time, as well as to the rational distribution of terminal ang 2 Studies of the city route operating parameters
intermediate stops. ) . S
A step forward in this regard is the introduction of g We have conducted a research investigation on the

three-level transport network. The first level is the 10 mai%pera}tlonal parameters of the Intracity line by involving the
drivers with varied work experiences and levels of

corridors, where passenger flow is large and passes through ... ~.. )
all the main big streets and avenues of Thilisi. It is fed kc)i.lallflcatmns [22]. The results of the experiments that

two additional types of corridors - the second and third- flect_ the influence of drivers qqahﬂc_anon on the
operational parameters of a bus are given in Table 1.

level lines, respectively - the so-called "city lines" for
traffic between the blocks, the so-called "block lines".

Operating indicators Operating Drivers with work experience Drivers with work experience
conditions of less than 1 year of more than 5 years
Average speed, km/h Urban 30 31.7
The number of stops, k! Urbar 1.5 15
Fuel consumption per lii Urbar 24.7 24

Table 1 The influence of driver's qualification on the operational indicators of a bus

2.3 Thereview of the experiment the other hand, the qualification of a driver is of high
Following analysis of our experiment, we can concludignportance. In the case of drivers with different amounts
that during the operation of the bus on the city route, whidi experience, the qualifications of a driver, particularly his
runs on the first from the three-level transport network, thafiving style, impact operating parameters - fuel
is, on one of the 10 main corridors, on a special bus line,éansumption by rolling stock, environmental safety and the
the case of drivers with different amounts of experiencefficiency of a transport company in general [6].
the difference between the average speeds of traffic doeslt is necessary to retrain drivers with a fuel-saving
not exceed 5%. This proves that even under conditions@iterion, and it has been computed that through retraining
rapid growth in traffic flows, the average speed of the bulivers in the motor transport enterprise, it is possible to
is practically determined by a driver and not by the traffischieve greater fuel economy.
flow, and it is almost the same for drivers with different It is known that the energy of rolling stock, in terms of
amounts of experience on the city route [4,5,22]. phases and the amount of fuel consumption, correlates with
The difference between the costs of line fuel reach&e number of stops. The study showed that allocating a
2.8%, and it practically does not depend on thepecial line for buses, reducing the number of stops and
qualifications of a driver [8]. increasing the runway length led to a reduction in fuel
A very important factor is the impact of the number o€onsumption, which is less dependent on the qualification
stops on the performance of buses. However, as can be sgfea driver. This leads to a reduction in the number of
from the analysis of the values given in the table, in thexhaust gases, which improves the environmental safety of
case of drivers with different amounts of experience on ttiead transport. Therefore, one of the main factors that do
city routes, the difference between the values of specifi®t affect the operating cost of rolling stock fuel and
quantities of stops is small and reaches just 3% [9,10]. environmental safety is the qualification of a driver [7,9].
The analysis shows that in the case of the special bus One of the main ways to reduce fuel consumption and
lane, the performance indicators do not depend on thgrease its environmental friendliness, is proper
qualification of a driver, which should be taken intgorganization of the transport process and improvement of
account by transport companies in general in order anagement. Through improvements in science and
increase efficiency. On the second-and third-level lines, é&chnology, it would be possible to ensure efficient fuel
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consumption. Fuel consumption depends on the followirfgel costs by adjusting the existing standards of fuel

conditions: consumption of buses.
» Operating conditions. Equally important to enhancing the efficiency of
e Technical condition of vehicles. passenger transport and the successful functioning of the
« Organizational-technical measures. transport process is the correctly chosen city route. The

main goal is to provide transport of passengers in the

For its part, each of these conditions also depends oflprtest possible timeframe. Experience demonstrates that
number of factors. For example, fuel economy dependstfe transport network routing in major cities is a very
a large extent on road conditions, traffic modes, weatheé@mplex and ambiguous process [14,15].
conditions, seasonality and so on. Allocating a special line
for buses is a step forward in this regard. 2.4 City route choice

An example of the effect of a vehicle's operating cycle Equally important to enhancing the efficiency of
on the operating cost of fuel (frequency of stops) can be thassenger transport and the successful functioning of the
relationship between fuel consumption and long-distanteansport process is the correctly chosen city route. The
travel. Cyclicity of operating modes leads to disruption ahain goal is to provide transport of passengers in the
the established thermodynamic processes in the engiskortest possible timeframe. Experience demonstrates that
increases fuel consumption and reduces power. Thistige transport network routing in major cities is a very
proved by the experimental results. This is illustrated byomplex and ambiguous process.
the experimental data on the increase in fuel consumption Proper planning of stops on the city route is of high
by the road transport moving on the second and third-levieiportance.
lines of the city by 10-15% compared to the transport The calculation of the operating parameters of the bus
moving outside the city, while for buses moving on theoutes and the provision of rational organization of
first-level lines, this margin is within 5-7%. passenger transportation should be based on the study of

An analysis of numerous studies revealed that one thfe actual passenger flow on the route.
the most important factors affecting fuel consumption is The aim of the research is to obtain reliable data on the
road conditions. passenger flows on the bus routes and to distribute them

The variable nature of road conditions is taken intaccording to the hours of the day and days of the week,
account when adjusting the norms and standards which allows us to rationally organize the work on the bus
technical operation of vehicles. At the same time, operatitiges, to establish their timetable, to choose the type of
conditions have an impact on the operation mode of thelling stock, and to distribute the vehicles [12,13].
vehicle. In accordance with the state of the road surface, The study of passenger flows can be complex and
fuel consumption may vary by 15-20%. In this regard, theelective [18]. Different methods are used for passenger
existence of the first three-level transport network is a stélpw study: surveys, questionnaires, coupons, visual
forward. The rational organization of road traffic allows fomethods and so on. A traffic flow study is also possible
reducing fuel consumption by 15%. through the analysis of revenue from a particular route by

Fuel consumption in cities is affected by the presenthe number of tickets sold during the transportation of
of regulated and unregulated intersections on the route grassengers [19,20]. The information received on passenger
their number, the presence of road signs, correct markingisws is processed by specially designed programs using
and so on. computer technologies.

The influence of the factors acting on the fuel The information obtained as a result of transportation
consumption along with the operating properties isf passengers must be redistributed according to the hours
manifested in the formation of the operating modes @ff the day and the stops on the route. It is schematically
rolling stock. represented by diagrams. The diagrams allow us to

The gains in productivity of urban passenger transporisualize the distribution of passenger flows in each
would be achieved through the reduction in fuellirection on the route at certain times of the day, as well as
consumption, which is based on the management of ttree values of passenger flow at "peak” hours, according to
operating fuel costs of buses. In order to develop thehich the maximum number of buses is determined. The
mentioned measures, it is necessary to collect data on fdilgrams have been constructed using the day-to-day flow
consumption for each city bus route and to provide thedistribution tables (Tabl2).
computer processing. Based on the analysis of the obtainedThe distribution of passenger flows in both directions
data, the decision is taken on the need to adjust thfone of the routes of the city (M) according to the hours

operating fuel costs and for adopting the route standardsf the day is given in the table, and the diagram is shown
This will improve the efficiency of urban motor jn Figure 1.

transport companies on the basis of the route standards of
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Table 2 Distribution of passenger flows on the urban bus routes in both directions by day-night hours

Distribution of passenger flows by day-night hours
) Number of passengers ) Number of passengers
Day-night Direction Day-night Direction
hours hours
Forward Backward Forward Backward
5-6 45 21 14-15 370 374
6-7 455 483 15-16 382 420
7-8 591 562 16-17 440 575
8-9 692 722 17-18 577 547
9-10 623 421 18-19 741 605
10-11 505 310 19-20 363 421
11-12 301 173 20-21 192 222
12-13 240 204 21-22 70 51
13-14 466 155 - -
7053 6266
13319
Distribution of passenger flows in both directions on the city bus routes
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Figure 1 Schematic distribution of passenger flows to the hours of the day and the stops on the routes in forwards and backwards
directions

As can be seen from the diagram, the maximum valupassenger flows at these hours. During the remaining
of passenger flows on a given route are 8-9 and 18-h®urs, the number of buses on the route should be
hours. As a result of the adjustment of road infrastructuresdistributed to ensure timely, safe and comfortable
it is estimated that all the ten first-level lines of the city wilpassenger services.
increase passenger flow by 1.5-2 times, so the maximum Thus, the analysis shows that in order to effectively
number of buses should be calculated according twganize the traffic of urban passenger vehicles and to
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determine their optimal number on specific routes, it is In order to determine the fuel efficiency and

necessary to establish the patterns of change in passemgeironmental friendliness, the operation study was

flows. Analysis of the various methods of passenger floaonducted on several city routes in Thilisi.

study allows us to select any of them according to a specific The data of the conducted operation experiment were

purpose, which will provide efficient passenger transpoprocessed using computer technologies, and the numerical

services. values of some important parameters are given in Table 3.
A modern type of bus produced by leading companies

with a large capacity (90 seats, 12 m long) was selected.

Table 3 Some operating parameters of routes

Parameters Arbitrary Route numbe

notations N 15( N 14 N 47 N 54

The length of the route, k L 13.c 8.1 13.t 11.¢
Specific quantity of stops, kin No 1.95 1.97 1.92 1.93

Specific qua;;;t_)l/ of light signs, Ny 27 31 28 33

Specific quantity of stolps neaf N 0.9 0.98 0.96 1

the light signs, kn
Operating speed, kir Vs 20.1 17.5 22.2 19.7

Analysis of these data showed that the length of tlmonditions, in the context of combatting the coronavirus
route has a significant impact on the effectiveness of tipandemic, there was a significant reduction in the bus
vehicle's environmental safety, and if it is reduced, fudilling factor, and its value was 0.5. In this regard, it is
consumption increases while traffic speed decreases. Thecessary to make some changes in the industry standard.
is explained by the increased number of stops Khirt). With improving the road infrastructure, according to
In the case of the short-distance routes, it almost doublése existing methodology, the bus was selected according
and this result confirms the correctness of what we hate the existing methodology, and the bus traffic interval,
said above. frequency and all the necessary parameters were

A step forward in this regard is the regulation of roadetermined.
infrastructure, which envisages the creation of a special The number of public transport and the location of stops
line for buses. The example of Thilisi City shows that allvere theoretically determined according to the major
the ten first-level lines belong to congested areas, and ihdicators, according to the distance travelled by
creation of special bus lines on them will lead to a partigledestrians and the speed of public transport [16,17].
reduction of traffic congestion; timely transportation of Finally, we can conclude that in the current
passengers and increased passenger flows by 1.5-2 tinesjironment, in a manner fully consistent with the standard
obvious improvement of environmental conditions, whicland for people with disabilities, the requirements are met
is manifested in the reduction of the number of stops, thy large-capacity buses at peak hours at intervals of 3
number of traffic lights and the number of stops with traffieninutes, while during off-peak hours - by the withdrawal
lights, an increase in the route length, and an increaseitbuses.

operating speed. Thus, the analysis shows that the efficient operation of
the city bus routes is influenced by a large number of
2.5 Passenger traffic route profitability factors, the maximum account of which ensures safe,

The cost-effectiveness of passenger transportatiopiality and timely transportation of the population.
largely depends on the correct selection of rolling stock.
First of all, before choosing a rational-capacity bus, it 8 Result and discussion
necessary to remember that buses are classified accordingThe analysis allowed us to systematize and generalize
to two major criteria - destination and capacity. Duringhe efficiency criteria of urban passenger transport
urban passenger transportation, urban and large-capagiynpanies, identify indicators that characterize the quality
buses are regarded as a preferred solution [21]. of transport services for the city population, as well as the
An important parameter is the capacity of the bugerformance effectiveness of transport companies and the
which primarily affects the bus filling factor and thespecifics of routes.
comfort of passengers. When determining this factor, the In order to select the appropriate urban passenger
values of passenger flows (in one direction) and thejehicles for the specific routes, as well as to determine their
unequal distribution according to the hours of the day amgbtimal number, the patterns of variability of passenger
night should be taken into consideration. Under the currefitws and the distribution of the number of vehicles
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selected on their basis according to the hours of the degries between 55-60% depending on the qualification of a
were established. driver.

The article analyses and establishes the operational As can be seen from the analysis, it would be wrong to
factors affecting the fuel efficiency and environmentatuggest that the economical driving of the vehicle is
safety of road transport and focuses on qualification ofassociated with the average speed of traffic and,
driver and the effective methods of driving to ensure theonsequently, with the reduction in the transport work
efficiency of the transport process. performed. Therefore, when operating in these typical

It has been established that when creating a model fnditions, the driver's ability to maintain the optimal
managing the urban passenger transport system, itoperating modes of the vehicle in terms of fuel economy
advisable for the municipal government to maximallgomes first.
investigate the city population's demand, study passenger
flows and establish routes and timetables, as well ds Conclusions
provide the timetable monitoring and scheduling system.  The article discusses and elaborates the measures of

There has been established the nature of the Variabilaweration of City bus routes in the conditions of a three-
of the operating parameters (average speed, fuyglel transport network in big cities, thus ensuring timely,
consumption, etc.) during the operation of buses in urbagfe and comfortable service of passengers, in a relatively

conditions, which is due to frequent stops, high saturati@tologically clean environment, with minimal economic
of obstacles, and increased frequency of unsteady traffigsts.

modes, and so on. As a result, there has been justified the .,  The regularity of the change of passenger flows
need to improve the professional skills of drivers to has been established.

increase the effective performance_of Fransport companies The bus scheme of minibuses and Minibuses was
and use the methods of their material incentives. optimized

In urban traffic, the number of stops per kilometre of Urban passenaer vehicles were selected. and their
the route is large, which increases the share of unsteady bus an p 9 : ’
optimal number was determined.

traffic on the line, resulting in a significant increase in fuel . o .
consumption, increasing emissions and deteriorating The number of vehicles was distributed according
environmental conditions in the city. A step forward in this to the day and hours.

regard is the improvement of road infrastructure, which

envisages the construction of ten first-level roads in the city€f €r ences

with special bus lines that will pass through all busy are&kl MORCHADZE, T., RUSADZE, N.Ways to address
or streets of the city, thereby extending the bus lines and the challenges in passenger traffic within the urban
reducing the number of intermediate stops. transport systemdransport Problemsyol. 13, No. 3,

In terms of increasing the productivity of transport PP. 65-77, 2018.
companies, it should be noted that, using the example of https://doi.org/10.20858/tp.2018.13.3.6
Thilisi city, road infrastructure has been conditionallj2] PENCHEVA, V., ASENOV, A, GROZEV, D.
divided into two parts, the first of which, which includes GEORGIEV, I., STOYANOV, P.: Study of the daily
ten first-level sections, has less dependence on irregularity on specific routes, servicing the passenger
qualification of a driver, the driver's choice of economy Stops in Ruse Bulgaridransport Problemsyol. 14,
modes, namely, on his driving style, the reduction in the NO. 4, pp. 5-21, 2019.
number of stops automatically led to the reduction in fuel https://doi.org/10.20858/tp.2019.14.4.1
consumption, it is no longer necessary to train drivers ¢al GNAP, J.,  VARJAN, P., DURANA, P,
the criteria of fuel efficiency. KOSTRZEWSKI, M.: Research on the relationship
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indicators in the vehicle's operation process in the Selected European countri@sansport Problemsyol.
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operating parameters and the results of the experimefRbTARAN, I, LITVIN, V.: Determination of rational
involving the drivers with different amounts of experience Pparameters for urban bus route with combined
and qualifications when driving on different categories of Operating modeTransport Problemsyol. 13, No. 4,
roads and in various transport network conditions show Pp- 157-172,2018.
that the effective performance of transport companies https://doi.org/10.20858/tp.2018.13.4.14
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