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Abstract

:

In recent years modern societies have attached a multifunctional requirement to the use of renewable resources, making their optimal sustainable management more complex. In the last decades, in many cases, this complexity is addressed by formulating management models with the help of the concepts and methods belonging to the well-known multicriteria decision-making (MCDM) paradigm. The purpose of this paper was to undertake a hermeneutic meta-analysis of the literature provided in primary journals on issues related to the management of these resources with the help of the MCDM paradigm. In this way, the paper aimed to obtain new, basic insights with considerations that might improve the efficiency of future research in the field studied. The meta-analysis was implemented by formulating and testing a battery of hypotheses of how the MCDM methods have been used in the past for the formulation of management models for the type of resource analyzed.
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1. Introduction


Land and fisheries resources belong to the renewable resources group. The stock of this type of resource changes according to a fairly predictable biological growth rate. The sustainable management of the resource requires its rate of use to be lower than its corresponding growth rate. Among these resources, the most significant ones are found in the areas of agriculture, fisheries, and forestry. In the past few years, a multifunctional requirement has been associated with them, making their management a complex decision-making problem [1,2,3]. This complexity increases considerably within the current context of sustainability [4]. Obviously, in this new, realistic scenario, the balance between the growth and use rates of the resource is necessary, but it is not a sufficient condition for managing it rationally, for which several functions are typically required by modern societies in the management of this type of resource. Among them, and without being exhaustive, the following ones can be cited: the incorporation into the management process of a diverse ecosystem service other than that of provision [5]; the assimilation of the multifunctionality idea at a landscape level [6]; the integration into the decision-making process of the preferences of several stakeholders [2]; and the presence in the analysis of new information technology systems that optimize the use of provisioning services [7].



In short, the inclusion of the multifunctional requirement implies, in many instances, the consideration in the management process of several criteria that are usually in conflict. For this reason, in general, the use of analytical approaches based on the classic optimization of a single criterion function is somewhat useless for dealing with this type of problem [8]. Due to this type of insufficiency during the past decades, it was proposed that the multifunctional issue underlying the management of these resources could be advantageously dealt with by resorting to concepts and tools belonging to the field of multicriteria decision-making (MCDM). A pioneer work in this direction can be seen in [9].



In accordance with the above orientation and from a historical perspective, the following pioneer works should be cited. For example, the use of multiobjective programming was proposed in the fisheries field [10]; the use of goal programming models for dealing with some forest management problems was depicted in [11]; and other authors have exemplified the use of several multicriteria methods for solving continuous problems in agricultural planning, emphasizing that multiple objectives are the rule rather than the exception in agricultural decision-making [9,12].



Besides the above, other critical reviews following an MCDM orientation in the management of the three biological resources mentioned should be highlighted. Regarding agriculture, some studies can be cited, such as [5,13]; the former critically reviews applications of multicriteria methods to discrete problems, while the latter paper deals with applying multicriteria methods to problems of a continuous nature. In the forestry field, many recent reviews focus on general forest management issues [3,14,15,16,17]. This literature is not so extensive in the fisheries field, but several contributions have stood out, such as [8,18].



Another point worth noting is the successful use of the MCDM methods for solving specific problems related to the sustainable management of the resources studied [19,20,21]. This orientation is especially useful when the purpose of the analysis is to quantify and explain the sustainability of different natural systems by defining and measuring a significant number of criteria and indicators [22,23]. Some relevant and recent examples in this direction include the works in [24,25] for agriculture, those in [26,27] for fisheries, and finally, those in [28,29,30] for forestry. Although there are different methodologies grouped under the umbrella of MCDM techniques, which appear in later sections, one of these techniques should be especially mentioned due to its preponderance in multiple areas, namely the analytic hierarchy process (AHP), which has been the technique most widely used in other fields [20,31,32]. There are several reasons explaining this fact [33], and undoubtedly one of them is the flexibility offered by this methodology in order to hybridize with other tools, whether or not they belong to the toolkit of the MCDM techniques. This point justifies the fact that some of the hypotheses to be formulated are limited to the application of this particular method.



The three biological resources included in this study are mostly analyzed jointly in many bioeconomy references [34,35]. On the other hand, the EU biobased economy strategy considers them to belong to the same kind of economic activity [36]. In addition to this, in the last two decades or so, extensive literature has proposed their optimal management by using different MCDM approaches. This study’s main objective, therefore, is to make a critical assessment of the results provided by a meta-analysis over the last ten years involving the three resources analyzed, and it aims to demonstrate how these methodologies have been used, allowing the reader to gain useful insights into their correct applications in the future. Thus, we have built up an extensive database of works published in primary journals during the past few years (2008–2017) on the management of the three types of biological resources considered with the help of MCDM methods. In a second step, following a hermeneutic meta-analysis orientation, the literature reviewed will be considered as a kind of raw material for testing a set of hypotheses on how MCDM methods were used in the past in the field analyzed. In this way, it will be shown how the corroboration or refutation of the hypothesis formulated might provide valuable new knowledge, the consideration of which could improve several theoretical as well as practical aspects of the future research to be undertaken in the field studied.




2. Materials and Methods


For the bibliographical search, two databases belonging to two different sources were consulted: Web of Science (WOS) and Scopus, as shown in Figure 1. As is well known, both databases are the most important bibliographic ones, although they both have strengths and weaknesses, and there are numerous studies comparing one to the other [37,38]. Here, in order to obtain a reasonably sized collection of articles endorsed by more than one bibliographic source, it was deemed appropriate to select those papers that appear simultaneously in both databases. These papers were then tagged as a result of the intersection in the searches made in WOS and Scopus.



As can be seen, the searches were used separately in both databases, following the procedure explained in Figure 1. The exact searches are detailed in Appendix A. Contrary to what other studies indicated [39], the number of articles selected was somewhat higher in WOS than in Scopus. In the first phase, after eliminating the articles duplicated, those that were repeated in both databases (841 articles in all) were chosen. This coincidence in papers appearing in both databases is much greater than that shown in other reviews, in which it only reaches 4% [40]. Next, and after an exhaustive reading of those articles, 213 were discarded for the reasons given in Figure 1, leaving the 628 articles that supported the conclusions extracted from this work. Some papers (i.e., 213) were not considered in the analysis for several reasons. One is that 119 of them did not use any multicriteria methods. Moreover, we assumed that 51 papers did not belong to the three fields analyzed in this work (i.e., “not belonging to areas” in Figure 1). Reviews that were detected in the searches were also not included in the analysis. Finally, 20 papers could not be considered because we did not have access to these files (i.e., “not founded” in Figure 1).



Regarding the methods, it should be noted that the MCDM techniques’ characteristics are not described in this review. There are two reasons for this decision: On one hand, we wish to expedite its reading, and on the other, there are already many books and scientific papers in which each of these techniques is described in detail. For information purposes, we highlight three of them, i.e., [41,42,43], due to their higher impact. Besides, these books are exclusively dedicated to our study areas. Other articles linked to the application of a specific MCDM technique have also been published in one of the three areas considered; for instance, these papers include the specific works on the employment of the data envelopment analysis (DEA) in agriculture [44], in fisheries [45], and in forestry [46]. Turning to techniques such as goal programming (GP), one study in which specific useful advice on the application of this technique in forest management problems given is in [47]. In relation to agricultural problems, some studies described multiattribute utility theory (MAUT) methods (and compared them with AHP) (e.g., [24]), while others maintained the comparison with AHP but starting from the TOPSIS (Technique for Order of Preference by Similarity to Ideal Solution) method (e.g., [48]). The same techniques were applied in a fishing model [49]. For the two MCDM methods used in continuous problems (i.e., multiobjective programming and compromise programming), we recommend seminal books [50,51,52,53], as well as other works previously referenced [41,43]. In addition, with regard to MCDM techniques applied to discrete problems, there are many books, chapters, and papers focused on AHP (analytic hierarchy process) and ANP (analytic network process) applications for several problems. We recommend books oriented towards agricultural problems [54] or towards forestry/environmental issues [55].



In order to reach any useful conclusions after considering this comprehensive set of articles, it was deemed appropriate to propose diverse hypotheses that have been examined when looking for possible relationships between the three areas and the MCDM techniques found in the literature. Although initially a more significant number was contemplated, 16 hypotheses are finally proposed and are summarized in the Results Section Table 5.



The first of these refer to the application of the techniques in the three fields. Given that we have not seen any comparative studies supporting the opposite, we assume that each MCDM methodology is applied in the same way in each area, that is, we discard the idea that one specific technique is predominantly applied only in one of the areas. Likewise, and following the same reasoning, we figure that the number of criteria used in each paper analyzed is the same, regardless of the area to which that study can be ascribed. However, and based on prior research [20], the number of criteria employed in continuous problems is assumed to be smaller than those used in discrete-type ones. We also assume that the use of techniques usually applied to approach continuous-type problems (e.g., multiobjective programming, compromise programming, goal programming, etc.) is lesser than that of the set of techniques applied only to discrete-type ones [15].



Following on with other aspects of MCDM techniques, our next hypothesis is that there would not be any relationship between the use of a particular technique and the number of countries involved in the analysis. Another hypothesis worth testing concerns the simultaneous use of several MDCM techniques for the same case study. We assume that according to reviews made in other fields, these hybrid approaches are widely used [31], and that they have increased over time [56].



Another hypothesis was also presented in which the different criteria considered were normalized, independently of the field and the multicriteria technique used [57]. In addition, an initial question that is posed when analyzing a study using these techniques is to justify why a certain one was chosen. Our hypothesis here is that this justification is not usually given, regardless what type of method was used or in which area it was applied to. This idea is upheld as true because there is no guide for selecting the appropriate method for each type of problem [6], or, fundamentally, for familiarity and affinity reasons [25].



To go on with specific techniques, given their extensive use in diverse spheres and that the MCDM technique is the one most commonly used according to some reviews [58,59,60], it is considered appropriate to propose various hypotheses associated with the use of AHP (analytic hierarchy process). The first of these is that, on many occasions, this technique is used together with weighted MCDMs [33]. The second hypothesis has to do with a possible positive relationship between the employment of AHP and its application to spatial problems. This hypothesis is based on the considerable number of studies that combine GIS (geographic information system) and AHP [61,62] along with the inclusion of AHP and weighted MCDMs in different GIS packages [63]. The last hypothesis with AHP is that it is mostly used to obtain weights of a group of stakeholders and/or experts and to apply the weights to solve the problem [64]. It should be pointed out that a notable percentage of works that use multicriteria techniques in some of these fields incorporate the stakeholders into the analysis [25].



One aspect of great interest related to MCDM techniques is their use with other methodologies jointly, such as group decision-making (GDM) techniques. Two hypotheses are formulated on these lines. The first one that appears to be plausible, in the spirit of other works [65], is that the hybridization of MCDM and GDM increases throughout time. The second one is that, given the nature of specific forestry problems, it would seem that hybridization could be more frequent in the forestry field [15].



The last hypothesis formulated tackles aspects related to the employment of these methods with certain topics and techniques. In recent years, specific terms have appeared in the literature in abundance (e.g., “ecosystem services”, “climate change”, “bioeconomy”, “sustainability”, etc.) and are frequently featured in many publications that apply MCDM techniques in the three areas. Here, a hypothesis is proposed whereby MCDM methodology applications in these areas are increasing and are only relevant in the latter years of the time series considered [66]. Finally, is tested a predominance in the use of the GIS hybridized with an MCDM technique in the forestry area.



In order to test the proposed hypotheses, different statistical tests and regression analyses were carried out. The statistical tests included Pearson’s chi-squared test, Fisher’s exact test, ANOVA, Welch’s two-sample t-test, and one-sample proportions [67,68]. Pearson’s chi-squared tests were used when both the dependent and independent variables were categorical and when the independent variable had at least two levels. Fisher’s exact tests were used in these same cases, but only when one or more cells of the two-way frequency table had an expected frequency of five or less. One-way ANOVA tests were applied when the dependent variable was an interval and normal, and the independent variable was categorical with more than two levels. Welch’s two-sample t-tests were used when the dependent variable was an interval and normal, and the independent variable had exactly two levels. The one-sample proportions test was used when the independent variable was of a certain value, and the dependent variable was categorical with two levels. The regression analyses included simple linear and logistic regressions. Simple linear regressions were used when both the independent and dependent variables were intervals, while logistic regressions were used when the dependent variable was binary, and the independent variable was an interval.




3. Results


Table 1 shows some general data of the review made. First, the prevalence of works in the fields of agriculture and forestry over those of fisheries can be seen, as well as the large number of countries in which the different case studies analyzed were located. Figure 2 shows the frequency of studies per country considered in the analysis.



The sample of studies covers an ample spectrum of countries across the world (Figure 2). Iran (n = 58 studies), United States (n = 48), Spain (n = 48), China (n = 46), Italy (n = 28), India (n = 25), Finland (n = 23), and Brazil (n = 20) were the countries with the highest number of studies. However, when considering the population size of those countries, a higher concentration of studies was seemingly implemented in Europe. Finland (n = 4.4 studies per million inhabitants), Slovenia (n = 2.0), Austria (n = 1.4), Greece (n = 1.4), Oman (n = 1.2), Cyprus (n = 1.2), Spain (n = 1.1), and Portugal (n = 1.0) were the countries with the highest number of studies per country.



In addition, Figure 3 gives the frequency with which each technique is represented in the articles analyzed. It should be noted that those presenting fewer than ten articles were integrated into the heading “Other MCDM methods”. On the other hand, going deeper into some aspects related to the application of these MCDM techniques, Table 2 shows the number of articles that include, for example, a series of explanations or characteristics that are relative to how the weights assigned to each criterion were calculated.



In addition, in the articles analyzed, the MCDM techniques are very frequently hybridized with others, both those belonging to the operational research and those relative to other disciplines (GIS, statistical methods, etc.). In Table 3 the main results are summarized. Finally, Table 4 gives the number of articles analyzed that address some hot topical aspects. Although the list of topics is fairly heterogeneous in terms of their significance throughout the time considered in this work, it should be noted that the topic “sustainability” appears in around 25% of the papers.



In the next paragraphs, we describe the results obtained after testing the research hypotheses (Table 5). More details on the results of the hypotheses are found in the Supplementary Materials.



H1. “The application of the multicriteria decision-making (MCDM) techniques does not significantly differ in the three fields (agriculture, forestry, and fisheries), given that we have not seen any comparative studies that support the opposite.” This hypothesis was rejected since the application of MCDM techniques significantly differed in the three fields. However, when the studies with DEA were excluded from the analysis, this hypothesis could be accepted since the difference was not significant. First, we tested whether the number of articles differed significantly across the three fields (agriculture, forestry, and fisheries). Since the variable field had three categories, we used Pearson’s chi-squared test. Then, we evaluated whether the application of MCDM techniques significantly differed in the three fields. Since one or more cells of the two-way frequency table had an expected frequency of five or less, we used Fisher’s exact test.



H2. “The number of criteria used in MCDM problems is similar in the three fields (agriculture, forestry, and fisheries).” This hypothesis was accepted because the null hypothesis that they were equal was rejected. Since the variable fields (independent variable) had more than two levels and the criteria used in MCDM problems (dependent variable) was an interval, we used the one-way ANOVA test.



H3. “The number of criteria is lower in continuous problems than in discrete ones.” This hypothesis was accepted since the number of criteria in continuous problems was effectively and significantly lower than in discrete ones. Since the variable continuous/discrete was categorical with two levels and the number of criteria was an interval, we used the Welch two-sample t-test. We used the one-way ANOVA test to include a third level (mixed) apart from continuous and discrete.



H4. “There seems to be a lesser use of MCDM techniques applied to continuous problems than others that can only be applied to discrete ones.” This was accepted because there was a significantly lesser use of techniques that apply to continuous than to discrete problems. Since the variable continuous/discrete was categorical with two levels and the number of MCDM techniques was an interval, we used the Welch two-sample t-test.



H5. “There is no relationship between the use of a particular MCDM technique and the fact that the case studies are from one or several countries.” This hypothesis can be accepted since the relationship is not significant. However, a significant difference between the use of techniques and the number of countries was found. This could be affected by the fact that there are many techniques or groups of techniques, and that in some of them the proportion of the number of countries is quite different. Since the dependent variable (the use of a particular MCDM technique) was categorical with more than two levels, a multinomial logistic regression was used.



H6. “The use of several MCDM techniques has increased over time.” Although this hypothesis was accepted, it is important to take into account that the number of studies using only one MCDM technique increased. This increase was also significant in the fields of forestry and agriculture. The variable indicating the number of studies using MCDM techniques was converted into a categorical variable with two levels (one technique, various techniques). In order to see the difference throughout time, one mean value was obtained for the first year range (2008–2012) and another one for the latter year range (2013–2017). This process was conducted in each category, and in order to evaluate the difference between the two values of each category, the Welch two-sample t-test was used.



H7. “(A) The criteria are usually normalized, independently of the field to be used.” This is accepted due to the normalization process being carried out regardless of the field. “(B) The criteria are usually normalized, regardless of the multicriteria technique to be used.” This hypothesis was rejected since the normalization was done depending on the techniques employed. The significance of the test could be influenced by the large number of techniques or group of techniques. First, we assessed whether the studies, normalized or not, differed significantly across the three fields. Since the variable field had three categories, we used Pearson’s chi-squared test. Then, we evaluated whether the studies, normalized or not, significantly differed in the use of the techniques. In order to evaluate the difference between the two values, the Welch two-sample t-test was used.



H8. “(A) The justification of why the method is chosen is not usually given, whichever method is used.” This hypothesis was rejected. Although 7% of studies accounted for the method used, significant differences were found in those studies that were grouped by techniques or groups of techniques. “(B) The reason for why the method is chosen is not usually given, whichever area it is applied in.” No significant differences were found among the studies grouped by countries. Since one or more cells of the two-way frequency table had an expected frequency of five or less, we used Fisher’s exact test.



H9. “AHP and weighted MCDM always go together.” This hypothesis was rejected since there was no significant relationship between the use of AHP and weighted MCDM. Both variables (use of AHP and weighted MCDM) were binomial. A binomial logistic regression was used to measure the effect of using AHP on the probability of using weighted MCDM. In addition, the chi-squared test was used to evaluate any significant difference between the two variables.



H10. “Given the inclusion of methods such as AHP and weighted MCDM in different GIS packages, it seems logical to point out that there is a positive relationship between the use of AHP and its application to spatial problems.” This hypothesis was accepted due to those studies that used AHP or weighted MCDM being significantly more likely to use GIS than the rest of the techniques. The use of GIS packages was also a binomial variable. A binomial logistic regression was used to measure the effect of using AHP and weighted MCDM on the probability of using GIS packages. In addition, the chi-squared test was used to evaluate any significant difference between the variables.



H11. “AHP is used mostly to obtain weights from a set of stakeholders and/or experts and apply these weights to solving the problem in question.” This hypothesis was accepted because most of the times, the AHP was used for obtaining weights. The variable weights obtained from stakeholders and/or experts were also binomial. A binomial logistic regression was used to measure the effect of using AHP on the probability of using weights obtained from stakeholders and/or experts, and the chi-squared test was used to evaluate any significant differences between the variables.



H12. “The hybridization of MCDM and GDM is increasing over time.” This hypothesis was accepted with some nuances. The number of studies with GDM and MCDM has significantly increased, but the proportion of studies with GDM and MCDM has decreased over time, although this declining is not significant. The variable indicating the hybridization of MCDM and GDM techniques was converted into a categorical variable with two levels (with and without the hybridization of MCDM and GDM techniques). In order to see the difference throughout time, one mean value was obtained for the first years (2008–2012) and another one for the latter years (2013–2017). In order to evaluate the difference between the two values of each category, the Welch two-sample t-test was used.



H13. “Given the nature of forestry problems, the hybridization of GDM and MCDM techniques would seem to be more frequent in forestry.” This hypothesis was accepted because the hybridization of those techniques was significantly more frequent in forestry than in the other fields. We assessed whether the hybridization of those techniques differed significantly in the three fields (agriculture, forestry, and fisheries). Since the variable field had three categories, we used Pearson’s chi-squared test.



H14. “The concepts of ecosystem services, climate change, and sustainability are recent and have only become prominent in recent years.” This hypothesis can be accepted for the cases of ecosystem services and climate change, for which both the number and proportion of papers devoted to these topics have increased significantly. As for sustainability, despite their total number having increased significantly, the proportion has decreased. The variables ecosystem services, climate change, and sustainability were converted into categorical variables with two levels (i.e., with and without ecosystem services, climate change, and sustainability). In order to see the difference throughout time, one mean value for each variable was obtained for the first year range (2008–2012) and another one for the latter year range (2013–2017); to evaluate the difference between the two values of each category, the Welch two-sample t-test was used.



H15. “The topics included as being relevant, such as climate change, multifunctionality, multiple use, sustainability, bioeconomy, corporate social responsibility, certification, protected areas, and life cycle, are only relevant in the last years of the period.” In general, we reject this hypothesis. Only for climate change can we accept that the topic was relevant in the last years of the period. The variables climate change, multifunctionality, multiple use, sustainability, bioeconomy, corporate social responsibility, certification, protected areas, and life cycle were converted into categorical variables with two levels (with and without the above variables, i.e., climate change to life cycle). In order to see the difference throughout time, one mean value for each variable was obtained for the first year range (2008–2012), and another one for the last year range (2013–2017). In order to evaluate the difference between the two values of each category, the Welch two-sample t-test was used.



H16. “There is a higher probability of using the GIS hybridized with some MCDM techniques in the forestry area than in other fields.” This hypothesis is accepted since those studies within the forestry field are more likely (statistically significant) to use GIS techniques than within the fisheries and agriculture fields. First, we assessed whether the use of GIS hybridized differed significantly across the three fields (agriculture, forestry, and fisheries). Since both variables were categorical, we used Pearson’s chi-squared test. Then, a binomial logistic regression was performed to measure the effect of using the forestry field on the probability of using GIS hybridized.




4. Discussion


This is an original study since until now, no other work has analyzed the use of MCDM approaches applied to problems associated with the sustainable management of agriculture, forestry, and fisheries resources. In addition, the remarkable increment of the papers published in these fields using MCDM techniques is a reliable guide to the importance of this type of study. For example, on forestry issues, the number of MCDM papers published in the period analyzed, compared to the previous decade (1998–2007) [15], has increased by more than 62%. In short, this trend, which is also observed in the other fields [20], deserves a study of these characteristics.



The results show an extensive use of MCDM techniques in the three fields considered with a global dissemination. There are case studies in nearly 90 countries, excluding those in which more than three countries are involved. It is also interesting to note a significant increase in the number of works published following this trend. These results are on the lines of different studies, especially concerning applications of AHP, which is the method most employed in the articles reviewed [59,69]. It is also worth noting that over half of the articles selected have been published in journals that do not belong to the three areas chosen.



When the MCDM techniques employed in the articles are analyzed, excluding the cases of fuzzy MCDM and “other techniques” in Table 1, the group of techniques used in discrete problems is predominant (83.3%) compared to those based on distance functions (11.6%). This situation has been assiduously observed in other reviews [2,15,20]. As for the MCDM technique most used (AHP), the results obtained coincide with other recent reviews in the field of sustainability [20,21]. Some authors have even conjectured about its simplicity of use as being a fundamental reason explaining the widespread use of AHP [58].



Another aspect that should be highlighted is the elicitation of preferential weights. Although most works in Table 2 (70%) assign weights to each criterion considered, those incorporating the preferential weights of one or some stakeholders (14%) are much fewer. These figures differ from reviews like that of [70], in which it is stated that nearly all the papers analyzed (86) attach weights to each criterion, and over 40% is done interacting with diverse stakeholders.



A prior step when assigning a weight to each criterion, objective, indicator, etc., would be to normalize them so that all of them can be managed in dimensionless units [8,71]. Some authors pointed to the importance of carrying out this phase correctly [72]. The results presented in this paper show that half of the works analyzed explain how they performed the normalization process, i.e., fewer than the results provided by other reviews [20].



It should be emphasized that it has been demonstrated that the growing number of applications for solving a particular problem hybridize either several MCDM models or one MCDM technique with another GDM one. This type of strategy has been increasingly used and recommended by other authors for its strong potential and for extracting the best out of each technique [65,73]. It is also noted that to solve complex problems, other techniques are very often linked to MCDM methodologies, either those belonging to management science or other disciplines such as statistics. On the other hand, according to what is explicitly affirmed by the authors of the articles, the integration of MCDM techniques into decision supports systems (DSS) is still modest (13% of the papers), despite the potential offered by this combination of methodologies [70,74].



Furthermore, 21% of the works have stated that they made a sensitivity analysis, an aspect that is recommended in numerous works [59,75]. This figure is lower than that reported in other works [20,66,76]. Finally, approximately 15% of the studies combine these MCDM techniques with nondeterministic methods (Markov chains, Monte Carlo simulation, stochastic models, fuzzy methods, etc.). This percentage is similar to the one supplied in a study on the inclusion of biodiversity in forest management [77].



With regard to rejecting the hypothesis on the uniform application of multicriteria decision-making (MCDM) techniques in the three areas, the reason would appear to be inclusion or not of the DEA approach in the analysis. The frequent application of this technique in agriculture undoubtedly explains these results, since almost 73% of the 150 articles using this technique are associated with agriculture [78,79].



Of the two hypotheses related to the number of criteria, it was confirmed that their number was similar in the three fields studied. On checking the results, we verified that the fields which are most represented use a fairly similar number of criteria (a mean of 9.8 in agriculture and 10.9 in forestry) in their work. Comparing these figures with other reviews of MCDM techniques in different fields, they are notably higher than those relative to works focusing on problems associated with sustainability (a mean of 4.2 criteria) [20]. However, some authors, in a review of 86 works related to nature conservation, declared that the number of criteria employed was excessive and unbalanced in the different pillars previously established [76]. The second hypothesis that was corroborated refers to the number of criteria being lower in continuous problems than in discrete ones, as this circumstance was also observed in other reviews [20]. Even when the discrete methods involve the determination of weights in some MCDM methods applied to discrete problems, the number of criteria must not be too large [80].



Concerning the hypotheses related to multicriteria techniques, it was confirmed that the methodologies used in continuous type problems are applied more infrequently than those oriented towards discrete ones. This fact was already verified for works published both in forestry [15] and in sustainability [20]. In detailing some of these techniques, three hypotheses were formulated that were related to the technique most used, according to the data of this study, namely the technique of AHP.



The hypothesis that AHP was linked to a weighted MCDM was rejected. Strangely enough, whereas in this study AHP is much more represented than the weighted MCDM (218 vs. 125), in other reviews this number is similar [20], or the weighted MCDM even greatly exceeds the AHP (143 vs. 34) [81]. However, it was proven that it is mainly used for obtaining weights from different stakeholders, as can be deduced from a recent study [40].



In addition to all of the above, there is a direct relationship between the use of this method and the spatial problems required by a GIS, an aspect already anticipated in the literature [63,82]. At present, the integration of GIS and AHP tools contributes to the wide expansion of its use due to the increase in popularity of GIS. Furthermore, a wide variety of techniques exist to assign weights in case of MCDM with GIS software packages. However, several GIS software packages explicitly incorporate very user-friendly (visually and intuitive) spatial multicriteria and multiobjective decision functionalities (e.g., Idrisi, Ilwis, TerrSet), which appear as a pragmatic method. Otherwise, there is a vast number of freely available plugins and scripts for both the most common commercial GIS software (i.e., ArcGIS) and free options (e.g., Grass, QGis, SAGA), which have popularized GIS-based AHP tools.



The hot topics selected show an uneven distribution in their use in MCDM problems (Table 4). Among them, the idea of sustainability is most utilized, especially in papers focusing on agricultural and forestry issues. This result is perfectly coherent with the current idea of using a bundle of criteria and indicators. Under these assumptions, MCDM fits in very well with addressing this “new sustainability” [82], in contraposition to the idea of “old sustainability” that is so greatly applied in forestry issues [30]. The rest of the topics have similar figures, except “bioeconomy” and “life cycle analysis”. Regarding the former, one explanation could be the relative novelty of this term, which has only appeared in recent years [83]. It is not too bold to suggest that if this type of analysis is carried out in the medium term, the keyword “bioeconomy” will appear in more papers.



From a didactic point of view, attention is called to the fact that very often the authors do not present or justify some of the decisions made when proposing a model (only 7%), although some give somewhat higher figures in their reviews. It has already been demonstrated that, regardless of the area, why the method was elected is not usually defined. Thus, some authors talk about 47% as the percentage of articles analyzed that offered a justification for their election method [76].



It is important to note that when the choice of a particular MCDM method is justified, the reasons supporting the choice are theoretical, and they are not based on a comparison of pros and cons with respect to other possible methods [84]. Moreover, in this review exercise, it was found that only 30% of the cases was the solver used indicated, and in very few works was the size of the model explicit (number of variables, criteria, or constraints). What is more usual is to enlarge the explanation with mathematical formulae (in nearly 60% of the cases), although much fewer authors illustrate their model with the help of a flow chart (23).




5. Conclusions


The number of applications reported in the literature on the use of MCDM methods for a satisfactory management of the natural resources considered is impressive and has a clear rising trend. This line of work started around forty years ago with not too many applications, but in the last decade, the interest in this type of orientation has increased dramatically. From the hermeneutic meta-analysis undertaken, the following conclusions deserve to be highlighted:




	
Without considering the use of DEA, which is extensively deployed in the specific area of agriculture, the application of MCDM methods is somewhat similar in the three areas studied.



	
The number of criteria included in the different applications is also similar in the three areas. However, it is important to note that the number of criteria considered is lower for continuous problems than for discrete ones. This could be explained by the fact that the computational complexity associated with the resolution of the continuous models considerably increases with the number of criteria considered.



	
The criteria involved in decision-making modeling have to be normalized in all cases. This requirement is demanded independently of the field as well as of the MCDM method used.



	
The choice of the particular MCDM method used is made, in most cases, in a somewhat arbitrary way. This type of mechanistic practice does not seem advisable. Thus, in general, the main features of the problem situation, to some extent, suggest the most suitable MCDM method to be used.



	
The combined use of several MCDM methods for dealing with a specific problem was successfully applied. In this sense, the use of AHP for deriving the preferential weights and subsequently attaching them to a multicriteria optimization model is paradigmatic. Despite the wide use of the above case, the hybridization of MCDM methods is of current interest and seems to have many future developments.



	
Modern democratic societies demand a participatory decision-making process for dealing with the management of natural resources. That is why the consideration of the preferential weights of different stakeholders with different perceptions with respect to the criteria considered is becoming of paramount importance.



	
To deal successfully with the above crucial and challenging issue, it would seem useful to hybridize the MCDM methods with those approaches belonging to the GDM field. Although the published works following this orientation are currently very scant, it would appear to be a promising future line of work.



	
The ecosystem services, climate change, and sustainability concepts have been recently incorporated as criteria in the management of the natural resources studied. Although the sustainability topic is widespread, the other orientations will seemingly be of key importance in future works in the field investigated. The same is expected of the term bioeconomy, whose popularity in academic spheres is even more recent.



	
The merger of GIS and MCDM methods is dramatically increasing in forest management, although its use in agriculture and fisheries is fairly negligible. This fact might be explained by the importance of spatial dimension in forest management.








It is logical to think that the above considerations and recommendations, supported by the hermeneutic meta-analysis undertaken, will help future researchers and practitioners to use the arsenal of MCDM methods for dealing with management problems more efficiently in the three types of natural renewable resources analyzed. Finally, this paper clearly shows the substantial extent and depth of MCDM applications in these fields over the past decade. In addition, it seems clear that practitioners interested in the sustainable management of land, forest, and fisheries resources could find this paper useful for identifying gaps and opportunities in order to properly apply these techniques in the future.
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Appendix A. Searches in WOS and Scopus


Topics used in both databases:



(“multi-criteria” OR “multicriteria” OR “multiple criteria” OR “MCMD” OR “MCDA”);



(“goal programming”); (“compromise programming”); (“TOPSIS”); (“multiobjective programming” OR “multi objective programming”); (“analytic hierarchy process” OR “AHP” OR “analytical hierarchy process” OR “Analytic Hierarchical Process”); (“ELECTRE” OR “ELimination Et Choix Traduisant la REalité”); (“analytic network process” OR “ANP” OR “analytical network process”); (“data envelopment analysis” OR “DEA”); (“Promethee” OR “Preference Ranking Organization Method for Enrichment Evaluations”); (“MAUT” OR “multi-attribute utility theory” OR “multi attribute utility theory” OR “multiattribute utility theory” OR “MAVT” OR “multi-attribute value theory” OR “multi attribute value theory”); (“SMAA” OR “’stochastic multicriteria acceptability analysis’” OR “’stochastic multi-criteria acceptability analysis’” OR “’stochastic multiobjective acceptability analysis’”); (“VIKOR”); (“fuzzy methods” OR “fuzzy” AND (“multi-criteria” OR “multicriteria” OR “MCDM”)); (“weighted average” OR “WAM” OR “weighted arithmetic mean” OR “weighted geometric mean” OR “geometric mean” AND (“multi-criteria” OR “multicriteria” OR “MCDM”))



  



Searches in WOS



TOPIC: (“XXXX”). Refined by: Databases: (WOS) AND DOCUMENT TYPES: (ARTICLE OR REVIEW) AND RESEARCH AREAS: (AGRICULTURE OR FORESTRY OR FISHERIES)



Timespan: 2008–2017.



  



Searches in Scopus



(TITLE-ABS-KEY (“XXXX”) AND TITLE-ABS-KEY ( “forest” OR “agriculture” OR “ fisheries”)) AND PUBYEAR > 2007 AND PUBYEAR < 2018 AND (LIMIT-TO (DOCTYPE, “ar”) OR LIMIT-TO (DOCTYPE, “re”)



  



Note: “XXXX” indicates the topics shown above.
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Figure 1. Diagram of search process. 
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Figure 2. Number of studies per country in the assessment. 
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Figure 3. Frequency of multicriteria decision-making (MCDM) techniques. *TOPSIS: Technique for Order of Preference by Similarity to Ideal Solution; **PROMETHEE: Preference Ranking Organization Method for Enrichment Evaluations. 
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Table 1. Basic results of the survey.
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Number of papers analyzed

	
628




	
Case study

	

	

	




	

	
Agriculture

	

	
323




	

	
Fisheries

	

	
59




	

	
Forestry

	

	
273




	

	
Number of countries

	
87




	
Typology of journals

	

	




	

	
Agriculture

	

	
104




	

	
Fisheries

	

	
36




	

	
Forestry

	

	
128




	

	
Operations Research

	
18




	

	
Multidisciplinary

	
244




	

	
Other areas

	

	
98
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Table 2. Several MCDM characteristics.
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Justification of the MCDM method chosen

	

	

	
45




	
Number of criteria

	

	
97




	
Normalization of criteria

	

	

	
314




	
Interaction with stakeholders

	

	

	
278




	
Sensitivity analysis

	

	

	
133




	
Method to assign weights to each criterion:

	

	

	




	
        Same vector of weights

	

	
99




	
        Implementation of a sensitivity analysis

	

	
14




	
        Requesting information from stakeholders

	
89




	
        Other

	
238




	
Software used (specified by the authors)

	

	

	
190
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Table 3. Techniques used with MCDM.
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Statistical techniques

	

	

	
225




	
Decision support systems (DSS)

	

	
80




	
Nondeterministic

	

	

	
98




	
GIS

	

	

	
194




	
Sensitivity analysis

	

	

	
133
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Table 4. Issues addressed.
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Ecosystem services

	

	

	
45




	
Climate change

	

	

	
64




	
Multifunctionality/Multiple use

	

	
59




	
Sustainability

	

	

	
157




	
Bioeconomy

	

	

	
9




	
Life cycle analysis

	

	

	
20
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Table 5. Research hypotheses, methods used to contrast the hypotheses and results.
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	Research Hypotheses
	Method Used to Contrast the Hypothesis
	Hypothesis Result





	1. The application of the multicriteria decision-making (MCDM) techniques does not significantly differ in the three fields (agriculture, forestry, and fisheries), given that we have not seen any comparative studies that support the opposite.
	Pearson’s chi-squared and Fisher’s exact test
	Rejected



	2. The number of criteria used in MCDM problems is similar in the three fields (agriculture, forestry, and fisheries).
	ANOVA test
	Accepted



	3. The number of criteria is lower in continuous problems than in discrete ones.
	Welch’s two-sample t-test and ANOVA test
	Accepted



	4. There seems to be a lesser use of MCDM techniques that apply to continuous problems than others that can only be applied to discrete ones.
	Welch’s two-sample t-test
	Accepted



	5. There is no relationship between the use of a particular MCDM technique and the fact that the case studies are from one or from several countries.
	Multinomial logistic regression
	Accepted



	6. The use in the same problem of several MCDM techniques simultaneously has increased over time.
	Welch’s two-sample t-test and temporal analysis
	Accepted



	7. (A) The criteria involved are usually normalized, independently of the field to be used.
	Chi-squared and Fisher’s exact test
	Accepted



	 (B) The criteria involved are usually normalized, independently of the multicriteria technique to be used.
	Chi-squared and Fisher’s exact test
	Rejected



	8. (A) The justification of why the method is chosen is not usually given, whichever method is used.
	Fisher’s exact Test
	Rejected



	 (B) The justification of why the method is chosen is not usually given, whichever area it is applied in.
	Fisher’s exact Test
	Accepted



	9. AHP and weighted MCDM always go together.
	Logistic regression and chi-squared test
	Rejected



	10. Given the inclusion of methods such as AHP and weighted MCDM in different GIS packages, it seems logical to point out that there is a positive relationship between the use of AHP and its application to spatial problems.
	Logistic regression and chi-squared test
	Accepted



	11. AHP is used mostly to obtain weights from a set of stakeholders and/or experts and apply these weights to solve the problem in question.
	Logistic regression and chi-squared test
	Accepted



	12. The hybridization of MCDM and GDM has increased over time.
	Welch’s two-sample t-test and temporal analysis
	Accepted



	13. Given the nature of forestry problems the hybridization of GDM and MCDM techniques would seem to be more frequent in forestry.
	Chi-squared test
	Accepted



	14. The concepts of ecosystem services, climate change, and sustainability are recent and have only become important in recent years.
	Welch’s two-sample t-test and temporal analysis
	Accepted



	15. The topics that have been included as being relevant are only relevant in the last year range of the period.
	Welch’s two-sample t-test and temporal analysis
	Rejected



	16. There is a higher probability of using GIS hybridized with some MCDM techniques in the forestry area than in other fields.
	Logistic regression and chi-squared test
	Accepted
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