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Abstract

:

This paper proposes a structure for sustainable implementation of urban distribution centers (UDCs) in historical cities, considering the opinion of the main stakeholders involved in the urban distribution of goods and a set of additional criteria. Based on a survey that was conducted among carriers, traffic wardens, and retailers, a decision hierarchy structure, consisting of the relevant criteria evaluated by various statistical techniques, will be used for sustainable implementation of UDCs. The methodology uses a database collected in the historical center of Ouro Preto, a Brazilian city which contains common characteristics of other Latin American and some European cities that are included in the World Heritage List. This structure is unique, as it is based on a survey among the main stakeholders, and can be applied by logistics operators and local authorities for implementing UDCs to address urban distribution issues, especially in historical cities. However, without loss of generality, the proposed methodology can be adopted for different cities using the appropriate criteria according to the characteristics of the cities.
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1. Introduction


The complexity of the urban distribution of goods is shown by the increase in the movement and delivery rate of goods, which result in traffic congestion and negative impacts on the city’s residents and on the environment [1]. In the centers and outskirts of large cities, the issue is even more severe because there is an assortment of small retailers, narrow streets [2] and a high concentration of pedestrians [3], as well as in heritage cities, where there are clusters of historical buildings and tourists [4,5]. In both cases, local authorities have usually implemented regulations, such as delivery time windows, delivery zones, vehicle weight and size, congestion charges, low-emission zones, pick-up deliveries and other restrictions for the central areas [6]. However, in some historical cities, the lack of control methods for the land use and for protection of historical areas is still a problem [4]. A viable solution would be to establish urban distribution centers (UDCs) close to the customers’ location, although at the same time, it challenges governmental regulations incurring high costs. There are many details to be addressed, including the following: (a) What the interests of the main stakeholders involved are; (b) which criteria should be considered.



The relevant stakeholders in the urban distribution of goods include transport operators, local authorities, residents who live in the urban area and retailers. The different interests of these stakeholders contribute to the complexity of the distribution of goods [3], and the engagement of these stakeholders [7] in a workshop can be a key point to meet their needs and to design a better urban freight distribution system [8].



Since this study considers the distribution of goods in dense areas as a challenge [8,9], specifically in historical city centers, substantially occupied with residents and tourists, and with no empty space available for building facilities, some requirements should be listed. The main problem, in this case, is that historical cities usually contain narrow streets which were not originally designed considering cars, trucks and people. Thus, the delivery of goods becomes very challenging, particularly during peak-hours, since there are no parking spots available for transport operations [6]. For each delivery, the freight costs can differ according to the vehicles that were used (in size and weight) and the capacity that was used (in a full truckload or not) [3]. Not to mention that these constraints should respect regulations, such as prohibiting construction, works that do not comply with the architecture of historical cities; the restrictions of load and size of trucks driving into the urban area; the geography of the city and the land; among other aspects that will influence the number of vehicles allowed and the quantity of goods delivered [10].



The objective of the present research is to propose a structure for sustainable implementation of distribution centers in historical cities, considering the opinion of carriers, traffic wardens and retailers. A survey was carried out with these stakeholders to build a decision hierarchy structure, comprising of the criteria evaluated by the statistical techniques to rank these criteria. The data was collected in the historical center of Ouro Preto (Brazil) [5], which contains common characteristics of other Latin American and some European cities that are included in the World Heritage List.



Differently to some participatory approaches [8,9,11,12,13] that involve the stakeholders in a decision-making process interactively, our proposal contributes to the state-of-the-art by providing a generic structure, based on a set of criteria according to the stakeholders’ preferences. While the latest studies have discussed the importance of certain criteria to implement UDCs in historical cities [4,5], including the residents’ opinion, the present study proposes an innovative methodological approach, which is inspired by the statistical techniques and Multiple-Criteria Decision Analysis (MCDA) concepts, to provide a generic structure that can be applied for implementing UDCs in historical cities. The proposed approach directly accounts for the opinions of the main stakeholders involved in urban freight distribution (i.e., traffic wardens who control the local traffic and enforce the legislation; retailers who receive the goods; and carriers who deliver the goods).



The novelty consists in the fact that we use the statistical techniques to incorporate the criteria and respective weights automatically in the proposed structure. In particular, a factor analysis is used to group the criteria, and the weights are assigned, taking into account the ranking of criteria by using the analysis of variance and t-tests. The structure is presented in a generalized form and can be further applied in most historical cities for sustainable implementation of UDCs with some appropriate modifications in terms of the criteria used. Moreover, the structure would be a helpful decision support system for all the relevant stakeholders involved. This paper is structured as follows: Section 2 describes the materials and methods. Section 3 describes the main steps required for developing the structure of the multiple hierarchical decision. Section 4 discusses the outcomes of the case study. Section 5 summarizes the conducted research and proposes some future research directions.




2. Materials and Methods


2.1. The Problem of Selecting the Location of Urban Distribution Centers


A UDC is a facility which is responsible for the transshipment of goods directed to urban areas to consolidate deliveries and provide greater efficiency in the distribution process [14,15]. However, the main problem is to decide how to select one from a potential set of locations of a UDC while considering and satisfying a set of criteria, such as investment costs, proximity to suppliers, legal, and tax implications [16]. Furthermore, it is up to a certain number of decision-makers to determine the number of distribution centers desired and then to decide where to locate them [14]. The decision-makers can, in some cases, choose one or more distribution centers among the potential locations according to different criteria.



Most local authorities agree that UDCs should become self-sustaining in the medium to long term, so that they do not need to provide financial support after the first years of operation [17]. Due to this, the public involvement in financing UDCs is usually explained by the benefits it can generate for citizens and in giving a solution to urban traffic issues. Two major difficulties regarding implementing the UDC are the allocation of costs and benefits and the willingness of transportation companies to cooperate. Both consignees and transportation companies can benefit financially from using a UDC. Its operation, however, incurs costs. The municipality should play a role in bringing the costs and benefits together. A solution could be to run the UDC as a cooperative initiative, including different transportation companies [18].




2.2. Criteria for Selecting a Location for a UDC


The criteria that can be used for selecting a UDC can be classified into five aspects: (a) The economic aspect covers local prosperity via job opportunities (e.g., for drivers, as well as operational and administrative employees of a UDC), more efficient freight distribution systems, currency value, business climate and many others [6,19]; (b) the environmental aspect considers the emission of gaseous pollutants, noise pollution and traffic jams [20,21]; (c) the social aspect includes the accessibility of platforms and their settlement areas, the ability to reduce insecurity and the number of accidents associated with loading and unloading operations [22,23,24]; (d) the operational aspect includes the facilitation of freeing parking spots [24] (p. 579), a reduction in the congestion caused by trucks blocking a street [23]; and (e) the cultural aspect that considers urban traffic and mechanical damages to historical heritage sites, caused by vehicles [25]. These criteria are essential for making the right decision, especially in the case of historical cities, such as the one studied in this paper. Several criteria can be used for selecting the location of a UDC. The criteria that will be considered in this study are summarized in Appendix A (see Table A1) that accompanies this manuscript.



The prevalence of some criteria in relation to others usually comes with trade-offs. For example, although the use of vehicles with alternative energies can reduce environmental impacts, such as air pollution, noise, traffic congestion [1] and less damage to the infrastructure of cities, it may cause several conflicts with pedestrians. Moreover, the transshipment of high-value products in small vehicles, such as bicycles, is prohibited by insurance companies [25]. Another trade-off found is related to location. When UDCs are designed to serve a whole city, the facilities are always located in the city’s perimeters and close to major communication lanes, which can reduce costs. However, in cases where the UDCs were designed to supply a central area within the city, they can be located either inside or outside of it. Likewise, the efficiency of the distribution can be a trade-off. In some cases, a higher rate of occupation of the load capacity is better because fewer vehicles must enter the main city center. However, it can also be more efficient to enter the main center with many smaller vehicles. The agreement regarding efficiency is that no matter the chosen situation, the efficiency of the supply chain can become greater by increasing transparency and improving information flows, by using the right vehicles and most suitable load carriers [18].




2.3. Relevant Approaches to Design Location of Urban Distribution Centers


The location problem of a UDC (inside a city) or logistics distribution centers (outskirt a city) is a complex task, and different criteria and methods could be used to address this task. The location problem for UDCs is classified as a special case of the more general facility location problems [3,26]. There are many different approaches to design the location of UDCs or logistics distribution centers [3,15,21]. However, the approaches for the location of UDCs address different aspects as compared to the approaches for the location of distribution centers outskirts a city. The UDC location problem involves much more aspects, the participation of different stakeholders, as well as social, cultural, and environmental criteria [5,21] beyond the criteria that are related to operational and economic aspects. Multi-criteria decision-making (MCDM) methods which consider a set of different criteria (not only financial criteria [27,28,29]) and the opinion of the engaged stakeholders are generally more appropriate for the identification of UDC locations. These methods can also be used to deal with e-commerce retailers, which face the challenge to fulfill their consumers with a large number of small orders, large assortment, tight delivery schedules, and varying workloads [30].



Some approaches rely on fuzzy TOPSIS theory to select a location for implementing UDCs and address certain qualitative criteria [3,21,26]; however, these studies do not take into account the opinion of stakeholders. On the other hand, the present study will consider a set of surveyed criteria based on the preferences of stakeholders and use the statistical techniques to provide a generic structure to be applied to any alternatives for implementing UDCs in historical cities. The developed structure is expected to offer more freedom in selecting any criteria to be addressed according to the stakeholders. Our approach has some similarities with the multi-actor multi-criteria analysis (MAMCA) and other participatory methods [8,11,12,13,31], which consider a value tree based on the opinion of different stakeholders. However, our hierarchical structure of the decision-making objectives (or criteria) focuses on the “value-focused thinking” approach [32] where the alternatives follow this structure, unlike MAMCA, which first selects the alternatives, and then, the criteria in the decision-making process. Moreover, by applying a set of statistical techniques, this approach needs the input of the relevance of the criteria only, without asking the stakeholders to compare the criteria in pairs, as required by the most of methods. In the meantime, the proposed structure can also be combined with the participatory approaches, including stakeholder engagement workshops (SEWs) [8], when the selection and assessment of criteria and the further potential alternatives have to be evaluated.




2.4. Procedures and Considered Stakeholders


The methodology that was adopted for this research is based on a descriptive survey [33] distributed to the three city logistics agents: Traffic wardens, retailers, and carriers. This research was conducted in Ouro Preto, one of the most famous historical cities in Brazil. The reasons why this city was chosen is because it has a lack of parking spaces and it has specific transport regulations, since it was the first Brazilian city included in the World Heritage List by UNESCO [34]. To aid a sustainable implementation of UDCs, this study was conducted as follows:




	(1)

	
The main criteria that were fundamental for sustainable implementation of UDCs in historical cities, identified based on the literature review, were all included in surveys (see Table A1 in Appendix A);




	(2)

	
The surveys were conducted among the decision-makers, such as carriers, traffic wardens and retailers. The pilot tests were also conducted considering the guidelines that were proposed by Forza [33];




	(3)

	
The results were then observed in a descriptive statistics analysis, analysis of variance, t-tests, and a factor analysis. After that, there results were used for the development of a multiple hierarchical decision structure composed of different criteria. At this point, we used an attribute to measure the performance in relation to the criteria, and the preferential independence among the criteria was checked [32]. A linear value function [35] was used for evaluating each attribute, using a five-point linguistic scale (“0”—no relevance; “25”—marginal relevance; “50”—equal relevance; “75”—great relevance; “100”—considerable relevance).









The data set (step 2) and descriptive analysis (step 3) are the same as the ones used by Reference [5] when investigating the operational, social, economic, cultural, as well as environmental criteria that influence the implementation of a UDC in historical cities.



The data collection procedures varied depending on the logistics agent category. In particular, face-to-face interviews were conducted for retailers and carriers. On the other hand, semi-structured interviews were conducted for traffic wardens. In this research, a set of multiple-choice questions applying a five-point Likert scale (from strongly agree “1” to strongly disagree “5”) were used to determine the importance of each criterion for the UDC implementation (see Appendix A) (The full version of the questionnaire is available upon request to the authors).



To ensure the representativeness of the sample, the population of retailers was obtained from the municipality’s database (557 businesses) and only companies focused on commerce/retail were considered, except for those that work with services of high added value, such as retailing jewelry. A population of 196 retailers was generated after applying this refinement. A finite and known population of retailers was used to analyze the sample [36]. A confidence level of 95% and a standard deviation of 0.5 were considered. A total of 122 retailers were surveyed in this study, considering various sectors (such as textiles, pharmacies, clothing, foodstuffs, etc.). The majority of the interviewed retailers (67%) occupied executive positions (such as managers, partner owners, directors, etc.) and had 13 years of professional experience on average. On the other hand, the population of carriers was unknown. However, a total of 46 questionnaires were obtained from the drivers who had an average of 10 years of professional experience. From the total number of drivers, 63% were employed by carriers, while the remaining 37% were autonomous. All traffic wardens (33) participated in the survey.





3. Developing the Structure of the Multiple Hierarchical Decision


To develop the structure of the multiple hierarchical decision, the criteria are needed to be established for the UDC. This generic structure (see Figure 1) can be applied to any location (i.e., further alternatives), considering different criteria according to the specificities of a city. Figure 1. Shows, from the hierarchical decision structure, the goal of the problem’s decision which is where to locate a UDC, with several criteria (Cx, Cv, Cz) assembled into their indexes.



The steps for developing a decision hierarchy structure to address the problem are:




	
Step 1—Calculating the factors and respective indexes.








As a long list of criteria can be made to represent the problem, it is appropriate to group the criteria. Then, the method of main components was used to extract the factors, which establish similar criteria into the same factor. To compare the different criteria according to the hierarchical decision structure, indexes which summarize the information of each factor extracted were calculated through the weighted average of factor loadings for each criterion, as follows:


   I j  =     ∑   i = 1  n   b  i j      X  i j         ∑   i = 1  n   b  i j        



(1)




where I is the number of criteria, j is the number of factors, b is the factor loading, and X is the variable for each factor. Therefore, each Ij represents a group of similar criteria, and W represents the weights. The criteria are represented by Cxj, Cvj, Czj; where j = 1 to n, and x, v, z refer to different groups of criteria (Figure 1).




	
Step 2—Comparing the indexes/criteria and assignment of weights.








The weights were obtained by the ranking of indexes/criteria (from more important to less important, in their level). To do this, first, we compared the averages of pairs of indexes or criteria. To compare whether a criterion or an index (in their level) has a greater average than the other, the t-test for paired samples was carried out. The Kolmogorov-Smirnov test for normality must show that the indexes/criteria are normal, in their classes, at 1 percent statistical significance, which makes the paired t-test useful. The null hypothesis H0 was as follows: “The average of two indices/criteria is equal”. If H0 is rejected, it can be said that an index/criterion has a greater or smaller average than the other. If there was no statistical significance in the average between the indexes/criteria (in pairs), the one-sample t-test was applied to compare each criterion/index to a fixed value, and then to determine the greater average for each index and criterion. It may be relevant to verify the intensity and also to validate, with statistical significance, the measures (averages) among variables. This relevance may bring up nuances regarding the criteria to be considered in the decision hierarchy structure.



It is important to mention that each criterion and index will be given a specific weight (Wc and Wi), according to the level of importance assigned by the general evaluation of all the stakeholders. Any alternative can be added and evaluated by this structure.




4. Results


The city chosen to apply the proposed hierarchical decision structure is represented by the city of Ouro Preto, which has a relatively small number of trucks, combinations of high demand for the delivery of goods and limited parking spaces that increase logistics and social costs. As a result, transport operators have to search for the nearest parking spots for the supply destination or park illegally (most common). In both cases, there is a high delay in delivery, additional fuel consumption, and parking fine costs resulting in heightened levels of stress [6]. From the social perspective, there are also issues concerning the damage to the infrastructure of the historical heritage, increase in greenhouse gas emissions by vehicles and other types of pollution (air, visual, noise). Therefore, to find an efficient and effective solution for the distribution system, interviews with local authorities, such as the mayor’s secretary, the traffic warden commander and the coordinator of the Commercial and Business Association, were conducted. According to these stakeholders, the city has been facing these issues since 2008, and the idea of implementing UDCs is still being considered.



4.1. Prioritizing the Criteria Based on Stakeholders’ Opinion


This section follows the steps described in Section 3, and all the variables that were considered in the analysis are described in Appendix A (Table A1). The variables that were identified as the most important by all the stakeholders involved, based on their original scores, were: ‘parking spots’ (C1), ‘vehicle size’ (C4), ‘use of technology’ (C14), ‘service level’ (C15), ‘visual pollution’ (C10), and ‘professional qualifications’ (C3). In other words, these six variables can be considered as important criteria for implementing a UDC in historical centers. It is interesting to note the inclusion of ‘visual pollution’ on this list. We can infer that the stakeholders recognize the importance of reducing the number of trucks or large vehicles coming in and out of a historical city.



Additionally, regarding the ‘professional qualifications’, most of the stakeholders believe that it is crucial to use qualified personnel able to work with advanced communication devices, such as tablets, mobile phones, or even radios to improve the information flow between retailers and carriers, mostly. They mention that with better communication, more accurate delivery deadlines and customer satisfaction can be achieved in general.



On the other hand, the variables that were of minor importance include: Increase in ‘traffic congestion’ (C2), ‘noise nuisance level’ (C11) and ‘insecurity’ (C6), according to most carriers and retailers. It can be assumed that urban mobility solutions are still unknown or undervalued by the general population in Brazil. The need for educational programs provided by governmental or non-governmental organizations is urgent, so that traffic in cites can be minimized, occupation rates of the vehicles can be optimized, the municipality can help bring costs and benefits together, and city planning can be better organized, mostly heritage ones, among others.



To deal with the sample of 16 variables separately, and considering 181 answers, the factor analysis was used aiming to reduce the number of variables and help to understand the phenomenon. Analyzing all these variables separately would also increase the error type II. Furthermore, the factor analysis can be appropriate for this study because it reduces the variability of the sample.




4.2. Calculating the Indexes Based on the Factor Loadings


To analyze data adequacy for the technique, a Bartlett’s sphericity test was conducted and was found to be significant at 1 percent, which rejects the null hypothesis that the correlation matrix is an identity matrix. Furthermore, a value of 0.803 was obtained for the Kaiser–Meyer–Olkin (KMO) test, with consideration of the correlation matrix analysis (>0.3) and measures of sampling adequacy (MSA) by anti-image (>0.5). It is important to notice that the variables with factor loadings less than 0.5 were eliminated from the data. Based on the remaining 16 variables, the main component method was adopted to extract the common factors and obtain the number of factors. We used the varimax rotation method to determine the original variable distribution in their factors (called Factor_1, Factor_2, Factor_3, Factor_4, and Factor_5), as shown in Table 1. The factor loadings, communalities, and Cronbach’s Alpha are also presented.



The factors could be joined to measure the importance of each factor for the sustainable implementation of UDCs. Then, the allocation of variables into factors was done when the highest factor loadings for each variable were observed. It can be observed that Factor_1 has the highest percentage of the total variance explanation, followed by Factor_2, which means that they contribute the most to explaining the total variance of the variables. Hence, these factors can be considered as the most important ones to represent the best UDC location. The five factors represent approximately 58.755% of the variance of the 16 original variables. Due to the lowest Cronbach’s Alpha value, Factor_5 was eliminated from the analysis. Although Factor_4 has relatively low inter-item correlations showing a low Cronbach’s alpha, it was left in the analysis because its composition has support in theory [37]. Even after removing Factor_5, the results are still statistically significant.



Factor_F1 (ECON) contains the variables ‘damage to historical heritage’ (C8), ‘architectural impacts’ (C7), ‘visual pollution’ (C10), ‘use of alternative propulsion vehicles’ (C12) and ‘noise nuisance level’ (C11). Given that, we can assume that as ‘architectural impacts’ shows how buildings can be mechanically affected with collisions by vehicles (generating fissures, cracks and increase in damage to walls of historical buildings) [6]; and ‘noise nuisance level’ indicates the level of vibrations acting in communities and buildings [21,23]; these variables together represent the consequences of urban transportation vehicles (mostly) to historical buildings. According to Reference [6], the variables ‘architectural impacts’ and ‘damage to historical heritage’ are highly related to the conservancy of historical sites. Therefore, if fewer vehicles enter the city’s historical center, there will be lower impacts on ‘visual pollution’ and ‘insecurity’, which indicates that this factor represents the effects of the urban distribution of goods on the conservation of historical buildings and on the road safety.



Additionally, the variables ‘use of alternative propulsion vehicles’ (C12) and ‘noise nuisance level’ (C11) can bring positive aspects, such as noise reduction with the use of quieter vehicles (such as electric and hybrid vehicles or even bicycles). In general, Factor_1 contributes to some environmental improvements as well [23]. As a result, we can say that these variables are related to sustainability aspects, since the ‘use of alternative propulsion vehicles’ [6] can be used by many transportation companies as an environmentally friendly strategy to increase the number of clients; ’visual pollution’ [20,21] can also encompass the importance given by the rest of the community to the delivery zones (which should be respected so that pedestrian and cyclists can coexist).



Factor_2 (ENVI) contains the variables: ‘insecurity’ (C6), ‘compliance with legal regulations’ (C13), ‘traffic congestion’ (C2), and ‘professional qualifications’ (C3). According to some authors [15,20], ‘insecurity’ and ‘traffic congestion’ are considered as negative impacts related to the urban distribution of goods and may be attenuated using the UDC. In this case, the understanding of certain aspects of historical cities, such as their formation in narrow streets (without parking lots or alleys), is crucial for the mitigation of traffic congestion and insecurity as some cities were not originally designed for the coming and going of cars, people and trucks [6]. Moreover, the variable ‘professional qualifications’ can increase productivity and efficiency in urban distribution systems and reduce ‘traffic congestion’ (C2); therefore, it can also alleviate the traffic congestion issue. Given that, we can assume that Factor_2 also represents drivers’ behavior and decision-making. Although C2 (‘traffic congestion’) had a low communality (0.490), we kept this item in our analyses due to its strong contribution to the content validity of this factor. Traffic congestion negatively impacts the city’s residents and the environment [1].



Factor_3 (SOCI) considers ‘service level’ (C15) and ‘local gain’ (C5). These variables may indicate local prosperity through job creation and improvement of fulfillment to residents and retailers in the micro-region [6].



Factor_4 (OPERA) contains the variables ‘parking spots’ (C1), ‘vehicles size’ (C4) and ‘use of technology’ (C14). Considering the variables ‘parking spots’ and ‘vehicles size’, it can be assumed that using the ways to reduce the number of vehicles entering a city center (a UDC or a consolidation center, for example) decreases the urban traffic and increases the efficiency of deliveries [1], and it also increases the availability of parking spots during the loading and unloading of cargo. In the same way, more efficiency and productivity for urban distribution systems can be achieved in relation to the ‘use of technology’ [6]. Therefore, Factor_4 can be considered as an efficiency factor.



After extracting the factors, indexes were calculated for each factor from the weighted mean of factor loadings of the rotated component matrix. Therefore, the first index was calculated from the factor loading results of the first factor extracted. For instance, Index_1 essentially comprises the items related to the economic/local prosperity and was called ECON. Similarly, Index_2 (environmental) was called ENVI, Index_3 (social) was called SOCI, while Index_4 (operational) was called OPERA.




4.3. Assignment of Criteria Weights


To compare whether an index has a greater average than another, a t-test was conducted in pairs of indexes. Moreover, the same procedure was used for the variable sample. Although the Kolmogorov-Smirnov test for normality discards the null hypothesis that the samples/indexes follow the normal distribution, it was assumed that the distribution can be approximated by the normal distribution applying the central limit theorem (n > 30) [38]; thus, the paired t-test can be used. The results for the paired samples t-test showed that, for the indexes with the significance levels higher than 0.000, it could not be statistically stated that one index is different from another. Then, we applied one sample test with a certain fixed value for the pair of indexes in order to find each one that is greater than the other. Table 2 shows the descriptive statistics and the t-test statistic for the indexes. The (positive/negative) value of the t-test statistic shows that the average of the index (i) line is greater/smaller than the average of the second index (j) column. The results in Table 2 demonstrate that the differences between the averages of all pairs are different from zero. Therefore, the null hypothesis is rejected.



The analysis of the I_ECON x I_SOCI and I_ECON x I_OPERA relations indicates that I_ECON (economic) has a greater average than the I_SOCI (social) and I_OPERA (operational), respectively. That is, stakeholders care more about the economic aspects to implement a UDC than the social or operational aspects. When comparing I_ECON (economic) and I_ENVI (environmental), I_ECON has a smaller average than I_ENVI. Furthermore, the analysis of the I_ENVI x I_SOCI and I_ENVI x I_OPERA relations indicates that I_ENVI has a greater average than the I_SOCI and I_OPERA, respectively. Therefore, the stakeholders believe that the environmental aspects are the most important ones for sustainable UDC implementation in a historical city.



Last, the analysis of I_OPERA x I_SOCI relation indicates that we cannot claim that the averages are statistically significant due to the differences between them to be too small and the present high standard deviation. However, when we compare the average of I_OPERA (1.643) and the average of I_SOCI (1.702) to a fixed value (1.600) by using one sample t-test, the results reveal that only I_SOCI has a greater average than this fixed value, in this case at a 5 percent statistical significance. Therefore, we may infer that I_SOCI is more important than I_OPERA to locate a UDC according to the stakeholders. Having a good level of service or local gain is also important as having parking spaces or using smaller vehicles or using technology to operate a UDC. Maybe to achieve a good service level, other logistics solutions based on non-motorized vehicles can be considered. The same methodology was applied to ranking the criteria.




4.4. Building the Structure Based on Stakeholders’ Opinion


Figure 2. shows a decision hierarchy structure with normalized weights for the indexes and respective weights of variables. The results of the normalized weights for the indexes show the relevance of economic and environmental aspects for sustainable UDC implementation. Similarly, the statements of Reference [21] highlight the importance of reduction of atmospheric/air pollution, noise nuisance levels and visual intrusion for those decisions. The structure also reveals the prevalence of the local prosperity compared to service level, as described by Reference [5]. Peculiarly, this finding is also related to the reduction of local insecurity [39], provided by the uncontrolled acts of loading and unloading that are prohibited in the city center, recklessness of the drivers and large vehicle traffic.



In sum, the presented hierarchical decision structure identifies the most important criteria (regarding economic and environmental aspects) [5], which are also in accordance with the opinion of retailers and traffic wardens. Additionally, the findings from the multivariate analysis and t-tests show that carriers and retailers perceived with lower importance the criteria associated to operational and social aspects (vehicle size, use of technology, service level, local gain and parking spots), when comparing to the economic and environmental criteria. The proposed structure is ready to be applied to any alternatives for implementing UDCs in Ouro Preto.



Table 3 provides an example of applying the proposed hierarchical decision structure for sustainable UDC implementation. Two potential locations were analyzed: X presents the location far from the historical central area, while Y is closed to the historical central area, where the truck regulations take place. Each stakeholder gives the scores to the criteria based on the five-point Likert scale (from the most important “1” to the least important “5”). Then, we applied the equivalence procedure between the scores and the preferential scale, as described earlier in Section 2.4. It means a criterion strongly relevant (with a score of “1”) receives “100” (in the preferential scale); a criterion with a score of “2” receives “75”; etc. It is important to note that the attributes measure the criteria by using a value function [32,34]. Because we are using the Likert scale, where the importance increases in the opposite direction of preference, the inverted functions were used. Table 3 shows the criteria scores for both alternatives, taking into considerations the opinion of the stakeholders. For example, with regard to C7 (“architectural impacts”), traffic wardens and carriers are not concerned with this criterion, and it is not important to consider this criterion when they evaluate the location “Y” (close to the historical central area).



The total score of each alternative is calculated by multiplying the score and respective weights in Figure 2. The underlined total scores indicate the recommended alternative (the highest total score). In this case, carriers do not prefer the location “Y”, which can be explained by the existing truck regulations in the historical central area and potential fines for illegal parking. Similarly, traffic wardens indicate the location “X” to be preferential for the future UDC, while retailers prefer the location “Y”. The results, obtained using the proposed hierarchical decision structure, can be used in a variety of sensitivity analyses and enable robust decision-making. Moreover, the performance analysis among these criteria could be carried out in order to verify the impact of those criteria when implementing a UDC.





5. Conclusions


Based on carriers, traffic wardens and retailers’ opinions, this research proposed a multi-criteria decision structure for sustainable implementation of urban distribution centers (UDCs) in a historical city. The study was conducted in three stages. First, based on the literature review, the criteria for the evaluation of potential locations for the UDC were identified. Second, the criteria were summarized in four factors which were transformed in respective indexes, representing the hierarchical decision structure. Third, the ratings of the criteria/indexes, which were given by different decision-makers (i.e., carriers, traffic wardens and retailers), were further analyzed using the statistical techniques (t-tests and one sample test) in order to compare pairs of criteria/index, and ranking them by the averages. These averages represent the weights for the ranking of criteria/indexes in the structure. Finally, we demonstrated an example of applying this structure.



From the statistical techniques, the variables that were considered most important by all the stakeholders involved were determined, including the following: ‘parking spots’ (C1), ‘vehicle size’ (C4), ‘use of technology’ (C14), ‘service level’ (C15), ‘visual pollution’ (C10), and ‘professional qualifications’ (C3). These six variables can be considered as important criteria for implementing a UDC in historical centers. It can be concluded that one of the greatest goals of the UDC’s applicability is well-known by the stakeholders, since they recognize the importance of reducing the number of large vehicles coming in and out of a historical city (in this case). Additionally, regarding the ‘professional qualifications’, most of the stakeholders believe that it is crucial to use qualified personnel able to work with advanced communication devices to improve the information flow between retailers and carriers and achieve more accurate delivery deadlines and customer satisfaction in general.



Moreover, the variables of minor importance were identified, including the following: increase in ‘traffic congestion’ (C2), ‘noise nuisance level’ (C11), and ‘insecurity’ (C6), according to most carriers and retailers. Accordingly, it could be assumed that urban mobility solutions are still unknown or undervalued by the general population in Brazil. The need for educational programs provided by governmental or non-governmental organizations is urgent, so that traffic in cites can be minimized, occupation rates of the vehicles can be optimized, the municipality can help bring costs and benefits together and the preservation of cities, mostly those with historical heritage, can be initiated, among others.



Regarding the representativeness of the data, this study used a Likert scale with 1–5 points. In some cases, it is more appropriate to use a 0–10 scale, which may accurately reveal the opinion of each respondent and provide more statistical information to carry the descriptive analysis (for instance, estimation of the average or standard deviation values) and to facilitate accurate ranking of the criteria. Rank Order Centroid (ROC) [40] can also be applied to define the weights, since we have the rank of the criteria. Nevertheless, the performed statistical analyses and crosschecking revealed the robustness of the data. The sample was representative for retailers (122) and traffic wardens (the entire population interviewed), but not for carriers (46). Moreover, more robust statistical techniques could be applied for a bigger sample, for instance, post-hoc tests. Then, a type II error can be reduced by making more stringent criteria for rejecting the null hypothesis.



Concerning some other directions for the future research, we suggest using the idea of this study in similar implementations of UDCs in other cities (not only historical cities), provided that other groups of criteria will be selected according to the economic, cultural and political reality. For example, the proposed framework could take into account a set of regulatory elements and public issues focusing on the environment and quality of life to be addressed by the operators. This approach can also be used in combination with the other ones. For example, some criteria could be optimized [41]. As for the practitioners, the proposed structure can be used by logistics operators and local authorities for implementing UDCs to effectively address urban distribution issues in different geographical locations. The scientific contribution of this study is the approach that can be used for the design of the hierarchical decision structure. Although this approach is innovative, a survey among different stakeholders may require a lot of time.
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Appendix A


The following question was used to identify the importance of criteria (listed in the table below) for the UDC implementation based on the stakeholders’ input: “Please indicate if a given criterion should be considered as important for the UDC implementation from “1” = Strongly agree to “5” = Strongly disagree”.
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Table A1. Summary of the main criteria considered for the UDC implementation.
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Code

	
Criteria

	
Traffic Wardens

	
Retailers

	
Carriers




	
Mod

	
1 Q

	
Med

	
3 Q

	
Mod

	
1 Q

	
Med

	
3 Q

	
Mod

	
1 Q

	
Med

	
3 Q






	
C1

	
Parking spots

	
1

	
1.00

	
2.00

	
3.50

	
1

	
1.00

	
1.00

	
2.00

	
1

	
1.00

	
1.00

	
1.00




	
C2

	
Traffic congestion

	
1

	
1.00

	
1.00

	
2.00

	
1

	
1.00

	
2.00

	
5.00

	
5

	
2.00

	
4.00

	
5.00




	
C3

	
Professional qualifications

	
1

	
1.00

	
2.00

	
3.00

	
1

	
1.00

	
1.00

	
3.00

	
1

	
1.00

	
2.00

	
5.00




	
C4

	
Vehicle size

	
1

	
1.00

	
1.00

	
1.00

	
1

	
1.00

	
1.00

	
1.00

	
1

	
1.00

	
1.00

	
1.00




	
C5

	
Local gain

	
1

	
1.00

	
1.00

	
2.00

	
1

	
1.00

	
1.00

	
2.00

	
1

	
1.00

	
1.00

	
2.00




	
C6

	
Insecurity

	
1

	
1.00

	
1.00

	
3.50

	
1

	
1.00

	
2.00

	
5.00

	
5

	
1.00

	
4.00

	
5.00




	
C7

	
Architectural impacts

	
1

	
1.00

	
1.00

	
2.00

	
1

	
1.00

	
2.00

	
2.00

	
2

	
1.75

	
2.00

	
5.00




	
C8

	
Damage to historical heritage

	
1

	
1.00

	
1.00

	
2.00

	
1

	
1.00

	
1.00

	
3.25

	
1

	
1.00

	
2.00

	
5.00




	
C9

	
Air pollution level

	
1

	
1.00

	
1.00

	
2.00

	
1

	
1.00

	
1.00

	
2.00

	
1

	
1.00

	
2.00

	
4.00




	
C10

	
Visual pollution

	
1

	
1.00

	
1.00

	
1.50

	
1

	
1.00

	
2.00

	
4.00

	
5

	
1.00

	
2.00

	
5.00




	
C11

	
Noise nuisance level

	
1

	
1.00

	
1.00

	
2.00

	
1

	
1.00

	
3.00

	
4.00

	
5

	
2.00

	
4.00

	
5.00




	
C12

	
Using alternative propulsion vehicle

	
1

	
1.00

	
1.00

	
2.00

	
1

	
1.00

	
2.00

	
3.00

	
1

	
1.00

	
2.00

	
4.25




	
C13

	
Compliance with legal regulations

	
1

	
1.00

	
1.00

	
2.00

	
1

	
1.00

	
1.00

	
4.00

	
5

	
2.00

	
4.00

	
5.00




	
C14

	
Use of technology

	
1

	
1.00

	
1.00

	
2.00

	
1

	
1.00

	
1.00

	
1.00

	
1

	
1.00

	
1.00

	
1.00




	
C15

	
Service level

	
1

	
1.00

	
1.00

	
2.00

	
1

	
1.00

	
1.00

	
2.00

	
1

	
1.00

	
1.00

	
1.00




	
C16

	
Investments and costs

	
1

	
1.00

	
2.00

	
2.50

	
1

	
1.00

	
1.00

	
2.00

	
1

	
1.00

	
1.00

	
2.00
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Figure 1. Multiple hierarchical decision-model. UDC, urban distribution centers. 
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Figure 2. Hierarchical decision structure for sustainable UDC implementation in a historical city. 
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Table 1. Extraction of common factors.






Table 1. Extraction of common factors.





	
Factors Extracted

	
Original Variables

	
Factor loadings

	
Communalities

	
Cronbach’s Alpha Values (0–1)




	
1

	
2

	
3

	
4

	
5






	
Factor_1 Economic(ECON)

	
C8

C7

C10

C12

C11

	
0.823

0.791

0.653

0.591

0.586

	
0.123

0.265

0.337

0.050

0.367

	
−0.098

−0.016

0.096

0.220

−0.059

	
0.015

0.096

−0.014

0.171

0.107

	
−0.023

−0.088

0.121

0.366

−0.095

	
0.703

0.713

0.564

0.564

0.502

	
0.798




	
Factor_2 Environmental(ENVI)

	
C6

C13

C2

C3

	
0.219

0.138

0.360

0.245

	
0.698

0.633

0.590

0.574

	
0.077

−0.174

0.031

0.208

	
−0.069

0.222

−0.096

0.288

	
0.119

−0.083

0.042

0.120

	
0.561

0.506

0.490

0.530

	
0.659




	
Factor_3 Social(SOCI)

	
C15

C5

	
−0.052

0.084

	
−0.027

0.060

	
0.807

0.780

	
0.059

0.069

	
0.002

0.054

	
0.659

0.627

	
0.537




	
Factor_4 Operational(OPERA)

	
C14

C1

C4

	
0.095

−0.221

0.376

	
−0.057

0.289

0.044

	
−0.077

0.301

0.134

	
0.722

0.629

0.582

	
0.183

0.017

−0.085

	
0.573

0.618

0.508

	
0.427




	
Factor_5 Cultural(CULTUR)

	
C16

C9

	
−0.056

0.086

	
−0.060

0.436

	
0.002

0.062

	
0.206

−0.158

	
0.800

0.606

	
0.690

0.593

	
0.313




	
% of variance explained

	
18.12

	
13.68

	
9.56

	
9.55

	
7.84

	




	
% of cumulative variance

	
18.12

	
31.80

	
41.36

	
50.91

	
58.76
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Table 2. Averages of the paired indexes.
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	Index
	I_SOCI
	I_OPERA
	I_ENVI





	I_OPERA
	NS
	
	



	
	(0.060)
	
	



	I_ENVI
	14.814 *
	19.223 *
	



	
	(1.053)
	(1.114)
	



	I_ECON
	11.682 *
	15.153 *
	−3.681 *



	
	(0.914)
	(0.974)
	(−0.139)







Note: Values between brackets represent the differences between the pair averages. H0: µi-µj = 0. IC = 95 percent. * Indicates significance at 1 percent and ** at 5 percent. NS = no significance.
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Table 3. Hypothetical alternatives evaluated by the stakeholders.
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Code

	
Criteria

	
Traffic Wardens

	
Retailers

	
Carriers






	
Alternatives

	
X

	
Y

	
X

	
Y

	
X

	
Y




	
C7

	
Architectural impacts

	
100

	
0

	
50

	
50

	
100

	
0




	
C8

	
Damage to historical heritage

	
75

	
25

	
50

	
50

	
100

	
0




	
C10

	
Visual pollution

	
75

	
50

	
50

	
50

	
100

	
0




	
C11

	
Noise nuisance level

	
75

	
50

	
0

	
50

	
100

	
0




	
C12

	
Using alternative propulsion vehicle

	
75

	
75

	
50

	
50

	
100

	
100




	
C2

	
Traffic congestion

	
75

	
75

	
0

	
50

	
100

	
75




	
C3

	
Professional qualifications

	
50

	
50

	
0

	
50

	
100

	
100




	
C6

	
Insecurity

	
50

	
75

	
50

	
50

	
100

	
0




	
C13

	
Compliance with legal regulations

	
100

	
100

	
50

	
50

	
100

	
100




	
C1

	
Parking spots

	
50

	
0

	
0

	
50

	
75

	
75




	
C4

	
Vehicle size

	
75

	
75

	
0

	
75

	
100

	
100




	
C14

	
Use of technology

	
100

	
100

	
50

	
50

	
100

	
75




	
C5

	
Local gain

	
100

	
50

	
0

	
50

	
100

	
75




	
C15

	
Service level

	
75

	
75

	
0

	
0

	
100

	
100




	
Total scores of the alternatives

	
76.20

	
57.56

	
22.14

	
46.94

	
97.99

	
58.90












© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).






nav.xhtml


  sustainability-12-05538


  
    		
      sustainability-12-05538
    


  




  





media/file5.png
! C7—Architectural impacts

| C8—Damage to historical heritage |

Location of a

UDC

C10—Visual pollution |

C11 —NMNoise nuisance level |

[
r'Cl Uze of alternatrve propulsion vehicles |

i C2—Traffic congestion |
I
|

C3—Professional qualifications |

| C6—Insecurity |

I Cl13 —Compliance w/ legal regulations |

| C1—Parking Spots |

| C4—Vehicle size

C14—Use of technology

0.187
0.205
I ECON
0.235
0.300
0.183
0.283
I ENVI 0.227
0.317 0.266
0224 |
I OPERA 0.412
0.195 0.291
0297 |
|
I SOCI 0524
|
0.188 0476 |
|

C5>—Local gain

Clh—5Service level






media/file3.png
Location of a UDC

Index 1
Wi
Wi

Index 2
mﬁ

Index n






media/file0.png





media/file4.jpg
7 Architectural impacts

o 0205 10— Visual pollution
o 0235
e
wss
[ ™ g
e e
4”-2“ C13—Compliance i logal egulations
1_OPERA 0412
N = e
4”2” Cl4—Use of techmology
o | o





media/file2.jpg
Weer

Cu
Index 1 G
W Wenl_Can
Wl Cu
W Ca
Location of a UDC Index 2 -
Wem Cun
Wey
Wi Cu
Index n Ca






