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Vulnerability and risk analyses have been increasingly used in a wide variety of contexts to support ocean management and planning processes. Depending on the context, such analyses may focus on different dimensions, spatial scales, and hazards. In the particular context of climate change, the variability inherent to the developed assessments has led to the emergence of numerous methodological frameworks, allowing for advances in the field while raising uncertainties on applied concepts, definitions, and approaches. In the present study, we developed a systematic literature review to analyze and discuss the key concepts, methodologies, and limitations of existing vulnerability and risk assessments of main ocean uses to global climate change. We analyzed over 314 scientific references regarding the elements considered in the analysis (e.g., exposure, sensitivity, adaptive capacity), dimensions (e.g., ecological, economic, social), type of indicators (e.g., quantitative, qualitative), maritime activities, climate-related drivers of change, and spatial scales. Results show that most vulnerability and risk assessments address fisheries and marine conservation, and that sea-level rise and extreme events are the most frequently considered climate-related drivers of change. The main identified limitations pertain to the level of subjectivity and the tremendous variety of concepts, areas of expertise, and systems addressed in such studies. We highlight that further research is needed particularly on the development of cross-sectoral studies and integrative approaches, using multiple indicators and frameworks. There is also a need for assessments explicitly designed to support ocean planning and integrated marine management processes. Review processes such as the present one provide a “big picture,” allowing for a global view on complex topics, and contributing to advances in the field.
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INTRODUCTION

The concepts of vulnerability and risk have long been applied in a variety of contexts, including the assessment of anthropogenic and natural hazards to human, health, nature, or economic growth (Adger, 2006; Bernard and Ostländer, 2008; Moreno and Becken, 2009; Salim et al., 2014). More recently, vulnerability and risk analyses have been increasingly used to address climate change effects on the ocean (Brugère and Young, 2015; Avelino et al., 2018; Wabnitz et al., 2018; Comte et al., 2019). However, finding definitions of vulnerability and risk that are consistently applied and accepted is not straightforward, due to the myriad of existing designations and interpretations, and the variety of fields in which they are applied (e.g., environmental, social, economic) (Brugère and Young, 2015; Bennett et al., 2016; Weis et al., 2016; Weißhuhn et al., 2018; Comte et al., 2019). In effect, depending on the context, studies may focus on particular species and habitats, human populations, economic activities (e.g., fisheries, tourism, maritime transport), specific locations (e.g., open ocean, coastal areas), or different climate-related hazards (e.g., warming, acidification) (Brugère and Young, 2015). As well, while some frameworks define vulnerability as the result of a system’s sensitivity, exposure, and ability to adapt to a given hazard (IPCC, 2007), others consider exposure to be external to vulnerability (IPCC, 2014). At the same time, climate-related vulnerability and risk assessments are limited by several factors, such as the uncertainty in predicting long-term climate trends, difficulties in recognizing cause-effect relationships, limitations to existing knowledge on social-ecological systems, and challenges in assessing the combined effects of climate change and other local human stressors (Brugère and Young, 2015; Fawcett et al., 2017; Gissi et al., 2021).

Still, these analyses—particularly when developed in a spatially explicit way (Weis et al., 2016)—allow for a deeper understanding of how environmental goods and services, dependent economies, and human communities are impacted by climate change effects, together with their ability to respond and adapt (Brugère and Young, 2015). They are, therefore, fundamental tools to properly inform and support marine spatial management processes (Frazão Santos et al., 2020), thus contributing to the conservation and sustainable use of the ocean (Hodgson et al., 2019). Of particular importance, is the relevance of these tools to marine spatial planning (MSP). Recognized as a vital process to achieve global ocean governance goals and currently expanding worldwide, MSP initiatives organize the spatial use of the ocean, striving to balance multiple human needs and nature conservation (Ehler, 2021). In order to be sustainable and relevant under a changing climate, MSP requires information on where changes in ocean uses and ecosystems are most relevant—a type of information that is typically acquired through spatial assessments of vulnerability and risk (Frazão Santos et al., 2020). However, few studies take an integrated approach to assess the climate-related vulnerability and risk of main ocean uses to support MSP (Fernandes, 2020). In such context, a key question arises: What are the main trends, challenges, and limitations of existing assessments, and what are the potential pathways to overcome them?

In this Mini Review, we summarize evidence from 314 scientific articles and reports published until 2020, aimed to assess the vulnerability and risk of main ocean uses to different climate-related drivers of change (see Supplementary Material). We explore obtained results, identifying key concepts, methodologies, and limitations of retrieved assessments. We further discuss current research needs to provide guidance for the development of future analyses.



METHODOLOGY AND RESULTS


Methodological Approach

A detailed description of the methodological approach followed, including specific information on the different phases of the systematic literature review (e.g., identification, screening, eligibility), is provided in Supplementary Material (see also Supplementary Figure 1 for the methodological approach diagram). The primary source of data used was the Web of Science (WoS) collection (Web of Science, 2021), a well-established database for carrying sound literature reviews (e.g., Falagas et al., 2008; Zhu and Liu, 2020). In order to investigate trends in climate-related vulnerability and risk assessments of main ocean uses, and their integration in MSP and other marine management initiatives, a combination of topics were searched in the WoS database (see Supplementary Material and Supplementary Table 1 for details). Studies available in a language other than English were translated with Google Translate prior to being processed. After screening and eligibility phases, a total of 314 publications were kept and further submitted to full content analysis. Selected publications were analyzed regarding the main ocean uses and climate-related drivers of change addressed (cf. Frazão Santos et al., 2016; European Commission, 2021), and existing references to ocean planning and management or the blue economy. The latter terms were included as proxies of an integrated vision for ocean use (MSP being a public process that manages the spatial and temporal distribution of ocean activities, and blue economy being the “range of economic sectors and related policies that together determine whether the use of oceanic resources is sustainable”; World Bank, 2017). For “case study-based” publications– that is, studies developing an explicit assessment for a particular area resulting in specific risk/vulnerability values (instead of only discussing conceptual aspects, in which case they were considered as “conceptual” publications)—an in-depth analysis was carried based on: spatial scale (local to global); elements considered in the analysis (e.g., exposure, sensitivity, adaptive capacity); dimensions focused by the analysis (ecological, social, economic); and type of indicator used (qualitative, quantitative) (see details in Supplementary Material).



Results

A total of 77 conceptual publications and 237 case study-based publications were identified (Supplementary Tables 2, 3). Initial assessments date back to the 1990s, with numbers increasing significantly from 2007 onward, especially for case study-based publications (Figure 1A). Indeed, the year 2020 showcases the highest number of case study-based publications (n = 35), and 2019 presents the highest number of conceptual publications (n = 12). Trends for both types of publications are very similar regarding the addressed ocean uses and climate-related drivers, as well as references to ocean planning and management or the blue economy (Figures 1B–D)—although with less dispersion of results for conceptual publications.
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FIGURE 1. Number of publications included in the analysis according to the year of publication (A), ocean uses addressed (B), references to ocean planning and management, or the blue economy (C), and climate-related drivers of change addressed (D). Case study-based publications (n = 237) pertain to those developing a clear assessment for a particular area resulting in specific risk/vulnerability estimates; conceptual publications (n = 77) pertain to the ones discussing conceptual aspects only. See Supplementary Tables 2, 3 for details. Nr, number; HABs, harmful algae blooms.


Regarding references to particular ocean uses, studies pertaining to fisheries, marine conservation, and coastal and marine tourism were by far the most frequent (respectively, 197, 195, and 178 publications, that is c. 60% of all references for both conceptual and case study-based publications; Figure 1B). On the contrary, marine renewable energy was the least addressed use in vulnerability and risk assessments (n = 31, c. 10%). Aquaculture, ports, maritime transport, and seabed mining presented intermediate values (Figure 1B). Curiously, only two publications addressed all ocean uses simultaneously. One of them focused on the modeling of the Great Australian Bight ecosystem (Fulton et al., 2018), while the other pertained to the use of open-source data for coastal risk assessments (Rumson and Hallett, 2018). As for references to ocean planning and management, or the blue economy, they were found only in a small subset of publications, corresponding to c. 18% and 28% of the total number of studies, respectively (Figure 1C). Regarding climate-related drivers, studies addressing sea-level rise and extreme events were the most frequent ones (respectively, 216 and 208 studies, that is almost 70% of references; Figure 1D). By contrast, ocean acidification, ocean deoxygenation, and shifts in currents and winds were the least mentioned drivers (under 14%). Ocean warming, species distributional shifts, and diseases and harmful algae blooms presented intermediate values (Figure 1D). While several studies addressed multiple climate-related drivers at the same time—e.g., Crozier et al. (2019) address all but deoxygenation; Cochrane et al. (2019) address all but ocean acidification; Gutiérrez et al. (2016), Vivekanandan et al. (2016), and Reid et al. (2019) address all but shifts in currents and winds—only one publication mentions all eight climate-related drivers simultaneously. This pertains to Whitney et al. (2021), which focused on communicating climate impacts to inform adaptation planning.

As for case study-based publications only, the majority was carried at the local scale (n = 122; Figure 2A and Supplementary Table 4), focusing on a specific area within a country—e.g., Copenhagen, Nova Scotia, or Quy Nhon (Hallegatte et al., 2008; Barnett and Eakin, 2015; Nguyen et al., 2017). Regional studies, that is, studies carried out at a supra-national scale (encompassing more than one country or a region), were the second most frequent ones (n = 67), with examples of assessments including the Mediterranean Sea or the Arctic region (Khan et al., 2014; Danovaro, 2018). Studies focused on a particular nation, such as Australia or the United States (Ekstrom et al., 2015; Pethybridge et al., 2020), and studies carried out at a global scale (e.g., Hanson et al., 2011; Albouy et al., 2020) were the least common (c. 8 and 12% of references, respectively; Figure 2A). Regarding the elements considered in the assessments, “risk” (n = 217) and “vulnerability” (n = 184) themselves were the most frequently identified ones (appearing in over 77% of the studies; Figure 2B). These were followed by studies that addressed specific vulnerability and risk-related elements, such as “exposure” (n = 130), “sensitivity” (n = 123), and “adaptive capacity” (n = 97) (e.g., Tompkins et al., 2008; Stevens and Collins, 2011; Clarke et al., 2020). It is important to note that c. 22% of the studies (n = 53; Supplementary Table 3) addressed all elements simultaneously (e.g., Soto et al., 2019). Most assessments focused on all dimensions—ecological, economic, social—simultaneously (n = 133, c. 56% of references; Figure 2C). These were followed by socioeconomic studies (n = 45) and studies on economic and ecological features (n = 17). Purely ecological studies (n = 15), economic studies (n = 13), or social studies (n = 4) were found in a more limited number, as were social-ecological ones (n = 10) (each category under c. 7%; Figure 2C). As for the type of indicators, a mix of qualitative and quantitative indicators was by far the most frequent (n = 113, c. 48%; Figure 2D), with quantitative studies and qualitative studies alone presenting similar values.
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FIGURE 2. Number of case study-based publications according to the spatial scale of the publication (A), risk and vulnerability-related elements considered in the analysis (B), dimensions focused by the analysis (C), and type of indicator used (D). Proportional Venn diagrams (C,D) were developed using R Statistical Software. See Supplementary Tables 3, 4 for details.





DISCUSSION

The present mini review highlights the large variety of frameworks and approaches—resulting from different combinations of elements, dimensions, and spatial scales included in the analyses—that can be used to develop climate-related vulnerability and risk assessments. Different methods exist, for example, to assess the vulnerability to climate change of a fishing community, a marine renewable energy facility, or a marine protected area, making it extremely difficult and subjective to decide on the methodologies and indicators to use (Brugère and Young, 2015; Monnereau et al., 2017; Avelino et al., 2018; Wabnitz et al., 2018; Zhang et al., 2018). In effect, given the myriad of fields (e.g., environmental sciences, economics, health) that use such assessments, together with the range of possible interpretations and meanings (e.g., Bennett et al., 2016; Weißhuhn et al., 2018; Comte et al., 2019), and variety of objectives and models to be used (Patwardhan, 2006), it is extremely challenging to find a one-size approach to fit all cases. Still, the present review found that the most commonly used and accepted definition of vulnerability was the one from the fourth assessment report by the Intergovernmental Panel on Climate Change (IPCC)—where vulnerability is defined as the result of the interaction between exposure, sensitivity, and adaptive capacity (IPCC, 2007; Okey et al., 2015; Bennett et al., 2016). Reinforcing the use of such definition could further reduce the variability of frameworks and approaches (Bennett et al., 2016), although new tendencies may arise with the publication of new assessment reports and corresponding methodologies (e.g., sixth IPCC assessment report; IPCC, 2021, 2022).

The analyzed body of literature highlights the great focus of assessments on particular ocean uses such as fisheries, marine conservation, and marine and coastal tourism, and specific drivers of change, such as extreme events and sea-level rise. Fisheries is one of the most traditional uses of the ocean space, increasingly studied in a climate context due to the growing awareness of the relevance of climate impacts on fish stocks, local human communities, and dependent economies (e.g., Hollowed et al., 2013; Pecl et al., 2017; Barange, 2018; Pinsky et al., 2018). Studies on the effects of climate change on marine protected areas and other conservation-related management tools are also expanding worldwide (e.g., Bruno et al., 2018; Duarte et al., 2020). Still, obtained results are likely underestimated, as conservation is not generally perceived as an ocean use by most authors (as it is not a maritime activity but a use of the ocean space; e.g., European Commission, 2021). Tourism is a major economic driver in many coastal areas around the world, one that will be significantly affected by climate effects with multiple social and economic consequences (e.g., Jones and Phillips, 2017; Scott et al., 2019), which explains the strong focus on related assessments. By contrast, the limited number of studies on marine renewable energy is potentially related to the limited exploitation of these resources until now (Melikoglu, 2018). However, due to the increasingly recognized relevance of developing ocean renewable energy to mitigating climate impacts (UNGC, 2021), related vulnerability and risk assessments are likely to increase in upcoming years.

The focus on extremes events and sea-level rise is consistent with trends found in other areas, namely in the context of climate-related urban vulnerability assessment (Zhang et al., 2018), given the proximity of main cities to the coast and potential impacts to the society. Interestingly, studies addressing ocean warming and acidification were far less frequent in the present review, while these drivers tend to be constantly referred to in climate-related studies on the ocean (IPCC, 2018, 2019), being integrated into the “deadly trio” (Sampaio et al., 2021). This limited focus on warming and acidification is potentially related to the numerous assessments focused on ocean uses that are less affected by these drivers (Frazão Santos et al., 2016), such as ports or marine and coastal tourism. Moreover, different ocean uses tend to be analyzed individually, on a sector-by-sector basis, which explains the observed little reference to multi-objective, holistic management approaches, including MSP or the development of a sustainable blue economy. In fact, only two out of 314 studies analyzed the impact of climate change for all ocean uses simultaneously (Fulton et al., 2018; Rumson and Hallett, 2018) which highlights the need for further research applying systemic, integrative, and cross-sectoral approaches. Developing such integrated assessments is vital to support MSP and promote the sustainable use and conservation of the ocean (European Commission, 2020; Frazão Santos et al., 2020). The difference found in ratios between case study-based and conceptual publications for the different sectors and drivers of change considered (c.f. Figures 1B,D) mirrors the increased relevance of developing site-based analyses (i.e., focused on particular areas) in recent years (Figure 1A). Indeed, it has been argued that when carried out at the local level, studies allow for a more robust assessment of vulnerability and risk (Comte et al., 2019).

Particularly for case study-based assessments, the extensive focus on local and regional scales appears to be linked to recent improvements in tools and approaches to assess climate-related vulnerability and risk—e.g., InVEST, climate modeling, Bayesian Belief Networks, expert knowledge (e.g., Wyatt et al., 2017; Stelzenmüller et al., 2018; Thiault et al., 2018; Willaert et al., 2019). This is especially evident for studies focusing on small island developing states (e.g., Mcleod et al., 2015; Schmutter et al., 2017). National studies do not benefit from these advances in the same way, likely because of the difficulties in integrating detailed information from different sources and metrics at the national level or because of a lack of data and funding to implement these studies (Brugère and Young, 2015; EEA, 2018). As well, national reports that are not of a scientific nature (e.g., reports on vulnerability and adaptation to climate change developed nationally by several European Union member states) are often not identified by scientific search engines and platforms such as WoS (EEA, 2018; Zhang et al., 2018). Developing vulnerability and risk assessments at the global scale is challenging, either because of difficulties in finding relevant and sound databases or due to limitations in obtained results [cf. Comte et al. (2019) for a discussion on global assessments of adaptive capacity], which is in line with global studies being the less frequent. However, it is important to bear in mind that analyzing studies for their spatial scale is nevertheless a generalization, as some national contexts (e.g., United States, Australia) are geographically more similar to supra-national ones, including different biogeographic regions and a broad range of socioeconomic settings.

Regarding the type of indicator and dimensions included in the analysis, the majority of purely social studies, economic studies, and socioeconomic studies used a mix of qualitative and quantitative indicators (c. 46–75% of the studies; Supplementary Table 3). The same applied to social-ecological studies (c. 60%). By contrast, purely ecological studies and ecological-economic studies tended to use quantitative indicators only (over 60% of the studies). This is in line with an ongoing transition from purely quantitative studies focused on ecological vulnerability (e.g., using climate simulation models), to more integrated studies focused on assessing adaptive capacity, social resilience, or the vulnerability of social-ecological systems as a whole, and considering various stress factors and exploring combined effects (Oulahen et al., 2018; Zhang et al., 2018). Such holistic approaches allow for a better understanding of the multidimensional nature of complex systems, and the existing interconnections among communities, sectors, and dependent economies—which is essential to tackle better the challenge of climate change (Brugère and Young, 2015). When analyzed for individual ocean uses, tendencies remained the same; mixed approaches (qualitative/quantitative) were still the most frequently observed ones, being found in c. 42–53% of the studies (Supplementary Table 3). Only maritime transportation depicted a different pattern, with studies using quantitative indicators alone being the most frequent (c. 37%). At the same time, there was an equitable distribution of studies per dimensions across all ocean uses.

The increase in publication numbers from 2007 onward is likely linked to the publication of the fourth and fifth IPCC assessment reports (IPCC, 2007, 2014). As previously observed by Zhang et al. (2018), who described an abrupt growth of climate-related vulnerability assessments between 2001–2017 following the publication of the third IPCC assessment report (IPCC, 2001). In fact, these reports raised significant awareness on the importance of developing vulnerability and risk assessments to support climate adaptation actions (Weatherdon et al., 2016; Zhang et al., 2018). With the upcoming launch of the complete sixth IPCC assessment report in 2022 (IPCC, 2021, 2022), and a future increasingly pressured by climate-related challenges, expectations thus are that these assessments will continue to expand (Zhang et al., 2018). In such context, literature reviews like the one presented here are key to inform future assessments since it allows to identify main existing gaps and limitations (e.g., the multiplicity of concepts, low representativeness of some sectors, and lack of focus on holistic public processes like MSP in vulnerability and risks assessments) and recommendations (e.g., transparency and clarity in the concepts used in each assessment, and development of local cross-sectoral and integrative approaches, that combine qualitative and quantitative indicators).

When conducting review studies, we must bear in mind that there is an inherent level of subjectivity to the process due to the multiple interpretations that are possible for each analyzed article (Zhang et al., 2018), and the non-inclusion of potentially relevant documents (e.g., gray literature, non-English studies) from commonly used search engines (Nederhof, 2006; Kim et al., 2016). Nevertheless, literature reviews are essential to provide general overviews on complex topics, helping the scientific community to better recognize such complexity, highlighting areas in need of attention, and further contributing to future research (Zhang et al., 2018).



AUTHOR CONTRIBUTIONS

MF, CVS, and CFS designed the study. MF conducted the literature search and developed the first draft of the manuscript. CVS and CFS commented on initial drafts and all authors contributed to the final version of the article.



FUNDING

This research is part of project OCEANPLAN (Marine Spatial Planning under a Changing Climate; www.oceanplan-project.com) funded by the Portuguese Foundation for Science and Technology (FCT) under grant agreement PTDC/CTA-AMB/30226/2017. All authors acknowledge funding from FCT under the strategic project granted to MARE (UID/MAR/04292/2019). CVS partially acknowledges funding from FCT research contract under programs UIDB/00124/2020, UIDP/00124/2020, PINFRA/22209/2016, and PINFRA/22209/2016. CFS partially acknowledges funding from FCT research contract 2020.03704.CEECIND.



ACKNOWLEDGMENTS

A preliminary version of the data presented in this article has been published in the master dissertation of MF (see Fernandes, 2020). The authors acknowledge C Pereira Santos for her support in producing (Figure 2).



SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fmars.2022.787882/full#supplementary-material



REFERENCES

Adger, W. N. (2006). Vulnerability. Glob. Env. Change 16, 268–281. doi: 10.1016/j.gloenvcha.2006.02.006

Albouy, C., Delattre, V., Donati, G., Frölicher, T. L., Albouy-Boyer, S., Rufino, M., et al. (2020). Global vulnerability of marine mammals to global warming. Sci. Rep. 10:548. doi: 10.1038/s41598-019-57280-3

Avelino, J., Crichton, R., Valenzuela, V., Odara, M., Padilla, M., Kiet, N., et al. (2018). Survey Tool for Rapid Assessment of Socio-Economic Vulnerability of Fishing Communities in Vietnam to Climate Change. Geosciences 8:452. doi: 10.3390/geosciences8120452

Barange, M. (2018). Impacts of climate change on fisheries and aquaculture: synthesis of current knowledge, adaptation and mitigation options. Available online at: http://www.fao.org/3/i9705en/i9705en.pdf [Accessed August 10, 2021]

Barnett, A. J., and Eakin, H. C. (2015). “We and us, not I and me”: Justice, social capital, and household vulnerability in a Nova Scotia fishery. Appl. Geogr. 59, 107–116. doi: 10.1016/j.apgeog.2014.11.005

Bennett, N. J., Blythe, J., Tyler, S., and Ban, N. C. (2016). Communities and change in the anthropocene: understanding social-ecological vulnerability and planning adaptations to multiple interacting exposures. Reg. Environ. Change 16, 907–926. doi: 10.1007/s10113-015-0839-5

Bernard, L., and Ostländer, N. (2008). Assessing climate change vulnerability in the arctic using geographic information services in spatial data infrastructures. Clim. Change 87, 263–281. doi: 10.1007/s10584-007-9346-0

Brugère, C. D., and Young, C. (2015). Assessing climate change vulnerability in fisheries and aquaculture: available methodologies and their relevance for the sector. Available online at: http://www.fao.org/3/a-i5109e.pdf [Accessed March 5, 2021]

Bruno, J. F., Bates, A. E., Cacciapaglia, C., Pike, E. P., Amstrup, S. C., van Hooidonk, R., et al. (2018). Climate change threatens the world’s marine protected areas. Nat. Clim. Change 8, 499–503. doi: 10.1038/s41558-018-0149-2

Clarke, S. A., Vilizzi, L., Lee, L., Wood, L. E., Cowie, W. J., Burt, J. A., et al. (2020). Identifying potentially invasive non-native marine and brackish water species for the Arabian Gulf and Sea of Oman. Glob. Chang. Biol. 26, 2081–2092. doi: 10.1111/gcb.14964

Cochrane, K. L., Rakotondrazafy, H., Aswani, S., Chaigneau, T., Downey-Breedt, N., Lemahieu, A., et al. (2019). Tools to Enrich Vulnerability Assessment and Adaptation Planning for Coastal Communities in Data-Poor Regions: Application to a Case Study in Madagascar. Front. Mar. Sci. 5:505. doi: 10.3389/fmars.2018.00505

Comte, A., Pendleton, L. H., Bailly, D., and Quillérou, E. (2019). Conceptual advances on global scale assessments of vulnerability: Informing investments for coastal populations at risk of climate change. Mar. Policy 99, 391–399. doi: 10.1016/j.marpol.2018.10.038

Crozier, L. G., McClure, M. M., Beechie, T., Bograd, S. J., Boughton, D. A., Carr, M., et al. (2019). Climate vulnerability assessment for Pacific salmon and steelhead in the California Current Large Marine Ecosystem. PLoS One 14:e0217711. doi: 10.1371/journal.pone.0217711

Danovaro, R. (2018). Climate change impacts on the biota and on vulnerable habitats of the deep Mediterranean Sea. Rend. Fis. Acc. Lincei 29, 525–541. doi: 10.1007/s12210-018-0725-4

Duarte, C. M., Agusti, S., Barbier, E., Britten, G. L., Castilla, J. C., Gattuso, J.-P., et al. (2020). Rebuilding marine life. Nature 580, 39–51. doi: 10.1038/s41586-020-2146-7

EEA (2018). National climate change vulnerability and risk assessments in Europe, 2018. København: European Environment Agency.

Ehler, C. N. (2021). Two decades of progress in Marine Spatial Planning. Mar. Policy 132, 104134. doi: 10.1016/j.marpol.2020.104134

Ekstrom, J. A., Suatoni, L., Cooley, S. R., Pendleton, L. H., Waldbusser, G. G., Cinner, J. E., et al. (2015). Vulnerability and adaptation of US shellfisheries to ocean acidification. Nat. Clim. Change 5, 207–214. doi: 10.1038/nclimate2508

European Commission (2020). The EU blue economy report 2020. Publications Office. Available online at: https://data.europa.eu/doi/10.2771/363293 [Accessed March 5, 2021].

European Commission (2021). The EU blue economy report 2021. Publications Office of the European Union. Available online at: https://data.europa.eu/doi/10.2771/8217 [Accessed August 2, 2021].

Falagas, M. E., Pitsouni, E. I., Malietzis, G. A., and Pappas, G. (2008). Comparison of PubMed, Scopus, Web of Science, and Google Scholar: strengths and weaknesses. FASEB J. 22, 338–342. doi: 10.1096/fj.07-9492LSF

Fawcett, D., Pearce, T., Ford, J. D., and Archer, L. (2017). Operationalizing longitudinal approaches to climate change vulnerability assessment. Glob. Env. Change 45, 79–88. doi: 10.1016/j.gloenvcha.2017.05.002

Fernandes, M. (2020). The impact of climate change on marine spatial planning and the blue economy: vulnerability assessment and implications for a sustainable use of the ocean services. Available online at: https://repositorio.ul.pt/handle/10451/48096 [Accessed August 9, 2021].

Frazão Santos, C., Agardy, T., Andrade, F., Barange, M., Crowder, L. B., Ehler, C. N., et al. (2016). Ocean planning in a changing climate. Nat. Geosci. 9, 730–730. doi: 10.1038/ngeo2821

Frazão Santos, C., Agardy, T., Andrade, F., Calado, H., Crowder, L. B., Ehler, C. N., et al. (2020). Integrating climate change in ocean planning. Nat. Sustain. 3, 505–516. doi: 10.1038/s41893-020-0513-x

Fulton, E. A., Bulman, C. M., Pethybridge, H., and Goldsworthy, S. D. (2018). Modelling the Great Australian Bight Ecosystem. Deep Sea Res. Part II 157–158, 211–235. doi: 10.1016/j.dsr2.2018.11.002

Gissi, E., Manea, E., Mazaris, A. D., Fraschetti, S., Almpanidou, V., Bevilacqua, S., et al. (2021). A review of the combined effects of climate change and other local human stressors on the marine environment. Sci. Total Env. 755:142564. doi: 10.1016/j.scitotenv.2020.142564

Gutiérrez, D., Akester, M., and Naranjo, L. (2016). Productivity and Sustainable Management of the Humboldt Current Large Marine Ecosystem under climate change. Env. Dev. 17, 126–144. doi: 10.1016/j.envdev.2015.11.004

Hallegatte, S., Ranger, N., Mestre, O., Dumas, P., Corfee-Morlot, J., Herweijer, C., et al. (2008). “Assessing Climate Change Impacts, Sea Level Rise and Storm Surge Risk in Port Cities: A Case Study on Copenhagen,” in Environment Directorate, OECD Environment Working Papers, Vol. 6, (OECD), doi: 10.1088/1755-1307/6/33/332021

Hanson, S., Nicholls, R., Ranger, N., Hallegatte, S., Corfee-Morlot, J., Herweijer, C., et al. (2011). A global ranking of port cities with high exposure to climate extremes. Clim. Chang. 104, 89–111. doi: 10.1007/s10584-010-9977-4

Hodgson, E. E., Essington, T. E., Samhouri, J. F., Allison, E. H., Bennett, N. J., Bostrom, A., et al. (2019). Integrated Risk Assessment for the Blue Economy. Front. Mar. Sci. 6:609. doi: 10.3389/fmars.2019.00609

Hollowed, A. B., Barange, M., Beamish, R. J., Brander, K., Cochrane, K., Drinkwater, K., et al. (2013). Projected impacts of climate change on marine fish and fisheries. ICES J. Mar. Sci. 70, 1023–1037. doi: 10.1093/icesjms/fst081

IPCC (2001). Climate change 2001: impacts, adaptation, and vulnerability: contribution of Working Group II to the third assessment report of the Intergovernmental Panel on Climate Change. New York, NY: Cambridge University Press.

IPCC (2007). Climate change 2007: impacts, adaptation and vulnerability: contribution of Working Group II to the fourth assessment report of the Intergovernmental Panel on Climate Change. New York, NY: Cambridge University Press.

IPCC (2014). Climate change 2014: impacts, adaptation, and vulnerability: Working Group II contribution to the fifth assessment report of the Intergovernmental Panel on Climate Change. New York, NY: Cambridge University Press.

IPCC (2018). Global Warming of 1.5°C. Intergovernmental Panel on Climate Change. Geneva: IPCC.

IPCC (2019). IPCC Special Report on the Ocean and Cryosphere in a Changing Climate. Intergovernmental Panel on Climate Change. Geneva: IPCC.

IPCC (2021). Climate Change 2021: The Physical Science Basis. Contribution of Working Group I to the Sixth Assessment Report of the Intergovernmental Panel on Climate Change. Cambridge, MA: Cambridge University Press.

IPCC (2022). AR6 Climate Change 2022: Impacts, Adaptation and Vulnerability — IPCC. Available online at: https://www.ipcc.ch/report/sixth-assessment-report-working-group-ii/ [Accessed February 4, 2022]

Jones, A. L., and Phillips, M. (2017). Global Climate Change and Coastal Tourism: Recognizing Problems, Managing Solutions and Future Expectations. Wallingford: CABI.

Khan, F., Yang, M., Veitch, B., Ehlers, S., and Chai, S. (2014). “Transportation Risk Analysis Framework for Arctic Waters,” in 33rd International Conference on Ocean, Offshore, and Arctic Engineering, (Sna Francisco, USA), doi: 10.1115/OMAE2014-23421

Kim, M. C., Zhu, Y., and Chen, C. (2016). How are they different? A quantitative domain comparison of information visualization and data visualization (2000–2014). Scientometrics 107, 123–165. doi: 10.1007/s11192-015-1830-0

Mcleod, E., Margles Weis, S. W., Wongbusarakum, S., Gombos, M., Dazé, A., Otzelberger, A., et al. (2015). Community-Based Climate Vulnerability and Adaptation Tools: a Review of Tools and Their Applications. Coastal Manag. 43, 439–458. doi: 10.1080/08920753.2015.1046809

Melikoglu, M. (2018). Current status and future of ocean energy sources: a global review. Ocean Eng. 148, 563–573. doi: 10.1016/j.oceaneng.2017.11.045

Monnereau, I., Mahon, R., McConney, P., Nurse, L., Turner, R., and Vallès, H. (2017). The impact of methodological choices on the outcome of national-level climate change vulnerability assessments: an example from the global fisheries sector. Fish Fish 18, 717–731. doi: 10.1111/faf.12199

Moreno, A., and Becken, S. (2009). A climate change vulnerability assessment methodology for coastal tourism. J. Sust. Tour. 17, 473–488. doi: 10.1080/09669580802651681

Nederhof, A. J. (2006). Bibliometric monitoring of research performance in the Social Sciences and the Humanities: a Review. Scientometrics 66, 81–100. doi: 10.1007/s11192-006-0007-2

Nguyen, C. V., Horne, R., Fien, J., and Cheong, F. (2017). Assessment of social vulnerability to climate change at the local scale: development and application of a Social Vulnerability Index. Clim. Chang. 143, 355–370. doi: 10.1007/s10584-017-2012-2

Okey, T. A., Agbayani, S., and Alidina, H. M. (2015). Mapping ecological vulnerability to recent climate change in Canada’s Pacific marine ecosystems. Ocean Coast. Manag. 106, 35–48. doi: 10.1016/j.ocecoaman.2015.01.009

Oulahen, G., Chang, S. E., Yip, J. Z. K., Conger, T., Marteleira, M., and Carter, C. (2018). Contextualizing institutional factors in an indicator-based analysis of hazard vulnerability for coastal communities. J. Env. Plan. Manag. 61, 2491–2511. doi: 10.1080/09640568.2017.1399109

Patwardhan, A. (2006). Assessing vulnerability to climate change: The link between objectives and assessment. 90.

Pecl, G. T., Araújo, M. B., Bell, J. D., Blanchard, J., Bonebrake, T. C., Chen, I.-C., et al. (2017). Biodiversity redistribution under climate change: Impacts on ecosystems and human well-being. Science 2017:9214. doi: 10.1126/science.aai9214

Pethybridge, H. R., Fulton, E. A., Hobday, A. J., Blanchard, J., Bulman, C. M., Butler, I. R., et al. (2020). Contrasting Futures for Australia’s Fisheries Stocks Under IPCC RCP8.5 Emissions – A Multi-Ecosystem Model Approach. Front. Mar. Sci. 0:577964. doi: 10.3389/fmars.2020.577964

Pinsky, M. L., Reygondeau, G., Caddell, R., Palacios-Abrantes, J., Spijkers, J., and Cheung, W. W. L. (2018). Preparing ocean governance for species on the move. Science 360, 1189–1191. doi: 10.1126/science.aat2360

Reid, G. K., Gurney-Smith, H., Marcogliese, D., Knowler, D., Benfey, T., Garber, A., et al. (2019). Climate change and aquaculture: considering biological response and resources. Aquac. Env. Interac. 11, 569–602. doi: 10.3354/aei00332

Rumson, A. G., and Hallett, S. H. (2018). Opening up the coast. Ocean Coast. Manag. 160, 133–145. doi: 10.1016/j.ocecoaman.2018.04.015

Salim, S. S., Kripa, V., Zachariah, P. U., Mohan, A., Ambrose, T. V., and Rani, M. (2014). Vulnerability assessment of coastal fisher households in Kerala: A climate change perspective. Ind. J. Fish. 61:6.

Sampaio, E., Santos, C., Rosa, I. C., Ferreira, V., Pörtner, H.-O., Duarte, C. M., et al. (2021). Impacts of hypoxic events surpass those of future ocean warming and acidification. Nat. Ecol. Evol. 5, 311–321. doi: 10.1038/s41559-020-01370-3

Schmutter, K., Nash, M., and Dovey, L. (2017). Ocean acidification: assessing the vulnerability of socioeconomic systems in Small Island Developing States. Reg. Environ. Change 17, 973–987. doi: 10.1007/s10113-016-0949-8

Scott, D., Hall, C., and Gössling, S. (2019). Global tourism vulnerability to climate change. Ann. Tour. Res. 77:007. doi: 10.1016/j.annals.2019.05.007

Soto, D., León-Muñoz, J., Dresdner, J., Luengo, C., Tapia, F. J., and Garreaud, R. (2019). Salmon farming vulnerability to climate change in southern Chile: understanding the biophysical, socioeconomic and governance links. Rev. Aquac. 11, 354–374. doi: 10.1111/raq.12336

Stelzenmüller, V., Coll, M., Mazaris, A. D., Giakoumi, S., Katsanevakis, S., Portman, M. E., et al. (2018). A risk-based approach to cumulative effect assessments for marine management. Sci. Total Env. 612, 1132–1140. doi: 10.1016/j.scitotenv.2017.08.289

Stevens, A., and Collins, L. (2011). Development and application of GIS datasets for assessing and managing coastal impacts and future change on the central coast of Western Australia. J. Coast. Conserv. 15, 671–685. doi: 10.1007/s11852-011-0160-5

Thiault, L., Marshall, P., Gelcich, S., Collin, A., Chlous, F., and Claudet, J. (2018). Space and time matter in social-ecological vulnerability assessments. Mar. Policy 88, 213–221. doi: 10.1016/j.marpol.2017.11.027

Tompkins, E. L., Few, R., and Brown, K. (2008). Scenario-based stakeholder engagement: Incorporating stakeholders preferences into coastal planning for climate change. J. Env. Manag. 88, 1580–1592. doi: 10.1016/j.jenvman.2007.07.025

UNGC (2021). Roadmap to Integrate Clean Offshore Renewable Energy into Climate-smart Marine Spatial Planning. New York, NY:UNGN.

Vivekanandan, E., Hermes, R., and O’Brien, C. (2016). Climate change effects in the Bay of Bengal Large Marine Ecosystem. Env. Dev. 17, 46–56. doi: 10.1016/j.envdev.2015.09.005

Wabnitz, C. C. C., Lam, V. W. Y., Reygondeau, G., Teh, L. C. L., Al-Abdulrazzak, D., Khalfallah, M., et al. (2018). Climate change impacts on marine biodiversity, fisheries and society in the Arabian Gulf. PLoS One 13:e0194537. doi: 10.1371/journal.pone.0194537

Weatherdon, L. V., Magnan, A. K., Rogers, A. D., Sumaila, U. R., and Cheung, W. W. L. (2016). Observed and Projected Impacts of Climate Change on Marine Fisheries, Aquaculture, Coastal Tourism, and Human Health: An Update. Front. Mar. Sci. 3:48. doi: 10.3389/fmars.2016.00048

Web of Science (2021). Available online at: https://webofknowledge.com/ [Accessed March 5, 2021].

Weis, S. W. M., Agostini, V. N., Roth, L. M., Gilmer, B., Schill, S. R., Knowles, J. E., et al. (2016). Assessing vulnerability: an integrated approach for mapping adaptive capacity, sensitivity, and exposure. Clim. Change 136, 615–629. doi: 10.1007/s10584-016-1642-0

Weißhuhn, P., Müller, F., and Wiggering, H. (2018). Ecosystem Vulnerability Review: proposal of an Interdisciplinary Ecosystem Assessment Approach. Env. Manag. 61, 904–915. doi: 10.1007/s00267-018-1023-8

Whitney, C. K., Conger, T., Ban, N. C., and McPhie, R. (2020). Synthesizing and communicating climate change impacts to inform coastal adaptation planning. Facets 5, 704–737. doi: 10.1139/facets-2019-0027

Willaert, T., García-Alegre, A., Queiroga, H., Cunha-e-Sá, M. A., and Lillebø, A. I. (2019). Measuring Vulnerability of Marine and Coastal Habitats’ Potential to Deliver Ecosystem Services: Complex Atlantic Region as Case Study. Front. Mar. Sci. 6:199. doi: 10.3389/fmars.2019.00199

World Bank (2017). The Potential Of The Blue Economy: Increasing Long-term Benefits of the Sustainable Use of Marine Resources for Small Island Developing States and Coastal Least Developed Countries. Washington, D.C: World Bank.

Wyatt, K. H., Griffin, R., Guerry, A. D., Ruckelshaus, M., Fogarty, M., and Arkema, K. K. (2017). Habitat risk assessment for regional ocean planning in the U.S. Northeast and Mid-Atlantic. PLoS One 12:e0188776. doi: 10.1371/journal.pone.0188776

Zhang, Q., Xue, H., and Tang, H. (2018). Knowledge Domain and Emerging Trends in Vulnerability Assessment in the Context of Climate Change: a Bibliometric Analysis (1991-2017). KO 45, 467–483. doi: 10.5771/0943-7444-2018-6-467

Zhu, J., and Liu, W. (2020). A tale of two databases: the use of Web of Science and Scopus in academic papers. Scientometrics 123, 321–335. doi: 10.1007/s11192-020-03387-8


Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Fernandes, Vieira da Silva and Frazão Santos. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/fmars-09-787882-g001.jpg
Nr of publications

Fisheries

Marine conservation

Marine and coastal
tourism

Ports
Aquaculture
Maritime transport

Seabed mining

Marine renewable
energy

m Case study-based

Nr of publications

m Conceptual

1993 1996 1999 2002 2005 2008 2011 2014 2017
o7

148

138
98
93
83
-~ Case study-based
= Conceptual

20 40 60 80 100 120 140 160

Blue economy

Ocean planning and
management

Sea level rise

Extreme events

Ocean warming

Species distributional
shifts

Diseases and HAB's

Shifts in currents and

winds

Ocean acidification

Deoxygenation

69

= Case study-based
m Conceptual

40

60

80 100

Nr of publications

120 140

m Conceptual

160

-~ Case study-based

40

60

80 100
Nr of publications

120 140

160





OPS/images/fmars-09-787882-g002.jpg
Global Adaptive Capacity
Sensitivity
National
Exposure
Regional 67
Vulnerability
Local
o = Risk
0 20 40 60 80 100 120 140
Nr of publications
D
SOCIAL

ECOLOGICAL Socioeconomic

Ecological-economic
ECONOMIC

97
123
130
184
217
0 5I0 1CI)0 160 2(I)0
Nr of publications
QUALITATIVE
Mixed QUANTITATIVE

250





OPS/images/cross.jpg
3,

i





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Climate-Related Vulnerability and Risk Assessment of Main Ocean Uses: An Overview



		INTRODUCTION



		METHODOLOGY AND RESULTS



		Methodological Approach



		Results







		DISCUSSION



		AUTHOR CONTRIBUTIONS



		FUNDING



		ACKNOWLEDGMENTS



		SUPPLEMENTARY MATERIAL



		REFERENCES

















OPS/images/cover.jpg
’ frontiers
in Marine Science

Climate-Related Vulnerability
and Risk Assessment of Main
Ocean Uses: An Overview









OPS/images/logo.jpg
’ frontiers
in Marine Science





