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Abstract

:

Coastal communities are increasingly vulnerable to climate change and its effects may push coastal ecosystems to undergo irreversible changes. This is especially true for shorebirds with the loss of biodiversity and resource-rich habitats to rest, refuel, and breed. To protect these species, it is critical to conduct research related to nature-based Solutions (NbS). Through a scoping review of scientific literature, this paper initially identified 85 articles with various ecosystem-based adaptation (EbA) strategies that could help conserve shorebird populations and promote ecotourism. Of these 85 articles, 28 articles had EbA strategies that were examined, with some like coral reefs and mangroves eliminated as they were inappropriate for this region. The scoping review identified four major EbA strategies for the Greater Niagara Region with living shorelines and beach nourishment being the most suitable, especially when combined. These strategies were then evaluated against the eight core principles of nature-based solutions protecting shorebird as well as human wellbeing. Living shoreline strategy was the only one that met all eight NbS principles. As the coastline of the region greatly varies in substrate and development, further research will be needed to decide which EbA strategies would be appropriate for each specific area to ensure their efficacy.
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1. Introduction


Human communities and wildlife located in the coastal zone are increasingly vulnerable to hazards and the impacts associated with climate change. Hazards—such as storm surges, ice storms, and heavy rainfall—increase water level fluctuations, which can lead to erosion and flooding [1,2]. In coastal communities, these multiple stressors may cause coastal ecosystems to undergo sudden, rapid, and irreversible changes [3]. This can result to habitat loss, land degradation, and the reduction or removal of species diversity as well as associated ecosystem functions and services [4,5]. Habitat loss is widely used as a measurement for the risk of extinction of species and is considered an important factor for the decline of shorebird populations [6]. The loss of these habitats results in a loss of resource rich habitats and an increase in shorebird population decline [7]. The long-term accumulation of impacts caused by climate change and loss of land are detrimental to the feeding and nesting ground generally available, resulting in a shift in many species’ natural migration patterns. This accumulation of effects can cause a negative impact on population density and a shift in biodiversity [1,2,6].



Several changes in the natural behavior of shorebirds have also been documented—such as altitudinal shifts [8], earlier breeding [5], timing of migration [8], breeding performance (egg size, nesting success) [5], and population distributions [9]. Due to the increased stressors of climate change and human intrusion, shorebirds are among the bird groups of highest conservation concern in the world with three times as many species declining as increasing [10]. Climate change is predicted to cause approximately 400–550 bird species extinctions globally, and an additional 2150 species may be at risk of extinction by 2100 [11]. Most shorebirds must undertake energetically demanding migrations covering thousands of kilometers between breeding and non-breeding sites, and several species interrupt their journeys to rest and refuel at stopover sites along the way [12]. With the decline of many species, conservation is critical for maintaining healthy communities that consist of many diverse species as well as healthy ecosystems.



This study focuses on the Great Lakes, particularly the Greater Niagara Region, Ontario, Canada (Figure 1). Increasing occurrences of extreme weather events have led to greater water level variability and impacts on these coastal communities. There is a strong uncertainty regarding these changes, such as changes in ice conditions and wave actions, and further research is needed to identify potential effective adaptation strategies [13]. Due to the projected increase in extreme weather events due to climate change including stronger storms and high variability in water levels, the coastal areas of Niagara are facing increased erosion and flooding (e.g., flooding of 2017 and 2019) [14]. These events have had major impacts to the human communities as well as the shorebirds and their habitats. Focusing this study on the Greater Niagara Region is of importance as it is also a major support area for seasonal and migratory shorebirds [15].



The status of shorebirds is becoming a concern throughout coastal communities; thus, there is a need to determine which adaptation measures could be used to improve shorelines and increase shorebird protection, especially in the face of climate change, while supporting human communities. Nature-based solutions (NbS) are a useful approach to addressing multiple societal challenges—including climate change, food, and water security, land degradation, and biodiversity loss [16]. NbS refers to the sustainable management and use of nature for addressing socio-environmental challenges [17]. The concept of NbS is an umbrella term that includes various strategies such as ecosystem approach, forest landscape restoration, ecological restoration, and ecosystem-based adaptation (EbA). Ecosystem-based adaptation can be defined as any strategies or actions that promote the use of nature-based solutions to enhance the sustainability and the resilience of the social–ecological system [17]. EbA is a suitable approach to multiple social-ecological challenges such as the combination of coastal development, environmental protection, and climate change. To be successful, EbA needs to combine multiple stakeholders—including residents, municipal authorities, and conservation organizations—to ensure that adaptation strategies and solutions can be mainstreamed [17].



To be a NbS, any intervention should be evaluated according to eight core principles, which are now integrated as NbS Global Standard [18]. EbA is part of the series of NbS solutions that help social–ecological systems become more resilient by promoting biodiversity conservation and ecosystem services. This approach also relates to principles of community engagement and supports adaptive governance [18]. As EbA is a sub-category of the NbS, evaluating the NbS principles of each EbA strategy allows for identification of the effectiveness of each individual strategy and how they benefit social-ecological systems. Evaluating the NbS principles also assists with the initial planning of adaptation management as well as identifying which areas of each strategy need to be improved overall to be sustainable [19]. The purpose of the study was to examine how NbS, specifically EbA strategies, could be applied to protect the biodiversity of avian species in coastal communities with a focus on the Greater Niagara region while supporting human communities. Through a scoping review, the objectives were to identify potentially effective strategies to help reduce the impacts of climate change as well as determine their strengths and weaknesses according to NbS principles.




2. Materials and Methods


2.1. Study Location


The Niagara Region is an isthmus located in the southern part of the province of Ontario (43.06001, −79.106667) (Figure 1). This region is located in Southern Ontario and located between two Great Lakes, Lake Ontario to the west and Lake Erie to the east. The climatic context of the region is considered a moderate continental climate with uniform precipitation throughout the year. Due to the region’s location and climatic atmosphere the Greater Niagara Region is well known for agriculture and tourism. These two sectors make up the main economic development of the region. The Niagara region’s location between two Great Lakes making it an ideal corridor for migrating birds. This region is home to six sites that are designated as Important Bird Areas (IBA). IBAs aim to increase awareness among governments and conservation practitioners on the importance of bird habitats worldwide and are identified using a systematic selection process based on populations of species occurring in a defined area at certain population thresholds. The species may trigger one or more of the following criteria: globally threatened species, range-restricted species, biome-restricted species, and congregation [20]. All the IBAs in the Greater Niagara Region either extend over water or lie adjacent to water, which demonstrates the importance of lakes, rivers, and creeks for the breeding of migratory birds in Niagara [15].



The region has been affected by climate change, like the rest of the Great Lakes, with an increase of 1 °C between 1901–2016, 19 warmest years on record since 2000 with 1.02 °C warmer average, 13.6% increase in precipitation since 1951, and an increase of 16 frost free days since 1951 [21]. It is projected that there will be an increase in hot days over 30 °C, heat waves and droughts, number of winter freeze–thaw cycles, precipitation with most of the increase in winter as rain, and heavy rainfall events, especially in the spring [22,23]. These projections also bring issues of move wave actions in the winter and rainfall runoff along the coast in the spring leading to increases erosion, especially in area with high slopes and/or sandy shores like in Charles Daley Park.




2.2. Scoping Review Process


The project used a two-phase approach to perform a scoping review. During phase one of this approach, a scoping review was performed by following the PRISMA-ScR (Preferred Reporting Items for Systematic Reviews and Meta-Analyses extension for Scoping Reviews) checklist [24]. The search terms were as follows: shore or coast AND birds AND climate change or ecosystem-based adaptation. A complete screening process was performed using inclusion and exclusion factors listed in Table 1. From an initial 3408 articles identified, following exclusion factors, 85 articles were used for this scoping review, the full review process can be seen as a flow chart in Figure 2.



Phase two of the study was to evaluate the various EbA strategies to determine the most appropriate for the Greater Niagara Region in order to encourage the conservation and biodiversity of shorebird species while preserving the coastal zone for other human activities including ecotourism. To identify which adaptation strategies were most appropriate, case studies were evaluated and compared based on their impacts and contributions to shoreline management in relation with the Greater Niagara Region. These adaptation strategies were then assessed based on the eight core principles of NbS [19] (Table 2). These strategies were then compared using case studies to provide successful examples of where these techniques were used, as a way to help evaluate their strengths and weaknesses. Therefore, for each principle, articles describing an EbA strategy—such as beach nourishment—were examined to extract from these case studies whether it was included or not as an element. Some case studies were more technical while others might have been more socially construed.





3. Results


3.1. Scoping Review Analysis


All 85 articles initially reviewed took place in coastal communities in all continents, except Antarctica. Nineteen articles (22%) were not specific to any geographical zone and addressed adaptation strategies from a global context and were omitted for the analysis on EbA and NbS principles. The complete range of articles geographically was from South America (3.5%), Africa (6%), Oceania (8.5%), Asia (9%), Europe (25%), and North America (26%). The years of publications of the 85 articles ranged from 1997 to 2020 (Figure 3). Over 55% (47 out of 85) of the articles were published in the last 5 years, i.e., between 2016 and early 2020, and almost 86% of the articles in the last 10 years (between 2011 and early 2020). With the remaining 14% of articles published between 1997 and 2010, this reflects the growing importance of climate change adaptation as a climate action for the coastal communities globally and its relevance for the future.



Of the 85 articles, 22 articles directly addressed shorebird conservation and protection or restoration of their habitat. These articles focused on several cases studies and reviews looking at how climate change is affecting the populations and biodiversity of a variety of shorebird species. Thirty-five articles were used for relevant background knowledge on how to properly evaluate EbA and NbS strategies therefor these papers were not referenced in the text. Of the remaining 85 articles a total of 28 articles were extracted for the evaluation of EbA strategies, some of which discussed multiple EbA strategies. Note that 6 articles on coral reefs and 12 articles on mangroves were immediately excluded as they were not appropriate in terms of climatic conditions for the region. By the end, four EbA strategies were identified as promising and potential feasible for the Niagara region: forest cover, living shores, managed retreat and realignment, and beach nourishment. The remainder of the analysis thus consisted of 6 articles used for forest cover, 12 articles for living shorelines, 6 articles for managed retreat and realignment, and 9 articles for beach nourishment.




3.2. Ecosystem-Based Adaptation Strategies


The strategies and methods used in this scoping review led us to the results of four major groups of EbA strategies that were identified as potentially interesting and feasible for the Niagara Region: forest cover, living shorelines, managed retreat and realignment, and beach nourishment.



The first potential strategy was forest cover, which can be described as heavy forested areas to provide canopy cover and a barrier against weather events [25]. Forested area has been commonly used in riparian zones and along rivers in some areas of Canada to reduce flooding from ice melt [25,26]. This strategy was shown to be a beneficial option due to its ability to trap water, which reduces runoff rate and erosion, provides water filtration, increases habitat diversity, and can enhance tourism and recreation [18,25,27,28,29]. While the result showed many benefits to this strategy, it also revealed some challenges such as having extensive national regulations for buffer properties, often being heavily affected negatively by increasing population density, and potential tree falls that may affect resilience of shorelines [25,28,29,30]. The most interesting case studies include the use of forest cover along rivers to reduce flooding when a community experiences flooding due to ice jam [25] and the use for coastal and agricultural lands in India with highly populated areas to reduce impacts on humans as well as creating wildlife habitats [18].



Managed realignment and retreat represented the second EbA strategy showing promises as a sustainable strategy in many areas such as low development areas, beaches, and riparian areas [27,31]. Managed retreat or realignment is the partial or total removal of man-made or hard infrastructure strategies. This strategy was shown to be a beneficial option due to its ability to create or improve natural habitat, allow natural sand transport and is economically more feasible than continued defense [31,32,33]. It has been used to retore salt marshes, thus reducing exposure of humans to storms and increasing potential shorebird habitats [31]. This strategy was beneficial in low impact conditions where wave attenuation might not be as high and these realigned habitats, such as salt marshes, creating important biodiversity benefits for many shorebird species [31]. However, this option may not always be feasible especially in areas that are highly developed due to the difficulty of realigning or retreating heavy populations and dense concentrations of infrastructure [3]. It also presents challenges regarding proper disposal of previous defense infrastructures or buildings and can be a costly strategy to achieve or maintain [32,33]. For example, this strategy has been used in Norfolk, UK, to restore salt marshes [34] or in New York, USA, to increase piping plover habitats [35].



The third option was living shorelines. This EbA involves the restoration, enhancement or protection of ecosystems, such as marshes and coastal grasslands, which provide feeding ground for many migrating shorebirds due to greater vegetated habitats, while protecting human populations at the same time [36]. Living shorelines are categorized as a larger group of green infrastructure practices, which include a greater range of nature-based techniques for inland areas that address a variety of issues in place of hard infrastructure. This strategy was shown to be a beneficial option due to its potential to address erosion through restoration and protection, enhance existing habitats or create new natural habitats, reduce wave height and strength as well as sediment retention through root systems [3,18,34,36,37]. However, challenges arise if there is a lack of proper planning on incorporating these strategies as success depends on vegetation characteristics, design, and setting of the area [37,38,39]. Such an EbA has been proven to be more effective in North Carolina than grey infrastructure and more cost-efficient [38].



The fourth option was beach nourishment. Beach nourishment is the process of adding sand onto eroding beaches. Sand is brought in from offshore and pumped onto eroding beaches or brought from other location. It helps restore beaches while also protecting shoreline structures from erosion, wave action, and storm forces. This strategy was shown to be beneficial due to its potential to enhance natural processes and biodiversity, contribute to beach recreation and tourism, act as a buffer between water and land and was recorded to be the most promising long-term solution compared to alternative strategies [40,41,42,43]. This strategy also has challenges such as requiring constant maintenance, monitoring, and modeling, needing regular nourishment after storms and can have negative impacts on groundwater [43,44,45]. Beach nourishment has been done in several locations around the world where tourism is important; however, it has also been done in Georgia to provide more nesting habitat, attracting foraging activities, and reducing next predation [36]. In the example of Dollard coast of the Wadden Sea, a wide green dike pilot program was implemented as a flood protection system [43].




3.3. Analysis of Ecosystem-Based Adaptation Strategies with Nature-Based Solution Principles


The four EbA strategies were then assessed against the eight core NbS principles set out by Cohen-Shacham et al. [19] (pp. 25). The interpretation and implementation of the NbS concept is very context specific, depending on a variety of factors influencing the societal challenges being addressed. This being the case, it is only feasible to standardize the processes for the design and execution of NbS each time a solution is implemented [16]. For this individual study, each strategy was evaluated on a coastal ecosystem setting and overall, the strategies identified by the scoping review met on average 5.5 of the NbS principles.



Through evaluation of the case studies against the standards of NbS only living shorelines met all the eight core principles. This was mainly because the case studies showed that while it deals with societal challenges such as higher energy sites (Principle 2) [38], it helps promote nature conservation through the planting of vegetation and habitat formation for many species (Principle 1) [26,38]. It can integrate cultural aspects, bring societal benefits, and enhance biodiversity by both benefitting both natural environments as well as economic environments (Principles 3, 4, 5) [3,26,38]. Because of the capacity to be at a larger scale than the other EbA strategies, it can be applied at the landscape level (Principle 6) [26]. Case studies showed that trade-offs were possible ad thus integrated into policies at the local and regional levels (Principles 7, 8) [3,38].



According to the case studies examined, the forest cover strategy cover Principles 1 and 5 through the promotion of nature and biodiversity conservation by planting trees which create habitat and restore habitat for many species [28,36]. This strategy meets Principle 2 as it can either be implemented alone or as an integrated method with other green strategies [27]. Principles 4 and 6 were also met in this strategy through its capacity to be implemented at a larger landscape level scale as well as providing both environmental and economic benefits by creating buffers to protect human infrastructure and communities [28,36]. None of the articles mentioned the possibility of trade-offs regarding ecosystem services as it is mainly to maintain forested areas and the possibility to be integrated into overall policies to address specific challenges.



Beach nourishment met a total of five NbS principles. Through the widening of beaches on a landscape scale it promotes the enhancement of natural habitats coastal fauna and flora, this can also be used in combination with living shorelines for increased productivity (Principle 1, 2, 6) [34,36]. The planning and implementation of this strategy involves multiple stakeholders and provides benefits for both environmental and economic areas allowing for broad participation at all levels (Principles 4, 8) [34,46].



The strategy that met the least number of principles, only four principles, was managed retreat and managed realignment. Managed realignment and retreat allow for natural coastal erosion, sand transport, and reduce impact of storms at a landscape scale which allows for conservation of these areas (Principles 1, 6) [27,31]. This method is often used in combination with beach nourishment in order to complete the process of retreat (Principle 2) [31,36]. This strategy also recognizes and addresses the trade-offs between the production of a few immediate economic benefits for development through the promotion of tourism and protection of human infrastructure (Principle 7) [27].





4. Discussion


The Greater Niagara Region is affected by climate change, especially increase in water level variability and frequency of extreme weather events. In the recent years, most likely due to the 2017 and 2019 flooding and storm damage, coastal communities are increasingly concerned. While water levels in the Great Lakes have been historically highly variable, climate change is projected to lead to an increase in this variability. This uncertainty is affecting many factors, including ice conditions and wave actions [35]. These combined uncertainties related to water level fluctuations can have dramatic effects on coastal communities such as land degradation and can affect associated ecosystem functions and services [4]. The coastlines of the 12 municipalities of the Greater Niagara Region vary significantly from place to place in terms of geology, topography, and habitats [15]. For this reason, some strategies may be more suitable for some areas than for others.



In this study, we focused on the EbA strategies of the coastline that can promote the protection of shorebirds such as the bank swallow, which is in significant decline in the region [15,44,47]. Focusing this study on the conservation of shorebirds is especially important in the Niagara Region as it is a major support area for seasonal and migratory shorebirds and represents an interesting ecotourism industry [15]. Habitat protection is vital for shorebird populations adaptation to climate change. EbA is therefore a sustainable adaptation strategy. The results of this scoping review showed that four broad adaptation strategies were potentially the most efficient for this region: forested areas, managed realignment and retreat, living shorelines, and beach nourishment. Among these four, according to NbS, living shorelines would be the most promising EbA strategy for the Niagara Region.



The case studies from this scoping review suggested that several EbA strategies could be used in combination to be potentially beneficial in the coastal communities of the Greater Niagara Region. However, it is important to mention that while peer reviewed articles make up most of this research, grey literature also has a lot to offer and can provide great examples for how EbA strategies can be used in Niagara. For example, forest cover has been shown to provide beneficial habitat for many shorebird species but is best used low-lying areas around lakes and in riparian zones [28,29]. The only case study done in Canada shows that forest cover along rivers helps reduce flooding from the increased water levels due to melting ice during the spring months [18]. Due to Niagara’s winter climate and the Niagara river running through the Greater Niagara Region using forest cover on riparian areas would be beneficial in reducing the impacts from water level fluctuations and flooding [22]. Forest cover also provides habitat and helps moderate both spring floods and summer droughts according to the Niagara Peninsula Conservation Authority (NPCA) [48]. In combination with other methods such as managed retreat or living shorelines this strategy has potential to be beneficial for other coastal regions of the Greater Niagara Region [16].



Another strategy potentially beneficial in some locations along the coastline is managed realignment or retreat. A case study performed in New Jersey reports that managed retreat of the coastal zone increases the area for piping plovers to nest and rest during migration [44]. While this strategy can prove beneficial in some areas, it may become difficult to implement in areas of heavy human development. In areas that have lower levels of development this strategy may prove as beneficial. The University of waterloo conducted studies in Ontario where managed retreat and realignment would be most beneficial and a case study showed that residential properties and infrastructure surrounding Lake Erie would be appropriate areas for this adaptation strategy [49]. Lake Erie is unique as it is a series of cases along a 70 km stretch of Lake Erie which is experiencing severe flooding and erosion due to increased lake levels. Many shoreline communities are threatened under future climate change scenarios. Prime examples of retreat in this case would be residents being bought out through home buyouts and or roads being realigned due to concerns about erosion, this being the most cost-effective solution for the area [49]. A similar study in Chatham-Kent showed that beach nourishment alone was not enough to protect coastal communities and that retreat was the only option [14]. However, certain residential developments and tourist attractions are located too close to the coastlines in the Niagara Region, making this strategy more difficult to implement and at times entirely infeasible. For example, Clifton Hill in Niagara Falls is a major tourist center and heavily developed, this strategy would not be possible in such a developed area.



The two strategies that appeared to be most feasible in the Greater Niagara Region when used in combination were living shorelines and beach nourishment. Living shorelines provide an analogous solution to mangroves as these provide similar benefits and can be customized to individual areas in the Greater Niagara Region [23,36]. Living shoreline strategies such as salt marshes and coastal grasslands provide habitat and feeding ground for many migrating shorebirds [37,40]. A case study done in Jersey Shore [36] indicates that beach and dune construction can increase habitat for shorebirds, which may be beneficial for many of the surrounding beaches in the Niagara Region (e.g., the dunes in Fort Erie). New York has also taken initiative to implement living shorelines along the Niagara River. The Buffalo Niagara Waterkeeper’s Living Shorelines program in New York is helping restore a more natural transition from lake to land in hardened and vulnerable areas [14]. These case studies show that both of these strategies also work well in hybrid situations where a combination of both grey and green infrastructure is required. There is a limitation to this combination as the term living shorelines include a variety of strategies (grasslands, vegetation). Future research would be needed to identify which particular living shoreline strategies provide the most benefits, and if these strategies should be used alone or in combination with each other in this studied region.



Only living shorelines met all of the eight core principles, which provided further evidence as to why this strategy might be most beneficial for the Greater Niagara Region. Even though beach nourishment only met five of the eight NbS core principles, in combination with living shorelines, it could provide a full spectrum of the principles. As many of these strategies did not meet the core NbS principles, EbA strategies might require improvements to enhance sustainability in the future and to be considered a NbS according to the Global Standard [19]. This research shows there is need for improvement when implementing EbA and NbS strategies. There is a need for more consultation in Niagara as there is lots of discussion but very little engagement. For example, both NbS Principles 3 and 8 need improvement. NbS 3 is determined by site-specific natural and cultural contexts that include traditional, local, and scientific knowledge. There is a need to ensure that all stakeholders are involved, and this will include Indigenous peoples as well as marginalized people who may be impacted by these strategies or others that can be implemented. Decisions are often based solely on science which may omit local and cultural knowledge. NbS 8 is an integral part of the overall design of policies, and measures or actions, to address a specific challenge. In order to improve this proactive there is a three-step process that can be recommended. This includes proper communication, proper governance, and proper implementation of the process of adaptation [49].



This scoping review examined strategies that could be implemented in order to achieve a more sustainable future in coastline areas of Niagara for both human population and wildlife. Due to the large population of shorebirds found near the Niagara River, it is considered an important tourism attraction for bird watching. Ecotourism through bird watching allows coastal communities to improve their economic status while obtaining support for conservation of their natural areas [32]. This study has the potential to contribute at assessing how EbA strategies can benefit IBA’s in the Greater Niagara Region. These EbA strategies can help sustain IBA’s through conservation of existing areas and restoration of areas at risk. Through the use of sustainable adaptation strategies, it has the potential to increase shorebird populations and biodiversity in Niagara’s IBAs. Future research can be done to determine which strategy would be beneficial for each specific IBA and what benefits each strategy can bring to the shorebird ecosystem and biodiversity of each IBA.



There are currently many international, national, and local water governance mechanisms in the Great Lakes Basin that relate to the action possible in the Niagara Region. For example, the Great Lakes St. Lawrence Water Board’s Adaptative Management Committee is committed to the identification and management of coping zones for the mitigation of flood and shoreline erosion risk [15,35]. The Great Lakes and St Lawrence Cities Initiative (an organization of the mayors of over 100 cities in the basin) has established a Resilience Advisory Council to identify and develop adaptation strategies and toolkits that can be adopted by these cities and NbS have been discussed in this matter [37]. Various Niagara Region municipalities are also developing climate change adaptation plans that incorporate best practices for natural infrastructure, ecosystem-based adaptation, and low impact development. This is the case for the Town of Lincoln where options are being contemplated for the protection of the shoreline, with unfortunately little mention of EbA (https://speakuplincoln.ca/climate-adaptation-plan, accessed 22 May 2021). Encouraging sustainable approaches to the coastal communities of the Niagara region can benefit the economy as Niagara is a large tourist community and in the year 2000, Ontario brough in 20 billion dollars in tourism alone [23].



Funding is also required and through collaboration from a variety of sectors, both public and private, and governments may help reduce the short-term financial burden of adaptation [18]. However, NbS and EbA strategies may lead to some challenges regarding governance, unless a true participatory approach is used. For EbA and NbS to be successful, governance requires active cooperation and coordination among all stakeholders at all levels [18]. Measuring the effectiveness of these strategies also appears to be a major barrier. While the Global Standard exists, assessing the effectiveness of NbS remains a challenge [18]. Effectiveness can be hard to determine due to the many different scales that NbS and EbA strategies are involved in, the level of efficiency could vary among the different scales involved. As NbS is a recent approach, the long-term success of both EbA and NbS has yet to be assessed [34].




5. Conclusions


Using a scoping review, this research analyzed four different EbA strategies that could be relevant for the coastal communities of the Niagara Region. These adaptation strategies were evaluated based on which NbS principles were met and the pros and cons of all the relevant adaptation strategies for the Niagara Region were also presented. These strategies were also evaluated based on social, economic, and environmental benefits for the area. It was determined that the most efficient strategies for the Greater Niagara Region were a combination of living shorelines and beach nourishment. Forest cover and managed realignment/retreat would also be beneficial in some areas, depending on geographical location and characteristics.



This research was performed to assess various NbS adaptation strategies, specifically EbA strategies, that would be beneficial for the coastal communities of the Greater Niagara Region in order to protect and conserve the biodiversity of avian species. The process involved analyzing the multiple strategies and comparing case studies to identify the most efficient strategies for the area. Due to the projected increase in climatic events from climate change such as stronger storms and rising water levels the coastal areas of Niagara are facing impacts such as erosion and flooding, this causes detrimental effects to the communities and the shorebirds in these areas. Future research is required to determine how to maximize the integration of NbS principles into these EbA strategies and policy considerations have also been suggested for the future that can build upon the findings of this research.
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Figure 1. Map of the Niagara Region (Sources: map of Canada: Natural Resources Canada http://open.canada.ca/en/open-government-licence-canada; Niagara Region: Google Earth 2021, accessed on 20 May 2021) (43.06001, −79.106667). 






Figure 1. Map of the Niagara Region (Sources: map of Canada: Natural Resources Canada http://open.canada.ca/en/open-government-licence-canada; Niagara Region: Google Earth 2021, accessed on 20 May 2021) (43.06001, −79.106667).



[image: Climate 09 00091 g001]







[image: Climate 09 00091 g002 550] 





Figure 2. Flow diagram illustrating the selection literature sources used in the scoping review process. This flow diagram was adapted from the PRISMA-ScR guidelines [24]. 
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Figure 3. Years of publication of the 85 articles included in the scoping review of coastal adaptation to climate change using Ecosystem-based Adaptation strategies. 
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Table 1. Inclusion and exclusion categories used for deciding the final list of articles for the scoping review. This table was adapted from the PRISMA-ScR guidelines [24].
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	Inclusion Factor
	Exclusion Factor (Not Related to EbA)





	
	−

	
Climate change and SLR






	
	−

	
Policies, law and decision making









	
	−

	
Ecosystem-based adaptation strategy evaluations






	
	−

	
Geographical location (mountains, urban spaces, grasslands)









	
	−

	
Ecosystem-based adaptation strategies in coastal communities






	
	−

	
Coastal Risk Assessment/Vulnerability Assessments









	
	−

	
Grey infrastructure






	
	−

	
Water resource management and quality









	
	−

	
Integrated Coastal Zone Management






	
	−

	
Wind energy









	
	−

	
Ecotourism






	
	−

	
Global temperature rising and CO2 levels









	
	−

	
Biodiversity and climate change






	
	−

	
Food webs









	
	−

	
Shorebird declines






	
	−

	
Public health









	
	−

	
Nature-based Solution evaluations






	
	−

	
Evolution of morphology









	 
	
	−

	
Genetics
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Table 2. Nature-based solution principles used in evaluation of Ecosystem-based adaptation strategies. Source of the NbS core principles: Cohen-Shacham et al. [19] (pp. 25).
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Nature-Based Solution (NbS) Principles






	
Principle 1

	
NbS embrace nature conservation norms (and principles)




	
Principle 2

	
NbS can be implemented alone or in an integrated manner with other solutions to societal challenges (e.g., technological and engineering solutions)




	
Principle 3

	
NbS are determined by site-specific natural and cultural contexts that include traditional, local and scientific knowledge.




	
Principle 4

	
NbS produce societal benefits in a fair and equitable way in a manner that promotes transparency and broad participation.




	
Principle 5

	
NbS maintain biological and cultural diversity and the ability of ecosystems to evolve over time.




	
Principle 6

	
NbS are applied at a landscape scale.




	
Principle 7

	
NbS recognize and address the trade-offs between the production of a few immediate economic benefits for development, and future options for the production of the full range of ecosystem services.




	
Principle 8

	
NbS are an integral part of the overall design of policies, and measures or actions, to address a specific challenge.
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