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Abstract

:

Due to its vast maritime coast, connected to the riverbeds that flow into the sea, Brazil holds favorable conditions for cargo transportation by cabotage—a type of navigation performed between points on the coast or between these and river points. The purpose of this study was to develop and apply a model to evaluate the degree of satisfaction of users of Brazilian cabotage, specifically the containerized cargo segment, with the services offered to them. The assessment model was developed based on the multicriteria decision aid (MCDA) methodology, which was designed under the aegis of the constructivist paradigm and with the collaboration of a team of cabotage specialists. A framework was built for assessment consisting of seven axes: service level, cargo safety, cabotage routes, transportation cost, general aspects of transportation, quality of information provided by EBNs and intermediary agents, and other aspects related to transportation. The global assessment obtained a score of 7.0, on a scale of zero to ten, which is considered good. The study’s contribution to the transportation sector consists of the construction of a multi-criteria assessment model, which can be replicated for other types of transportation with the necessary adjustments.
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1. Introduction


Brazil is a country of continental size and has a maritime coastline of approximately 7400 km, connected to some navigable rivers, which characterizes it with a natural vocation for the practice of cabotage navigation [1].



Cargo transportation by cabotage is an option to cheapen logistics costs when this mode of transportation is used to transport a significant volume of cargo.



Cargo transportation by cabotage is little used in Brazil, although its use has grown significantly in recent years. However, it is still far from what could be ideal due to the favorable conditions existing in the country.



Two factors can be determined to explain the limited use of cabotage in Brazil: the freight price, which is not as attractive as it is expected to be, and the preference of transporters for roads, due mainly to transport time, which is much shorter on roads. The freight price would undoubtedly be more rewarding, and carriers’ preferences would move more quickly from road to waterway, were the cabotage to transport a considerable cargo volume [2].



Few scientific studies have been conducted to date on Brazilian cabotage. Generally, qualitative assessments have been performed about the cabotage industry. These assessments indicate alternative solutions to the problems, difficulties, and barriers detected [1].



This study focused on another perspective: it aimed to quantify how satisfied users of Brazilian cabotage, particularly the containerized cargo segment, are with the services offered, based on gathered qualitative considerations from users of this mode of transport. With user satisfaction information, if this is positive, motivations are created so that new carriers begin to use cabotage to transport their products and thus reduce freight price and Brazil’s costs.



The containerized cargo segment differs from other types of cargo—solid bulk cargo, liquid and gaseous, and lost general cargo—because it is cargo with standardized packaging, which facilitates its transport, handling, and operation. As depicted by Borges et al. [3], this type of cargo results from the technological evolution of global shipping that occurred in the 1960s, when the container first appeared, which promoted the specialization of container vessels, focused solely on the transport of containerized cargo.



In recent years, in Brazil, the containerized cargo segment has grown exponentially. The containerized cargo volume transported by cabotage grew from 5,191,629 tons in 2010 to 15,808,209 tons in 2019, an increase of 204.49% in the period, equivalent to an average growth of 13.17% per year [4]. These data by themselves justify the realization of a study of this nature.



The methodology used for this study was the multicriteria decision aid (MCDA), based on the constructivist paradigm and with the collaboration of a team of cabotage specialists to build the assessment model. This methodology was chosen because it was understood to be adequate for the objectives of the study, that is, a complex scenario with a variety of criteria to be assessed.




2. Theoretical Reference


Three topics will be discussed in this section: cabotage in Brazil, multicriteria decision aid, and the measurement of attractiveness by a categorical-based evaluation technique.



2.1. Cabotage in Brazil


Logistics is a critical activity that contributes significantly to the development of a country. Furthermore, transportation is the most important activity within the logistics chain, as it interlinks three key segments: the production sector, trade, and consumers [5].



As a key function for the progression of such areas, freight transport activity needs a balanced, dependable matrix with the possibility of low costs, pollution levels, and ecological degradation. The expansion of cabotage is the natural path for this and the diversification of the supply chain by enabling cost reduction, reducing the risk of theft and accidents, and minimizing environmental impact [4].



Trucking is very well-suited for short distances. However, for long distances, notably between cities near the coast, cabotage presents itself as a different and more appropriate means of transport by presenting, according to Valois [6], benefits and advantages in both economic and environmental terms. It could thus be a booster for the development of a sustainable transportation system.



In Brazil, the conditions are favorable for cabotage: a long coastline of more than seven thousand kilometers, about 80% of the population located in cities up to 200 km from the coast, and rivers that can be navigated and that flow into the sea. These three elements grant cabotage essential conditions for its development, at least in theory, because in practice, the reality is quite different and the cabotage participation level in the Brazilian transport matrix is still low [2].



However, cabotage cargo transport activity is not satisfactory in Brazil, since there is an unbalanced matrix that leans heavily towards the road modal, with about 61% of the cargo volume transported by road, as pointed out by Alvarenga [7]. This is despite the reality of Brazilian roads, which undermine the quality of road logistics [8]. This increases freight transport costs, air pollution, and environmental degradation.



By law, the cabotage segment in Brazil is reserved for Brazilian shipping lines with Brazilian-flagged ships. However, Law 9.432/1997 allows foreign vessels to use this segment when no Brazilian flag is available for the intended transport size or type [9].



The reservation of the cabotage market for ships owned by Brazilian shipping lines creates non-competitive situations for the efficiency of the country’s transport infrastructure, which reduces available ships and produces low-quality service levels in general. Breaking the exclusivity of the national flag was identified by Durães Filho et al. [10] as one of the first structural reforms destined to competitively recapacitate Brazilian cabotage. At the beginning of the 1950s, cabotage represented 27.5% of all transported cargo volume in Brazil.



Since then, the federal government has increased road transport usage. In the first decade of the 2000s, cabotage only represented 1.8% of the overall freight transported in the country, except for the transport of petroleum and its derivatives [11].



In the 1990s, Brazilian cabotage usage increased, primarily driven by the advent of Law No. 8630 of 25 February 1993—Port Modernization Law [12]—and by the positive conditions of the Brazilian economy, such as inflation rate control, economic stability, and the opening and insertion of the Brazilian economy into the international market [13]. These facts promoted industry growth, increasing the demand for transportation.



In this context, cabotage for freight transport (in containers or bulk) presents itself as a possible option to enhance the efficiency of the present transport system in the country, still marked by the excessive use of road transport.



The government and the private sector have initiated a stimulation of trade through cabotage. However, some barriers must be surpassed for this modal to continue to grow in Brazil: the price of bunker oil; the low port efficiency; the slow bureaucratic processes involving loading and unloading operations in ports; and the high waiting times for berthing solid and liquid bulk carriers [5].



Besides the mentioned obstacles, the cited author highlights that there are three others, of an economic nature, that contribute to the low use of cabotage: port taxes, labor service in ports (stevedoring and storage), and pilotage services, since their high costs push up the freight value, making the modal financially uncompetitive concerning road transport.



Brazilian cabotage has shown substantial growth in recent years. From 2010 to 2019, the average annual growth rate of containerized cargo transportation by cabotage was 13.57%. Other freight types (general cargo, dry bulk, and liquid and gaseous bulk) showed more modest average annual increase rates: 6.41%, 2.95%, and 20.80%, respectively [14]. Despite these attractive growth rates, especially for container transport, the use of cabotage in Brazil for cargo transport is still limited, especially if one considers the attractive conditions in the country: coastline length and population concentration near the coast.




2.2. Multicriteria Decision Aid (MCDA)


Multicriteria decision aid methods are part of the new scope of operational research (OR), emerging from studies developed in France by Roy in 1968 and the United States by Keeney and Raiffa [15] and Saaty [16]; authors considered to be pioneers of the multicriteria methodology for decision aid.



The ideas that motivated the scientific community to develop multicriteria methodology go back to the 1950s, more specifically to the studies produced by Koopmans [17], about the concept of an efficient or non-dominated vector, and by Kuhn and Tucker [18]. These ideas deal with the conditions that guarantee the existence of efficient solutions in a multi-objective problem [19].



One of the most relevant aspects of multicriteria methods is that they may be utilized to analyze the process that precedes the decision making, evaluate a decision that has already been made, or evaluate if the objectives of a given decision have been achieved. More precisely, they may be used for both ex ante and ex post analyses [20].



MCDA is a methodology designed to analyze complex situations based on quantitative and qualitative indicators. They may be used both for decision aid and as analytical and assessment techniques [21].



There are dozens of MCDA methods. Table 1 shows the most used methods considering articles indexed by WoS/Scopus from 1977 to 2022 [22]. Analytic hierarchy/network process (AHP/ANP) followed by the technique for order of preference by similarity to ideal solution (TOPSIS) are the most used methods [21]. All those techniques can be applied alone or in combination with other techniques or approaches [22]. We highlight the MACBETH method that was used in this work.



The literature shows that it is difficult to prove that a particular method is superior to others in supporting decision making [23]. Choosing a method strongly depends on the decision context [23,24]. Wątróbski et al. proposed a framework supporting the selection of an MCDA method for a given decision-making situation depending on the method’s abilities: if the method has weights; what are the type of the weight; the scale type; if the method has uncertainty; the method topic (choice, classification, ranking and choice, classification and choice); and the ranking type [24].




2.3. Measuring Attractiveness by a Categorical-Based Evaluation Technique (MACBETH)


MACBETH stands for measuring attractiveness by a categorical-based evaluation technique. It is an MCDA that needs only qualitative judgments about value differences to help a decision maker (individual or a group) quantify the relative attractiveness of options. The original research on MACBETH approach aims to produce a scale without forcing individuals or groups to produce direct numeral representations of their preferences [23].



MACBETH consists of questioning decision makers to verbally express the difference in attractiveness between two levels of impacts “a” and “b” (a more attractive than b) [24,25], choosing one of the categories of the semantic ordinal scale used by MACBETH, as shown in Table 2.



Based on the semantic categories, a so-called semantic matrix is built, with the attractiveness differences indicated by the decision makers concerning the impact levels of the same descriptor, which serves as input for the calculation of the value functions, by MACBETH, through linear programming. This is one of the superior features of this method because the procedure involves comparisons of only two alternatives at a time [23].



MACBETH has some limitations: it requires a considerable willingness on the part of the decision maker to provide the necessary information, it requires a high commitment on the part of the facilitator, there are potential difficulties in the matrices completion that can arise, and there is a need to assure mutual preferential independence among criteria. Substantial advances have been accomplished, such as its mixture with the Choquet integral [23]. MACBETH mathematical foundations are presented in [26].



This method has been used over the last decades in different areas of knowledge such as agriculture, manufacturing, energy, environment, medical, military, public sector, information security, among others [23,26,27]. These real-world applications of MACBETH have inspired research regarding the concepts of “robustness” and “sensitivity” which are implemented in HIVIEW3—a software that implements MACBETH procedures to determine value functions [28].




2.4. Emerging Multicriteria Methods


Some emerging methods not mentioned by Basílio et al. [21] are essential to highlight. Sequential interactive model for urban systems method (SIMUS), developed by Nolberto Munier, is a hybrid method that does not need specialists to determine weights because it is internally calculated by its procedures using an initial decision matrix based on linear programming. Because the weights are not used to make the decision there is a reduction in the subjectivity of the process, giving it an advantage [29,30]. Its limitation resides in not reaching an optimal result, as in traditional linear programming.



COMET stands for the characteristic objects method. The method is based on a rule set and is free of the rank reversal phenomenon [31]. This phenomenon occurs when a criterion is added or removed and was first noticed in the AHP method by Belton and Gear, leading to a long-lasting debate about AHP validity [32]. One of the limitations of COMET is that it requires more information than other classical multicriteria methods. Hence, it is not easy to compare it with these other multicriteria methods [33].



SPOTIS is another rank-reversal-free method. It stands for stable preference ordering towards ideal solution, proposed by Dezert et al. in 2020 [34]. The lack of rank reversal is achieved by comparing alternatives to the ideal solution chosen by decision makers, not by the relative comparison between alternatives. Unlike COMET, it does not require more information than other methods [34].





3. Methodology


A multicriteria decision aid methodology (MCDA) was used to operationalize this work. The choice of an MCDA methodology for the study was due, primarily, to the need to use a robust and precise approach, given the importance that cabotage has for cargo transport in Brazil, both in economic and environmental terms, as well as other perceived benefits.



Another factor involved in the choice of a multi-criteria methodology was the combination of objectivity and subjectivity of the method, as well as the ease of use, as highlighted by Naegler et al. [35], especially when multiple criteria or objectives need to be considered together [36].



Considering our decision scenario where criteria have weights and the need to use a relative scale, the framework proposed by [24] leads to the use of one of those methods: AHP, ANP, DEMATEL, MACBETH, and REMBRANDT. After analyzing some multicriteria methods, the MCDA methodology of the European school was chosen, or more precisely, the method proposed by Ensslin et al. that uses MACBETH [37]. Another factor involved in the choice of this methodology was the variety of studies in logistics and maritime transport conducted based on MCDA methodologies, as also noted by Lorencˇicˇ et al. [38].



To assess the degree of satisfaction of Brazilian cabotage users, a specific evaluation model was developed for this purpose. This model was based on the premises, assumptions, and epistemological foundations proposed by Ensslin et al. [37], with necessary adjustments. The development of this model consisted of seven phases: definition of the label, identification of actors, identification of assessment elements, construction of descriptors, determination of value functions, definition of substitution rates, and construction of the value tree. Next, each of these phases will be discussed.



3.1. Label Definition


Considering that the goal of the study was to assess how satisfied cabotage freight transport users are with the services provided to them by operators in this transport segment, the title set for the model was: Assessment of the level of satisfaction of users of Brazilian cabotage—container cargo segment.




3.2. Actors Identification


The players that participate directly or indirectly in the decision-making process, contributing with suggestions for the model’s construction, are classified by Ensslin et al. [37] into two groups: acted and intervening. The latter is composed of two categories: decision makers and facilitators. The actors contemplated in the model under analysis were the following:




	
Acted—the Brazilian cabotage users, who in this specific case will participate in the field research aimed at raising their awareness about the quality of the services provided by the shipping companies;



	
Decision makers—cabotage experts invited to contribute with their knowledge to the construction of the assessment model; and



	
Facilitators—the authors of the current work, who master the techniques and tools to obtain the necessary information to build the assessment model from the decision makers.








The decision-making team was made up of cabotage experts who were invited to collaborate with the facilitators in the preliminary phase of the study, namely:




	
A manager of a government agency dealing with water transport;



	
A manager of a cabotage shipping company;



	
A port manager;



	
Four managers of a waterway transport agency; and



	
A professor of a postgraduate program in transport.








These people contributed decisively to the construction of the model for assessing the degree of satisfaction of Brazilian cabotage users.




3.3. Assessment Elements Identification


The assessment elements constitute the basis of the evaluative process. Ensslin et al. [37] proposed a set of steps for the identification of the elements as follows: (i) identification of the primary elements of evaluation (PEE); (ii) construction of cognitive maps; and (iii) identification of the fundamental points of view (FPV).



The primary elements of evaluation are the initial step in arriving at the cognitive maps. These, in turn, provide the identification of the fundamental viewpoints that, in the final analysis, are the main objective of this stage. The FPVs are at the head of the primary evaluation axes as criteria and correspond to the aspects considered by decision makers as essential to the evaluation process. FPVs are the key points that will compose the larger scope of the evaluation model.



Interviews and brainstorming sessions were held with the decision makers to identify the primary evaluation elements capturing knowledge and perceptions on the theme under analysis. The data collected were computed and treated by the facilitators, resulting in a preliminary proposal submitted to the decision makers and adequately adjusted by them.



Seven assessment axes were identified: level of service, cargo safety, cabotage routes, transportation cost, general aspects of transportation, quality of information provided by Brazilian shipping companies (EBNs), and intermediary agents and other aspects related to transportation. These assessment axes were initially characterized as FPV candidates. To be accepted as an FPV candidate, they need to fulfill the following requirements: be essential, controllable, complete, measurable, non-redundant, concise, understandable, isolable, and operational [15,25].



Once it was found that the set of FPV candidates met all the properties indicated in the previous paragraph, they became a family of FPVs, which will be the basis of the multi-criteria assessment model used in this study. Each FPV, due to its complexity, was broken down into elementary points of view (EPV) and became part of the basic structure of the assessment model, which, after being validated by the decision makers, was defined according to the value tree shown in Section 3.6.




3.4. Descriptors Construction


For each assessment axis, which extends from FPV to FPV, an assessment instrument must be built, consisting of two tools: a descriptor and a value function [1]. A descriptor corresponds to a set of impact levels (IL) intended to describe the plausible performances of criteria and sub-criteria. The value functions will be dealt with in the next sub-item. As all criteria (FPVs) were broken down into sub-criteria (EPVs) in the current study, descriptors were defined only for these.



According to the actors’ value systems, this study defined five impact levels in descending order for each descriptor ranked in terms of preference. The most attractive corresponds to the action with the best possible performance, and the least attractive level corresponds to the worst. For most of the EPVs in the assessment model, a single descriptor was defined based on the Likert scale, as seen in Table 3.



For the EPVs that did not support this type of descriptor, such as the EPV regarding overbooking, among others, we defined other appropriate descriptors for each case.



It is stressed that the levels of impact of the descriptors correspond to the alternative answers of the survey used in the field research. In other words, for each EPV, a multiple-choice question was prepared, whose answers corresponded to the levels of impact of the respective EPV.




3.5. Value Function Determination


According to the decision makers’ value systems, the value functions are tools intended to quantify the performance of criteria or sub-criteria (potential actions) [37]. They are also mathematical representations, through graphs or numerical scales, of the attractiveness of each level of impact, concerning a scale that is anchored in previously fixed levels, based on the value systems of the decision makers [24].



There are several methods in the literature that can be used for the construction of value functions. In this study, the method called semantic judgment was employed, which was considered by Quirino [25] as suitable to assist the decision maker in the articulation of their preferences during the assessment of a given point of view.



The construction of value functions using the semantic judgment method is based on pairwise comparisons of the difference in attractiveness between impact levels for each potential action. These comparisons are made by asking the decision maker to qualitatively express, using a semantic ordinal scale (with words), the intensity of preference for one level of impact over another [25].



Semantic judgment was operationalized by the measuring attractiveness by a categorical-based evaluation technique (MACBETH), developed by Bana e Costa and Vanisck [39]. This method uses linear programming to determine the value function (numerical value) that best represents the decision makers’ judgments [40]. Bana e Costa, Corte, and Vansnick [39] offer further details on the MACBETH software.



In the present study, MACBETH was used to determine the value functions, with the support of the Hiview3 software, developed by Catalyze Ltd., which incorporates MACBETH.



Figure 1 shows as an example the MACBETH screen with the semantic matrix concerning the determination of the value function of insurance value. The current scale column indicates the value function.



Gomes [41] points out that, as soon as a value function is associated with an FPV, it can be called a criterion, and its EPVs can be called sub-criteria.




3.6. Definition of Replacement Rates


The replacement rates, also called compensation rates, or simply weights, express the loss in performance that one criterion or sub-criterion must lose to compensate for the gain in another so that its global value remains unchanged [15,42,43,44]. Several methods can be used to determine the substitution rates. In this study, the swing weights method was used to determine the replacement rates of the FPVs (criteria) and the pairwise comparison method for the EPV (sub-criteria), as defined by Quirino [25].



The determination of the criteria substitution rates using the swing weights method consisted of two steps: (i) ranking of the FPVs by order of preference according to the value judgment of the decision makers; and (ii) definition of the respective substitution rates.



We used the Roberts matrix to conduct FPV ranking [45], which compares all criteria against each other, pair by pair, to determine a score for each criterion, whose orders of magnitude will choose the ranking.



The score of the matrix elements to rank the FPVs is obtained as follows: if a criterion bi (meaning criterion b is in row (i)) is preferred to criterion cj (meaning that criterion c is in column j), then the element of the ranking matrix bij = 1 and the element cji = 0, where i, j = 1, 2, 3, 4, 5, 6 and 7 (number of criteria). When the matrix is finished filling, the values of each row i are added. The row with the highest numerical value of preferences corresponds to the most attractive criterion, and the row with the lowest numerical value indicates the least attractive criterion. Next, the matrix is ordered in descending order of preference (attractiveness). In symbolic terms, this property is represented as follows:


  I f  (   b i   )  P  (   c j   )   →    {       b  i j   = 1       a n d        c  i j   = 0      }   →   f  (   b i   )  =  ∑   a  i j   > f  (   c j   )  =  ∑   a  i j    











Table 4 presents the Roberts matrix with the ordering of the FPVs contained in the evaluation model.



The next step consisted of defining the replacement rates of these criteria based on the following chaining: the most attractive criterion, according to the value judgments of the decision makers, received a score of 100, and the other FPVs were assigned points in descending order, always compared to the most attractive FFV.



In the present case, the decision makers understood that FPVs 1, 2, 3, and 4 were at the same level of importance, as were FPVs 6 and 7, so criteria with the same level of importance have the same score. Table 5 presents the final score of the FPVs, the method of calculating replacement rates, and such rates from the respective criteria.



The determination of EPVs’ replacement rates followed the same procedure adopted to determine FPVs’ replacement rates: first, sorting the EPVs in order of preference according to the value judgment of decision makers; then, determining the respective replacement rates, by estimation, from the pairwise comparison of the EPVs of the same FPV.




3.7. Construction of the Value Tree


After defining the basic structure of the assessment model, a value tree was built, which consists of a tree diagram of the defined structure, composed of the criteria, sub-criteria, and their respective weights, as shown in Figure 2.



After the demonstration of the elaboration of the valuation model is concluded, the procedures for calculating the valuations and performing the sensitivity analysis will be presented next.




3.8. Procedures for Calculating Assessments


As discussed in previous items, the final objective of this study was to structure an assessment model to assess the degree of satisfaction of the users of Brazilian cabotage. The following equations were used to transform the qualitative data (as a result of the field research) into quantitative. The results express a value on a scale from zero to ten, which represents the degree of satisfaction of the Brazilian cabotage’s users with the quality and readiness of the services offered.



The data treatment of the research was carried out with Hiview3 software (Winchester, UK), which defined the ratings of the assessment criteria based on the defined model, and from these assessments, the global assessment was calculated through an additive aggregation formula given by the following equation adapted from Ensslin et al. [37]:


  GA =   ∑   i = 1  n  x i . y i ( a )  



(1)




where:




	
GA = global assessment;



	
yi (a) = criteria score;



	
xi = criteria replacement rate;



	
n = 7 (number of model criteria).








This equation is subject to the following restrictions:




	
The sum of the replacement rates must equal 1 (x1 + x2 + … + x7 = 1);



	
The value of the replacement rates must be greater than zero and less than 1 (1 > xi > 0 for i = 1, 2, …, 7).








This formula is adequate to calculate the global assessment (final score) from the data collected during the research after being tabulated and treated by the Hiview3 software.



As far as the calculation of criteria assessments is concerned, the procedure adopted is similar to that indicated above, as it corresponds to the weighted average of sub-criteria assessments. These, on the other hand, have their assessments calculated directly by Hiview3 from the value functions imputed to the answers of the field research surveys.




3.9. Sensitivity Analysis


Although the assessment model was designed with dedication and care by the decision makers when defining its parameters, it remains unclear to what extent it is solid enough to lend credibility to the assessment result. It was therefore crucial to perform a sensitivity analysis, which could only be performed after the field research was conducted and the data were adequately treated based on the assessment model developed.



The sensitivity analysis of the assessment model was performed based on the variation in the criteria substitution rates (FPV) of 10% more and less, as proposed by Ensslin et al. [37], changing the parameters of these rates and verifying the impact that occurs in the global assessment.





4. Presentation and Analysis of the Research Data


The field research was conducted in April and May 2021 via telephone interviews with representatives of companies that transport cargo by cabotage. The interview followed a structured script based on the evaluation model presented in Section 3. In total, 157 companies use Brazilian cabotage to transport their products. Almost all of these companies were contacted, but only 22 companies volunteered to answer the survey.



The number of companies that participated in the survey corresponds to 14% of the total number of companies using Brazilian cabotage. This percentage is significant and gives credibility to the result of the study, given the characteristics and peculiarities of the methodology used.



Table 6 displays the results of the sub-criteria, criteria, and global assessments after the data were analyzed by using the Hiview3 software:



The results were analyzed by FPV and, at the end, the overall assessment will be discussed.



4.1. FPV 1—Service Level of Shipping Companies


This FPV contains four sub-criteria with significant impacts on cabotage customer satisfaction concerning the services offered to them, which are: 1.1—personalized customer service by the cabotage shipping companies; 1.2—fulfillment of transport contracts; 1.3—quality of the invoicing by the cabotage shipping companies; and 1.4—overbooking practiced by the shipping companies. These sub-criteria have a weight of 25% in the composition of the criterion assessment.



This criterion had a low assessment, achieving a score of 6.53 on a scale of 0 to 10. The overbooking criterion was assessed with a score of 5, demonstrating dissatisfaction with this practice, proving common practice on the part of cabotage shipping companies. This causes inconvenience to cabotage users since it results in a total transportation time superior to that initially expected.



Personalized customer service and contract compliance were evaluated with relatively good scores—7.3 and 7.5, respectively—showing a reasonable satisfaction of the cabotage users with these items.



The invoicing quality sub-criterion was lower than the first two sub-criteria. This shows that this activity presents problems, which causes problems for both cabotage users and the shipping companies themselves. The shipping companies need to improve their invoicing practices, which will improve the service-level quality.



These results show that the cabotage shipping companies should invest in improving customer service to enhance customer satisfaction and increase the volume of cargo transported by cabotage. Additionally, they should pay attention to the more effective compliance with transport contracts, implement invoicing activities that improve the quality of this service, and, above all, abandon the practice of overbooking, as it causes inconvenience to customers and is harmful to the modal.




4.2. FPV 2—Cargo Security


Cargo security is a relevant aspect in cabotage and is its central differential due to the intrinsic characteristics of this type of transport, characteristics that inhibit theft and detour and have a low rate of damage and waste; the three aspects addressed by FPV 2.



This criterion scored 9.13, strongly driven by EPV 2.1—cargo security against theft and robbery—which contributes with a weight of 50% to the FPV assessment and received the maximum score: 10.0. The other sub-criteria, EPV 2.2—cargo security against damage—with a weight of 35% and EPV 2.3—cargo security against waste—with a weight of 15%, were evaluated, respectively, with scores of 8.1 and 8.6. Although 100% secure against theft and robbery, this shows that the cargo transported by cabotage presents some insecurity concerning damage and waste.



Regarding theft protection, the only concern of the cabotage shipping companies should be to maintain the status quo. Regarding the other aspects, despite having been well evaluated, they deserve attention from the shipping companies when implementing measures aimed at reducing damage and waste, which will further improve the quality of service of this type of transport and contribute to the increase of new users.




4.3. FPV 3—Cabotage Routes


The routes operated by the shipping companies for cabotage constitute one of the main differentials of this modal. The longer transport time concerning other modalities reduces its attractiveness; if there is no significant choice of routes, customers end up distancing themselves more and more from cabotage.



This FPV has four sub-criteria: EPV 3.1—route availability; EPV 3.2—route operating frequency; EPV 3.3—route regularity; and EPV 3.4—port omission. The first three sub-criteria were well evaluated, with 7.3, 8.4, and 8.3 scores, respectively. The last sub-criterion obtained a score of only 3.4, which was the lowest score among all the evaluated sub-criteria, rating FPV 3 with a score of 7.05.



The weights of the sub-criteria for the assessment of FPV 3 are relatively close, with a slightly higher emphasis on EPV 3.1, with 30%; the next two EPVs, 3.2 and 3.3, contribute a weight of 25% each, while EPV 3.4 contributes a weight of 20%.



Although this FPV was rated relatively well, it could have been rated better if port omission was not a common practice. However, port omission is a strategy adopted by shipping companies to avoid delays in the total transportation time when a ship does not obtain authorization to dock in a given port due to the unavailability of a berth. Nevertheless, although beyond the control of shipping companies, this practice causes serious inconvenience to cabotage users.



Although the sub-criterion route availability has been well-evaluated, with a score of 7.3, shipping companies need to increase the number of routes available to cabotage clients, which requires significant investments, such as acquiring new equipment, among others.



Regarding the sub-criteria route operation frequency and regularity of routes, although they were also well-evaluated, they will tend to perform better with the acquisition of new vessels to increase the number of routes. The government should invest in expanding a port’s installed capacity, especially the cabotage docks. As for the sub-criterion port omission, for this practice to be reduced or eliminated, infrastructure investments by the government are needed to expand the installed capacity of ports, especially the expansion of docks for cabotage.




4.4. Shipping Cost


In theory, the cost of cargo transportation by cabotage should be much lower than the costs of other modes, given the volume of cargo transported by each ship. However, the reality is different because for this to happen, a significant volume of cargo would need to be transported regularly by this modal to offset the high investments and lower the cost of freight.



This FPV obtained the lowest score among the seven criteria evaluated, a score of 6.02. For assessment purposes, this criterion was broken down into seven sub-criteria, all with very similar weights, except for the one referring to the freight value, which was given a higher weight. The scores obtained by the sub-criteria were: EPV 4.1—price modicity (weight 15%) = 5.6; EPV 4.2—freight value (25%) = 6.9; EPV 4.3—insurance value (15%) = 8.1; EPV 4.4—extra freight charges (10%) = 4.1; EPV 4.5—collection of undue amounts (10%) = 5.2; EPV 4.6—demurrage (15%) = 5.5; and EPV 4.8—storage cost (10%) = 4.8.



In general, the scores for the sub-criteria were very low, except for the sub-criterion related to the insurance value, which was well-evaluated. This is because as the risk of theft and robbery is almost zero, and the risks of damage and waste are very low, the value of insurance, compared to the insurance of other modes, is much lower, which is one of the positive aspects of cabotage. The low assessment of the other sub-criteria reflects the dissatisfaction of the cabotage users with the prices practiced, especially regarding the extra freight charges.



The reduction in transport price invariably goes through the volume increase in containerized cargo transported by cabotage. This volume is still very low but has been growing significantly in recent years. With the expansion of the installed port capacity and the supply routes by the shipping companies, the cost of cargo transport by cabotage is likely to fall due to the entry of new players in this market, which, notably, has been occurring in recent years, according to Antaq [4]. Lowering the cost of freight will undoubtedly reduce logistics costs and, consequently, reduce Brazil’s costs.




4.5. FPV 5—General Aspects of Transportation


This FPV encompasses the aspects directly related to cargo transportation itself. Its assessment was slightly low, 6.84, and reflects the weighted average of the six EPVs that comprise it, whose weights vary from 10 to 25%, as follows: EPV 5.1—predictability of deadlines, score 6.7; EPV 5.2—reliability of contracted deadlines, score 7.5; EPV 5.3—generality/isonomy with users, score 7.3; EPV 5.4—multimodality, score 6.9; EPV 5.5—collection and delivery service, score 6.6; and, finally, EPV 5.6—total transportation time, with a score of 6.2.



In practice, these aspects are some of the most interesting to cabotage customers, especially the total transportation time, which was evaluated with the lowest score. The extended total transportation time is an intrinsic characteristic of cabotage. However, due to the omission of ports, overbooking, and the cargo clearance time at the port of destination, this time becomes even longer, generating a negative image for the modal.



Shipping companies and public authorities should develop mechanisms to provide dynamism in aspects directly related to the transport itself for improving cabotage performance. This can also attract new supporters to this mode of transportation, considering that, according to Borges et al. [3], promoting an increase in cabotage nationwide is a worthwhile investment.




4.6. FPV 6—Quality of Information Provided by EBNs and Intermediate Agents


Data regarding the cargo transported, such as its location and the estimated time of arrival at the destination, among others, are essential for cabotage customers. This FPV was rated with a score of 7.11, which is reasonably good but far from excellent, just acceptable. The scores for the three sub-criteria that compose it were: EPV 6.1—advance information on the transport service as a whole, weighted 30%, received a low score of 5.7; EPV 6.2—cargo transport information during the operation, weighted 20%, was rated 7.0; and EPV 6.3—cargo traceability, weighted 50%, was rated 8.0.



It is noticeable from the scores obtained that EBNs possess good cargo traceability systems. However, they need improvement, along with the other two sub-criteria, especially the one regarding advanced information on transportation as a whole. This highlights that both shipping companies and their agents are more interested in attracting cargo than in providing reliable transport information. Furthermore, they should not forget that one is dependent on the other.



To broaden the customer base of cabotage, which will lead to an increased volume of cargo transported by this modal, it is essential that the shipping companies invest in reliable information systems and provide reliable and precise information on the transport service as a whole.




4.7. FPV 7—Other Aspects Related to Cargo Transportation by Cabotage


This criterion also had a low assessment, achieving a score of 6.44. It consists of five sub-criteria regarding aspects related to cargo transportation that did not fit in the previous FPVs, whose names and weights are as follows: EPV 7.1—up-to-date (modernization of techniques, vessels, and equipment (20%); EPV 7.2—time required to deliver the hole container to the port before shipment (10%); EPV 7.3—time of cargo clearance at the destination port (40%); EPV 7.4—fractional delivery at the end (15%); and EPV 7.5—door-to-door service (15%).



Half of the criteria weights refer to external factors: the time required by the ports to deliver the entire container before shipment and the time spent to clear the cargo at the port of destination, both of which contribute exactly 50% to the assessment of the criterion. They were evaluated with scores of 7.3 and 6.5, respectively.



Concerning the other three sub-criteria, regarding the degree to which shipping companies are up-to-date in terms of methods, techniques, vessels, and equipment, and the activities of cargo fractioning during delivery and door-to-door service, they participate with the other 50% for the assessment of the criterion and obtain the following scores: 6.6, 5.3, and 6.6, respectively.



These results call for ports’ improvement concerning the reduction of deadlines and shipping companies regarding the increase of their activities. As part of the requirements to improve the performance of the modal as a whole, and consequently attract new customers, aiming to increase the volume of cargo transported by cabotage and the consequent reduction of the cost of transport as a whole.




4.8. Global Assessment


The global assessment of the degree of satisfaction of users of cabotage, regarding the segment of containerized cargo, was 7.02. This is a good score, reflecting the weighted average of the criteria assessments, as seen in Table 7.



It is noticeable that the criteria scores are very close, ranging between 6.0 and 7.0, except for FPV 2—cargo security, which scored 9.1, as it is a significant and positive differential of cabotage.



The reasonably good score obtained in the global assessment denotes a considerable margin for improvement that needs to be worked on, not only by the shipping companies but also by the government, and particularly investments in infrastructure, to create conditions for the expansion and development of the model.



However, there is also a need for investment by the Brazilian shipping companies expanding the fleet, methods, techniques, and quality of service. Such investments are imperative to maintain the current status quo of acceptance of the modal and expand its participation in the Brazilian matrix of cargo transportation.




4.9. Sensitivity Analysis Application


After processing the field research data, computing criteria evaluations, and global evaluation, we conducted a sensitivity analysis of the multicriteria evaluation model, as recommended in Section 3.9.



We tested the sensitivity of the evaluation model by modifying the substitution rates (weight) of each criterion by plus or minus 10, as shown in Table 7. Considering that the criteria substitution rates must total 100% and that the change of a specific rate necessarily implies the modification of the others, after the adjustment of the substitution rate of each criterion, the following formula proposed by Ensslin et al. [37] was utilized to calculate the weights of the other criteria:


  p  n ′  =   p n .  (  1 − p  i ′   )     (  1 − p i  )     



(2)




where:




	
pi = the substitution rate of the original criteria i;



	
pi′ = the substitution rate of the modified criteria i;



	
pn = the substitution rate of the original criteria n; and



	
pi′ = substitution rate of the modified criteria n.








Table 8 presents the results of the sensitivity tests applied to all the criteria.



In all the tests performed for each criterion, changing substitution rates by 10% up and down, the global evaluation variation results showed a maximum of 0.6%, which leads to the conclusion that the evaluation model built is robust and that the evaluations are reliable.





5. Conclusions


This research accomplished the objectives initially set out as a multicriteria assessment model was developed and applied to users of Brazilian cabotage in the container cargo sector. The model construction was assessed with the participation of cabotage specialists associated with institutions directly linked to Brazilian cabotage, which gave it greater credibility and consistency.



The global assessment of the degree of customer satisfaction in the Brazilian cabotage segment of containerized cargo reached a score of 7.0, a score corresponding to the weighted average of the various criteria evaluated, whose assessments and respective weights for the calculation of the global assessment were as follows: FPV 1—service level = 6.5 (15%); FPV 2—cargo security = 9.1 (15%); FPV 3—cabotage routes = 7.0 (15%); FPV 4—shipping cost = 6.0; FPV 5—general aspects of transportation = 6.8 (14%); FPV 6—quality of information provided by EBNs and intermediary agents = 7.1 (13%); and FPV 7—other aspects related to cabotage transportation = 6.4 (13%).



The weights of the various criteria were considered as very close by the decision makers, varying between 13 and 15%. There was also certain linearity between the assessments of the various criteria, which was between six and seven, apart from cargo security, which reached a score of 9.1, indicating the excellent satisfaction of the cabotage users with this criterion.



Ultimately, the study found reasonable satisfaction on the part of the users of Brazilian cabotage, even though most of the aspects analyzed need improvements to serve the clients better. These improvements will undoubtedly increase the volume of cabotage users if implemented, resulting in an expansion of the cargo volume to be transported by this modal.



As for future studies, we suggest that a similar analysis be carried out periodically, between every one and three years, to verify the evolution of the degree of satisfaction of cabotage users and subsidize actions to be implemented by the shipping companies and the government. We suggest evaluating whether other multicriteria methods can also effectively assess scenarios like this.
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Figure 1. EPV Value Function 4.3—Insurance value. Source: MACBETH. 
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Figure 2. Value tree of the assessment model. 
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Table 1. Most used methods by researchers.
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	N
	Method
	Publication Time
	Number of Articles
	Hybrid Model
	Research Areas





	1
	AHP
	1990–2021
	6835
	1388
	Engineering (2329)



	2
	TOPSIS
	1991–2021
	4907
	1024
	Computer science (1797)



	3
	VIKOR
	2002–2021
	1475
	416
	Computer science (519)



	4
	PROMETHEE
	1989–2021
	1382
	202
	Engineering (445)



	5
	ANP
	2000–2021
	1262
	488
	Engineering (428)



	6
	ELECTRE
	1991–2021
	1005
	120
	Computer science (331)



	7
	DEMATEL
	2007–2021
	888
	476
	Computer science (289)



	8
	GOAL PROGRAMMING
	1983–2021
	553
	147
	Operations research (202)



	9
	SAW
	1997–2021
	403
	67
	Engineering (137)



	10
	TODIM
	1999–2021
	306
	56
	Computer science (171)



	11
	COPRAS
	2006–2021
	294
	100
	Business economics (83)



	12
	WASPAS
	2012–2021
	214
	67
	Engineering (68)



	13
	MULTIMOORA
	2011–2021
	198
	43
	Computer science (75)



	14
	SWARA
	2011–2021
	181
	90
	Business economics (46)



	15
	MAUT
	1984–2021
	164
	19
	Engineering (56)



	16
	MACBETH
	1999–2021
	162
	27
	Computer science (47)



	17
	WSM
	1994–2021
	87
	17
	Engineering (29)



	18
	DRSA
	2002–2021
	85
	20
	Computer science (51)



	19
	WPM
	1997–2021
	57
	7
	Computer science (23)



	20
	CBR
	1996–2001
	40
	10
	Computer science (25)



	21
	CONDORCET
	1999–2021
	35
	0
	Business economics (9)



	22
	FITRADEOFF
	2016–2021
	29
	0
	Computer science (14)



	23
	UTADIS
	1998–2020
	27
	2
	Operations research (14)



	24
	SMART
	1996–2021
	22
	2
	Engineering (9)



	25
	PAPRIKA
	2014–2021
	12
	1
	Computer science (4)



	26
	THOR
	2008–2021
	5
	0
	Engineering (2)







Source: [21].
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Table 2. Semantic ordinal scale used by MACBETH.
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	Description
	Scale





	Extreme attractiveness difference
	Extreme



	Very attractive difference
	Very strong



	Strong attractiveness difference
	Strong



	Moderate attractiveness difference
	Moderate



	Weakly attractive difference
	Weak



	Very unattractiveness
	Very weak



	No difference in attractiveness (indifference)
	No







Source: MACBETH.
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Table 3. Descriptor.
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	Code
	Impact Level





	N5
	Excellent



	N4
	Good



	N3
	Regular



	N2
	Bad



	N1
	Terrible
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Table 4. Robert matrix for ordering the FPVs.
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	FPV 1
	FPV 2
	FPV 3
	FPV 4
	FPV 5
	FPV 6
	FPV 7
	Sum
	Order





	FPV 1
	-
	0
	0
	0
	1
	1
	1
	3
	4°



	FPV 2
	1
	-
	1
	1
	1
	1
	1
	6
	1°



	FPV 3
	1
	0
	-
	0
	1
	1
	1
	4
	3°



	FPV 4
	1
	0
	1
	-
	1
	1
	1
	5
	2°



	FPV 5
	0
	0
	0
	0
	-
	1
	1
	2
	5°



	FPV 6
	0
	0
	0
	0
	0
	-
	1
	1
	6°



	FPV 7
	0
	0
	0
	0
	0
	0
	-
	0
	7°
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Table 5. Semantic ordinal scale used by MACBETH.
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FPV

	
Discrimination

	
Score

	
Calculation Method

	
Replacement Rates






	
1

	
Service level

	
100

	
100/663 × 100 = 15%

	
15%




	
2

	
Cargo security

	
100

	
100/663 × 100 = 15%

	
15%




	
3

	
Cabotage routes

	
100

	
100/663 × 100 = 15%

	
15%




	
4

	
Shipping coast

	
100

	
100/663 × 100 = 15%

	
15%




	
5

	
General aspects of transportation

	
93

	
93/663 × 100 = 14%

	
14%




	
6

	
Quality of information

	
85

	
85/663 × 100 = 13%

	
13%




	
7

	
Other aspects of transportation

	
85

	
85/663 × 100 = 13%

	
13%




	
Total

	
663

	
-

	
100%
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Table 6. Result of evaluations of sub-criteria, criteria and global.
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FPVs

(Criteria)

	
EPVs

(Sub-Criteria)

	
Evaluation

of EPVs

	
Weight

of EPVs

	
Evaluation

of FPVs

	
Weight

of FPVs

	
Global

Evaluation






	
FPV 1

	
EPV 1.1

	
7.30

	
25%

	
6.53

	
15%

	
7.02




	
EPV 1.2

	
7.50

	
25%




	
EPV 1.3

	
6.30

	
25%




	
EPV 1.4

	
5.00

	
25%




	
FPV 2

	
EPV 2.1

	
10.00

	
50%

	
9.13

	
15%




	
EPV 2.2

	
8.10

	
35%




	
EPV 2.3

	
8.60

	
15%




	
FPV 3

	
EPV 3.1

	
7.30

	
30%

	
7.05

	
15%




	
EPV 3.2

	
8.40

	
25%




	
EPV 3.3

	
8.30

	
25%




	
EPV 3.4

	
3.40

	
20%




	
FPV 4

	
EPV 4.1

	
5.60

	
15%

	
6.02

	
15%




	
EPV 4.2

	
6.90

	
25%




	
EPV 4.3

	
8.10

	
15%




	
EPV 4.4

	
4.10

	
10%




	
EPV 4.5

	
5.20

	
10%




	
EPV 4.6

	
5.50

	
15%




	
EPV 4.7

	
4.80

	
10%




	
FPV 5

	
EPV 5.1

	
6.70

	
15%

	
6.84

	
14%




	
EPV 5.2

	
7.50

	
25%




	
EPV 5.3

	
7.30

	
10%




	
EPV 5.4

	
6.90

	
10%




	
EPV 5.5

	
6.60

	
15%




	
EPV 5.6

	
6.20

	
25%




	
FPV 6

	
EPV 6.1

	
5.70

	
30%

	
7.11

	
13%




	
EPV 6.2

	
7.00

	
20%




	
EPV 6.3

	
8.00

	
50%




	
FPV 7

	
EPV 7.1

	
6.60

	
20%

	
6.44

	
13%




	
EPV 7.2

	
7.30

	
10%




	
EPV 7.3

	
6.50

	
40%




	
EPV 7.4

	
5.30

	
15%




	
EPV 7.5

	
6.60

	
15%
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Table 7. Criteria scores and weights and overall evaluation.






Table 7. Criteria scores and weights and overall evaluation.





	
Discrimination

	
Criteria and Evaluation




	
FPVs (Criteria)

	
FPV 1

	
FPV 2

	
FPV 3

	
FPV 4

	
FPV 5

	
FPV 6

	
FPV 7






	
Evaluation of FPVs

	
6.53

	
9.13

	
7.05

	
6.02

	
6.84

	
7.11

	
6.44




	
Weight of FPVs

	
15%

	
15%

	
15%

	
15%

	
14%

	
13%

	
13%




	
Global Evaluation

	
7.02
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Table 8. Sensitivity test results.






Table 8. Sensitivity test results.





	FPV
	Original

Weight
	Original

Assessment
	Weight

(+10%)
	New

Assessment
	Assessment

Change
	Weight

(−10%)
	New

Assessment
	Assessment

Change





	FPV 1
	15%
	7.02
	16.5%
	7.02
	−0.06%
	13.5%
	7.03
	0,21%



	FPV 2
	15%
	7.02
	16.5%
	7.06
	0.60%
	13.5%
	6.99
	−0.46%



	FPV 3
	15%
	7.02
	16.5%
	7.02
	0.07%
	13.5%
	7.03
	0.07%



	FPV 4
	15%
	7.02
	16.5%
	7.01
	−0.19%
	13.5%
	7.04
	0.34%



	FPV 5
	14%
	7.02
	15.4%
	7.04
	0.23%
	12.6%
	7.01
	−0.09%



	FPV 6
	13%
	7.02
	14.3%
	7.03
	0.19%
	11.7%
	7.02
	−0.05%



	FPV 7
	13%
	7.02
	14.3%
	7.02
	0.05%
	11.7%
	7.03
	0.09%
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