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Notations
Abbreviations:

ADR – the European agreement concerning the 
international carriage of dangerous goods 
by road;

ANP – analytic network process;
ARAS – additive ratio assessment;

CFN – convex fuzzy number;
DEA – data envelopment analysis;

DEMATEL – decision-making trial and evaluation labo-
ratory;

ELECTRE – elimination and choice translating real-
ity (in French – ÉLimination Et Choix Tra-
duisant la REalité);

FCL – full container load;
FN – fuzzy number;

GPS – global positioning system;
HACCP – hazard analysis and critical control point;

JiT – just in time;
LCL – less than container load;

MCDM – multi-criteria decision-making;
NIS – negative ideal solution;

OTIF – on time in full;
PIS – positive ideal solution;

PROMETHEE – preference ranking organization method 
for enrichment of evaluations;

SAW – simple additive method;
SMART – simple multi-attribute rating technique;
SWARA – step-wise weight assessment ratio analysis 

method;
TOPSIS – technique for order performance by simi-

larity to ideal solution; 
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UN – unit number;
VIKOR – multi-criteria optimization and compro-

mise solution (in Serbian: Višekriterijumska 
optimizacija I KOmpromisno Rešenje);

WASPAS – weighted aggregated sum product assess-
ment;

WPM – weighted product model;
WSM – weighted sum model.

Main variables and functions:
l
ija – the lower bound of fuzzy number l

ijx ;
+lA –

 
fuzzy PIS for the given individual product group Gl;

−lA – fuzzy NIS for the given individual product group Gl;
 l

iB – set of alternatives for lth cargo group, where i = 
(1, 2, 3, ..., M);

l
ijb – the modal value of fuzzy number l

ijx ;
l
bC – set of benefit criteria for a given cargo group Gl;
l
cC – set of cost criteria for a given cargo group Gl;
l
ijc – the lower bound of fuzzy number l

ijx ;
l
jC – set of criteria that are assigned to lth cargo group, 

where j = (1, 2, 3, ..., N);

kD – an amount of decision makers, where k = (1, 2, 
3, ..., K);

+l
id – relative closeness of each alternative to the ideal 

solution +lA  for the given individual group of 
products;

−l
id – relative closeness of each alternative to the anti-

ideal solution −lA  for the given individual group 
of products;

lG – set of cargo groups, where l = (1, 2, 3, ..., L);
l
iRC – rank indicator for assessed alternatives; 

( )GR l – normalized fuzzy decision matrix for alternatives 
with respect to criteria and product groups; 

l
ijr – normalized rating of alternative l

iB  with respect 
to criterion l

jC  for the given individual prod-
uct group Gl;

( )GV l – weighted normalized fuzzy decision matrix for 
alternatives with respect to criteria and product 
groups;

l
ijv – weighted rating of alternative l

iB  with respect 
to criterion l

jC  for the given individual product 
group Gl;

+l
jv – ideal solution for jth criterion for lth individual 

group of products;
−l
jv – anti-ideal solution for jth criterion for lth individ-

ual group of products;
l
jW – vector of criteria weights for a given individual 

product group Gl;
l
jw – weight for jth criterion being assigned to lth car-

go group;
( )GX l – fuzzy decision matrix for alternatives with respect 

to criteria and product groups;

l
ijx – aggregated fuzzy ratings of alternative l

iB  with 
respect to criterion l

jC  for the given individual 
product group Gl evaluated by every expert Dk, 
where k = (1, 2, 3, ..., K);

l
ijkx – fuzzy ratings of alternative  with respect to cri-

terion l
jC  for the given individual product group 

Gl evaluated by kth expert.

Introduction 

Nowadays, a process of carrier selection is one of the most 
important decisions in the transportation strategic plan-
ning. The proper organization and performance of this 
process influences both, logistics cost and customer ser-
vice within the whole supply chains. However, this process 
is a complex problem, where managers have to consider 
multi-criteria, quantified and not quantified. Moreover, the 
importance of these criteria often differs from industry to 
industry. 

In the early studies, this decision process consisted 
with 2 main steps. The 1st step based on the mode of 
transportation definition. The next step was connected 
with selection of the carrier active in that mode (Baker 
1984; Coyle et al. 2003). However, recently such approach 
is ineffective due to high development of transportation 
technology and third-party logistics organizations, de-
regulation of transportation systems, implementation of 
innovative manufacturing strategies (e.g., JiT strategy), 
and growing competition between different transportation 
modes (Meixell, Norbis 2008; Mohammaditabar, Teimoury 
2008). The 2nd problem is connected with the carrier se-
lection criteria definition. According to Roberts (2012) we 
are able to identify an extensive list of potential factors 
that may influence the carrier selection decision-making 
process. This problem is reviewed by Mohammaditabar & 
Teimoury (2008). Moreover, Perlman et al. (2009) defined 
the key factors in selecting international freight forwarding 
company based on the use of survey research. The survey 
was carried out through 200 Israeli exporters and import-
ers, who defined 18 factors for carrier selection process. 
The summary of key development of carrier selection lit-
erature on survey methodology performance is later given 
in research by Solakivi & Ojala (2017). However, one com-
mon opinion from the literature is missing, which of these 
selection factors are the most important and how they 
should be grouped (Perlman et al. 2009).

The problem of carrier selection decision-making pro-
cesses was also investigated by the authors in Polish trans-
portation enterprises. The main conclusion is that shippers 
in Poland do not have tools to support their decision-mak-
ing processes regarding the selection of carriers. Decisions 
made under short time conditions and high levels of stress 
mean that these decision-makers are usually focused on 
strict criteria regarding the selection of the service pro-
vider. Thus, the diversification of transported loads means 
that the use of universal supplier selection indicators is 
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currently unsatisfactory for people managing this cargo 
handling zone. Moreover, decisions made by freight for-
warders depend on the experience level gained while han-
dling individual cargo groups. Thanks to this, employees 
with extensive experience in handling loads of a given type 
make decisions with a lower risk ratio than people who do 
not have this experience.

However, from the point of view of the load handling 
process resilience, relying on the diverse experience of em-
ployees is unacceptable from the point of view of improv-
ing decision-making processes in the enterprise. Currently, 
this problem especially regard to operating transport man-
agement systems in Polish enterprises. Studies carried out 
in selected road transport companies indicate that 75% 
of freight forwarders currently employed by road carri-
ers are young people with experience of up to 3 years*.  
This means that these people do not have extensive 
knowledge about handling loads belonging to different 
product groups. It is therefore necessary to provide them 
with a model solution that will support and improve the 
decision-making process associated with the carrier selec-
tion and reduce the risk index associated with incorrect 
execution of the transport order. In order to satisfy such 
the requirements, the comprehensive decision method/
model should consider a variety of decision variables and 
uncertain information given to the decision maker. Thus, 
1st the proposed solution for carrier selection is to be 
based on multi-criteria approaches implementation in or-
der to satisfy different types of requirements and transport 
process conditions. 2nd, the applied method uses fuzzy 
environment. Moreover, the additional advantage of the 
proposed framework is the ability of a decision maker to 
distinguish the type of criteria (benefit, cost) with respect 
to the defined group of transported products. 

Following the introduction, the current systems of se-
lecting carriers to handle transport orders by logistics op-
erators are burdened with a high risk of wrong forwarders’ 
decisions. The lack of specific requirements regarding the 
selection of the carrier for the specificity of the transported 
load (apart from formal requirements, e.g., ADR compe-
tence certificates) and the high weight assigned to the cost 
criterion means that the decisions taken by forwarders 
can be burdened with a very high risk of possible adverse 
events occurrence. This is particularly the case for sensitive 
goods for which there are no formal requirements for car-
riers (resulting from legal provisions) to be fulfilled. 

As a result, the purpose of the publication is to pre-
sent the limitations resulting from the traditional approach 
to the process of selection of the carrier by the logistics 
operator and to present the new proposed method that 
reduces the risk of wrong decisions making by the for-
warder.

* Based on Research Project MINIATURA 1: Identification of Informa-
tion Sets Supplying the Risk Assessment System in Road Transport in 
Terms of Safety and Compliance with Logistics Standards. National 
Science Centre (Poland); time period: 1 December 2017 – 30 No-
vember 2018.

The main research questions, stated by the authors are: 
 ■ does the traditional approach to the selection of the 
carrier ensure the correct selection of the service pro-
vider based on the criterion of safety and reliability of 
transport performance with respect to various groups 
of goods?

 ■ will the use of the proposed method of carrier selection 
reduce the risk of adverse events, in particular for the 
transport of sensitive goods?

Following this, in this paper we present a MCDM ap-
proach for evaluation and selection of the best logistic 
handling operator under uncertain (fuzzy) environment 
and taking into account the type of transported products 
as the main attribute. Following this, the rest of the paper 
is organized as follows: In Section 1 there is presented a 
comprehensive literature review on multi-criteria decision 
methods used in transportation systems. In the Section 2, 
the authors present the traditional process of logistic han-
dling operator selection based on the industrial research. 
In the Section 3, there is explained in details the proposed 
framework for carrier selection based on fuzzy TOPSIS ap-
proach implementation. The Section 4 provides a case 
study of the proposed framework implementation in Pol-
ish enterprises. The last section contains conclusions and 
presents steps for further authors’ research in this area. 

1. Multi-criteria decision methods  
in transportation systems –  
literature review 

There are several approaches that are used to solve trans-
portation problems. MCDM techniques are one of them. 
In recent years, numerous MCDM and fuzzy MCDM ap-
proaches have been suggested to select the best compro-
mise options (Mardani et al. 2016a, 2016b). 

A short introduction to the multi-criteria discrete de-
cision methods is given in research by Trzaskalik (2014). 
The author in his work presents the most frequently used 
methods and provides their short classification based on 
application possibilities. A bibliometric analysis of research 
on MCDM dated from 1977 to 2016 is provided in work by 
Yu et al. (2018). A review on fuzzy MCDM techniques and 
their applications is given in work by Asemi et al. (2014). 
The authors selected 150 articles that were focused on de-
cision-making based on fuzzy MCDM techniques use. The 
main fields of applications that were reviewed regarded 
to, among others, supplier selection, water resources, en-
ergy planning, network selection, transportation planning, 
risk management, and location management. Another in-
teresting work dedicated to fuzzy MCDM (Carlsson, Fullér 
1996). The authors in their work continued the problem 
of decision-making with fuzzy MCDM, provided a classi-
fication of fuzzy MCDM techniques. They also presented 
future perspectives of fuzzy MCDM development. Later, 
Mardani et al. (2015) provide a literature review of total of 
403 papers published from 1994 to 2014 and focused on 
fuzzy MCDM techniques use. The analysed literature was 
grouped into 4 main fields: (1) engineering; (2) manage-
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ment and business; (3) science; (4) technology. This prob-
lem was also continued in work (Mardani et al. 2017c), 
where the authors reviewed 196 papers on fuzzy MCDM 
techniques dated from 1995 to 2015. All the investigated 
papers were classified into 13 different fields of energy 
management problems, like, e.g., waste management, 
sustainability assessment, land management, or climate 
change. 

The issues of uncertainty modelling in MCDM are re-
viewed in work by Antucheviciene et al. (2015). The au-
thors analysed MCDM techniques in relation to various 
aspects of uncertainty in civil engineering, e.g., sensitive 
analysis, measures of risk and reliability or decision-mak-
ing under uncertainty. Sustainable decision-making in civil 
engineering was later analysed by Zavadskas et al. (2018). 

Reviews of hybrid MCDM techniques are given, e.g., in 
research by Zavadskas et al. (2016a, 2016b). In the work 
by Zavadskas et al. (2016b), the authors summarized pub-
lications related to the application of hybrid MCDM for 
sustainability issues. The 2nd work by Zavadskas et al. 
(2016a) was focused on engineering problems. The ap-
plication of MCDM methods in engineering problems was 
also reviewed in work by Kolios et al. (2016), where the 
authors compared 6 MCDM methods that are frequently 
used on renewable energy applications. 

Worth taking a note is also work given by Celik et al. 
(2019), where the authors focused on stochastic MCDM 
approaches. The stochasticity of the criteria is there con-
sidered using stochastic dominance, prospect theory, and 
regret theory. The review regarded 61 selected papers. 

Following this short introduction, among the most 
popular MCDM methods there are identified: 
 ■ AHP (Subramanian, Ramanathan 2012); 
 ■ ANP (Saaty 2005); 
 ■ ARAS (Zavadskas, Turskis 2010); 
 ■ DEA (Charnes et al. 1978; Shafiei Kaleibari et al. 2016; 
Mar dani et al. 2017b);

 ■ DEMATEL (Fontela, Gabus 1976; Si et al. 2018);
 ■ ELECTRE (Figueira et al. 2010); 
 ■ PROMETHEE (Behzadian et al. 2010); 
 ■ SAW (Abdullah, Adawiyah 2014; Putra, Punggara 2018); 
 ■ SMART (Edwards, Barron 1994; Olson 1996);
 ■ SWARA (Keršulienė et al. 2010; Mardani et al. 2017a);
 ■ VIKOR (Mardani et al. 2016a);
 ■ WASPAS (Mardani et al. 2017a; Zavadskas et al. 2012);
 ■ WPM (Miller, Starr 1969; Wao 2018);
 ■ WSM (Miljković et al. 2017; Fishburn 1967);
 ■ TOPSIS (Anthony et al. 2019; Behzadian et al. 2012). 

The comprehensive literature review on MCDM tech-
niques application in transportation systems is given in re-
search by Mardani et al. (2016b). The authors analysed 89 
papers based on areas of application and used technique. 

The main transportation problems being solved with 
the use of MCDM methods regard to, among others, de-
livery route selection (Kacprzak, Rudnik 2016), finding the 
shortest path (El Yamani et al. 2014), customer service 

quality management (Lwesya, Jaffu 2017), synchromodality 
and sustainability implementation (Cadena, Magro 2015; 
Šakalys et al. 2019), decision-making processes in urban 
transportation system projects (Podvezko, Sivilevicius 2013; 
Żak et al. 2014), and supply chains development (Amoozad 
Mahdiraji et al. 2018; Chaghooshi, Hajimaghsoudi 2014) 
and supply chains management (Chatterjee, Stević 2019).

The problem of freight transportation carrier selec-
tion is investigated, e.g., in work by Mohammaditabar, 
Teimoury (2008). The authors in their work implemented 
AHP techniques and objective mixed integer linear pro-
gramming model of product flow in the network. The ana-
lysed carrier selection criteria regarded to cost, insurance 
of service provision, handling services, customer service 
and strategic compatibility. The PROMETHEE method is 
used in work by Simongáti (2010) to find the sustainable 
alternative for freight transport performance based on 
freight integrator development. 

There are also many applications of fuzzy TOPSIS ap-
proach in the transportation decision-making processes. 
The general view of the development of fuzzy TOPSIS 
methods is given in paper by Nădăban et al. (2016). The 
literature survey on TOPSIS applications is also given in 
work by Behzadian et al. (2012). The authors review 266 
papers and classify them into 9 main areas, distinguishing 
among others supply chain management and logistics. 

The implementation of fuzzy TOPSIS approach for se-
lection of sustainable transportation systems is given in 
work by Awasthi et al. (2011). The analysis is based on 
the 24 selection criteria that were identified by the au-
thors from literature review. The problem of transportation 
mode selection with the use of fuzzy TOPSIS approach is 
investigated, e.g., in work by Zheng (2015). In the given 
paper the author analyses the travel behaviour of students 
and modes selection in suburban area. The fuzzy TOPSIS 
approach with the use of ordered FNs is investigated in 
papers by Rudnik & Kacprzak (2015, 2017). The Rudnik & 
Kacprzak (2015) in their work implement that approach 
for supplier selection process. In the 2nd paper, the au-
thors provide the implementation for flow controller for 
the transport trolley in a flexible manufacturing system. 
The problem of supplier evaluation with fuzzy approach is 
also analysed by the Stević et al. (2016). The implementa-
tion of fuzzy QFD and TOPSIS in maritime transportation is 
presented in research by Osorio Gómez & Manotas Duque 
(2019). In the given paper the authors focus on dispatch-
ing prioritization according to the availability of resources 
and considering the risks associated with the decision-
making process. 

Moreover, in the literature one can find many exten-
sions of the classical fuzzy TOPSIS approach. One of them 
is given by Dymova et al. (2013). The authors in this work 
present a new method of aggregations generalization 
within the framework of the fuzzy extension of the TOPSIS 
method. Later, the Kacprzak (2018) is his work presents a 
new approach to the ranking of alternatives with interval 
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data for group decision-making. The solution bases on in-
terval numbers implementation. A computer tool for sup-
porting the implementation of fuzzy TOPSIS approach is 
proposed in research by Roszkowska & Wachowicz (2013). 
The authors develop a software that bases on Microsoft 
Excel spreadsheet and supports a decision-maker through 
all the steps of TOPSIS and fuzzy TOPSIS method imple-
mentation. 

Following this, in the next sections the classical process 
of logistic handling operator selection and application of 
fuzzy TOPSIS approach in this area are investigated. 

2. Process of logistic handling  
operator selection 

The decision process related to carrier selection in its 
classical form is understood as procedures that have been 
obligatory for many years in Polish transport and logis-
tics companies. It bases on standardization of the selec-
tion procedure for all product groups, except for loads 
for which legal regulations require an individualized ve-
hicle (e.g., ADR loads). The dominant criterion for carrier 
selection is the price offer, which is assigned the high-
est weight. The assessment is based on a simple scoring 
method use. The main steps of the analysed process are 
presented below. 

The forwarder, after receiving an order, analyses the 
availability of possible carriers, who may operate on the 
selected route. The decision maker usually has the follow-
ing information available:
 ■ a list of own fleet and disposable drivers; 
 ■ list of carriers cooperating with the logistics operator on 
a partnership basis (permanent cooperation); 

 ■ list of carriers that have been commissioned once for 
selected transport orders (temporary cooperation);

 ■ carriers from the freight exchange.
The freight forwarder, when choosing the carrier usu-

ally follows the general rules that apply to most logistics 
operators in Poland:
 ■ first of all, order loads based on own transport fleet, 
but with respect to effective transportation performance 
(filling the cargo area in accordance with the economic 
calculation – “profitable”);

 ■ if you cannot commission a transport service of your 
own transport fleet, check the availability of carriers co-
operating in partner relations;

 ■ if both variants are not available, hand it over to the 
available carrier.

It can therefore be concluded that the accessibility cri-
terion is a prerequisite for subcontracting cargo transport 
service performance. However, the 1st selection criterion 
in this case is the cooperation of an operator with a given 
carrier. It results from the above rules, which impose on 
the forwarder the selection rank for a subcontractor. How-
ever, despite the availability of partner carriers the freight 
forwarders often search for transport provider at freight 
exchanges. This is mainly due to the fact that the 2nd 

equally important selection criterion is the freight price 
offered by the carrier. It often occurs, that the decision, 
which carrier will be contracted to an external service is 
based on the level of offered price. In addition, experi-
enced forwarders check, before commissioning the trans-
port the timeliness and the amount for which the carrier 
is insured. The control of an insurance policy is particularly 
important when the transport order concerns the transport 
of sensitive or valuable goods.

Such a formulated operational workflow at the stage of 
selecting carriers to handle a transport order causes that 
the risk of adverse events occurrence increases. There-
fore, it should be recognized that one of the basic princi-
ples of sustainable development in the field of transport, 
namely “strengthening transport safety and security” is not 
respected EC (2007). Carriage carried out by accidental/
random carrier means that both, the cargo and the entire 
delivery process may not be carried out in a safe man-
ner in accordance with the client’s requirements and legal 
regulations.

Based on the results of “what–if” analysis carried out 
among freight forwarders at one of the logistics opera-
tors, there have been defined basic adverse events and 
their potential consequences related to the implemented 
system of selecting the carrier for a transport order. These 
events can generate consequences for both, the logistics 
operator and the environment. The Table 1 shows the 
most important identified adverse events with their con-
sequences and an indication of who these consequences 
refer to. 

The basic problem that currently occurs in the process 
of ordering the handling of cargoes to the carrier is the 
lack of diversification of procedures for selecting a sub-
contractor with respect to the cargo being served. Freight 
forwarders with extensive experience in the subcontracting 
process of cargo transport add additional assessment/veri-
fication parameters. However, this additional evaluation is 
informal (not results of applicable service standards). In 
addition, the parameters taken into account are additional 
criteria with low decision weight. Meanwhile, in the case 
of selected product groups, they should be a criterion of 
high decision weight, often conditional on the admission 
of the carrier for evaluation, e.g., additional insurance in 
the event of unauthorized entry into the vehicle when 
transporting food. This applies especially to special loads, 
such as sensitive goods, hazardous materials or food.

For this reason, the starting point in the process of se-
lecting a carrier to handle a transport order should be the 
product group to which the order applies. The conducted 
direct interviews among road transport companies indicate 
that it is justified to distinguish the following groups of 
cargo due to their content:
 ■ standard loads – products that do not require special 
transport conditions, to which standard security and 
logistic handling procedures are applied. Their value 
is average. No special permissions are required for the 
driver performing the carriage. There are no additional 
requirements regarding the route of carriage;
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 ■ sensitive loads – products that require additional pro-
tection due to the value of the load or its specificity (e.g., 
tobacco, electronic equipment). In connection with this, 
special logistic and insurance service procedures are re-
quired. The value of the load is usually high. No special 
entitlements are required for the driver performing the 
transport, but in many cases additional requirements 
are defined for the route of transport, e.g., obligatory 
driver’s stops only in guarded parking lots;

 ■ food loads – products requiring special transport condi-
tions, to which dedicated procedures for securing cargo 
against pollution, pests and specific parameters of logis-
tic service are applied. Their value may be average. The 
transport is carried out with a special fleet of vehicles 
that meets the relevant requirements and has appropri-
ate certificates (e.g., proper Veterinary Inspection or Dis-
trict Sanitary Inspector). The carrier must have appropri-
ate certificates attesting to meeting the high standards 
required in the transport of food, e.g., ISO 22000:2018, 
HACCP system. There are no additional requirements 
regarding the route of carriage;

 ■ ADR loads – in accordance with the ADR agreement 
guidelines, the transport of dangerous goods is subject 
to special orders and prohibitions – regarding the ad-
mission of material for transport, its packaging, classi-
fication and labelling, and requirements relating to the 

means of transport and transport. Thanks to this clas-
sification, dangerous goods are assigned to the methods 
of choosing the right mode of transport, appropriate 
packaging and procedures to ensure safety. All hazard-
ous materials produced in the world are divided into 13 
hazard classes. Each item has an individual UN identifi-
cation number. After qualifying the product to the ap-
propriate group and giving it the number, the appropri-
ate means of transport and the appropriate packaging 
of the goods are selected. The transport process must 
meet certain parameters of logistic service (including the 
selection of appropriate cargo loading technology). The 
packaging is selected in accordance with the degree of 
risk posed by the load. Thus, materials posing a high risk 
are included in the I group of packaging, materials pos-
ing a medium threat to the II group and materials posing 
a small threat to the III group of packaging. The marking 
should be durable and legible, resistant to the influence 
of external factors. In addition to the labels, warning la-
bels are also used, for example on the type of material 
being transported. The sender of the cargo also includes 
the choice of a dangerous cargo transport method. The 
value of the cargo is usually medium. Transport is car-
ried out by a special fleet of vehicles that meets the rel-
evant requirements (including a speed limiter installed), 
is specially marked (information about the transported 

Table 1. Unwanted events with their consequences connected with applied system of carrier selection  
(source: own contribution)

Unwanted event Consequences Area of influence
Theft/loss of cargo  ■ financial penalties from the client;

 ■ loss of the market brand;
 ■ loss of client’s trust;
 ■ increased fees for compulsory insurance;
 ■ reduction of indicators regarding the reliability of deliveries;
 ■ in the case of valuable and sensitive cargo financial crisis

 ■ logistic operator;
 ■ carrier

Damage to the load  ■ financial penalties from the client;
 ■ loss of client’s trust;
 ■ increased fees for compulsory insurance;
 ■ reduction of complete delivery rates;
 ■ in the case of ADR loads, the possibility of contamination of all transported products 
and contamination of the natural environment

 ■ logistic operator;
 ■ carrier;
 ■ environment

Untimely delivery  ■ financial penalties from the client;
 ■ reduction of indicators regarding the reliability of deliveries

 ■ logistic operator;
 ■ carrier

No required, correct 
documentation

 ■ late payment;
 ■ reduction of logistic service indicators

 ■ logistic operator;
 ■ carrier

Failure to comply 
with customer service 
requirements

 ■ financial penalties from the client;
 ■ loss of client’s trust;
 ■ loss of long-term projects

 ■ logistic operator;
 ■ carrier

Exceeding the weight 
of the vehicle 

 ■ destruction of road infrastructure;
 ■ increased emissions to the environment;
 ■ penalties for failure to comply with applicable regulations

 ■ environment;
 ■ carrier

Exceeding the driver’s 
working time

 ■ penalties for failure to comply with applicable regulations;
 ■ increased risk of causing a traffic accident;
 ■ driver’s health loss

 ■ environment;
 ■ carrier

Transport conditions 
not satisfied

 ■ financial penalties from the client;
 ■ loss of client’s trust;
 ■ in the case of ADR loads, the possibility of contamination of all transported products 

and contamination of the natural environment’;
 ■ in the case of food loads, it is necessary to dispose of all transported goods

 ■ logistic operator;
 ■ carrier;
 ■ environment
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cargo), has adequate equipment (emergency equipment 
and fire extinguishers), and has appropriate certificates 
(according to requirements of the ADR agreement, e.g., 
a certificate of admission of a vehicle for the transport 
of certain dangerous goods). In the case of a container, 
if the road transport is carried out directly before sea 
transport performance, a container packing certificate is 
required. The carrier must have appropriate permits for 
the carriage of certain goods and employ a special ad-
viser for safety. The driver must familiarize himself with 
the so-called written instruction prior to transport, he 
is obligated to have a certificate of driver training (if 
required) and the so-called driver qualification certifi-
cate. When planning a dangerous cargo transport route, 
additional requirements should be taken into account 
(e.g., passing a vehicle with hazardous material should 
take place, if possible, on roads with good surface and 
low traffic, avoiding roads near active holiday and sports 
centers, and avoiding built-up roads and areas of cit-
ies, in particular streets located in the city center. The 
planned trip should also avoid, if possible, the need to 
park, especially in urban areas). Some types of materials 
(e.g., Class 7 – radioactive) are subject to the obligation 
to report to the competent provincial head of the police 
and the State Fire Service. Certain types of materials also 
require the permission of a local police station or a post 
and commander of the State Border Guard to perform 
loading and unloading.

The type of transported cargo should be the starting 
point for selecting the right carrier. Thanks to this, the 
qualification procedure takes into account the specificity of 
the transported goods and the selection of subcontractors 
may correspond to the rules of sustainable transport. In 
this way, the company is to meet the requirement for safe 
transport, as it provides the cargo being transported at the 
required level. This procedure was described by the authors 
as the procedure of a customized selection of the carrier.

The procedure of customized selection of the carrier 
assumes that the identification of assessment parameters 
for individual product groups includes 2 types of possible 
criteria of: (1) a mandatory (admitting); (2) evaluation na-
ture. The necessary (mandatory) criteria are the conditions 
that the carrier must meet in order to be admitted to the 
qualification procedure. The evaluation criteria are the pa-

rameters assessing the carrier’s offer, which determine the 
final choice (Table 2).

Based on the obtained results, the process of carrier 
selection should base on the method that gives the pos-
sibility to rank these criteria. On the other hand, is should 
take into account the uncertainty connected with their es-
timation. Thus, the authors propose to implement fuzzy 
TOPSIS approach. 

3. Fuzzy TOPSIS approach in logistic 
handling operator selection process 

According to the introduction, it is often difficult for a 
decision-maker to assign a precise performance rating to 
an alternative under consideration. In other words saying, 
in real life decision-making problem it is usually difficult 
to express evaluations precisely using real numbers due 
to lack of knowledge and data or subjective and impre-
cise experts judgements. In the carrier selection process 
this problem may be also connected with, e.g., not pre-
cise definition of shipment time or service flexibility. Thus, 
there can be used fuzzy theory in decision-making pro-
cess, where FNs are defined instead of precise numbers 
in order to assign a relative importance of attributes. Such 
methods are used for solving the group decision-making 
problem under fuzzy environment (Kabir, Hasin 2012).

The most commonly used in such situations are lin-
guistic variables, which may be represented by CFNs. Tri-
angular CNFs are one of the alternatives, which can be 
used for evaluation of importance of weights and the 
evaluation of alternatives, which respect to each defined 
criterion (Nădăban et al. 2016). 

In the known literature, there are also solutions that base 
on ordered FNs implementation (Rudnik, Kacprzak 2017). 

Following this, the proposed framework for carrier se-
lection under uncertainty consists of 2 main steps:
 ■ definition of input variables that are important in carrier 
selection process performance;

 ■ evaluation and selection of the best alternative using 
selected criteria and based on fuzzy TOPSIS implemen-
tation. 

These 2 main steps are presented in detail in Figure 1 
and described in the next subsections.

Table 2. Type of assessment parameters according to the individual product groups (source: own contribution)

Criterion
Cargo type

Standard products Sensitive products Food ADR products
Price E E E E
The required amount of insurance E M E M
Required certificates E E M M
Required experience in cooperation with the 
operator (years or number of orders handled)

E E E E

Required level of OTIF index from last year or last 
10 performed deliveries

E E E E

Drivers’ qualifications E E E M

Notes: M – mandatory; E – evaluative.
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The alternatives  l
iB  regard to the possible logistic han-

dling operators that provide the necessary transportation 
services for the chosen groups of products. The cargo 
groups, i.e. individual product groups were described in 
detail in the Section 2. The defined cargo groups have a 
direct impact on the type of criteria that will be assessed 
during carrier selection. The selection criteria are defined 
in the Table 2.

The last important issue in this stage of the carrier se-
lection procedure is the assessment of criteria weights. 

Let  =  1 2    , , ..., l l l l
j NW w w w  be the vector of criteria 

weights for a given individual product group Gl. Based on 
the available literature, this vector for every cargo group 
may be evaluated based on one of the 3 main approaches 
implementation. 

First approach. The criteria weights are expressed 
precisely by real numbers (crisp data), when satisfying the 
following assumption:

=

=∑
1

1
N

l
j

j

w .  (1)

Second approach. The criteria weights may be also 
expressed by a vector of linguistic values. In this approach 
we define the scale of linguistic terms. Thus, usually there 
are used expressions to give the evaluation value of cho-
sen criteria by 7 linguistic terms, from “very big” to “very 
small” with respect to 7 fuzzy scale (Table 3). Following 
this, the larger weight is given to the criterion, the greater 
importance is given to that criterion for carrier selection. 

The scale of linguistic terms may be also presented 
with the use of trapezoidal FN (e.g., Nădăban et al. (2016); 
Rudnik, Kacprzak (2017)).

Third approach. The last method of criteria weights 
estimation bases on AHP method implementation. Due to 
the uncertain environment implementation in carrier se-
lection process, the fuzzy APH method should be used in 
order to find fuzzy preference weights (Rudnik, Kacprzak 
2017; Sun 2010). The AHP method was developed by Saaty 
in 1980 (based on (Nădăban et al. 2016)). The fuzzy theo-
ry was incorporated into AHP method by Buckley (1985). 
The procedure for fuzzy AHP implementation into criteria 
weight evaluation is presented, e.g., in works by Nădăban 
et al. (2016) and Sun (2010). This procedure bases on 2 
main steps:
 ■ construct fuzzy pairwise comparison matrices based on 
decision makers opinion;

 ■ compute the fuzzy weights by normalization. 

Figure 1. The scheme of framework for carrier selection pro-
cess under uncertainty (source: own contribution)
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3.1. Input parameters definition 

The 1st step involves necessary input parameters defini-
tion. The process of carrier selection requires selection of 
the best alternative form M alternatives taking into ac-
count an N dimensional space of criterion that depends 
on L dimensional space of attributes. Based on the con-
ducted literature review and survey research done in cho-
sen transportation companies, the structure of the carrier 
selection problem may be represented by the Figure 2. 

Following this, based on the problem structure given 
in the Figure 2, we should define the following input data:
 ■ set of cargo groups Gl, where { }= …1 2, , , l LG G G G ;
 ■ set of alternatives l

iB , where { }−= …1 1
1 2 1, , , ,l L L

i M MB B B B B ;
 ■ set of criteria l

jC  that are assigned to the individual 
product groups Gl; { }−= …1 1

1 2 1,  , , , l L L
j N NC C C C C ;

 ■ assuming K amount of decision makers Dk, where 
{ }= …1 2, , , k KD D D D .

Table 3. Linguistic term for weights of criteria (Zheng 2015) 

Linguistic terms Scale of FN (based on TFN use) 
Very big (VB) (0.9, 1, 1) 
Fairly big (FB) (0.7, 0.9, 1) 
Big (B) (0.5, 0.7, 0.9) 
Middle (M) (0.3, 0.5, 0.7) 
Small (S) (0.1, 0.3, 0.5) 
Fairly small (FS) (0, 0.1, 0.3) 
Very small (VS) (0, 0, 0.1) 
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The chosen approach mainly influences the method 
of computing the aggregated fuzzy ratings for criteria 
weights (Awasthi et al. 2011; Nădăban et al. 2016). 

3.2. Fuzzy TOPSIS implementation  
in selection of the best alternative

The fuzzy TOPSIS technique was 1st published by Hwang 
and Yoon in 1981 – according to Nădăban et al. (2016). 
This method is based on the principles that the chosen al-
ternative is the closest to the PIS and the farthest from the 
NIS (Rudnik, Kacprzak 2017; Zheng 2015). In the analysed 
carrier selection problem, when searching the best solu-
tion we base on the triangular FN implementation.

A triangular FN is presented by a triplet Az = (a, b, c), 
and its member function is given by:

( )
 −

≤ ≤ −µ =  − ≤ ≤
 −

, for ;

, for .
z

x a a x b
b ax c x b x c
c b

  (2)

The FN parameters meaning is straightforward: a and 
c are the lower and upper bounds of FN Az, respectively, 
and b denotes the modal value of FN Az. 

In the given approach, the TFN are used to represent 
linguistic variables for evaluation of alternatives with re-
spect to each criterion. The representation is presented 
in Table 4.

Moreover, the distance between the 2 triangular FNs 
is calculated based on a vertex method (Chen 2000). If 
we have 2 FN: Az1 = (a1, b1, c1) and Az2 = (a2, b2, c2), the 
distance between them is calculated based on the follow-
ing equation:

 
( ) ( ) ( ) ( ) = ⋅ − + − + − 

 

2 2 2
1 2 1 2 1 2 1 2

1,
3z zd A A a a b b c c .    (3)

The procedure of fuzzy TOPSIS with CFN consists of 7 
main steps and is presented below (Awasthi et al. 2011; 
Rudnik, Kacprzak 2017). 

Step 1. Define the fuzzy decision matrix XG(l) for alter-
natives with respect to criteria and product groups. 

Let’s assume that the rating of alternative l
iB , where i = 

(1, 2, 3, ..., M), with respect to criterion l
jC  for the given 

individual product group Gl is denoted by ( )= , ,l l l l
ij ij ij ijx a b c

. Thus, the decision matrix for the given individual product 
group Gl, where l = (1, 2, 3, ..., L), is given as:

( ) =  GX l
 
 
 
 
 
 







    



1 2

1 11 12 1

2 21 22 2

1 2

l l l
N

l l l l
N

l l l l
N

l l l l
M M M MN

C C C
B x x x
B x x x

B x x x

,  (4)

where: l = (1, 2, 3, ..., L).
The ratings l

ijx  are aggregated fuzzy ratings evaluated 
by every expert Dk, where k = (1, 2, 3, ..., K), based on the 
expression:

( )= ⋅ ⊕… ⊕ ⊕… ⊕1
1 . .l l l l

ij ij ijk ijKx x x x
K  

 (5)

and:
( )= , ,l l l l

ijk ijk ijk ijkx a b c ,  (6)

where: ⊕ – the function of addition of the FNs.
Step 2. Construct the normalized fuzzy decision matrix 

RG(l) using linear normalization.
The normalized fuzzy decision matrix for the given in-

dividual product group Gl, where l = (1, 2, 3, ..., L), is given 
as:

( ) ( )
×

= l
G ij M N

R l r
  
,  (7)

where: l = (1, 2, 3, ..., L).
Where the normalized fuzzy ratings can be obtained 

by following equation:


 ∈
= 


∈


, ,  ,  if    
max max max

min min min
, , ,  ,  if  

;

 

l l l
ij ij ij l

bl l l
ij ij ijl i i i

ij l l l
ij ij iji i i l

cl l l
ij ij ij

a b c
j C

c c c
r

a a a
j C

a b c

  (8)

Figure 2. Structure of carrier selection problem (source: own contribution)
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Table 4. Linguistic variables for the evaluation of alternatives 
(Rudnik, Kacprzak 2017))

Linguistic terms Scale of FN (based on TFN use) 
Very good (VG) (8, 9, 10) 
Good (G) (7, 9, 10) 
Medium good (MG) (5, 7, 9) 
Fair (F) (3, 5, 7) 
Medium poor (MP) (1, 3, 5) 
Poor (P) (0, 1, 3) 
Very poor (VP) (0, 0, 1) 
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where: l
bC  is the set of benefit criteria for a given cargo 

group Gl; l
cC  is the set of cost criteria for a given cargo 

group Gl. 
After the normalization, the fuzzy rating l

ijr  is still a TFN.
Step 3. Construct the weighted normalized fuzzy deci-

sion matrix VG(l).
The weighted normalized fuzzy decision matrix VG(l) 

is obtained by multiplying the columns of the normalized 
fuzzy decision matrix RG(l) by the associated weights  l

jw  
for each criterion obtained for a given cargo group Gl:

( ) ( )
×

= l
G ij M N

V l v ,  (9)

where: l = (1, 2, 3, ..., L).
and l

ijv  can be calculated as:
 ⋅=  ⊗  

,      if    is  a  real  number;
,   if    is a fuzzy number,

l l l
ij j jl

ij l l l
ij j j

r w w
v

r w w
 

 (10)

where: ⊗ – the function of multiplication of the FNs.
Step 4. Determine the fuzzy PIS and fuzzy NIS for the 

given individual product group Gl, where l = (1, 2, 3, ..., L). 
At this stage of the procedure we can define the fuzzy 

PIS +lA  (aspiration levels) and fuzzy NIS −lA  (the worst 
levels). 

The fuzzy PIS or a given individual group of products 
is given as:

( )+ + + += …1 2, ,   ,  l l l l
NA v v v ,  (11)

where, for j = 1, 2, …, N we obtain:

+  = =  
 

max max , max , maxl l l l l
j ij ij ij iji i i i

v v a b c .  (12)

The fuzzy NIS is given as:

( )− − − −= …1 2, , ,l l l l
NA v v v ,  (13)

where, for j = 1, 2, …, N we obtain:

−  = =  
 

min min , min , minl l l l l
j ij ij ij iji i i i

v v a b c .  (14)

Step 5. Calculate the distance of each alternative from 
fuzzy PIS and fuzzy NIS. 

The distances +l
id  and −l

id  of each alternative from 
+lA  and −lA  can be calculated by the area compensation 

method:

( )

( )

+ +

=

− −

=


 =





=


∑

∑
1

1

, ;

, ,

N
l l l
i ij j

j
N

l l l
i ij j

j

d d v v

d d v v

 

 (15)

where, the distance d between 2 FNs is calculated accord-
ing to the Equation (3).

Step 6. Calculate the relative closeness of each alterna-
tive to the ideal solutions +lA  and −lA .

The relative closeness of each alternative to the ideal 
solutions for the given individual group of products can 
be calculated with the equation: 

− +

+ − + −
= = −

+ +
1

l l
i il

i l l l l
i i i i

d d
RC

d d d d
.  (16)

Step 7. Rank the alternatives and choose the best op-
tion.

During this step the alternatives l
iB , where i = (1, 2, 

3, ..., M), should be ranked according to the value of l
iRC  

indicator. According to this, the decision maker should 
select this carrier with the largest value of evaluated in-
dicator. 

The next section presents the application of the given 
framework in the selected transport company. 

4. Case study

The surveyed logistics operator has been providing its ser-
vices for over 20 years. It is an organization with Polish 
capital, for which reliability, professionalism, and customer 
orientation are the main values of organizational culture. 
The offer directed to the market includes road, sea and 
air transport services as well as contract logistics, includ-
ing warehouse operations related to the distribution of 
products. However, the largest share in both, revenues 
and costs, is associated with the provision of road trans-
port services. Road transport refers to the transport of LCL 
and FCL goods. At present, the company applies a classic 
scheme of carrier for cargo transportation selection.

The company’s own fleet constitutes a small share 
of vehicles servicing transport orders. They are directed 
primarily at handling FCL goods and regular transports 
carried out as part of strategic projects operated by the 
logistic operator. The vast majority of orders are therefore 
handled using cooperating carriers. It should be noted, 
that the operator is focused on undertaking long-term 
cooperation with its subcontractors. Carriers cooperating 
with the analysed operator receive partner support, includ-
ing, e.g., carrier liability insurance on special conditions, 
fleet cards for refuelling on favourable conditions, legal 
support, GPS monitoring. At the same time, carriers co-
operating on a partnership basis are regularly audited by 
the operator in terms of, e.g., timeliness of deliveries, or 
pallets convertibility. The results of these assessments are 
published in the form of reports also available to subcon-
tractors. Forwarders employed by the operator also co-
operate with carriers offering their services via the freight 
exchanges. The most frequently used offers are from the 3 
largest freight exchanges, namely: TimoCom, Trans.eu and 
Teleroute.

The purpose of the analysis is to compare the clas-
sic carrier selection method to handle a transport order 
with the proposed approach using the TOPSIS method and 
fuzzy sets. This comparison will apply to different groups 
of handled loads, taking into account their specific re-
quirements. In order to emphasize the significance of the 
proposed approach, apart from standard loads (which do 
not have special transport requirements), other groups of 
cargo are taken into consideration: food loads and the 
so-called sensitive loads. Due to the specificity of transport 
service, the price criterion in their case loses their priority. 
In addition, the use of classic carrier selection methods 
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in their case increases the risk of loss or damage to the 
transported load. Therefore, they should be subject to a 
broader analysis.

4.1. Definition of criteria and weights 
assessment for traditional approach  
to carrier selection
The audited company currently applies the traditional 
approach to the selection of the transport offer for load 
handling. In this approach, transport options are assessed 
on a 10-point scale. Ratings are assigned by the forwarder 
based on point assessment. The presented scoring is a 
mapping of the carrier selection system in one of the ex-
amined logistics operators. 

The basic evaluation criterion is always the price. Points 
are allocated based on the following valuation (Table 5). 

Secondly, there is assessed the insurance amount pur-
chased by the carrier. In this case, the valuation of this 
criterion is as follows (Table 6).

The last assessment criterion, taken into account only 
for selected groups of transported loads is the number of 
certificates held by the carrier. The valuation of this crite-
rion is similar to the previous defined one (Table 7).

The weights assigned to individual criteria in the tradi-
tional procedure are presented for 3 product groups (Table 
8). The weights presented in the table are the applicable 
values in the examined case company.

In the new proposed approach to the assessment of 
transport options, the number of criteria taken into ac-
count has been enriched by an additional criterion – ex-
perience in cooperation with the operator determined by 
the OTIF indicator. This is an important criterion, especially 
for sensitive goods and ADR products. More and more lo-
gistics operators in their risk management procedures are 
introducing a new regulations connected with elimination 
of selection of accidental carriers for handling sensitive 
products. This is mainly due to the increasingly publicized 
cases of organized crime activities that specialize in the 
theft of this particular group of goods.

4.2. Definition of criteria and weights 
assessment for fuzzy approach  
to carrier selection
The evaluation of transport options offers in the proposed 
method is based on a valuation carried out using a scale 
based on fuzzy sets, described in a linguistic manner (Table 4).  
The linguistic approach will also be used to determine the 
weights for individual criteria according to the Table 3.

On the basis of interviews conducted with forwarders 
in the examined enterprise, the linguistic weights for the 
3 main analysed product groups were determined and the 
results are presented in Table 9. In total, 24 forwarders 
took part in the evaluation process. The research based 
on the use of brainstorming technique. 

Table 5. Point scale for price criterion evaluation (source: own contribution)

The highest offered price Price above the average 
price level

Average price level Price below the average 
price level

The lowest offered price 

1 3 5 7 10

Table 6. Point scale for the insurance level evaluation (source: own contribution)

Basic insurance Extended insurance Full option of required insurance
1 5 10

Table 7. Point scale for the number of carrier’s certificate evaluation (source: own contribution)

Lack of certificates Part of required certificates (necessary/basic) All required certificates
1 5 10

Table 8. Weights assigned to the individual product groups (source: own contribution)

Criterion
Cargo type

Standard products Sensitive products Food
Price C1 0.9 0.6 0.7
The required amount of insurance C2 0.1 0.3 0.2
Required certificates C3 0 0.1 0.1

Table 9. Type of assessment parameters according to the individual product groups (source: own contribution)

Criterion
Weights for cargo types

Standard products Sensitive products Food
Price C1 VB B FB
The required amount of insurance C2 S FB B
Required certificates C3 VS S VB
Required experience in cooperation with the operator with OTIF index C4 S FB B
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4.3. Carrier selection process based  
on traditional approach 
The analysis is performed based on the chosen 4 offers 
of transport options (the same options for every product 
group), which are defined below:
 ■ B1 – own driver/own logistic operator; 
 ■ B2 – external carrier with a signed contract;
 ■ B3 – external carrier cooperating periodically with logis-
tic operator;

 ■ B4 – carrier obtained from the freight transport ex-
change, so far no cooperation performed. 

Table 10 presents the results of the valuation of in-
dividual transport offers before taking into account the 
weights assigned to the criteria for individual product 
groups. The points were assigned by experts of the exam-
ined case company.

Table 11 presents the results of the evaluation ob-
tained for each transport option, taking into account the 
weights applicable to individual groups of goods (Table 8).

The presented results of the conducted analysis in the 
traditional approach indicate the dominant role of the 
“price” criterion. For this reason, for all product groups, 
the assessment of transport options indicates that the best 
option is the selection of the B4 supplier, i.e. the carrier 
from the fright transport exchange. This is in contradiction 
with the rules increasingly introduced by operators that 
recommend limiting the risk of possible losses resulting 
from ordering the transport of selected groups of loads 
to unknown carriers. At the same time, it should be noted 
that the current assessment system does not allow for full 
differentiation of the allocated values, in particular when 
the number of analysed offers (options) is greater than 5, 
which often happens for logistic operator case. This means 
that the shipper must assign the same rating to 2 different 
offers, which may lead to the wrong decision-making. For 
this reason, it is reasonable to propose a new approach 
to the assessment of transport options, using the concept 
of fuzzy sets.

Table 10. Assessment of offers of transport options with the 
use of point method (source: own contribution)

Criterion
Alternative

B1 B2 B3 B4

C1 1 3 5 10
C2 10 10 5 1
C3 10 10 5 1
C4 – – – –

4.4. Carrier selection process  
based on fuzzy TOPSIS approach 
In order to have the possibility to compare the obtained 
results of carrier selection processes, in both cases (tradi-
tional and proposed), analogous parameters of the sub-
mitted offers are assumed. In the 1st step, the evaluation 
of the offers is purely linguistic (Table 12). The assessments 
were made by forwarders participating in the conducted 
research.

Based on the given assessment of the transport op-
tions offers, there can be implemented the main steps of 
fuzzy TOPSIS approach. Thus, at the beginning the fuzzy 
decision matrix XG(l) for alternatives with respect to criteria 
and product groups and based on the Table 4 is assessed 
(Table 13). Each alternative Bi for the given criterion Ci is 
estimated as FN ( )= , ,ij ij ij ijx a b c . The criterion evaluation 
(“cost” criterion / “benefit” criterion) influences the direc-
tion of FNs. For the 1st 2 steps the product group Gl is 
omitted (the results are the same for the all analysed prod-
uct groups – the difference lies in the estimated weights 
for product groups – thus the index l  in the given vari-
ables is omitted). 

With the use of Equation (8), the fuzzy decision matrix 
was normalized based on the criterion type (“cost”/“bene-
fit”). For example, for the cost criterion C1 normalization 
of alternative B2 is given as:

 
 = =
 
 

1 1 1
21

21 21 21

min min min
, ,  

i i ii i i
a a a

r
a a a

( ) 
= 

 

1 1 1, ,   1, 0.33, 0.2
1 3 5

. 

Whereas, for the benefit criterion – e.g., C2, the nor-
malization for alternative B1 is given as: 

 
 = =  
 

12 12 12
12

12 12 12
, ,      

max max max
i i i
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c c c

( ) 
= 
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8 9 10, ,   0.8, 0.9, 1
10 10 10

All the normalized values were calculated according to 
the given above example. The obtained results are present-
ed in the normalized fuzzy decision matrix RG(l), being pre-
sented in Table 14, where C1 is a cost criterion (marked red) 
and criteria C2 to C4 are benefit criteria (marked yellow).

Next step is connected with construction of the weight-
ed normalized fuzzy decision matrix VG(l). The results 
are obtained based on the estimated weights (Table 9)  

Table 11. Assessment of offers of transport options with the use of weighted point method (source: own contribution)

Criterion
Offers of transport options according to cargo type (alternative)

Standard products Sensitive products Food
B1 B2 B3 B4 B1 B2 B3 B4 B1 B2 B3 B4

C1 0.9 2.7 4.5 9 0.6 1.5 3.0 6.0 0.7 2.1 3.5 7.0
C2 1.0 1.0 0.5 0.1 3.0 3.0 1.5 0.3 2.0 2.0 1.0 0.2
C3 0.0 0.0 0.0 0.0 1.0 1.0 0.5 0.1 1.0 1.0 0.5 0.1
C4 – – – – – – – – – – – –
Sum 1.9 3.7 5.0 9.1 4.6 5.5 5.0 6.4 3.7 5.1 5.0 7.3
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and Equations (9) and (10). Since both, the assessment of 
alternatives and the weights of criteria are described by 
fuzzy variables, the calculations were carried out in accord-
ance with the equation for the product of 2 FNs (Kosiński, 
Prokopowicz 2004):

( )( )⊗ = ⊗ =  , , ( , ,l l l l l l l l
ij j ij ij ij wj wj wjr w a b c a b c

( )+ − + +,  ,   l l l l l l l l l l l l l l
ij wj ij wj wj ij ij wj ij wj wj ij ij wja a a b a b b b a c a c c c

for > 0l
ijr  and >  0l

jw .  (17)

For example, for standard products the calculations 
for the cost criterion 1

1C  and alternative 1
1B  are estimated 

below:

( ) ( )( )⊗ = ⊗ =1 1 1 1 1 1 1 1
11 1  11 11 11 1 1 1, , , ,w w wr w a b c a b c

( ) ( )⊗ =1, 0.333, 0.2 0.9, 1, 1

( )⋅ ⋅ + ⋅ − ⋅ ⋅ + ⋅ + ⋅ =1 0.9, 1 1 0.9 0.333 1 0.333, 1 1 0.9 0.2 0.2 1

( )0.9, 0.967, 1.38 .

The obtained results from this step are presented in 
Tables 15–17, for each group of products separately.

The presented matrixes are used to determine the 
fuzzy PIS and fuzzy NIS for the given individual product 
group Gl, where l = (1, 2, 3, ..., L). At this stage of the pro-
cedure we can define the fuzzy PIS +lA  (aspiration levels) 
and fuzzy NIS −lA  (the worst levels) according to Equa-
tions (11)–(14):

( )+ + + += … =1 2, , ,  l l l l
NA v v v

( ) ( )( 0.9, 0.967, 1.38 , 0.08, 0.06, 1 ,  

( ) ( ))0, 0, 0.18 , 0.07, 0.03, 0.95
for l = 1;

( )+ + + += … =1 2, , ,l l l l
NA v v v  

( ) ( )( 0.5, 0.633, 1.18 , 0.56, 0.54, 2.5 ,

( ) ( ))0.08, 0.06, 1 , 0.49, 0.45, 2.4
for l = 2;

( )+ + + += … =1 2, , ,l l l l
NA v v v  

( ) ( )( 0.7, 0.833, 1.34 , 0.4, 0.38, 2.12 ,

( ))2.7, 0.35, 0.31, 2.03
for l = 3

and

( )− − − −= … =1 2, , ,  l l l l
NA v v v  

( ) ( )( 0.113, 0.114, 0.315 ,   0.03, 0, 0.57 , 

( ) ( ))0, 0, 0.1 , 0, 0, 0.06
for l = 1;

( )− − − −= … =1 2, , ,l l l l
NA v v v

( ) ( )( 0.063, 0.065, 0.253 ,  0.21, 0.17, 1.49 ,  

( ) ( ))0.03, 0, 0.57 , 0, 0, 0.17
for l = 2;

( )− − − −= … =1 2, , ,  l l l l
NA v v v  

( ) ( )( 0.088, 0.09, 0.295 ,  0.15, 0.11, 1.25 , 

( ) ( ))  0.27, 0.25, 1.63 , 0, 0, 0.14
for l = 3.
A weighted, fuzzyfied and normalized rating for each 

criterion was compared with fuzzy PIS and fuzzy NIS for 
the given individual product group Gl, where l = (1, 2, 3, 
..., L). The calculations based on the distances +l

id  and −l
id  

(Equations (15) and (3)). Later, the relative closeness of 
each alternative to the ideal solutions for the given indi-
vidual group of products was calculated based on Equa-
tion (16). The example of calculations for distances +l

id  and 
−l

id  of alternative 1
3B  from +lA  and −lA  for standard product 

group is given below. 
The distance from the ideal solution for a:

( )+ +

=

= =∑
4

3 3
1

,  l l l
j j

j

d d v v

( ) ( ) ( ) ⋅ − + − + − +…+ 
 

2 2 21 0.18 0.9 0.186 0.967 0.411 1.38  
3

( ) ( ) ( ) ⋅ − + − + − = 
 

2 2 21 0.01 0.07 0 0.03 0.35 0.95
3

+ + + =1.019 1.094 0.217 1.529   3.859. 
And the distance from the anti-ideal solution:

( )− −

=

= =∑
4

3 3
1

,l l l
j j

j

d d v v

( ) ( ) ( ) ⋅ − + − + − + + 
 

2 2 21 0.18 0.113 0.186 0.114 0.411 0.315 ...
3

( ) ( ) ( )+ 
 +

⋅ − − −



2 2 21 0.01 0 0 0 0.35 0.06
3

=

= + + + =0.126 0 0.04 0,29 0.456 .
Following this, then the final value of l

iRC  indicator of 
the alternative assessment is given:

−

+ −
= = =

++
3

3
3 3

0.456 0.16
3.859 0.456

l
l

l l
d

RC
d d

.

The calculated final values of l
iRC  indicator for the rest 

alternatives and for all the product groups are given in 
Tables 18–20.

Table 12. Assessment of offers of transport options with the 
use of fuzzy TOPSIS approach (source: own contribution)

Criterion
Alternative

B1 B2 B3 B4

C1 MP MP MG VG
C2 VG G F F
C3 VG VG MG F
C4 G G MP VP

Table 13. The fuzzy decision matrix XG(l) (source: own con-
tribution)

Alternative
Criterion

C1 C2 C3 C4

B1 (1, 3, 5) (8, 9, 10) (8, 9, 10) (7, 9, 10)
B2 (1, 3, 5) (7, 9, 10) (8, 9, 10) (7, 9, 10)
B3 (5, 7, 9) (3, 5, 7) (5, 7, 9) (1, 3, 5)
B4 (8, 9, 10) (3, 5, 7) (3, 5, 7) (0, 0, 1) 
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Table 14. The normalized fuzzy decision matrix RG(l) (source: own contribution)

Alternative
Criterion 

C1 C2 C3 C4
ai1 bi1 ci1 ai2 bi2 ci2 ai3 bi3 ci3 ai4 bi4 ci4

B1 1.000 0.333 0.200 0.8 0.9 1.0 0.8 0.9 1.0 0.7 0.9 1.0
B2 1.000 0.333 0.200 0.7 0.9 1.0 0.8 0.9 1.0 0.7 0.9 1.0
B3 0.200 0.143 0.111 0.3 0.5 0.7 0.5 0.7 0.9 0.1 0.3 0.5
B4 0.125 0.111 0.100 0.3 0.5 0.7 0.3 0.5 0.7 0.0 0.0 0.1

Table 15. The weighted normalized fuzzy decision matrix VG(l) for standard products (l = 1) (source: own contribution)

Alternative
Criterion 

C1 C2 C3 C4
ai1 bi1 ci1 ai2 bi2 ci2 ai3 bi3 ci3 ai4 bi4 ci4

B1 0.900 0.967 1.380 0.08 0,06 1.00 0.0 0.0 0.18 0.07 0.03 0.95
B2 0.900 0.967 1.380 0.07 0.03 0.95 0.0 0.0 0.18 0.07 0.03 0.95
B3 0.180 0.186 0.411 0.03 0.00 0.57 0.0 0.0 0.14 0.01 0.00 0.35
B4 0.113 0.114 0.315 0.03 0.00 0.57 0.0 0.0 0.10 0.00 0.00 0.06

Table 16. The weighted normalized fuzzy decision matrix VG(l) for sensitive products (l = 2) (source: own contribution)

Alternative
Criterion 

C1 C2 C3 C4
ai1 bi1 ci1 ai2 bi2 ci2 ai3 bi3 ci3 ai4 bi4 ci4

B1 0.500 0.633 1.180 0.56 0.54 2.50 0.08 0.06 1.00 0.49 0.45 2.40
B2 0.500 0.633 1.180 0.49 0.45 2.40 0.08 0.06 1.00 0.49 0.45 2.40
B3 0.100 0.111 0.336 0.21 0.17 1.49 0.05 0.01 0.79 0.07 0.03 0.95
B4 0.063 0.065 0.253 0.21 0.17 1.49 0.03 0.00 0.57 0.00 0.00 0.17

Table 17. The weighted normalized fuzzy decision matrix VG(l) for food (l = 3) (source: own contribution)

Alternative
Criterion 

C1 C2 C3 C4
ai1 bi1 ci1 ai2 bi2 ci2 ai3 bi3 ci3 ai4 bi4 ci4

B1 0.700 0.833 1.340 0.40 0.38 2.12 0.72 0.71 2.70 0.35 0.31 2.03
B2 0.700 0.833 1.340 0.35 0.31 2.03 0.72 0.71 2.70 0.35 0.31 2.03
B3 0.140 0.151 0.389 0.15 0.11 1.25 0.45 0.43 2.21 0.05 0.01 0.79
B4 0.088 0.09 0.295 0.15 0.11 1.25 0.27 0.25 1.63 0.00 0.00 0.14

Table 18. The distances from the ideal and anti-ideal solutions with calculated rank indicator for standard products (l = 1) 
(source: own contribution)

Alternative ( )+,l l
ij jd v v ( )−,l l

ij jd v v +l
id −l

id l
iRC Rank

C1 C2 C3 C4 C1 C2 C3 C4
B1 0.000 0.000 0.00 0.000 1.438 0.435 0.080 0.891 0.000 2.845 1.00 1
B2 0.000 0.059 0.00 0.000 1.438 0.382 0.080 0.891 0.059 2.791 0.979 2
B3 1.312 0.435 0.04 0.602 0.126 0.000 0.040 0.290 2.389 0.456 0.160 3
B4 1.438 0.435 0.08 0.891 0.000 0.000 0.000 0.000 2.845 0.000 0.000 4

Table 19. The distances from the ideal and anti-ideal solutions with calculated rank indicator for sensitive products (l = 2) 
(source: own contribution)

Alternative ( )+,l l
ij jd v v ( )−,l l

ij jd v v +l
id −l

id l
iRC Rank

C1 C2 C3 C4 C1 C2 C3 C4
B1 0.000 0.000 0.000 0.000 1.117 1.094 0.435 2.292 0.000 4.939 1.000 1
B2 0.000 0.000 0.000 0.000 1.117 0.966 0.435 2.292 0.140 4.810 0.972 2
B3 1.019 1.094 0.217 1.529 0.097 0.000 0.221 0.782 3.859 1.100 0.222 3
B4 1.117 1.094 0.435 2.292 0.000 0.000 0.000 0.000 4.939 0.000 0.000 4
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For the case when the proposed approach to carri-
er selection is based on the TOPSIS method, the “price” 
criterion is no longer as dominant as in the case of the 
classical approach use. For this reason, the B4 supplier, 
despite having the lowest price offer, is tipped last in the 
carrier selection process. This is mainly connected with 2 
elements: (1) this carrier obtained low value of the other 
parameters taken into account in the selection process; (2) 
the proposed approach broadened the scope of standard 
assessment criteria. In addition to the price, required in-
surance and certificates, the previous cooperation with a 
given carrier was also taken into account during the selec-
tion process performance. Thanks to this, own drivers and 
carriers who previously cooperate with the logistics opera-
tor are promoted. This approach is in line with the con-
cept of partnership in the supply chain and strengthening 
relationships through long-term cooperation. At the same 
time, by using the TOPSIS method in the proposed deci-
sion-making process, it was possible to modify the weights 
by adjusting their distribution for individual assessment 
parameters. Thanks to this, the strength of the dominant 
criterion in the classical approach was “weakened” even 
in the case of standard goods. It should be noted that for 
this group of loads, the linguistic value given by the “price” 

criterion refers to the maximum weight of VB. Despite this, 
the proposed approach indicates the choice of “safer”, al-
though more expensive transport options.

4.5. Comparative analysis of the traditional 
approach and the proposed TOPSIS approach

The presented case study clearly illustrates the significant 
differences that occur in the traditional and proposed ap-
proach to the selection of transport option by the logistics 
operator. The innovation of the proposed approach lies 
not only in changing the evaluation method and introduc-
ing an additional evaluation criterion. Moreover, it is also 
important to change the approach to assigning weights 
to individual criteria and the scope of accepted scoring. 
The main differences between the classic approach and 
the proposed fuzzy approach are presented in Table 21.

A comparative analysis of the results obtained in the 
classical approach and in the proposed fuzzy approach 
based on the TOPSIS method (Table 22) indicates a signifi-
cant change in the assumptions for the evaluation of al-
ternatives (carriers’ offers). Strong emphasis on the “price” 
criterion dominating in the classic approach means that 
in each of the analysed groups of loads, the B4 supplier is 

Table 20. The distances from the ideal and anti-ideal solutions with calculated rank indicator for food (l = 3)  
(source: own contribution)

Alternative ( )+,l l
ij jd v v ( )−,l l

ij jd v v +l
id −l

id l
iRC Rank

C1 C2 C3 C4 C1 C2 C3 C4

B1 0.000 0.000 1.700 0.000 1.330 0.922 1.193 1.926 1.700 5.372 0.760 1
B2 0.000 0.118 1.700 0.000 1.330 0.813 1.193 1.926 1.818 5.263 0.743 2
B3 1.214 0.922 1.252 1.287 0.116 0.00 0.616 0.651 4.676 1.383 0.228 3
B4 1.330 0.922 0.822 1.926 0.000 0.000 0.000 0.000 5.00 0.000 0.000 4

Table 21. Comparison of the traditional approach and the proposed fuzzy TOPSIS approach

Traditional approach Fuzzy approach
Number of criteria 3 criteria 4 criteria
Weight 
assignment

the most important criterion is price, the other criteria result 
from legal requirements for selected product groups, and 
their impact on the assessment is non-significant

weighting of the criteria is highly variable 
depending on the product group and the risk 
inherent in their handling process

Assessment 
method

scoring fuzzy linguistic

Scoring method simple, standardized point scale taking into account the diversity of the offer in 
the same range of the assessed criterion 

Table 22. Comparison of the obtained results for carrier selection based on classical method and the proposed fuzzy TOPSIS 
approach (source: own contribution)

Alternative

Standard products Sensitive products Food

Weighted method Fuzzy TOPSIS Weighted method Fuzzy TOPSIS Weighted method Fuzzy TOPSIS

Rank Rank Rank Rank Rank Rank
B1 4 1 4 1 4 1
B2 3 2 2 2 2 2
B3 2 3 3 3 3 3
B4 1 4 1 4 1 4
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selected as the best option, despite the limitations in pro-
viding the required certificates and insurances. This result 
is the effect of the dominant role played by criterion C1.  
This approach may be beneficial for standard goods for 
which there are no specific guidelines for carrying out 
the transport. However, for other groups of products, this 
approach carries certain types of hazards. In the case of 
food products, the required certificates and appropriate 
insurance (including, e.g., intrusion by third parties into 
the semi-trailer) are significantly important. These crite-
ria should therefore be given greater weight than in the 
classical approach. Similar conditions apply to sensitive 
goods. For these loads, the risk of theft related to trans-
port increases significantly. Lack of adequate insurance for 
the carrier may be critical in consequences for both, the 
carrier himself and the logistics operator, who orders the 
transport.

The proposed approach to carrier evaluation, which 
bases on the TOPSIS method implementation, can be 
considered as a concept consistent with the frame of risk 
management in the supply chains. By introducing the 4th 
selection criterion, the proposed approach promotes carri-
ers with whom the operator establishes (or has already es-
tablished) strong business relationships. Due to the inclu-
sion of the OTIF indicator in the evaluation of alternatives, 
having so far positive business experiences favour making 
safe choices. At the same time, this approach reduces the 
risk of adverse events arising from outsourcing of freight 
services to carriers that have not been verified or have 
been negatively verified by the logistics operator. 

Thanks to the use of the TOPSIS method in the rank-
ing of offers, the emphasis on individual selection criteria 
has also been changed. This additionally strengthens the 
effect of reducing the risk of adverse events occurrence, 
because the “price” criterion, even in the case of high 
rank (weight), does not dominate the selection process. 
This is especially important in the case of loads, in which 
the specificity of the transported goods or environmental 
conditions require consideration of the significance of the 
other assessment criteria.

Conclusions 

In the presented work, we have proposed a fuzzy TOPSIS 
model for selection of the best logistic handling opera-
tor under uncertain (fuzzy) environment and taking into 
account the type of transported products as the main at-
tribute. The proposed fuzzy approach is more adapted to 
current market requirements. Currently, logistics operators 
have to include a risk-based approach in their decision-
making processes. Safety of a transported load and high 
requirements for the level of logistics service offered, ex-
pressed by the OTIF indicator, mean that managers should 
modify the currently operating traditional procedures. 
Only in this way will they be seen as a reliable partner for 
the developing logistics chains they support.

Following this, the presented comparison of both the 
analysed methods clearly state that the traditional ap-
proach is too limited in order to provide carrier selec-
tion process performance satisfying safety and reliability 
requirements of transport process performance. The new 
approach adheres to the market operational requirements 
and is simply applicable. 

The presented research results are the part of conduct-
ed by the authors analyses on the concept of creating safe 
and resilient supply chains. Transport, as a link connecting 
individual participants of the supply chain, plays a signifi-
cant role in the material flow process performance within 
the logistics network. It is also one of the most sensitive 
logistics processes implemented within the global network 
of connections due to the fact, that its implementation 
takes place at the interface of cooperating organizations 
and with using external infrastructure. Thus, it is a pro-
cess that is particularly vulnerable to the occurrence of 
adverse events, on which a logistics operator has a limited 
impact. Further research conducted by the authors will be 
focused on other tools supporting risk management in 
supply chains. This risk will be analysed not only within 
transport, but also in the other stages of processing the 
finished product and its delivery to the consumer within 
the whole logistic chain.
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