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Abstract

:

Research on economic diversification and complexity has made significant advances in understanding economic development processes, but has only recently explored environmental and social sustainability considerations. In this article we evaluate the current state of this emerging literature and reveal 13 research gaps. A total of 35 different keywords and methods from structured literature reviews and network science helped to identify 374 scientific articles between 1988 and 2020 and revealed a fragmented research landscape around three larger network communities: (1) industrial policies, climate change, and green growth; (2) economic complexity and its association with inequality and environmental sustainability; and (3) economic diversification, including studies on livelihood diversification in poor areas. Economic complexity research applies new empirical methods and considers both social and environmental sustainability, but seldom scrutinizes theory and policy. Industrial policy research focuses on green growth policies but tends to omit social sustainability issues and advanced empirical methods. Research on economic diversification in poor regions provides insights on the livelihood diversification of farmers, but is disconnected from the economic complexity and industrial policy research. This review helps to summarize the main contributions and shows pathways for potential mutual learning between these communities for the sake of sustainable development.
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1. Introduction


Since the seminal work of Hidalgo et al. [1] and Hidalgo and Hausmann [2], a considerable body of literature has explored the economic complexity of countries and regions [3,4,5] and has shown how the network structure of production and type of economic activities condition economic growth and future diversification of economies. Only in recent years, though, have studies started to consider the association between economic complexity and environmental sustainability [6,7,8,9], as well as economic complexity and social sustainability. In this literature review, we intend to summarize how the main research fields related to economic diversification and sophistication processes address social and environmental sustainability considerations.



We apply a broad perspective on economic complexity by also including previous and ongoing research efforts on economic diversification, relatedness, and industrial policies that address questions of social and environmental sustainability. The reasons for this are threefold. Firstly, these research communities share motivation and common goals. While different research communities can be identified within the broader field of economic diversification and sophistication, they also have strong common grounds, such as (1) emphasizing the need of moving beyond aggregate growth towards the quality of economic development, (2) pointing to the vulnerabilities of economic systems specialized in few low-value added activities, (3) highlighting the importance of knowledge-intensive activities, and (4) analyzing whether, how, why, and when these activities can be achieved. Secondly, there is significant overlap of key words. There is a strong co-occurrence of their respective research papers in systemic keywords searches in bibliographic databases, illustrating the relatedness of their research agendas. Thirdly, these communities are complementary. It is likely that their joint strengths in analyzing different aspects of economic diversification and sophistication processes are necessary to confront the social and environmental challenges of the 21st century. Indeed, despite a strikingly low level of cross-citations, the different approaches identified in this article could build upon and complement each other for a better understanding of the association between economic diversification and sophistication, and sustainability.



The role economic diversification can play in achieving economic development [10] has been debated in both the trade literature as well as regional and local development literature [10,11]. Economic diversification occurs when an economy increases its set of economic activities and markets in which it is engaged. Economic diversification can help economies to grow and reduce their vulnerability to economic crisis, market fluctuations, and technological changes. Additionally, research on diversification in poor agricultural areas has defined rural diversification as the process by which rural areas explore several activities and capabilities to promote income growth and improve the standard of living.



Relatedness research has advanced studies on economic diversification by focusing not only on the number of economic activities, but also exploring the extent to which these economic activities are similar to each other in terms of the productive capabilities, markets, and institutions required for producing and selling them (in a competitive manner). Strongly promoted by researchers from the field of economic geography, relatedness research has shown that a variety of related sectors is essential for regional competitiveness, growth, employment, and resilience [12,13]. These studies highlight the importance of relatedness for economic diversification strategies since economies are seldom able to move into unrelated activities [14,15], and developing related capabilities tends to be a more feasible and promising path to boost economic diversification and economic growth [11,12,13,14,15,16]. Research on the economic complexity, and in particular research associated with the product space and economic complexity index, goes one step further by considering not only the number of economic activities (i.e., economic diversification) or the similarity between these economic activities (i.e., relatedness), but also the quality and network position of these activities. The literature on economic complexity and relatedness share the understanding that new activities depend on the available knowledge and skills to produce goods and services [1,2,4,17], however economic complexity research made significant advances in measuring the quality and sophistication of economic activities. For instance, the economic complexity index is inversely related to the ubiquity of economic activities, capturing that many economies are able to produce simple agricultural goods; however, only few economies are able to produce highly knowledge-intensive activities, such as specialized machine tools or medical instruments, that tend to require a network of associated economic activities [2,4]. Due to its emphasis on empirically identifying highly connected and knowledge-based activities, economic complexity studies tend to concentrate more on intensive technological products or industrial sectors than, for example, economic diversification activities of farmers in poor rural areas. Finally, the industrial policy community shares the emphasis on more value-added activities, but tends to focus more on the (general) positive effects of industrialization for economic catch-up, highlighting market failures, scrutinizing success cases, and discussing the political and macroeconomic factors that hinder or promote economic diversification and sophistication [18,19,20,21].



It is noteworthy that these related research communities share the same increasing concern with sustainable development, which encompasses environmental (pollutant emissions, green products, climate change) and social (human development, inequality, among others) sustainability issues to respond to worldwide challenges. Only in recent years, though, have studies started to consider the association between economic diversification and environmental sustainability [6,7,8,9], as well as social sustainability in more detail. Fields connecting economic diversification and complexity with sustainability are still emerging, and so far iterative keywords searches suggest that social sustainability considerations are mainly related to aspects of inequality and human development, such as education, health, access to infrastructure, and better job opportunities. Moreover, there is new research exploring the effects of economic diversification and complexity on environmental pollution and identified potential green growth paths [21,22,23].



Previous research on environmental sustainability tended to focus on the environmental capacity to absorb and recover (with great concerns related to ecology, pollution, and emissions), but has been increasingly treated as an issue of survival of the human species on earth and systemic threats associated with climate change [6,7,8,9,16]. This is in line with the increasing awareness and emphasis of public opinion, research, and political efforts on sustainable development. While economic progress matters for standards of living, the effects of the current economic development models on environmental pollution, climate change, and unequal distribution of income and human agency also threaten the long-term sustainability of human society and global production systems. More emphasis on sustainability is crucial because most developing countries face substantial socio-economic problems, such as high unemployment rates, income inequality, malnourishment, and inadequate basic infrastructure and health care [24]. Moreover, developed and developing countries are being challenged to promote economic growth without damaging the environment [9,16,22]. For example, CO2 emissions are considered the primary culprit for damaging environmental quality [6]. Although 195 countries negotiated greenhouse gas reduction during the Paris Agreement of the United Nations Framework Convention (UNFCCC) in 2015 [25], some developed countries still deny the importance of global warming worldwide [26].



All this shows the need for more inclusive and sustainable production systems. The economic goals of productive diversification, sophistication, and growth need to be combined with more comprehensive and stringent considerations of social and environmental sustainability. Here we summarize the emerging literature on this matter. Section 2 briefly presents the theoretical background. Section 3 presents our motivation, keywords, and the structure literature review. Section 4 introduces the data and procedural methods. Section 5 presents the main results, including bibliometric measures, the analysis of the main clusters and publications through citation network, as well as the main findings of the in-depth analysis related to the research strategies and scope studied. Section 6 presents a systematic analysis of the main insights of the economic complexity, industrial policy, and rural diversification communities. Section 7 identifies and discusses the main research gaps about the theme. Finally, in Section 8, we discuss the reasons for the gaps identified in the literature and offer our concluding remarks.




2. Initial Theoretical Mapping


Before systematizing the literature empirically, we summarize some of the main ideas and motivations of the different strands of literature in economic diversification and sophistication (in particular industrial policy, relatedness and complexity, and economic diversification in rural communities) in connection with sustainability. While we highlighted similarities above, here we also indicate some differences in their guiding ideas and main focus.



There is a long tradition in research on industrial policies. While some authors highlight the need to promote infant industries and overcome structural constraints for industrialization and economic diversification (e.g., Alex Hamilton [27], Rosenstein-Rodan [28], Rodrik [29], Chang [30], Hartmann [31]), other authors highlight the need for anti-trust measures and ensuring the integrity of the market forces of competition and innovation [32,33,34,35]. In consequence, diverse industrial policy definitions have also been debated in the literature [30,36]. One definition and related school of thought argues that industrial policy should focus on market-oriented policy measures to correct market failures. Another school of thought argues that industrial policy is or should be responsible for macroeconomic policies that affect growth, productivity, competitiveness and favor promising industries, creating skilled workforces, developing infrastructure, and regional policy to increase economic welfare [30]. Despite their differences, both approaches tend to argue that economic progress will increase social welfare, either through an increase in efficiency or diversification, as it expands production, provides jobs, and raises income. Yet dedicated in-depth studies in peer-reviewed journals on the interaction between industrial policies and social sustainability consideration, such as inequality and sustainability, are scarce. Aspects of environmental and social sustainability have only rather recently been analyzed in greater detail [21,37].



Research on relatedness and economic complexity has made significant progress towards: (1) understanding the path dependency of economic diversification processes; (2) highlighting that not only the number, but also the type and quality of economic activities (e.g., industries, occupations, technologies) matter for economic development; and (3) providing new methods and tools to identify structural constraints and opportunities for smart, inclusive, and sustainable growth [12,13,17,18,19,38].



Another strand of the literature in agricultural and development economics has analyzed the importance of economic diversification for the standards of living, human development, and economic resilience of the people in rural areas of less developed regions [39,40]. While research on industrial policies and economic complexity tends to highlight the most innovative, value-added, and complex economic activities, this strand of the literature takes a bottom-up perspective on the possibilities of local farmers and rural populations to diversify their income source, and highlights the importance of non-rural activities, such as sustainable rural tourism, as an alternative way to promote economic growth [39,41].



Research on economic complexity, diversification and industrial policies can and should contribute to this system-relevant global task. The type of economic diversification and development plays an important role in environmental degradation and social sustainability. Many studies on the social and environmental Kuznets curve have analyzed whether income inequality, per capita CO2 emissions, and non-renewable energy consumption [42] follow an inverted-U path with respect to aggregate economic growth [43]. Other studies posit a circular economy as an alternative approach to the linear economy, which benefits businesses, society, and the environment [44,45]. It is only recently, though, that approaches have emerged depicting the quality of economic development and allowing for a more disaggregated perspective on the type of economic activities and network structure of production in a region or country. This includes research on economic complexity, rural diversification, and industrial policies [6,7,9,22]. Their methods and insights help to move towards more focalized and effective policy measures that take the structural challenges and opportunities of each region and country into account.



Recent studies in economic complexity research tend to emphasize its overall positive effect of productive sophistication on social sustainability, inter alia, by creating more and better jobs and demanding more inclusive institutions [31,46]. However, multiple aspects, such as the regional characteristics of inclusive growth, social mobility and intersectionality, are still underexplored. The association between economic complexity and environmental sustainability has started to be increasingly debated, pointing to a certain extent of environmental Kuznets curve behavior with deceasing pollution levels at high levels of productive sophistication, though it still leaves many questions open, for example, about the precise green growth and related policies and regulation, or whether the pollution values along with simpler activities are partially being outsourced to other countries in the process.



Here, we chose to mainly review the literature from the perspective of economic complexity and relatedness research, because it combines considerations of economic diversification and sophistication. However, we also reveal how economic complexity and relatedness research can learn from and contributed to related fields of research such as industrial policies and studies on economic diversification in rural communities.




3. Structured Literature Review—Initial Considerations


Recognizing the need to increasingly incorporate social and environmental sustainability in studies related to economic diversification and sophistication, and the importance of understanding the current state of this intellectual territory, it seems to be the right time for a structured literature review to synthesize the results, interpret the findings, and point out possible directions for future research.



A literature review related to such an important and growing field leads to many analysis possibilities and challenges, such as issues in understanding what is relevant to the audience, what is a too broad or a too narrow focus. As it seems to be the first literature that explicitly sought to integrate the three streams of literature on economic diversification and complexity, and sustainability, we chose to apply a data-driven approach with an iterative identification of a broad set of keywords. In addition, considering the scientific quality required, we decided to work only with peer-reviewed articles or highly cited books within curated bibliographic databases. Moreover, we also used different structured literature review techniques that complemented each other to avoid, as far as possible, a subjective or biased approach. In this sense, we broadened our analysis to capture a relatively broad set of articles associated with economic complexity and sustainability using 35 keywords identified by iterative searches in the Scopus and Web of Science databases (listed in the Materials and Methods section). This process led to 374 unique documents with adherence to our research objective. Figure 1 is an interesting way of having a first overview of the publications and the most frequent keywords of these 374 articles.



Figure 1 is based on the density view of the co-occurrence keywords map of the VOSviewer software [47]. The density of each keyword is based on their occurrences and the proximity between the terms is based on their mutual appearance (co-occurrence). The five color rainbow scheme was used, with red representing the terms with higher occurrences, followed by orange, yellow, green, and blue (lower occurrences). It is possible to see “industrial policy”, “economic complexity”, and “economic diversification” with the highest densities (red color), and terms like “evaluation” (at the upper left) and “regional productivity” (at the bottom left) with lower densities. Terms with a high association strength (co-occurrences in the publications database) are pulled towards each other, while nodes with a low association strength are pushed away from each other. For instance, there is a group of terms further away from the center related to “resilience”, “livelihood diversification”, and “off-farm income” giving us a first indication about the existence of a separated research field related to “rural diversification”, which was later also demonstrated by an in-depth analysis.



Our bibliometric analysis integrates the growth of studies by research area and presents the most cited publications, which shows quantitative evidence. The analysis of the network of citations with clusters confirmed how these themes interrelate in the literature, and the in-depth analysis of the content, in addition to corroborating qualitatively, allowed us to explore the research strategies used and the topics addressed within each theme. We found three main research poles on the topics combining the network analysis and the in-depth analysis of the articles: (1) industrial policies, climate change, and green growth, (2) economic complexity and its association with inequality and environmental sustainability, and (3) economic diversification. The key search term economic diversification identifies studies in several areas, such as a highly cited cluster of research papers analyzing diversification in rural areas (see also the citation network). Moreover, multiple separate topics are explored in small thematic clusters. However, how are these different research efforts connected? Furthermore, where do they publish, what are their most relevant publications, which methods do they use, and which research gaps and mutual learning possibilities can be identified? In this article, we used techniques from structured literature review research to identify gaps and possibilities for mutual learning in order to build an integrated research agenda on social and environmental sustainability, associated with economic complexity, rural diversification strategies, and industrial policies.



Despite these growing research fields, to the best of our knowledge, an integrated structured literature review related to economic complexity, diversification, and industrial policy in association with social and environmental sustainability, is missing. Moreover, we did not find studies of literature reviews using quantitative review methods. These methods help reduce an eclectic bias that may omit some factors while overemphasize others, based on the authors own choices, and not based on the factual statistical frequency of works in the databases. Still, of course the results depend on the initial search words, such as economic complexity, diversification and sustainability. However, widening the approach from a mere keyword focus on economic complexity and sustainability to include similar related keywords that co-appear in the search process, allows us to explore relevant related ideas and reveal which fields can learn from or teach economic complexity research on social and environmental sustainability aspects.



Our study identified that a structured literature review based on this broader view could identify structural gaps and future research opportunities regarding economic diversification and complexity along with social and environmental sustainability considerations. In this respect, bibliometric analysis helped us to identify the publication dynamics, the most relevant journals, geographic focus, and research clusters. Moreover, a combination with network analysis and an in-depth qualitative analysis of the research contents of core articles helped to identify research gaps in terms of data, topics and methods, as well as reveal possibilities for mutual learning between different overlapping, or separate, areas of the literature. Thus, this survey of the literature, conducted via a structured literature review, presented three specific advantages. Firstly, the technique helped us to systematize the results of the articles analyzed, relating them to emerging research topics. Secondly, it allowed us to identify and analyze the most important studies in more detail. Thirdly, it helped us to identify gaps in the literature and reveal challenges for future research [48,49].




4. Materials and Methods


The research method structure used in this study is based on other systematic literature reviews, [48,49,50,51,52] with some complementary steps, which can be summarized as follows:




	Step 1:

	
Refining the main keywords through a keywords co-occurrence network.




	Step 2:

	
Assessing the articles published in major databases, using a set of pre-established keywords.




	Step 3:

	
Screening the articles found by reading their titles and abstracts (filter).




	Step 4:

	
Development of the classification system that represents the object studied, applying this system to the publications filtered.




	Step 5:

	
Selection of publications for an in-depth analysis.




	Step 6:

	
Building the scientific production profile of each article selected, identifying main research strategies.




	Step 7:

	
Scope analysis of each paper selected, based on geographical area, unit of analysis and sub-area or indicators of sustainability used.




	Step 8:

	
Syntheses of the results obtained in the four analyses conducted (bibliometric, citation network, research strategies, and scope) to identify gaps and research opportunities.









The first step was defining the keywords, which were later refined through preliminary searches of the Scopus and Web of Science (WoS) databases. Next, the keywords co-occurrence map was created using the “bibliographic data” module of the VOSviewer software version 1.16.14, and its network visualization was analyzed in order to identify relevant synonyms [47].



With the keywords defined, in Step 2, searches were performed on the Scopus and WoS databases on 18 May 2020, based on the title, abstract, and keywords for articles, reviews and books or book chapters, without any time or language restriction. It is important to note that these databases were chosen as they have the most extensive global collections of articles and publishers, and have been used in several other systematic literature reviews [51,52,53]. The Core Collection of the WoS database was used; this collection is curated by an expert team of in-house Web of Science Editors and covers: Science Citation Index Expanded (1900–present), Social Sciences Citation Index (1900–present), Arts and Humanities Citation Index (1975–present), Conference Proceedings Citation Index- Science (1991–present), Conference Proceedings Citation Index- Social Science and Humanities (1991–present), Emerging Sources Citation Index (2015–present), Current Chemical Reactions (1985–present), Institut National de la Propriete Industrielle structure data (back to 1840) and Index Chemicus (1993–present). The content on Scopus comes from over 5000 publishers that are also reviewed and selected by an independent Content Selection and Advisory Board (CSAB). The decision to restrict to peer-reviewed journal articles and curated databases (excluding conference papers), apart from improving the quality of the sample, was considered an important scientific criteria, especially for the analysis of the leading publications in the network clusters and for the papers choice of the in-depth analysis.



Figure 2 shows the 35 keywords, which were identified by iterative searches in the Scopus and Web of Science databases. We made use of related keywords that frequently co-appeared in the identified paper. This iterative process reveals the most used keywords as well as relevant synonyms and closely related terms. Each of the keywords related to economic complexity, diversification and industrial policy (on the left), was combined with each of the keywords related to sustainable development or sustainability (on the right). The resulting combinations, more than 230, allowed us to retrieve publications that incorporate any research area with all aspects of sustainability considered.



It is worth mentioning that the final search in the bibliographic bases was carried out using the 35 terms in Figure 2 based on the keywords of the publications, but also based on their title and abstract. On the other hand, Figure 1 (at the Introduction section) presents the density map of the authors’ keywords of the 374 publications found by the final search after passing in our adherence filter (screening in the title and abstract of the Step 3). This why the Figure 1 also includes contextual words (such as regional and sector-specific words, like China, South Africa, Automotive industry, etc.). These words are not part of the key search terms due to their level of specificity, but show specific contexts have already been explored in the literature that links economic diversification and sustainable development.



In Step 3, the exclusion of areas unrelated to the research, such as “medicine”, “agriculture”, “veterinary”, among others, was carried out, and a first filter was performed based on reading the title and abstract to verify adherence to the study. Some articles were discarded because they did not consider the full research topic—for example, mathematical models studying unequal spaces.



In Step 4, the remaining publications were classified by research area (economic complexity, diversification, and industrial policy) and by sustainability dimension (social, environmental, or both) in order to generate the citation network and bibliometric analysis considering this broader context.



In Step 5, the selection of publications for the in-depth analysis was done. Then a complete reading of the papers from this selection was made, in order to identify research strategies (Step 6) and to conduct the scope analysis (Step 7).



In Step 6, structured review techniques were used, resulting in four analyses conducted in an integrated way with the previously-defined classification system: bibliometric, citation network, main research strategies, and scope analysis.



This approach allowed us to identify the gaps and research opportunities from multiple categories (Step 8). The bibliometric analysis is important in order to demonstrate the period of publications, the most relevant studies and authors, and which journals have been publishing articles in the field. The network analysis revealed the research clusters and the main references, in addition to aiding the selection of publications destined for the in-depth analysis. The main research strategies analysis helps readers to understand which methods are typically used to investigate research problems and which methods have not yet been applied. Furthermore, scope analyses are important tools to provide relevant information on geographical area, research unit of analysis and research sub areas, crucial to understanding whether one sub area might learn from another area.




5. Results


The bibliographic database search process registered 6789 publications on Scopus and 5000 on WoS. After excluding unrelated areas, 2176 documents remained. The merging process, which eliminated duplications and selected only papers with at least one link (citations or cited by) resulted in 533 documents. After passing through the filter that analyzed the requirements for adherence to the research through title and abstract reading (filter), 374 unique documents were selected. Finally, 61 publications were considered appropriate for the systematic literature review in-depth analysis. This selection process was necessary to ensure that the number of articles to be analyzed represented the most relevant studies in the main research areas.



5.1. Bibliometric Analysis


The first bibliometric analysis focused on the evolution of publications over time. In this respect, we observed a significant growth of publications combining aspects of economic complexity, industrial policies and diversification with aspects of social and environmental sustainability. Figure 3 shows: (a) the general growth in publications; and (b) the focus of the 374 published articles on economic complexity, diversification or industrial policy as well as on either social or environmental sustainability.



Figure 3a shows the evolution of publications over time, which confirms an exponential growth in the literature since 1988 [1,2,14] (89% of degree of fit to an exponential curve). In this sense, Figure 3b illustrates that economic complexity is a recent topic of literature compared with diversification and industrial policy. Research on rural diversification decreased in the mid-2000s, although publications increased again during the last decade. The same occurred with research on industrial policy. Figure 3b also shows that studies analyzing social and environmental sustainability emerged only at the end of the first decade of the 2000s, and both have published a large number of works in the last few years.



Journals are an essential vehicle for disseminating new knowledge, especially to specific target audiences and communities. For this reason, Figure 4 presents the number of publications for the most relevant journals. Sustainability (Switzerland), Journal of Cleaner Production, Climate Policy, World Development, Energy Policy, Regional Studies, and Resources Policy make up 23% of the publications found. It is noteworthy that these journals include social and environmental sustainability approaches in their scope. Furthermore, journals like Environmental Innovation and Societal Transitions, Environmental Science and Pollution Research, Journal of Development Studies, and Technological Forecasting and Social Change published relevant papers in this field. It is also important to mention that 158 journals published just one relevant paper, and 27 journals published only two papers. This fact may indicate that the theme is still dispersed in the literature or is linked to several areas of study.



The number of citations is a useful parameter for classifying the most relevant papers. In this sense, we used both local and total citations, an important distinction when analyzing the most cited papers in the network analyzed. The local citations are citations within the network of the publications selected in our literature review (after the screening in the title and abstract process of the Step 3). Conversely, the total citation considers all of the citations that an article received. Some articles, such as Ellis (1998) and Shanahan et al. (2016) received many more citations from other research fields. Table 1 presents the most relevant publications in terms of local citations in the focus network with their overall citations. The ranking order was based on the local citations, since priority was given to the relevance under the lens of our research objective. It is noteworthy that recent papers have not had enough time to become prominent in this regard [52]. Among the articles selected, Hartmann et al. [54] was the most locally cited article in this network. This study links inequality with economic complexity worldwide, using methods from network science and econometrics. The Ellis’ paper [39] received the largest number of total citations. This study presents a theoretical approach on household strategies and rural livelihoods in sub-Saharan Africa and Asia. Other important references are papers that analyze green industrial policy [21], complexity and economic growth [38], and a book of economic complexity and social sustainability [55].




5.2. Network Analysis


Figure 5 presents the citation network generated from the 374 papers chosen. The nodes are represented by the publications and the links are represented by arrows, which indicate the direction of knowledge flow (cited node points to the citing node). The size of the nodes is based on their local citations in the network, which is the absolute number of links that the publication has inside this network of identified main papers. Each sustainability dimension is represented by a different node shape, such as an ellipse representing social sustainability, a box environmental sustainability, and a diamond a combination of these dimensions.



The node color is based on the clusters identified through the Gephi class modularity that implements the Louvain Method [66]. The color choices follow the predominant theme in a cluster, considering that: (i) the main cluster covering “Economic Complexity” and “Social Sustainability” is colored blue; (ii) the “Industrial Policy” and “Environmental Sustainability” main clusters are colored green; (iii) the “Economic Diversification” and “Environmental Sustainability” is colored yellow; (iv) the “Rural Diversification” and “Social Sustainability” is colored orange. The clusters with a mix of these themes use a variation of these main colors.



The diagram was drawn using Gephi [67] and Cytoscape [68] software, and the citation links were identified using a script programmed in R version 3.6.3. The clustering was generated through the Gephi class modularity, and the Force Atlas algorithm was chosen for the network layout (in which linked nodes attract each other, while non-linked nodes repel each other).



The network illustrates how the clusters are connected or disconnected from each other. We found 11 clusters distributed among economic complexity, industrial policy, industrial diversification, and rural diversification analyzing social and environmental sustainability. We also found 32 small clusters analyzing 2 or 3 articles, which were not connected with the other articles. These small clusters, as well as articles without any connections inside this network, are not shown in the network representation for visual simplification purposes. The giant purple cluster is responsible for analyzing how economic complexity promotes social sustainability [54,55,69,70,71,72]. This cluster is well connected with the light green cluster at the bottom-right of the diagram. These studies analyze how economic complexity affects environmental sustainability [6,8,9], such as the green product space [73]. In addition, this cluster is connected with studies on green product development [74], industrial symbiosis [62], technology spillovers, and water pollution [75]. The social sustainability cluster is connected to the light blue cluster, which investigates the importance of the pharmaceutical sector in developed [76] and developing [57] countries.



The social sustainability cluster is connected with studies on regional sustainability [77] (light orange). Surprisingly, the social sustainability cluster is not well-connected with the industrial policy cluster (bigger green cluster at the top of the figure). Only one study [78] links the economic complexity [54] and industrial policy [37] clusters directly. The green cluster is led by Rodrik’s green industrial policy study [21] and the innovation policy study of Mazzucato [37]. Apparently, studies on industrial relatedness [20], the regional diversification of green technologies [19], and employment [79] (yellow cluster), are responsible for connecting economic complexity and industrial policy. The industrial policy cluster focuses on environmental sustainability aspects, and they are well connected with studies on environmental conflicts [60], the role of the developmental state for climate policy [80], policies for innovation [81], and energy transition [56]. Moreover, these studies connect with papers about innovation for sustainability transitions [82,83] and green growth strategies [58,64].



The orange cluster at the mid-left of the diagram refers to rural diversification studies. There is a complementary body of literature studying the importance of rural diversification [41,84], as well as investigations into rural livelihoods in the poor regions of Africa and Asia [39,40,65]. This cluster is not connected with economic complexity or industrial policy or industrial diversification studies (yellow cluster). Ellis’ paper [39] and others are concentrated on aspects of human development and social sustainability in developing regions of Africa and Asia. Finally, the small pink cluster at the bottom-left of the diagram analyzes the association between urban green spaces, nature relatedness, and health [63,85]. Interestingly, the paper of Shanahan et al. [63] combines aspects of social and environmental sustainability. However, this cluster is disconnected from the network. Furthermore, only three publications analyzed social and environmental sustainability in the same research, which suggests that more studies analyzing both social and environmental sustainability would be desirable.



In summary, Figure 5 shows that the economic complexity community is not well-connected with the industrial policy community, and completely disconnected from rural diversification studies. There is great potential for mutual learning between these clusters. In this study, we concentrated on analyzing studies in these three clusters. We thoroughly analyzed 61 articles according to four requisites: firstly, the central articles of each main cluster; secondly, the most cited articles within the network (local citations); thirdly, the articles with an overall high number of citations; and fourthly, articles that analyzed economic diversification and complexity with both social and environmental sustainability considerations at the same time.




5.3. Main Research Strategies


This subsection analyzes the main research strategies by dimension and the primary databases and methods used over the years, considering the 61 publications chosen for the in-depth analysis. We divided the reviewed articles into four research-method categories: (i) theoretical-conceptual studies, (ii) empirical-quantitative studies using quantitative techniques to make a general statement about a certain issue using a sample of observations, (iii) empirical-qualitative studies making a more descriptive data analysis or discussing case studies, and (iv) theoretical with quantitative analyses that develop a new theory and test it. Among the research strategies, we found the predominance of theoretical-conceptual studies (44%), followed by empirical-quantitative studies (41%), empirical-qualitative studies (11%), and theoretical with quantitative analysis (3%) (see Figure 6). However, the main research method during the 1990s was theoretical-conceptual (2/3) while only a few papers used empirical-quantitative (1/3) methods. Interestingly, during the 2000s, there was an increasing number of theoretical-conceptual (53%) and empirical-qualitative (20%) in absolute terms, and a decreasing number of empirical-quantitative (20%) studies. In contrast, the predominant research method from 2010 to 2019 was empirical-quantitative (55%), followed by theoretical-conceptual (32%) and empirical-qualitative (9%) research strategies.



The predominance of empirical-quantitative research methods in the last decade is explained by the increasing number of economic complexity studies. However, research on economic complexity tends to omit in-depth conceptual and theoretical considerations. Diversification studies used more empirical, theoretical-conceptual, and quantitative methods. Conversely, research on industrial policy mainly used theoretical-conceptual methods. The predominance of qualitative methods for the industrial policy dimension is observed for the period overall.



As can be seen in Figure 7, 44% of studies used the literature review method. Several studies also used econometrics (31%), network analysis, method of reflections, the fitness complexity method (7%), case studies (7%), and mathematical models (5%), among others. Economic complexity studies use more advanced methods, since they measure the product space, the relative comparative advantage (RCA), and new indexes. These indexes are used to compare databases and determine their fitness for complexity analysis worldwide. Moreover, several studies have applied these indexes to explain how complexity affects social and environmental sustainability.



While economic complexity develops new quantitative tools, industrial policy usually does not apply new quantitative analysis and data visualization methods. For example, we found five new indicators among the studies analyzed, but all of them were from the economic complexity community. Three indicators (the Complex Index of Relative Development (CIRD) [86], the Product Gini Index (PGI) [54], and complexity and human development [70]) analyze social aspects, and two indicators (Green Product Space [73] and the Similarity Green Product index (SGP) [74]) analyze the sustainability aspect.



The next analysis was based on studies that used at least one database (see Figure 8). This information is important due to the limited number of studies using quantitative methods on industrial policy, and because economic complexity and industrial policy research are somewhat disconnected, implying that they have the potential to learn more from each other. We found that several articles used national databases (20%) and primary data (14%), such as national censuses [41], sectoral household repositories [65], interviews [87], and surveys [63,88]. These studies usually analyze diversification, industrial policy, and nature relatedness dimensions. In contrast, we found that economic complexity studies usually analyze international databases (66%), such as United Nations International Trade Statistics Database (UN COMTRADE) [8,74], Eurostat [16,89], World Bank data [6,9], United Nations data [5,90], and the International Monetary Fund data [9]. It is noteworthy that the Massachusetts Institute of Technology (MIT) provides the Observatory of Economic Complexity repository, which is a broad database with the indexes of 131 countries from 1964 to 2017. Economic complexity research has a comparative advantage over industrial policy and rural diversification, due to the availability of its sizeable databases, which facilitate the application of quantitative empirical methods. Nothing similar exists on the specific industrial policies of countries, or on the diversification strategies of farmers in poor regions.



The main research strategies revealed that economic complexity offers a better set of techniques to evaluate its impact on social and environmental issues. Using advanced methods to create indicators and measure econometric models, this approach involves an increasing number of studies exploring different areas, such as inequality, human development, CO2 emissions, and green products. In contrast, industrial policy continues to use theoretical-conceptual analysis, making the provision of straightforward policy implications more challenging. In addition, rural diversification uses quantitative and qualitative methods, although the rural livelihood approach does not usually employ more advanced techniques. It is noteworthy that the discrepancy between research strategies can partially be explained by the absence of respective databases that allow for the application of sophisticated empirical methods.




5.4. Scope Analysis


In this subsection, we analyzed the papers according to their scope of geographical region, units analyzed and sustainability sub area. Table 2 presents the distribution of the 61 articles selected for the in-depth analysis. Firstly, there is an equal number of articles on economic complexity and diversification (17 and 18 articles, respectively) and slightly more studies on industrial policy (26 articles) in the identified key articles. Moreover, the economic complexity community has a slightly higher number of papers on environmental (53%) than social (41%) sustainability, and only one study (6%) that analyzed both areas. In contrast, the rural diversification community focused on social issues (72%), while environmental sustainability received less attention (6%). Surprisingly, however, four studies were found (22%) using both social and environmental sustainability. Finally, the industrial policy dimension concentrates its efforts on environmental sustainability (65%), rather than on social aspects (27%), and only two studies (8%) were identified which combined both areas.



We also systematized the social and environmental sub areas that were most analyzed. Table 3 summarizes these results. We found that most papers on social sustainability also considered economic topics associated to inequality, poorer strata and regions (61%), such as employment and income in the rural non-farm sector [61,84] and tourism diversification [84], and economic inequality aspects [54,55,69]. Health (16%) is the second most frequent sub area, mainly because of the need for industrial policy to promote the pharmaceutical sector, especially in developing countries [57,76,91]. Equally frequent, most studies on education (16%) are associated with occupation relatedness [20], industrial policy [92], and rural diversification considerations [41,93]. Only one study analyzed the effect of complexity on secondary and tertiary education levels [71]. Furthermore, few studies (8%) analyzed several aspects of social sustainability [55,70]. Arguably studies on social sustainability should also explore other dimensions, such as gender inequality and basic infrastructure.



Studies on environmental sustainability tended to analyze CO2 or Greenhouse gas emissions (GHG) [6,8,9,16] or water pollution [75] (48%). However, we did not find studies investigating ecological footprints and other emission types, such as sulfur dioxide (SO2) pollution. Several studies analyze ecosystem services and nature relatedness (19%) [63,85]. Other studies focus on green spaces [73], green products [74], eco-industry [94] (13%). In contrast to studies on social sustainability, few studies focus on economic aspects, such as green jobs and income (10%) [79,94]. Moreover, even fewer studies focus on energy transition [95] and low carbon energy (10%) [59].



Figure 9 illustrates the units analyzed in 46 of the 61 studies (since 15 studies were of a general nature or related to areas classified as “not applicable”). We found that 30 articles (65%) analyze countries. The abundance of information explains most studies analyzing countries in international databases [52]. The unequal data availability for different countries, though, leads to lack of insights on countries with less data. Moreover, the conceptual-theoretical studies on industrial policy focus on developed countries and emerging economies, which usually have more data. Economic complexity studies are so far dominated by quantitative research on the country level. Most of the rural diversification studies, on the other hand, have a more general scope. Furthermore, a few studies analyze cities (7%), regions (7%), case studies (4%), and the individual level analysis (4%), among others. The studies analyzing the individual level analysis investigate green urban spaces and nature relatedness [63,85].



Figure 10 summarizes the geographical focus of the 61 articles selected. We found that most of these studies focus on Europe (26%) or a global analysis (20%). Europe was studied by the three research areas, but with a predominance of studies on economic complexity and industrial policy. The worldwide studies are similarly dominated by economic complexity, but studies on economic diversification in rural areas also appear. On the other hand, the three studies from Africa focused on diversification in rural areas. Several studies analyzed countries in Asia (11%), North America (9%), Africa (7%), and Oceania (7%). Other studies combined intercontinental evaluation, such as Asia and Africa (4%), and Europe and North America (4%). Few studies evaluated South America (4%) [57,73] and Latin America (2%) [70]. Studies analyzing Europe provided information about Turkey [9], as well as complexity in European Union countries [8], France [6], energy transition in Germany [56], the developmental state and climate change [80], industry relatedness and education [20], and diversification [41]. A total of two studies from Australia (thus Oceania) investigated nature relatedness and health conditions in the city of Brisbane [63,85], and another study investigated industrial symbiosis in two Australian regions (Kwinana and Gladstone) [96]. We did not find studies analyzing nature relatedness and health conditions in other countries. Several studies analyzed rural livelihood diversification in Africa and Asia [39,40,65,93]. Only one study analyzed Latin America [70], comparing it with countries in Asia in terms of the complexity dimension.



This subsection shows our classification system analysis. We observed that some geographical areas and regional analyses require more attention, since few studies have been applied to them. Additionally, although social and environmental sustainability are present in a number of papers, some subareas are underdeveloped or even completely missing. Moreover, alternative measures to evaluate environmental sustainability are required, such as applications using ecological footprints and other types of pollutant emissions than CO2 and GHG.





6. Discussion of Main Arguments and Findings


This section discusses the literature on economic complexity, industrial policy, and rural diversification in association with social and environmental sustainability. Here, we highlight the main studies and elaborate on some limitations, political implications, and future research recommendations.



6.1. Economic Complexity


Social and environmental sustainability studies have been using economic complexity as a strategy to promote sustainable development. With regard to social sustainability, studies from the economic complexity community have investigated the effect of economic complexity on inequality [54], human capital [71], and human development [70]. Some authors show a strong, robust, and stable correlation between a country’s economic complexity level and its level of income inequality [3,54], and a lateral escape from the poverty trap [86]. Furthermore, Zhu and Li [71] found that complexity positively impacts both secondary and higher education in long- and short-term growth. In other words, these studies found that economic complexity substantially reduces inequality and boosts human capital and human development worldwide. The main argument is that complex productive structures require more inclusive institutions with a better distribution of political and economic power, and better educated, well-paid, and empowered workers, who have a more comprehensive range of job choices [46]. In this sense, these studies demonstrate alternative ways for policymakers to develop their policies, using economic complexity as a tool to provide better living conditions. However, research on economic complexity and social sustainability has been criticized for not fully demonstrating a causal relation [3] nor providing robust time-series evidence [72] linking economic complexity and development. Moreover, several authors have argued that future studies should focus on several econometric aspects, such as more robust panel data using advanced econometric techniques and statistical tests (threshold models, instrumental variables, and endogeneity tests, among others) [72,86]. Furthermore, studies investigating the association between industrialization and gender equality, as well as the association between different types of knowledge and the country’s productive matrix, are required [54].



In regard to environmental sustainability, several studies have analyzed the role of economic complexity to reduce CO2 and greenhouse gas emissions [6,7,8,9,16], and to create green product spaces [73,74]. These studies argue that innovation and technological products reduce energy consumption by using alternative sources and creating environmentally friendly products, such as photovoltaic cells, wind turbines, and electric cars, among others [8,16]. In other words, economic complexity is useful for decision- and policy-makers because it presents several benefits, such as managing pollution control [7], to provide an adequate environment for energy transition [16], and to boost economic growth while reducing the environmental impact [22]. Using green product spaces can enable authorities to target specific sectors to prioritize products with a reduced environmental impact [73,74]. Moreover, companies can use economic complexity to concentrate investments in products that do not affect the environment, and accumulate the capabilities required to produce green products [16]. Furthermore, studies on economic complexity and environmental sustainability may also better explore emerging economies [6], use data from both domestic and export production, apply dynamic analysis (instead of the static comparative advantage of countries), create a clear definition and classification of green products [73,74], apply alternative econometric techniques (such as time series analysis for a specific country or country groups), and consider structural breaks [7].



It must be noted that there are recent studies on the relationship between economic complexity, relatedness, and industrial policy with environmental sustainability that did not enter into our core articles dataset and in-depth analysis because they did not (yet) match our method protocol and threshold criteria of being peer-reviewed or already being in the WoS or Scopus database and having a minimum number of citations. However, due to their high relevance and quality, we briefly summarize their main findings subsequently. Lapatinas et al. [97] found that economic complexity is associated with a better environmental performance, in terms of the Environmental Performance Index, in 88 developed and developing countries; however, the authors also found robust evidence that complexity decreases air quality and increases CO2 emissions. In contrast, Romero and Gramkow [23] found that economic complexity decreases greenhouse gas emission intensity and per capita emissions. Moreover, they contribute to the literature by proposing the Product Emission Intensity Index (PEII), which shows that sophisticated products reduce emission intensities. Mealy and Teytelboym [98] developed a new method for measuring productive capabilities for the green economy. Their method revealed that top-ranked countries (e.g., Germany, Italy, United States, Austria, Denmark) have higher environmental patenting rates, lower pollutant emissions, and more environmental policies. Huberty and Zachmann [99] investigated the effect of green industrial policy on the export market competitiveness. The authors found evidence that green industrial policy influences wind turbine exports, but it does not affect the exports of solar cells. Montresor and Quatraro [100] investigated smart specialization and green diversification in 240 European regions. The authors found that relatedness helps to promote green diversification, mostly due to pre-existing green knowledge. Perruchas et al. [101] investigated the geographical distribution of green technology. They found that green diversification depends on available competencies and cumulative paths influence the specialization patterns and ability of countries to move into more mature green technologies. This type of papers on complexity and green growth are likely to expand in the near future, gain in citations, enter the academic databases, and form a significant research community.



Despite the expanding recent literature, it is noteworthy that there is no study comparing the effects of economic complexity on both social and environmental sustainability in the databases. This, though, could be useful to understand how economic complexity can help sustainability in a broader sense. For example, current economic complexity research does not explain well whether economic complexity changes consumer preference for green products while improving their skills and income. Moreover, the literature does not explain whether economic complexity-caused urbanization processes may increase environmental degradation.




6.2. Industrial Policy


According to Rodrik [21], industrial policy plays a crucial role in putting the global economy on a green growth path. In this sense, industrial policy must provide new technologies that generate positive spillovers, externalities between firms, new skills, and agglomeration effects [21,29,37]. For example, Germany’s energy transition case for solar photovoltaic and wind energy is considered a successful example of how to implement world-class renewable energy technologies, which guarantee competitiveness, employment, and a positive process of innovation [56]. East Asian countries (Japan, South Korea, Taiwan, and China) have observed the power of industrial policy to promote development. For example, South Korea developed a green growth strategy to create alternative ways to boost economic growth, job creation, and exports, instead of only focusing on costs [58]. China’s eco-industrial development promotes its strategy based on policies, laws, regulations, and financing by entrepreneurs and the public sector [102]. In this sense, some authors advocate industrial policy as a tool to support global regulatory leadership and global regulatory cooperation. Certainly, the developmental state influences climate governance according to its global competitiveness [80].



It is clear that the green growth strategy requires careful policy sequencing to reduce emissions under political constraints. Effective industrial policy requires a better connection between the economic and political agendas, instead of policies focusing only on efficient pricing [103]. This is especially crucial for developing countries, where long-term green growth vision and a clear roadmap, which reduces the transition efficacy to promote innovation and investments, remain unclear. This includes policy measures aiming at institutional capabilities, skills, and job creation [95]. However, industrial policy still faces criticisms regarding its efficacy in promoting development in developing countries, such as in Latin America [21].



Some studies of the industrial policy approach have focused on the importance of the pharmaceutical sector [57,91]. Such studies argue that industrial policy is crucial to guarantee independence through innovation and patents for medicines, encouraging the health industry in developing countries. These countries can promote health by using policy interventions, such as industrial protection and active government purchasing, legislative and regulatory instruments, training programs, and mechanisms to promote joint ventures [91]. These programs must be led by the state, integrating industrial and health policies. For example, Brazil presents a positive synergy between health policy and industrial policy. This is due to the demand-driven and regulation-induced characteristics of the pharmaceutical sector, which requires state intervention through industrial policy. Moreover, industrial policy must focus on the specific needs and demands of the health sector, in order to achieve better outcomes [57].



The industrial policy approach is more focused on environmental sustainability than on social sustainability. While several studies analyzed how industrial policy affects the environment, few studies have investigated the impact of industrial policy on health. Moreover, we did not find studies analyzing the impact of industrial policies on other aspects of social sustainability, such as education, gender inequality, or well-being. This suggests that future studies on industrial policy might need to focus on social dimensions to understand sustainability better.




6.3. Economic Diversification in Rural Areas


According to the seminal study of Ellis [39], rural diversification investigates the survival and income strategies of individuals and families in rural areas of developing countries. This approach is vital, since these rural areas suffer from low incomes and precarious conditions. Yet diverse livelihood approaches reduce the vulnerabilities of rural families, by managing seasonality, risk, and market failures [41]. Indeed, the rural diversification community advocates for policymakers to facilitate rather than inhibit rural diversity by promoting mobility, access to information, micro-credit, rural services, rural non-farm enterprises, rural towns, better infrastructure, and access to education, thereby reducing barriers and bureaucracy for small-scale businesses [40]. Livelihood strategies help to create non-farm income sources, especially for skilled workers, who can receive higher income and greater job mobility outside of the traditional rural sector. On the other hand, less diverse households without access to non-rural activities or insufficient assets (i.e., land and livestock) are more vulnerable and dependent on traditional agricultural means. These households face a dynamic poverty trap, since poor workers tend to be engaged in agricultural activities [65,88]. Other factors also play a crucial role in promoting rural diversification, such as education, farm size, and geographical location. Education is important if the skills required to transfer workers to non-farm activities are to be developed [93]. Farm size may provide high profitability returns for non-farm sectors, although farm size is not necessarily a constraint to diversification. The geographical location of farms shows the importance of the local context on rural diversification [88]. For example, Cyprus developed agritourism, but now faces low returns, low demand, and a lack of essential skills to adequately promote it. The dominance of traditional tourism over the island’s summer-sun destinations may be discouraging agritourism in rural areas, suggesting that policymakers should consider providing subsidies and support for rural tourism [84].



It is noteworthy that rural diversification studies tend to be focused on social sustainability rather than on environmental sustainability. Better living conditions (income, employment, labor mobility, necessary infrastructure, education, and health) are discussed, but no emphasis is put on the importance of environmental sustainability, such as reducing pollutant emissions, providing green products, sustainable tourism and activities commanded by small businesses. In this sense, future studies on the rural diversification approach have several opportunities for considering environmental sustainability aspects.





7. Literature Gaps


The systematic literature review of this study uncovered multiple avenues for future studies on economic complexity, industrial policy, and rural diversification in association with social and environmental issues. Indeed, our analysis revealed 4 research macrogaps, which are divided in 13 research gaps. These gaps are summarized in Table 4.



Firstly, there are only few studies linking the three main clusters with each other and linking social and environmental sustainability theoretically. Such studies would help to better understand the relationship between social issues (e.g., inequality and human development) and ecological issues and would be fundamental to develop adequate policy recommendations worldwide. Furthermore, the systemic literature review suggests that the rural diversification community insufficiently focuses on environmental sustainability aspects. This gap might be addressed by learning with studies that analyze economic complexity and environmental issues [7,8,16,22,23]. For example, the study “The impact of economic complexity on carbon emissions” [6] could be a starting point to give insights of how rural areas could diversify their economic activities and at the same time reduce environmental impacts of their current economic activities. Moreover, the literature review suggests that the industrial policy community insufficiently focuses on social sustainability, which could be addressed by linking to research on complexity and social issues [54,55,69,70,71,104]. For example, the study “Linking Economic Complexity, Institutions, and Income Inequality” [54] could be a starting point to show the links between complexity and social aspects, which could be used by other research communities.



Secondly, according to the findings in our literature review, some social and environmental sustainability dimensions have not been explored comprehensively. For example, only a limited number of studies have analyzed the impact of economic complexity on health, institutions, gender and race inequality, infrastructure, occupations, and skills. For instance, future studies could explore the impact of economic complexity on specific diseases (e.g., mental illnesses), democracy and the quality of public services, or discrepancies of salary between men and women or white and black people in developing regions or adequate infrastructure for logistic services (e.g., roads, railways, ports, and airports), among others. However, these new insights might require theoretical foundations, which might be filled using related studies on the industrial policy and rural diversification communities. Additionally, we did not find studies analyzing ecological footprints and pollutants other than CO2 emissions. These studies may show the impact of complexity on alternative fields, which is important for policy implications related to social and environmental sustainability.



Thirdly, to our best knowledge, the industrial policy and rural diversification community cannot make use of worldwide national and regional databases, such as economic complexity and relatedness research. The development of such databases could also focus on regional information, which is fundamental for enlarging the set of potential success and failure cases of industrial policies in developing and emerging economies, applying empirical tests and formulating region-specific policies.



Fourthly, there are discrepancies in the methods adopted by the three main clusters. For example, the industrial policy community could make use of methods from relatedness and economic complexity research to understand development traps, constraints and opportunities for economic catch-up and leap-frogging ahead [31]. Moreover, rural diversification community could develop econometric models to analyze how diversification affects livelihoods. Both communities lack studies creating indicators and making use of methods from data visualization, which can be useful tools for knowledge transfer and debate with decision and policymakers.




8. Conclusions


This paper reviewed studies on economic complexity, industrial policy, and rural diversification in association with social and environmental sustainability. We also used the systematic literature review technique to analyze the principal studies in this field. We found several clusters in the research network. However, three burgeoning dimensions caught our attention because they show considerable potential for mutual learning and knowledge exchange about the associations between economic diversification and complexity, and social and environmental sustainability.



The first economic complexity approach focuses on quantitative methods, but it lacks theoretical and conceptual studies. In this sense, the economic complexity community might learn from the theoretical background and applied policy considerations of the industrial policy community, providing a better understanding of the relationship between the complexity of productive structures and social and environmental sustainability. Moreover, the economic complexity community may also further explore diversification and sophistication processes and opportunities in less developed regions.



Second, industrial policy mostly uses theoretical and conceptual methods, but it fails to apply quantitative techniques that provide robust empirical support. For this reason, the industrial policy community could learn from the economic complexity community to develop new indicators for providing empirical results to support political action.



Third, the research community focusing on economic diversification in rural, poor areas uses theoretical and quantitative analysis, but it does not analyze the importance of technology to reduce social and environmental vulnerability in the rural sector. Thus, the rural diversification community might use the arguments of economic complexity to improve links with the industrial policy communities, develop new strategies and provide better living standards in rural areas. The latter, though, also requires the efforts of the industrial policy community, which tends to omit the agriculture sector as being a less desirable sector. Yet it may run the risk of “throwing out the baby with the bathwater” in developing and emerging economies, in which rural activities constitute an essential economic base for billions of people.



It is hoped that some limitations of the study here presented might open opportunities for future research in this emerging research field. First, although the study used a wide range of 35 keywords, future studies are encouraged to examine the literature using an alternative protocol, for example exploring the 17 Sustainable Development Goals (SDGs). Nonetheless, it must be noted that while the general idea of the broadly framed SDG have been praised for their increased focus on ecological sustainability in comparison with previous general frameworks (like the Millennium development goals or the human development approach) they also have been criticized for issues of inconsistency, measurability and monitoring [105]. Indeed, subsequent reviews may scrutinize and discuss keywords for the association of economic diversification with each of the 17 SDG, as well as the interaction between the different goals, and thus help to address potential inconsistencies and measurability issues. Second, future researchers could also examine the core literature in other languages, such as Chinese, Spanish, French, or Japanese. Third, the empirical results presented several clusters, but we only focused on the three main clusters in detail. Perhaps, future studies could scrutinize other emerging clusters. It is likely that many of the smaller clusters may grow and connect to existing research communities. Fourth, future studies could analyze rural diversification in more depth, since this literature is essential for economic development in poor regions. Fifth, future studies could use other techniques, such as main path analysis, to compare findings. Sixth, future research could investigate (in depth) other papers which are not part of the 61 articles read in our study.



It is noteworthy to mention that, in the next few years, many new articles dealing with economic complexity and environmental pollution, inclusive growth, regional characteristics, sustainable development goals (SDG), or intersectionality topics are likely to emerge and be found in the databases on peer-reviewed articles. Undoubtedly, this rapidly growing research can be explored in future reviews. However, as new research fields have a context and a “history”, it is important to address (apparently) parallel research fields, understand their strengths and how they can learn from each other and work together. Lastly, future reviews may find alternative gaps, as new works are being added to the publication databases.



Nonetheless, what is clear from this structured literature review is that research linking economic diversification, economic complexity, and industrial policies with social and environmental sustainability is rapidly growing, though this is still rather fragmented with several research groups working separately. The research communities centered on economic complexity, rural diversification, and industrial policies respectively are working on related topics and are creating new insights to promote social and environmental sustainability. However, they still rarely cite and learn from each other. In this sense, there is great potential for mutual learning between these topic-related research communities for the sake of sustainable development.
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Figure 1. Density and co-occurrence of keywords in 374 research papers related to economic complexity, economic diversification, and industrial policy in association with social and environmental sustainability. This co-occurrence keywords map is made with the VOSviewer software [47]. Red indicates a more numerous occurrence of the keyword, blue a low one. The proximity between the terms is based on their mutual appearance (co-occurrence) in the publications. 
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Figure 2. Keywords used in this research. Note: ‘*’ Replaces one or more characters of a word, for example “Industrial Polic *” also includes the expressions “Industrial Policy” and “Industrial Policies”. 
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Figure 3. Bibliometrics. (a) publication growth; (b) publication growth per research area (Economic Complexity, Diversification and Industrial Policy) and sustainability dimension (social, environmental and both). 
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Figure 4. Most relevant journals. 
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Figure 5. Citation Network. Note: Node color is based on the clusters identified by the Louvain community detection algorithm, node size considers the number of links (local citations), and node shape is based on the sustainability dimension (social, environmental, or both). 
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Figure 6. Number of articles according to research method. 
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Figure 7. Number of articles according to method type. 
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Figure 8. Number of papers per database used. 
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Figure 9. Classification by analyzed units. 
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Figure 10. Classification by geographical area. 
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Table 1. The 20 most local cited papers.






Table 1. The 20 most local cited papers.





	Research
	Local Citations
	Total Citations





	Hartmann, D.; Guevara, M.; Jara-Figueroa, C.; Aristaran, M.; Hidalgo, C. (2017) [54]
	22
	76



	Ellis, F. (1998) [39]
	18
	995



	Rodrik, D. (2014) [21]
	15
	100



	Hartmann, D. (2014) [55]
	9
	16



	Pegels, A.; Ltkenhorst, W. (2014) [56]
	7
	64



	Shadlen, K.; Da, F.E. (2013) [57]
	7
	30



	Can, M.; Gozgor, G. (2017) [6]
	7
	29



	Mariani, M.; Vidmer, A.; Medo, M.; Zhang, Y. (2015) [5]
	7
	26



	Mathews, J. (2012) [58]
	6
	61



	Schmidt, T.; Huenteler, J. (2016) [59]
	6
	40



	Wu, M.; Salzman, J. (2013) [60]
	6
	33



	Lanjouw, J.; Lanjouw, P. (2001) [61]
	5
	209



	Mazzucato, M. (2016) [37]
	5
	99



	Gozgor, G. and Can, M. (2016) [9]
	5
	27



	Chertow, M. (2007) [62]
	4
	562



	Shanahan, D.; Bush, R.; Gaston, K.; Lin, B.; Dean, J.; Barber, E.; Fuller, R. (2016) [63]
	4
	137



	Wade, R. (2012) [64]
	4
	84



	Barrett, C.; Bezuneh, M.; Clay, D.; Reardon, T. (2001) [65]
	4
	82



	Wixe, S. (2015) [20]
	4
	18
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Table 2. The number of publications chosen for the in-depth analysis for each dimension/area.
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	Dimension/Area
	Publications
	%





	Complexity
	
	



	Environmental Sustainability
	9
	53



	Social Sustainability
	7
	41



	Both
	1
	6



	Total
	17
	100



	Rural Diversification
	
	



	Environmental Sustainability
	1
	6



	Social Sustainability
	13
	72



	Both
	4
	22



	Total
	18
	100



	Industrial Policy
	
	



	Environmental Sustainability
	17
	65



	Social Sustainability
	7
	27



	Both
	2
	8



	Total
	26
	100



	Total
	61
	100
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Table 3. Classification of the major social and sustainable sub areas.
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Social Sustainability

	
Papers

	
%

	
Environmental Sustainability

	
Papers

	
%






	
Economic aspects (employment, income, and others), especially of poor strata, poor regions, or in association with inequality

	
23

	
60.53

	
Emissions (CO2, GHG) and Water pollution

	
15

	
48




	
Health

	
6

	
15.79

	
Environment, Biodiversity, ecosystem services, nature relatedness

	
6

	
19




	
Education

	
6

	
15.79

	
Green spaces, green products, Eco-Industry

	
4

	
13




	
Several aspects of social sustainability (education, economic, health, infrastructure)

	
3

	
7.89

	
Economic aspects

	
3

	
10




	
Energy transition, low carbon energy

	
3

	
10




	
Total

	
38

	
100.00

	
Total

	
31

	
100











[image: Table] 





Table 4. Gaps of the literature.






Table 4. Gaps of the literature.





	
Category

	
Gaps






	
Theory

	
G1. Absence of studies interconnecting economic complexity, rural diversification, and industrial policy.




	
G1a. A very limited number of studies have analyzed social and environmental sustainability together.




	
G1b. The rural diversification community (surprisingly) shows an absence of studies on environmental sustainability.




	
G1c. The industrial policy community tends to omit social sustainability aspects (assumes positive effects, but does not explore them in more detail).

G1d. Economic complexity research seldom discusses development theories or industrial policies in more detail.

G1e Research on industrial policy seldomly cites works on economic complexity or makes use of its new methods.




	
Missing topics

	
G2. The literature does not adequately discuss some of the dimensions of social and environmental sustainability.




	
G2a. Potential for new studies on economic complexity might focus on health, institutions, gender and race inequality, infrastructure, occupations, and skills.




	
G2b. Research on environmental sustainability in the sample did not consider ecological footprints and alternative types of pollutant emissions.




	
Data

	
G3. There are no global available databases providing information for rural diversification and industrial policy.




	
G3a. There are relatively few studies analyzing regional data within a country.




	
G3b. Only a limited number of studies have analyzed Africa using the economic complexity approach in association with sustainability considerations.




	
G3c. There is a concentration of studies analyzing green urban spaces, nature relatedness, and health conditions in Australia, though these topics are relevant for many other countries as well




	
Method

	
G4. There is a need for a more balanced mix of research methods in each research community.




	
G4a. A very limited number of economic complexity studies have made use of theoretical/conceptual research strategies.




	
G4b. Econometric studies on economic complexity should involve a more thorough discussion of statistical and econometric issues (such as endogeneity, time lags, instrumental variables, and autocorrelation), especially with regard to the social sustainability dimension.




	
G4c. A very limited number of studies have made use of empirical quantitative methods analyzing industrial policy.
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